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ABSTRACT
Background: In this study, the properties of a biodegradable active film
based on gelatin and carboxymethyl cellulose (CMC) with different
concentrations of fennel extract (Foeniculum vulgare) at 0%, 2%, 4%,
and 6% (w/w) were investigated.
Aim: The aim was to develop edible films suitable for food packaging,
offering a novel alternative to polymeric materials while enhancing the
shelf life and quality of food products.
Methods: The physicochemical properties of the active films were
evaluated in a completely randomized design with three replications
(n=3). One-way analysis of variance (ANOVA) and mean comparisons
were performed using Duncan’s multiple range test at a significance
level of p<0.05, utilizing SPSS version 26.
Results: The lowest solubility and thickness were observed in the 6%
and 4% treatments, respectively. The highest permeability and turbidity
were recorded in the films containing 4% and 2% fennel extract,
respectively. The highest tensile strength, elongation at break, and
Young’s modulus were found in the 4% treatment. All edible film
treatments exhibited significant antioxidant activity based on the DPPH
radical assay (p<0.05). The lowest and highest antioxidant activities
were observed in the control and 6% treatments, with values of 5% and
17%, respectively. Antimicrobial activity analysis showed that the
largest inhibition zone at 6% concentration was against Pseudomonas
aeruginosa with a mean diameter of 24.5 mm, followed by
Staphylococcus aureus (13.83 mm) and Escherichia coli (12.33 mm).
Conclusion: Incorporating 6% fennel extract led to the production of
films with desirable mechanical properties and improved antioxidant
characteristics, while effectively inhibiting the growth and proliferation
of bacteria.
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Extended Abstract

Introduction: The use of edible films is rapidly
expanding due to growing concerns about non-
biodegradable packaging. Gelatin is a natural
protein obtained from the hydrolysis of collagen
and is widely used in the food, pharmaceutical, and
cosmetic industries. In recent years, gelatin has
been recognized as an effective material in the
production of edible films. Unique properties such
as degradability, stretchability, and
biocompatibility lead to the use of gelatin in food
coating and increase their shelf life. Using gelatin-
based edible films not only helps maintain the
freshness and quality of food but can also have
antimicrobial and antioxidant properties. These
properties make gelatin a suitable choice for
packaging and preserving food products, especially
in the field of creating protective coatings on fruits
and vegetables . Carboxymethyl cellulose (CMC)

is a cellulose derivative that has been widely used
in various industries due to its unique properties
such as water solubility, mechanical stability, and
transparency. In the food industry, CMC is used as
a base material for the production of edible films.
These films can be used as protective coatings to
maintain the freshness and shelf life of food
products . The combination of carboxymethyl
cellulose and gelatin has received widespread
attention for the manufacture of edible films due to
the complementary properties of these two
materials. Such special properties make these films
very effective for packaging and preserving food
products, especially fruits and materials sensitive
to moisture and oxidation. Fennel (Foeniculum
vulgare) extract is known to be a rich source of
bioactive compounds, including flavonoids,
phenols, and essential oils. These compounds have
significant antioxidant and antimicrobial properties
that can be used in the food industry, especially in
the production of edible films . The combination of
gelatin-carboxymethyl cellulose and (Foeniculum
vulgare) extract in the preparation of edible films
is considered a new solution in the food industry.
Due to the unique properties of each of these
materials, this combination can produce edible
films with useful and functional features.

