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Introduction

Scientific evidence is mounting that synthetic chemicals used as food additives may have harmful impacts
on health and the biological system and cause many diseases and damages to the human body. Also, many
consumers are concerned about the use of artificial ingredients to maintain the quality and safety of foods.
Therefore, the use of natural preservatives and food preservation methods based on natural compounds have
attracted the attention of researchers. Edible films and coatings are useful materials, mainly produced from
biodegradable polymers including polysaccharides (gums), proteins, and lipids, and are commonly used for the
shelf life extension of foods. The primary edible films /coatings are promising alternative methods to preserve,
and retard the adverse chemical reactions and microbial growth. They also can act as a carrier of antimicrobials,
antioxidant substances, and other additives. Sage seed gum (SSG) is a water-soluble polysaccharide obtained
from Sage (Salvia macrosiphon). It is an environmentally-friendly biodegradable material that can form high-
viscosity aqueous solution and exhibit pseudoplastic behavior. Essential oils (EOs) are volatile and aromatic oily
liquids extracted from various plants. Most of the EOs have antimicrobial and antioxidant activities due to their
phenolic compounds, terpenes and terpenoids. A promising technique is incorporating EOs into coating solutions
as active film/coating to extend the shelf life of food products. Bay leaf (Laurus nobilis) is an aromatic evergreen
tree or large shrub with green, glabrous leaves. It is used as a flavoring agent and an essential ingredient in food
preparation. Bay leaf has received much attention due to its antimicrobial, antioxidant, anti-inflammatory and
immune system stimulating properties. Hence, the aim of the present study was to evaluate the antimicrobial and
antioxidant properties of SSG coating incorporated with different concentrations of bay leaf EO (BLEO) and its
nanoemulsion (BLNEO).

Materials and Methods

The active packaging was produced based on the gum of sage seed containing BLEO and BLNEO. After
preparing the EO from bay leaves, their corresponding NEO was produced and the characterization of
nanoparticles was evaluated in terms of droplet size, polydispersity index (PDI) and zeta potentials. Then, the
antimicrobial and antioxidant properties of BLEO and BLNEO were compared. After that, SSG coatings were
prepared with 1.5% and 3% BLEO and their corresponding NEO forms. Subsequently, the antioxidant (DPPH
and ABTS) and antimicrobial (against Bacillus cereus, and Staphylococcus aureus, Pseudomonas aeruginosa,
and Escherichia coli) properties of the produced films were investigated.

Results and Discussion
Gas chromatography-mass spectrometry (GC-MS) identified 1,8-Cineole and a- Terpinyl acetate as the
major components of BLEO. The BLNEO exhibited a droplet size of approximately 92.4 nm and a zeta potential
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of -45.1 mV. In comparison to the control and SSG, it was found that the group comprising EO and NEO
significantly (p<0.05) showed superior free radical scavenging capacity. SSG-3% BLNEO had the highest
DPPH inhibition percentage (69.54%). According to the results, EO at the nanoscale can scavenge more free
radicals than EO (p<0.05). Antimicrobial inhibition zone of different treatments against selected gram positive
and gram negative bacteria showed that all bacteria were strongly inhibited after the addition of BLEO into the
SSG. Moreover, data revealed that the growth of the studied pathogens was completely inhibited in a dose-
dependent manner (p<0.05). SSG-BLNEO exhibited better antimicrobial activity than SSG-BLEO coating and
its antimicrobial activity was significantly enhanced by increasing BLNEO concentration (p<0.05). This
phenomenon is attributed to the protective role of encapsulation and the slow release of EO from the coating
matrix, resulting in enhanced antimicrobial activity. Nanoemulsions, owing to their small droplet size and high
surface area, offer superior efficacy compared to conventional emulsions. Consequently, the gradual release of
essential oils from nanoemulsion-based edible coatings contributes to their enhanced antimicrobial performance.

