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Table 1- Antimicrobial activity of packaging films (Mean + Standard Deviation).

Quince Seed
Mucilage-Bacterial

Quince Seed

Quince Seed
Mucilage-Bacterial

Quince Seed
Mucilage-Bacterial

Film / Bacteria Mucilage- Nanocellulose + Nanocellulose + Nanocellulose +
Bacterial 0.5% Thymus 1% Thymus 1.5% Thymus
Nanocellulose migricus essential migricus essential migricus essential
oil oil oil
Staphylococcus 0.0 2 13.5£0.4 149£02 17.9£0.7 4
aureus

Listeria 0.0 24 12.8 £0.50 15.1£0.4 A 16.9 £0.3 04
monocytogenes

Escherichia coli 0.0 24 11.6 £0.3 8 13.7+0.3 B 15.0 £ 0.5 98

Salmonella 0.0 24 0.0 5 12.7£0.6 ¥ 14.6 £ 0.4 %
Typhimurium

e  Different lowercase letters indicate a significant difference within each row.

e Different uppercase letters indicate a significant difference within each column.
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Figure 1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of Thyme
essential oil

Fig. 2
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Figure 2. DPPH free radical scavenging activity of the packaging films. Film compositions: QSM-BNC (Quince Seed
Musilage- Bacterial Nanocellulose, control), QSM-BNC+ 0.5% TMEO (Quince Seed Musilage- Bacterial
Nanocellulose + 0.5% Thymus migricus essential oil), QSM-BNC+ 1% TMEO (Quince Seed Musilage- Bacterial
Nanocellulose + 1% Thymus migricus essential oil), QSM-BNC+ 1.5% TMEO (Quince Seed Musilage- Bacterial

Nanocellulose + 1.5% Thymus migricus essential oil). Results are presented as mean + standard deviation (n=3).
Different letters indicate significant differences (P< 0.05).
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Abstract

Due to the growing demand for safe and natural food packaging, the development of active films
with antimicrobial and antioxidant properties derived from natural sources has become essential in the
food industry. In this study, active packaging films based on quince seed mucilage and bacterial
nanocellulose, enriched with different concentrations of Thymus migricus essential oil (0.5%, 1%, and
1.5%), were designed and produced, and their antimicrobial and antioxidant properties were evaluated.
The results of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
tests showed that Thymus migricus essential oil exhibited the highest antimicrobial activity against the
Gram-positive bacteria Staphylococcus aureus and Listeria monocytogenes, with an MIC of 0.45
uL/mL. In contrast, the Gram-negative bacteria Escherichia coli and Salmonella Typhimuriumshowed
greater resistance (MIC = 0.9 pL/mL). Furthermore, the MBC values were 0.45 uL/mL for
Staphylococcus aureus and 1.8 uL/mL for Salmonella Typhimurium. Evaluation of the antimicrobial
activity of the films demonstrated that the addition of essential oil led to a concentration-dependent
increase in the inhibition zone diameter, with the highest effect observed at 1.5% concentration against
Staphylococcus aureus (17.9 mm). The assessment of antioxidant activity also revealed that
incorporating the essential oil increased the free radical scavenging capacity from 13.63% (base film)
to 51.26% at the highest concentration. Overall, the findings indicate that films containing Thymus
migricus essential oil, with significant antimicrobial and antioxidant properties, have strong potential
for use as active packaging in the food industry.
Keywords: Active packaging film, Thymus migricus essential oil, Antimicrobial property, Antioxidant
activity
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