Fennel is traditionally used for medicinal and
culinary purposes. The entire plant is valuable in
the medicinal industry; its enlarged base is used as
a vegetable; its leaves are used for culinary
purposes and its seeds as a spice and for essential
oil extraction. The flowers and leaves are also used
to make yellow and brown dyes. Fennel pollen is

the most potent form of fennel, but it is extremely
expensive. In early Sanskrit writings, fennel was
known as madhurika and its cultivation in India is
thought to date back at least to 2000 BC. To the
ancient Greeks, fennel represented success and was
called ‘marathon’, after which the battle of
Marathon (490 BC) was hamed when it was fought
in a field of fennel. Fennel was also a symbol of
success to the Romans and fennel leaves were used
to crown victors in games. The English name
fennel comes from Old English fennel, or finol, and
fennel is one of the nine plants invoked in the pagan
Anglo-Saxon Nine Herbs Charm recorded in a
tenth-century manuscript. During the thirteenth
century in England, fennel was considered a royal
spice and was served to kings with fruit, bread, and
dishes such as pickled fish seasoned with fennel
seeds.

The chemical composition of fennel varies with
morphotype, source, climate, and harvesting stage.
Every 100 g edible portion of fennel seeds contains
on average: 8.8 g water; 15.8 g protein; 14.9 g fat;
36.6 g carbohydrate; 15.7 g fi bre; and 8.2 g ash
(containing 1.2 g Ca, 19 mg Fe, 1.7 g K, 385 mg
Mg, 88 mg Na, 487 mg P and 28 mg Zn). Every
100 g contains: vitamin A (135 IU); niacin (6 mg);
thiamine (0.41 mg); and ribofl avin (0.35 mg); with
an energy value of about 1440 kJ. The seeds
contain mucilage, sugars, starch, tannin, essential
oil, and fixed oil (the main components of the fixed
oil are petroselenic, oleic, linoleic, and palmitic
acids. The variety and quantity of vitamins
contained are variable: folates, 270 mg/ kg; vitamin
B3, 6.4 mg/kg; vitamin C, 8.7-340 mg/kg. Fennel
contains potassium (4.24-5.85 g/kg), the most
abundant mineral by far, with low amounts of
phosphorus (500 mg/kg), calcium (5.6-363
mg/kg), magnesium (8.2-389 mg/k) and sodium
(7.7-512 mg/kg). The principal constituents of the
essential oil extracted are anethole (50-60 %) and
fenchone (15-20 %). The essential oil extracted is
mainly composed of (E)-anethole, (Z)-anethole,
and a-thujonecompounds in fennel essential oil of
which 18 constituted 96.04 % of the total essential
oil, the major components being anethole (68 %),
limonene (11 %), fenchone (3.7 %) and a few
others. Approximately 45 constituents have been
determined from fennel seed oil, the main
constituents being trans-anethole (60-65 %, but up
to 90 %), fenchone (2-20 %), estragole (methyl
chavicol), limonene, camphene, a-pinene and other
monoterpenes, ethyl alcohol and anisaldehyde.
Small quantities of a-pinene, camphene, o-a-
phellandrene, dipentene, methyl chavicol, and p-
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hydroxy phenyl acetone are also present. The main
components of the fixed oil are petroselenic, oleic,
linoleic and palmitic acids. Dried fennel seeds
contain 0.6-6 % volatile oil.

The bulb, foliage, and seeds of the fennel plant are
potential sources of different nutrients and thus all
are widely used both raw and cooked in side dishes,
salads, pastas, vegetable preparations, sausages,
etc. Raw fennel bulb contains carbohydrates,
dietary fibre, protein, vitamin B complex, vitamin
C, and minerals. The fennel plant is aromatic and
used as a pot herb. It is popularly used as a spice
and as a vegetable, having many applications for
flavoring and culinary purposes. The whole seed,
powder, and oil are used as adjuncts for flavouring
foods, as antioxidants and as a preservative in
confectioneries and beverages. Fennel seeds are
largely used to give flavour to a number of foods
such as soups, sauces, pickles, breads and cakes. In
industry, fennel is used for flavouring and
aromatizing, and as an organoleptic flavour
corrector, in non-alcoholic beverages, baked
goods, condiments, ice creams and liqueurs such as
Anisette, and as a seasoning for prepared meats
such as hot pepperoni and sweet Italian sausages.
The genus Foeniculum (fennel) belongs to the
family Apiaceae and the order Apiales. Three main
varieties have been described: F. vulgare Mill. var.
piperitum (Ucria) Cout. (bitter fennel), F. vulgare
Mill. var. dulce DC Batt. et Trab. (sweet fennel)
and F. vulgare Mill. var. azoricum Thell. (Florence
fennel, or finocchio) . Bitter fennel is grown for its
fruits and essential oil, whilst Florence fennel is
cultivated for its fruits, essential oil, leaves (used
for culinary purposes) and enlarged leaf base (eaten
as a vegetable). Sweet fennel is cultivated for its
enlarged leaf base, for its fruits and for the essential
oil taken from its fruits.