Conclusion
These findings suggest that the SSG-BLNEO edible active coating possesses promising applications as an
antimicrobial and antioxidant agent for food packaging applications.
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Ll 004

o- 41,8-Cineole Sy jlade cpyuin ) Jodo s dogi b
oo gdly lgeds bS5 oyl 5l .abb o Terpinyl acetate
Sy csimsaed @lio )3 5 QNS dlge 0lllS 5udgs g slase
e (o odlaiwl 5 polde j0 Lg)ld Cumio pimen ¢ CuiboS
2 4y WL 558 4 GlyTe ol (gl sl Alex
23 g wledl snals wyonis lacisie loyd (ol 4 LMo
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Naderi Hagibaghercandi et ) 5,5 o,Ldl ¢, i z8ls g 03y
[(al., 2009
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Table 1- Compositions of essential oil of bay leaves

0 yLowd 1955 b N - . 5y
Corrjpound ‘sléet:lﬁ:j[i‘:n ’ N stloosd %S,.’ pu 4l M‘(;‘I’QW‘:;;ht
number Time (min) ame of chemical compound Area % (amu)
1 5.663 a —Pinene 2.617 136.125
2 6.619 Sabinene 5.197 136.125
3 6.776 B — pinene 2.006 136.125
4 8.309 1,8-Cineole 32.309 154.136
5 10.087 LINALOOL L 4.808 154.136
6 12.483 L-4-terpineneol 2.083 154.136
7 12.955 a— TERPINEOL 2.826 154.136
8 15.974 & -terpinyl acetate 2.295 198.162
9 17.058 a- Terpinyl acetate 28.061 196.146
10 17.338 Phenol, 2-methoxy-3-(2-propenyl)- 2.845 164.084
11 17.991 p— ELEMENE 1.884 204.188
12 18.504 Methyleugenol 4.919 178.099
13 18.859 Caryophyllene 2.199 204.188
14 5.663 cis-a-Bisabolene 0.957 204.188
15 6.619 Caryophyllene oxide 2.487 220.183
7.beta.-(1-hydroxy-1-methylethyl)-
16 6.776 4a.beta.-methyl-la.beta.- 2.507 222.198

decahydrocyclopropa[d]naphthalene
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Table 2- Physical properties of bay leaf essential oil nanoemulsion

Parameter
ol ol 92.4
Particle size (nm) '
Z-average (mV)
PDI 0.1

+_sb —-»0- Terpinyl acetate 41,8-Cineole c.l_.S
.(Maghsoodlou et al., 2015)
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&l MBC § MIC jliie pysieS 45 gysbdy it )95 1
B. cereus (sS4 bgye 90 Sy bl (ygmadgalyil g il
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5 oxd plosl islejl gy E. COli (6Sb 4 bgyyo g0 Sy uileol
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9 5 )y o (Gholamhosseinpour et al., 2023) sl
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2 syl A (59 » (93b5 5B 035 gmmdsalsil
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(Haghju et al., 2016) cus! )b o goleil piwm sl cdg
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B. byl ady jhgme (ialS 4 oo g 351 i (p<+/-0)
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Sl @l 4 a2 b g gmdgelgl 5 (il clale I (b
ool & G e £ (S g S b ol 5 cuto 05 (sl
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Fig. 1. Evaluation of antimicrobial effects of essential oil and nanoemulsion of bay leaf essential oil
o gime BB simd i Ciglite (p5Y 55 Bgy> sl Hloss o )3 Cilisee sla s S (o (P<e/+0) Yo me BB sniad lis ciglite (5Y o oS g >
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Different small Latin letters indicate significant differences (P<0.05) between different bacteria in each treatment. Different capital
letters indicate significant differences (P<0.05) between two treatments.
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Table 3- Evaluation of antimicrobial effects of essential oil and nanoemulsion of bay leaf essential oil

