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Figure 1. Creaming index of emulsions (a), Appearance of walnut oil emulsion stabilized with chia seed
mucilage at different oil ratios (10%, 20%, 30%, 50%) on the first day (a, b, ¢, d) and on the fourteenth
day (e, f, g, h) respectively (b).
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Figure 2. Viscosity of chia seed gum solution and walnut oil emulsion stabilized with chia seed mucilage at
different shear rates.
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Figure 3. Droplet size distribution of walnut oil emulsion (10% oil) stabilized with chia seed mucilage

S5 sl o pled agly ) p Y-
ﬁ\::ﬁ@m&maiwaJQJ\jYy\
J_g\ck.w;ﬂ Ll a5l xS b el gl
J§|.¢Ml¢.~}.!_ﬂcb.‘;ﬂul{4.>,-);‘\~ GV ok
wlﬁﬁic_@ﬂoi.\;g&ﬁw G Ay ombw sl
JﬁJ)b@ﬁl:j&j%&jw‘ﬁjfjéﬂchwa

.M>¢mevsbj>~6ur@wuw\j(z)

P PN DN W W b
oo o o1 o o1 O

(@)

o O

Control

Bilayer

o2l 9 O geed sl 5I0L (Y4)4) Xiang 5 Li
Sl s JS6 s deoss 0 Dgrd gol (SiS 0 g sl
Ll (Ken 45 Wi S Oly 5 L3ls J13 s 3550 1)
5 ks oIl e sk gl B ke s 5 YL LS
) o 4Bl dss e 8IS 1y O el 155 03 5doms
o b okt atle O ged pol S sly OLES pudions
(LI & 55 5l g5l o,d 55, T dsb s ol b
Xiang, 2019)
Oomd ol ol leedsd (K5 ol (s YT

25 o8,

Composite

kd a5 S sl o el sl £ S
Figure 4. Contact angle of produced edible films.

Aas o bl O sl UsSUse b iSTs w Iy
(Ghanbarzadeh & Almasi, 2011)
T R P e g e i
Vb Gadidsh ey gla o IS sk«
S (5L O g ol 035331 L oS 15 T [y 4
ol ol s O Sl g p i3 (s ack e (b ol
S & o ok (e il S e iy el s
S35k dald (s ol sdalie LB (0) IS5 55

267

S5 b ok Sl i dals o ale 4l

55 (p<0.05) v 55 (5 bobas SN 5 55 4V
Spmsa¥en 5 oS 5 edd 4 s dald ol led 4l
ot (020.05) mha 3 (5 lskas el s Bl
Sl ol 3 (S sy S5 s ¥ e 4
02551 G Ll Osnnd el 2538 N2 5 S S
B3a 0 OL5 a s ol o 5 e Sl Y e

vl;é&l»ﬁ/\' o8 O 13 Cond O gend 3ol 53 AN RayY


http://dx.doi.org/10.22034/FSCT.22.161.260
https://fsct.modares.ac.ir/article-7-78673-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/FSCT.22.161.260 ]

...)J;&jJQM}A‘ .X:J}; QKA‘ SO

Q‘)&M})K)L@J u’l)i

plod &S W5 S Ol 5 Aol H13 sz 3050 b Wb 805
Shls rs BB sb 4 Wb sy ol gl (b
oAl N5 b (5SS
L ol b & Coilae ool s 5g g 4 4 Ly
Cias She oS A S Ol e ol sls 0L
Sl s a V5 e ol O Dl g isE
Olye & a5 oIl oy ol V5 s I S50 (s
Dsb & A eSS A s b g 5 5 Kl esla
Sy 358 5 o3ls Rl (b 5 T el b

(Xiao etal., 2016) ta> :als |, ohd T b

0.00016
a
0.00014
0.00012
0.0001

o
> 0.00008
0.00006
0.00004

0.00002

0
Control

3l oS 5 s sla b 4 s VL Of b w
che 3 oblas O s WAl e
ezt 35 oS 5y ¥ g gls (b 4 2l (P<0.05)
Slsbine M 655 s S 5 5 Vs b (L o
D353 ol OLE gl A sdalis (P20.05) v 3
e gl ol 4 R S caols s 4 0l
Celsls VU sl ool &S ke e S5 S
S Iy el Ol b 4 S (b (5 p i35k 355 e
ool VJQ S =6 (YN OLa 5 Xiao
— 085 Gl o ST b s 35 5 SIS

Bilayer

Composite

ks A5 S1h sl o Ol 4 2038 -0 IS

Figure 5. Water vapor permeability results of produced edible films.