In this study, the properties of a biodegradable
active film based on gelatin and carboxymethyl
cellulose with different concentrations of fennel
extract (Foeniculum vulgar) (%0, %2, %4, and
%6) were investigated.

The purpose of this study is to produce suitable
films for use in food packaging.

Material and Methods: The tests performed in
this research were physicochemical tests,
mechanical tests, and measurement of antioxidant
properties and antimicrobial activity of edible
films. All experiments were performed in three
replicates (n=3) with completely random sampling.
One-way analysis of variance (ANOVA) and the
comparison of average data based on Duncan's
multiple range test were performed using SPSSas
software at a confidence level of 5%.

Results and discussion: The lowest solubility and
thickness were observed in the 6% and 4%
treatments, respectively. The highest permeability
and turbidity were observed in the film treatments
containing 4% and 2% (Foeniculum vulgare)
extract, respectively. The highest tensile strength,
elongation at break and Young's modulus were in
the 4% treatment. In all edible film treatments,
antioxidant properties using DPPH radicals were
significant (p<0.05). The lowest and highest
antioxidant activity was related to the control and
6% treatments, with antioxidant activities of 5%
and 17%, respectively. The results of the
evaluation of the antimicrobial activity of the film
using the diffusion disk method showed that the
largest diameter of the inhibition zone at a
concentration of 6% was reported for
Pseudomonas aeruginosa with an average diameter
of 24.5 mm, followed by Staphylococcus aureus,
Escherichia coli with 13.83 mm and 12.33 mm,
respectively.

Conclusion: The results showed that adding fennel
extract at a concentration of 6% produced films
that, in addition to inhibiting the growth and
proliferation of bacteria, had desirable mechanical
properties, improved the antioxidant properties of
the composite film, and could also be used as a
suitable coating for protecting food.



a lie plio b g
3 Yook -DVOX arle L« YEVS-DFY & sSig I LU ?
% https://foodresearch.tabrizu.ac.ir =

Hobw Juio (omS90)S — VW5 Al p (STyos whed (29,5000d 9 (o2 LosogSy b slo S

( Foeniculum vulgare) &b 3l o las g9l>

BT Syl oo S Sl gl 1yn) < uwal plyll

O epSl ek ol ¢ S ppalsl o 0aSiils ¢ lde gl 5 Silig 05,5 Loyte( glie gl s psle o5
Ol el et o8t ¢ SCt sualsl oy 0dSCas ¢ 06 5l 3o bty s )18 (5 il
Ot el ool o8l cslant s o slacs sl 5 ke 0 dSCiils o ol ple 05 8 HLsls”

m.hosseini@ubonab.ac.ir:45s J yzus DY

oS Ao Slascie
o3l pdics S db Wb Gl S o p w0 sy ool 03 i Sldllas diw llio £o3
¥ .Y o) (Foeniculum vulgaer ) <1, o jlas cilise slacbals U sl fie S S 5 AR e

