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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 *A 0.0 *¢ 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.

St 9o ol sle MIC (e (568 s, 5bay
Fobo 8yl JLSlo b azes (ol (0 JS8) ad (5158
hlo b S cullpy sl B 5ke coton 5 slags ST
S G pdydehs &S s SIS goiy eeso &Y

9 Joes aibe Sogdgyone Jed SlaS 5 4 Cos

Sdugl ouilul (MBC) | Sawss cdale Jilas o(MIC)
Baspoylis 2ldé Gl lem 6550 ez ade Sl )3T
9,5ed Jale laie 4y bl cnl (Vb b iy
Suldl sl Gulel deaisl, glhe .cwl anb
bl ctep S Gt ade g8 o ,Slee

AR



VY0 — VEE o /1 E00/ bl g 4l [A® 0ylan | Y0 ala/ lié aylio owibigeo oo

posge b Migalls (e 5 Slas 2L olee )3
Soys I chile 3 aSgjsbar og dige (n Fpglie
b ol b sbyl el o g il
i b g gbdle s ,0 VD 5 ase ) slackle
odle e Shae Sglis (ol s LS5 o oo VEIF 5V VIV
Srddes ;0 Sgli 4 Wlgioe (Jobw 8l JLSLe 5
lras dile 515 Cuoglie (glogunsilSis 5 25 slid
(Lietal.,2015) ol by e (efflux pumps) =35

Oyl bl 409381 « DPPH (9031 ol wlul 5
Cllad Gl )3 (6 pRetn 1l Al old 4 Sl )3
ks al pld &5 Jb s ool ansls laest o
onlels so las 1) o1 JGal, jlee oblgs auo o VY/PY
Ol 3L Sgntr (k298 J ysbo 4 (bl 3581l
@ bl aoje /0 ol WL o ol JSGol, e
Rt TW B Ve | C- IR REPR SR I i\
DVIYS &5 puill 0o 3 V1D (ggl> wlid 45 g 0o, F/OY
Called jo axgr BB molidl cpl (Y USKD) duwy Qoo
ol o d575e (J5ib DS 5 ige (RS Gl ]
oS el JsS15)5 5 e smen Slmlydl il
s 1y o), silenly 5 s shasl Ul
Dlawge yea> o pl » ogdle (Mutlu-Ingok et al., 2021)
olry Wlgee a3slS g e e le (lysar 4 &b
ol GlaaS | il 2jad g g |y (o8 SLuS 5k
(Codina et al., 2024) oS cogas |, oles

pm¥sod 45 ol ] 5 S ol ddlllae mbs
51> 2l SL Hekasil g a &ls Dlowse LL 5 slapld
s Sy Olyisdr Wlgiee GlmlyST sl il
SISl g (29, Kens olym b Jbd ganai
2l slp (2L Jesly aplid () a8 Jos a2 LB
o294« 2l olge 5,8l (alidl 5 19,0 sla o)1
O slST 5 (09,500 Slud 4 wles Y g

.MQLSA

om BY jax (Jlae Sls JoSlels
sile hiep S slagSL o (LPS) gy, bsd
S Ol Wl oo par g0 (L Migolle § A5 Lty )
e ol 1) (cn; Jbd Slge 3985 5 WS Jes (S0 58
s ) Gl 2 S +12) YL MIC ol ()l
(Burt, 2004, Sheerzad et al., 2023) S
OppeS o sdslie alie Nl 55 MBC Ly 5l
slp Sk 2 oS /T Rl MBC jlade
odspolis oS ab (15 suslsl  usTTslsll
Dlie 0 OV USE) ool 6,5 ol eV ol
e 9 S dge (npslie page Al Mgelle
S ol 2l oo s S VA laie L MBC
@ bgp Slllae o 5 Jon laadh ez
oS Sl oad (5155 (Job DlaS 5l L e sla il
e Gl lagls saiS e i Sl
Jolge @l o e S g Cutep S la S
(Ezzaky et al., 2023) cul b 09,5005

MIC sloasil ssas 5 BT o Lazsl gesl mbs

B

Sul 3T pasl Guilul o33l .aiS e ol |, MBC 4
bSh Jologl 5 4 &l Dlwge (255 slaphs 4
bl aly p9Seds Cools sbml el
D 31 el CE 53 b el 00 sudyi slaplid
O e, Sh sl ade Cuilos Ala jlad v y0 VO U
2 9Seeds S iy cdl Gialdl g llas ol
Worshysl s 35 shedlin] 6 pSL ade g 2202 V.0 il
ol S35 b 45 0 oanlice (o Lo VV/A alla s
) gsoge (nl aws oo (LS 1) Cutop 5 slas ST it
owrle o Jed oluS s i gyl 4 Gl e
Coge a5 ol S sl 05 olwdlsl g (6 oo
Seber P lachile o 09 Seas 2L 8

(Bargh et al., 2025)



Fig. "
1/8
1/6

1/4
1/2

0/8
0/6
0/4
- HN _
0
MIC MBC

W L/steria monocytogenes W Staphylococcus aureus W Escherichia coli ™ Salmonella Typhimurium

ul/mil
[

N

it g1 (il (MBC) (o8 (5551 cdale Jiloos 9 (MIC) (Suiylal cdale Jilos yolie ) JSS
Figure 1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of Thyme
essential oil
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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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