B. cereus S. aureus P. aeruginosa E. coli
EO
MIC (ug mL1) 4.25+0.10°° 4.75+0.10C 6.75+0.258 7.25+0.20°4
MBC (ug mL™) 5.00+0.1820 5.50+0.30%¢ 7.25+0.20%8 8.00£0.15
NEO
MIC (ug mL1) 2.50+0.099° 3.25+0.094¢ 4.75+0.10%8 5,750.25%
MBC (ug mL1) 3.25+0.20¢®  3.75+0.14C 5.75+0.25¢B 6.25+0.15¢A

Slodd (5155 hxe Bl ool £ Sk Oygody gl
ol (P<e/00) Js ime BN 335 03 LS gty 5D Gglite SaeS (45Y gy

ool (P<e/+0) Jo me BB dgg 0dimd L Ciydy yb 3 Cgliie Sy Y g >

The results are reported as mean + standard deviation.

Different small Latin letters in each column indicate significant differences (P<0.05).
Different capital letters in each row indicate significant differences (P<0.05).

(FRAP) (yal susas (ials Jlases) A3T & a8 shai
Cdlad oy (003 byl a8 cusl oads (5155 05 guS ol
S Y S 50 ol )b dgmg yal Gials @il g Sl sl
4 ilol ol elal @08 (il gmad gal 1 g ol 005 030
5 yolul FRAP ioxi o jlide p g o8l (ol 8l #audg
O a8 50 (HMOI g7) e )3 g2 Sy puilis] ygmd golgil
codld jialS zls s saalie +/Y0 (umol g7) clale )
o lis o0 S il andgelail o Luilol calises slaclale
b e iali8l FRAP el «uill cclale olp sl U oS
a$ ol b ShuuST sl el jiow 5 ol claosls
Butylated hydroxytoluene L awslis ;3 ygendselsil o (uilus!

(st T Sl 3 (il
DPPH o 37 Jisaal, lgo callad

Lot S eilsl gmdgolil g uilal Sl sl ol
ol L e8)S 158 bl ayee ¥ USS )3 DPPH ioxins
ol Gl il cuols g S bl gmd gl g il
DPPH | , a8 g3 5 il DPPH I35, g e .cdly
Aald diges I )heS a5 0392 90 S puill (gnad gl
a- Terpinyl 41,8-Cineole wluS 5 5959 .Cuwl 039 (BHT)
amd o Lol 1) Sl 5T caols uilul o9, acetate
(Maghsoodlou et al., 2015)
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Fig. 2. DPPH free radical scavenging activity of Bay leaf essential oil and nanoemulsion
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Different small Latin letters indicate significant differences (P<0.05) between different samples in each concentration. Different
Latin capital letters indicate significant differences (P<0.05) between each sample at different concentrations.
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Fig. 3. Measuring the antioxidant power of reducing iron
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ol Sglite lacdale )3 dgei o o (P<-/40)
Different small Latin letters indicate significant differences (P<0.05) between different samples in each concentration. Different
Latin capital letters indicate significant differences (P<0.05) between each sample at different concentrations.



PAV ol gp0 4ild dmo 5l o ot oled (GiloanST 53T 9 (29 55mnitid Sl 51 5l «y 91 pner g olbolgis

.(Maghsoodlou et al., 2015) uis” fse 1y oo

Pl (Alaseas 0T pol g3 (il
ABTS (303

53 9 Gl Lasiie ¥ S5 jl 45 jshailan ABTS 505l 5
ol gp0 A koo Wiy adtione dlaly SO /Y 9 V0 clale
i3 g 92 S il (grdielal sl W g 92 S il
Yoedale o aS sy i deg ABTS JKGol) Jlos jo bagyl
mls s cowl asb Bl ol ISl 5T @)l sy
A0l Ay Camd (Syidn (S50 51 uwlwl ol Gl ol oL
o> b (S5o3k i Lol o) (il 5 o) 20l
@ chale 93 5o )5 il (g selgls ol whd 4 s il
9 ol 0dlile by a8 ()0 53 sl 03y ilind g0
as ol lis s plool (Alizadeh Amoli et al., 2021) -, Son
b e ile plas > Ly ol (S50 2y 30l 3l
ol clale & dtudly 5l G ogMedy .l 039 YU g5 B
JESaly Bl cools il clals l38 L o porie s A5