Sy iy )3 eslinal LB L}Sb)}du(.iz_‘ut@;w)ﬁ:du.mwbﬁ(@ﬂmﬁfj
lde aoso )i

VEY/NN/NA esl s

slee catS 5 (Bl il 5 e slse Kl Gl Gl soslp s lds sl
(N=Y) LS aw 3 s Jlad slapld bt 5G5Sl S5s 8 B, ol ol
ks amslie 5 (ANOVA) & LSy 5bsls 5T s plnil dolias SLIS (5,8 45500 L
(+/+0) Jez| o 53 SPSS26 1531 p 5 3l eslizul L (STl (glanels dior O go3l ol 2 Laosls
A ealia 1Y 5 77 laslas 53 S @ Sl 5 D Ol o S S S el

VECEONY 1 E
VRO 1 La)

L3l eslas 1Y 5 L ool sl (b lasled s i DS 5 S 358 0 Jie S35 (Slos o
2Kl e 5 CwSls a3 Jsb sbajl 5 23S Sl Ol o YL A salia WUl eos¥5 ke
S eslinad b st mT ool (St ol lasles (pls L3 g Ao 1Y Sl
w bg e GleS! sl el p x5 op 2eS (P<4/00) 35 I3 sme DPPH (s,
b bl s ey MY 5 10 Sls] Sl eds bcw s o /8 5wl ks
Ly 18 chle s Sl dle o oppin oS s Ol S s S
,Staphylococcus ... 5 Y¥/0 mm s i L.,z L Pseudomonas aeruginosa <
035530 1 S gl al EOLSVYYY MM \Y/AYMM s 5« Escherichia coli aureus
b S S5 5 A lee 2 esdle o 13,8 lagdd W5 sl 18 e 5 b o las

A ﬁsjs(..g@wmsbd Sl gast 3 g o g0 o sllas S ol gl

8 A B VD Slio AFF (Y o)les YO 093 / olie mlio sla yings @ @ @
OPENWACCESS DOI: 10.22034/FR.2025.65830,1959 L -3.:;



https://foodresearch.tabrizu.ac.ir/
mailto:m.hosseini@ubonab.ac.ir
https://doi.org/10.22034/fr.2025.65830.1959
https://orcid.org/0000-0002-8118-6040

UI)KA.Q 9 dw‘ ya

i S (CMCY Sl Jas oS5 5 (et al, 2018
Wle 355 35 4y e la Shs bl a8 ool sl
sk aeailis 5 S oMb ool s s ads b ks
03 Sl w3 815 eslial 550 ciliie mlbes 53 63 1S
Wy gl wl el S Olss 4 CMC (1 s
Olge 4 il g oo bk ol a )00 S8 & (S1Hs lagds
Y game 8L 5 S50 Lt g bile sla iy
5SS .(Mekonnen, et al, 2023) W ys eslinal lde
Slapks 53 ko Joto (oS5 S 5l eslinad Gl (n Sosge
S G 4 Sl O3St S bl (ST
&S o SaS Sl slge BNk (il 5 O snldls]
Sye K3 olpen 4 dlS e il Jme oS5 S raees
53 Canslie dile (63 Shas sla S5 U osd S 5 anb
B P T R e O R L S
el 5 Sl M sl CodS i 5 (oINS 2 Ll
wups 5 O3 s 53 34> b (Zhang, et al, 2024)
ks Slee CMC sl rdyy ol JS2e CMC il
Yoo & Krochta, ) il o Jlbw ol 53 O camss

(2011
cxle gl Y5 5 CMO) I e S5 S S 5
wwle g ol JoSe Sl gar s 4 Syt glaghs
Jio oSS Ll 4B S IE s sse 03 28 sk
Gl CebB 5 plle SO ol (s 4 ke
(GRS SlB 5 U5 LSS ool e & N5 5 O
L S slaeks bl gl Jlol (oS5 n LS s
lapks ool (Wang, et al, 2023) s NP RPRUIWRY
s 5 e Bl 5 bl ol 5l e & S 5
D T D
Sl gast i il axdls glodica i Slhes] sl
Lim 5 gl sln baphd ol & 55500 Lol Glons
Gl Sl s bege opat 4 (gl DY s
(Liu, etal, 2024) wisb Jie sl 0 el denSt 5 o,

dadie

sge 5l S dzea S3U o gla iy (Shs sladks
Gt B (gl 5 Lol il G eme LB STy
Lok 55 cpl 58 o 13 ealinul 3550 ol0e Y puasms
e 2l Lo o lysTs 5 ol Sl S Olye «
S oSS e kS 5 S50 Lis 4 g & Lledd
Lol s R bl 8 b RS eS
Shs claeks 5oL s S5 (Kumar, et al, 2022)
Celgl oS Ao Lol 5 G pdia s SAB Ll
ks ) &S o oS Sl sla Sogl el w S
L 5 Loy taelis Abe ab 3l 51 Wl 5
A3 s M e e BNk Lol 4 oS L0 aL
L .(Zhao, et al, 2021) .S .- Fpslas uw@)\jﬁf
s b e gty 3550 53 b LSS Ll 4 ar g
Ll oS 53 oy (Sl slapks Sl eslizal
S 5 OIS p g a8 Sl ks 055 5 SO Y
LT s el (e mls 53 0328 b 4 5 LT s
Olge 4 iV Gl gadle 5o 05,8 e 15 ealinal 550
el odd bl (S glaedd W5 s S5 el S
Sl (g pdoa o Sl ile (638 4 jaie la S
53 oY5 Sl el 4 e (8l 5 RS
spie Wl Bl il 5 olle slee as ide
.(Khan, et al, 2022)

(S Wl ol wel gladnd sy Wsa Y
sl esle) OIS Sl 5o a8 g WS soded 5 (s
OS] 5T G Ulge 4 Lilg o Kpd o bl (Y5
03,5 o 1yl Gadsly 1,56 LS 5 opl S Jes
S (S sl 10 slge o3 slanST el S Sl
L) Y5 sdsotes Sl Jeols dbdcan s gladay (oamen
Gl sboy o el b lg s (0l sS85 055
Ol Sl 5 (e 5 T i) O plnST 555018

Gonzélez-Garcia, ) aule Lol Slawst ol is dad)

1 Carboxymethyl Cellulose



A Sl sas (sl Fobo Jiie (S35 Y5 4l 1 S o tpSenss 5 liosdnSisd slaSis

Sl eslas a5 OS5 (T)0) LK 5 K
DL s 3,5 glolid 1) JiielS 5 et 35S aber Sl
Joe o 1y LT o5 0l LSas Wiy e oslas &S sl
Aol il s A P b e S s el S
5 AeShee sl il SlS|
Iyl ol b3l Jd ol 5 s 518 S s ,n
Gib ) S8 Gl Lol st el 5506 5 048
SISl 5 (sl e e 5 Joho sli s o]
Sllas ol s (11 G, ile i &b 5D
Olpe a4 2lis wlo 5o 1) Al oolas o8l slas )8
S e aul OISt 5T 5 s S o b a3l S
w53 Sl eolas 5 ke Jie oS5 S -0V S S
S mlo 3 g ISal K Ol 4 ST sl
S a2 pamie ol s 4 oS 5 opl il e
s dete g S b St glaeds Llg e ol cnl
S5 sl o opl sl (Sns dex 5las W5 (g3
cmln SO ol 5 S aslal 3 sslee 4 Ol e
N g s 5 abs 035530 OSGl (1S 5l e 5l Ll
Zhang, et )03, 55 Cobls w3 as L S5 5 anbo
Ajibola & & Dash& Swain, 2020 al, 2021
5 ooV oS5 5l eslial ejs,4l (Sulaimon, 2022
w8 )3 a0y e i lo s il Las S5 S
Loar g b bl 3,8 515 eslial 5,50 iliius 55050 55
obas belon sl Jme oS5 = 03V S 5 e
bl Gaa el a3 s 355 S AL
S Sns xSl olas U eon Sk
i3S Sl 5 M1 ST S a5 b
b ok die oS S - Y5 (Sh okl