Do oo yidday 50 0l

DPPH (4031

Lod MYl a g5 BB jsbas DPPH Jol) jlee cullad
¥ sols gy 4l koo ol (glp Ao y> A & aals ok (olp
b JSa) 28l (nal3dl g2 Sy uilsl gl salsil siopo

L (9 s0ud Bl il (b))
Lo bl gols o ay clapld ob,Slus culd
ez e 3 bl gl gelgil g ill (21 9 V/0) Cilies
2255k gblis Jlad (bl b ord Cbl (58l (2l Sk g
S. B. cereus lac S as, lae a5 bl s obj)l
51 oslatwl el ppo sl E. cOli 4 P. aeruginosa aureus
U 52 S il gamdgoliil 5 el (g5l 50 4 fouo ol
A g b (¥ Joio) cath dallas 5)90 slas Sl (g5, 2 Cute
Hlan @l 4o gy b g pld & A5 jaside s
0 axp slapld )l by g cpl 1 S s g9y 0 sloss il
$3) 2 92 Sy bl gmdgalyl b il lize Saclale ]
E. coli 6581 (s9) y 9 80 oyt o p)5 (sl Sy
ks o Foalie Galsjl cpl 4 avg b (g 5yl 1y a8l a8
AU i 1) Al 32 S il Ggmndgalgl 1Y L olid
al,s! (Sharififar et al., 2007) o )LSon g 48 a5 pb .Cably |y
oagl puilsl sl Joloo St (nS508 (slald b ySlas
Dipiaia ] olisegdpms dloz s ke 575k gy e 1) 55l
9 i poghsol o B8 cpp 50 (i Mgl
il & 16,8 o)l o 100,82 gl oS S sl
slacsSb 3l pise cute p)S bS5y 2 iled gl
s Ll 6,0l S oty Yiais] oS el Lo p,8
18- olas 5 ool cawgd (2 lipl 4 (e p)5 lags S
ol ol eluS s lgicqs a- Terpinyl acetate 4 Cineole
Ol 2529 Wgbioe (2955w A5y Blo & BAD Ao 9 S
aSlBe0 Y @ dles b Alg o g0 Al gewo plid 9y ©loS

o (19 S Ol (b5l € Jgs

Table 4- Evaluation of the antimicrobial effects of the film

S5l ylS 4l
Inhibition Diameter Zone (mm)

Sample B. cereus S. aureus P. aeruginosa E. coli
Control (SSG) ND¢ ND¢ ND¢® ND¢
SSG -1.5%EO 5.92+0.02%A 6.33+0.04% 2.91+0.01% 2.01+0.02¢%8

SSG -3%EO 7.81+0.02¢A 8.05+0.10A 5.44+0.01°8 3.48+0.05¢
SSG -1.5%NEO  19.25+0.13"*  20.79+0.11°4  12.31+0.09"®  10.52+0.12¢
SSG -3%NEO 24,11+0.09%  23.62+0.16*  17.10+0.13®®  14.65+0.21C

25 ooy ais :ND

ol (P<e/00) Jls e BN 335 03 LS gty 50 Cglite SaeS (5Y Bgy>

Gl (P<e/+0) s jixe NS 5529 oimd i sy jo )d Colitio i (Y gy

ND: Not detected.

Different small Latin letters in each column indicate significant differences (P<0.05).
Different capital letters in each row indicate significant differences (P<0.05).
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Fig. 4. Evaluation of antioxidant properties of the film
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Different lowercase Latin letters indicate significant differences (P<0.05).
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Different lowercase Latin letters indicate a significant difference (P<0.05).
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