‘Jhdﬁ_g)}bl}a
bl‘,.a
DL o:l.é:,.:\ 3))”&%")‘}))@&‘&‘5)‘;‘&&3

Al e (D) @,Jﬂ LS &S0 ctle G gl

e S Ul (Foeniculum vulgare) «<U;\, o las
5 dgd a6 dex Sl asy e LS 5 5l 2o
shls OlS 5 pl .l odd atlis (555,00 ey,
S dien gy B s S Ao s Sl sl ol
Sy slapkd W5 s ehs 4 ol G 5o Wil5 e
kol ls 5 (Mansouri, et al, 2023) W 55 a5 5 S «
ISl Jore 5 0558 (I gt il 5 Jals 1) 6315 o lae
SLS 5 Ul 5l 2 e Jlasst s 3l il
en 5ol Gdsl, ola i 3 sjlas 53 s
Rather, et al, ) ¢l OsnliinS! Glo iy o iS1y
(2016

sUls s 4 (S glagdd s sl eslas Sl el
ol e Ses Gl Sy s 5 Bl il s o
ol SUss Glapks ol 4B S 13 a5 5,5 lanks
23 lF e 2, Ao ool s 4 Al o las
Spe kS 5 SHE i 5 oL SL sle SaT el
o2l (eemen (Khan, et al, 2024) wsl e ol
Slpe Ao s Sl 4 el € Sl olas SIS T
b ke s b bl o S S e S8l
o)las S sl Ol (gl andlas ;5 (YoVF) [l Sl 55 s
(A=A sl Jals Lol dé olS 5 ool abl,
NPt NG P RGO I JURUPIS JL JC A S PLST
szl wle ey B o Wbl olac
J3la= L Penicillium expansum ; Aspergillus flavus
2 oS Y B /0 esdms 53 (MIC) SiiSlee ke
Sl s ol s @ B Sl 1 cpl 3L o 1) L
el Il e 3 DS 5 a5 Lo )6 J sk (sl2e
S sl e ys (Y0 0) 0L 5 sy
Al glde S 680 ade 1) ALl o slas SSuS
ade 1) i Ve ke s o las &8 5l 0L ml
YY ki a4 as, lgs askie sbel L Botrytis cinerea
S U oojlas SleS] ol e puoman 35l 20 s
L3 4G DPPH 05051 5 1C50=38pg/ml



ol)lS.o.a: 9 Ge] AN

Lol U b ftn S S-05Y5 tdy @l 2013
PN PshadinoSsS o S V0 V3 o5 ¥ 058
Sl LAY S 3 (S 3150 S35/ 555 dos3 YO A i
6\;:):}9)1»”.“5;)(..»&:3:?@#@}&%
) s ble bojlas s st ks 4553 YO-TO
0200 ad3> T ke & 5 LS| byloe 4 (G35 o s 7 5 ¥
S 4 bl ol 5l ke Ve e a3 s
ol SOl g wlsl e mle V0 ks L Sl
5 e 1305 051 K e A 0303 13V o 550
Glapks (UL do o 3 s (IS Cele Tr ke &
3 b3l el G lamme glos 3, 5Ss s S
Az S

b Ogej

b o ol (5,5 051l

Sy 35 SOl Slilasl sl b Wb s as
Calieds A3l o $55,2 Sl Sop pols 5 ol b w
<35 L (013 MItULOY0) j2es Koo o si (s 55 sls (ol
Cpad o 5l e dh@ Ve 3 g e e /i) 4 Ko p
tsloms Cslins o Sle e Sl L3 5 LS (68 o5l
5ol S & Gy Ba (IS Sy el 3 5 el
(Khanzadi 2015) > S eslizul &) 508

S

(YEMXYCM) sl 4 ok SlaaSS il (M i 81
a5 YO slos 5 s ol s O 53 g dd ey B
I sabliae S Lcsle 7 ol a ol § Sl
WY les 53 3 S Glo IS Sl eslial b lapkd
G135 5 e Blo g edan; Soli O3y 4 38 Ble 4o
(Hosseini, et al, 2023) A .

SBalS Sl am i VY sles 3 sl Lol e il SIS
B s 5 odme ol 035 & Oy S g 5 A3 03
dploes 5 alaly Sl eslinal b lapld @M= Ol cole o
s S

A—-B
U8 100

SUCTPTIS N (Foeniculum vulgare) <L, o,las
A5 g 2O ol (5555LS Sl gl OlalS
:uii o,las &l Sl

Okl gy a alS lae pl ARl S,
:(Maceration)

Il e 000 L1y Sl slasils 53 51 oS O Lz
S 5> Gl gzl gl Ve 61 L) Jhie O
FAL Y Sl a5 038 bl jlacs lads Sl
D355 35 5 (1S Sl a3 Y0) lases glos 5 sl
3 i plasl @D 03 5en A cell P 5 ey
o3 S croils (3lo JE 511 b gloes sl Ol ol
s 1 ol osliae wbiladl Osls JLES L5 esls s
oKis y3 aids Vv Do w Iy aJ.,iJLL:.éUL,a.cW.V.:'S@
WalS Glao hy3 B esls L3 Fooarpm us U 5 sl
S eslinad U1y Jeols Olid ojluae ulg L3 g s
s Yoosaad ms gl s Ll el oby, oK
Gl g e Olpe 5 o350 Bt S o 51 S Sl
Sk s ediblis ojlas il s adsl e s S
o Yol 5oL sl e Ll s s e gladed
iy DLS S S B e S S Bl
o b SLS 5 L s 4 s ol 258 S
sl Sy pidsle v.(; drl Csew 5 o)l >
Syd s s owliiiolS Slalas s gl

(o 555 23 Y) (N5 5o (V5 s a5 6l 2
oses ol & (Y5 535 558 55 o3 T ) Jg S s
S b g akdn V0 Ole @ blians 0300 S L LS
! » .(NurHanani, et al, 2012) . 03508 V¥ +RPM
Lo Ve die S n S ol Opile e 48
YO JspedS 5 b Jito S5 505 (el 559)
o L Globa dto oS50 S 535y G395 Ao
;.j sabu- BNV E [CRNCR VIV ER PYOR] WOVPUH) I WA ~ N E

Oluwaseun, et) Ls o33508 5 SIS v samnbos 4554



AY Sl sas (sl Fobo Jiie (S35 Y5 4l 1 S o tpSenss 5 liosdnSisd slaSis

S5 S o e 5 O MM ) abnls b i 30 oKae
SOle la Sy 5 Lad esls 513 adb 4 e e v/A
CaSs dais U dgb Rl o (EES ol el
o2 s O Do opb sl dob e W5l sk i)
S8 ek e s e 6y 5L L Jsde ey
(Fallah, et al, 2021) .5 § 4l

ST ST ol

Sl v Gl e s Sl S8 G
GBI pls 4 e By ol Bl e Sl s
LS e oo oL a lesle ST ISl Ol e
b o 1St 5T Jolge 5l estiul L (DPPH) Ll ,as
FPLOW mp e dsb 55 Sl Ul Al o S
odoas Ll 5 o oS losla by Jsdomn a S 350 5 S o
JLsesly bl g3 o5t bslses Al O55500n o]
ol il e Ky Gl L olen a8 a5 s e LSS
OF ol oS 3y o it S5 o5 o 3l e ST
GNP A L AR RS USSR W A W i
DPPH JIGsl, &8 i baw s (55 slaphss Slos]
ol Sl s (5 Sl Ky 55 slagsldes 4 Shiy
5 hie OT plp slacans 55 odd o 5l S e ¥ skt
ol plas OU > 5l e A > (P ¥ ) ke
(olJTUniversal) 5,4 sl rpmfs s L aids 10 Soe 4
sk a3 ¥ gl s cell VY Dl 4 e S
aids 10 Sde ool 5 (Gl gl 3 ) S il
290 Somed 3 2l ooV e A S50 mla Free 5 L
o 1) I e ¥ L L s a5 § ks e sl
53 aids T Sle 4y 5 AS bl DPPH O Jgle (Y4
BENC I SR T N SIS 3L gles s Sk
o (AS)us s, Seilll gegy xSl bawy e gl OVY
A ¥ e 5 OF Jylome 51 2 e ) sl Olgs
e 1) sl A e F L (e 2 e ¥ b aie

(OWIIMmMmMetr) 50l s adds T e 4 Jsile LY 5o

S5 BB S ns Sl
ooz 51 bl Ly b Shs e Gl
A eslenad LS el b (pls Shimadzu) jue g 5 Sl
s 5 eds oty e e Frox 4 sl 4 ol slaw gl
Ol 4 5o Jt sl G ki 513 e 53 58 xSl 5l
Slagss dsb 53 55 sp Ol A3 S s als
son 0 ma dob 3 ol e 5 il
ol 58 & Se3lhl sl (Hosseini, et al, 2023)..s

A eslinal 5 Jge 23l

~—J~\> ;)L'.:.a

Oy 9dS= T
(2 G531 )T b 4 o (5203355
(el i 035 s ol Sl 4 S 5y 358
Voo Je VY G L s ASTM-E96-95, 1995)
L;«)ﬁbﬂd“&:ébﬂjﬁwwﬂ%jﬁjﬁ
S Sk Ad Gk o e e Sl V0 Cales
Oljee b 380 (lls abaien 3 5 3 S (3 Il ok
Wyl Y a8 S 13 asiie Gles 5 ed Cugby
055 Dy D1 503 s A ool S P T A NGNS
O 5 amlome O b ol oy 0Ly lp 53 B30
A a5 Jped b Cagbs 4 Cand s adidsd
.(Hosseini, et al, 2023)

WVP2(gmpals? )=%iip
Sl sla S5
(L) iis oo ol lagds SO ol
Kb dsbe 5 (o) el b b sk ull
Skl bl b S5y opl bl e (UKL
s 5l oslizd L 5 (ASTM, 2000)ASTM D882-00
Stable Micro « Ls Wlé lanl 4d aslos i 3L
YO/F bl (0lJS5System) TAXT.PLUS TA-Plus

S8 55 G e S 0o p Jb e e VO 5 e e s

1. water vapor permeatability



ol)lS.o.a: 9 Ge] AY

Table 1. Edible films treatments

Treatment Fennel (%)
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Table 2. Physical properties of edible films

Treatment  Solubility(%)  Permeatability(gm™s?pa?)  Turbidity(%)  Thickness(mm)
0% 65.391+1.06a 1.6+0.2d 0.33+0.015d 0.81+0.015a
2% 61.67+0.68b 2.510.2c 0.73+0.02a 0.087+0.004d
4% 55.91+0.73c 4.3+0.2a 0.43+0.01c 0.12+0. 15c¢
6% 44.19+1.76d 3.5610.21b 0.57+0.01b 0.15+0.01b

The results in the table have reported as mean +standard deviation of triplicate analysis. Different words in
the same row represent significant difference at 5 % (p< 0.05).
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Table 3. mechanical properties of edible films

Treatment Tensil /Elongation at break Young modulous(Mpa)
strength(Mpa)
0% 3.2+0.61c 27.35+1.02c 64.760.2c
72 5.4+0.36b 31.54+0.76b 88.71%1.22a
4 7.47+0.37a 37.1+2.24a 93.43+2.6a
/6 6.66+0.28a 28.76%0.65¢ 73.63+4.2b

Theresults in the table have reported as mean +standard deviation of triplicate analysis. Different words in
the same row represent significant difference at 5 % (p< 0.05).
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