L o odalin (b)) ISE s &S j5b Ol .ol o3 S
=S5 s ¥ dals gla Wb s (YD) 60,5 jetls
Sosk 4 o4 (P<0.05) Clad 35 Gulalas Ml (gl yls
S5 (5355 parls Aali (b 4 0 ped el D353 L S
¥ oAb 5l S 5 ol s 60,5 sl as e S Iy
5 2l pee 5 (Y00V) O 5 Perez-Mateos .55 i
L3S Ol 352 Slides b s (Y1) Ol

268

S ol 52,5 paFld 5 58 - YY-F
e

o odalin ('\—a)J&i);ur.lgq)j.xS@l:J
Solslian S slls S 5 5 4V g5 Aall o e
S35 i iy (PLO.05) a3 o508 Ji5
o a Lo oS S s o el (A by s
4 Osed gl 035531 45 das o OLE e ol s oS S
sl ¥ Ad 4 ol 65 Sl sl oS5 A


http://dx.doi.org/10.22034/FSCT.22.161.260
https://fsct.modares.ac.ir/article-7-78673-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/FSCT.22.161.260 ]

\i'iﬂj Y 6,93 AN o_)l.mi'u

O|J.3| @I:\.'ﬁ @L.‘é}f_,l;d:u

ol 5 Loy el 5,5 oIk 255 00581 L Y sl
(Nilsuwan, Benjakul, & 34 o35 1y JAul58l 6555
b 2 (YY) 0L, 5 Valencia .Prodpran, 2016)
Casly Vs b 4 il 033331 5 5 Ol 35 Dl
(Valencia- s5% o s Whd cnl 55 205 Ky Ll

Sullca, Vargas, Atarés, & Chiralt, 2018)

a

a
b
c
1 I
0

Control Bilayer Composite

Opacity
N~ w - W =N ~ <@

(Pérez-Mateos, Montero, & Gomez- xS 55+

Guillén, 2009; Sahraee, Milani, Ghanbarzadeh, &
(Y ') oL 5 Nilsuwan Hamishehkar, 2017)

sV sl ol dadS 5 b 2 U
4\5 .XJJJS QL;J_} J‘.;.)‘D )lj.; or .))yﬂ ‘) JAL& A;.wﬁ

u:"i\f‘ g:,&L: Q—.Gj) O)}}é\

[+

a
b
20
=15 c
10
5
0

Control Bilayer Composite

b s o 305 etla

ok Mg Sy sl (..L: (b) 3,5 a=la 5 (@) o8 -1 IS
Figure 6. Turbidity (a) and yellowness index (b) of produced edible films

O Lol S 5 W bl s 8 s (S S
s Akhter 5 (Y)4) 0L 5 U sl s (5 S
L sb s (Y1) O
03553 &5 W3 S Oy ellims (pl Koy 2l Gl
Sl 5 (Sl bl el (b o Ll L g,
SIS S 5 sle B S i 3 S 50 e oid
(Akhter, Masoodi, Wani, & Rather, 2019; .l ..

Sani, Pirsa, & Tag1, 2019)

035 E] s

i
02 T n
015 '
5 15
é.:'; b
01 Rl
c
0.05 L 5
0 0

Maximum tension

b i8S 05051 51 ool ol B ) Y -YY
sH 5 sl

s e edalie (V-2) K2 55 oS shiles
oS 5 ald sl (b (S8 a3 55 S Ll
e 3503 35m s (p<0.05) (s lskiae Ml Y s
ol o e VL S AV gs (LB aS 5l e edali
o 3550 53 (S Ul e sl S5 s als sl

Control Bilayer Composite Control

ok 5 sl b (©) Kb gk 5 (0) (28 plSowial) 25

c
200
i
180
nlﬁl]
:140 b
1
1"0
M
54
E
=
I e :
40
Bilayer Composite ] ]
Control Bilayer Composite

o2 Sl (@) NS A S

Figure 7. Strain (a), maximum stress (b) and Young's modulus (c) of produced edible films.


http://dx.doi.org/10.22034/FSCT.22.161.260
https://fsct.modares.ac.ir/article-7-78673-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/FSCT.22.161.260 ]

...35;&));)}:“3}/:\ J\.J}.? Ol IR

Dl ol S e s il 0L Jsde dsys ¥ B 1S
o n o B doss B LS e
bl @ U150 o ) Sl apd (o 5 e 08 Sl
S s 03531 51 3 ey &S5 s (Ko gl
(Galus & Kadzinska, 2016) sls
S 4o -t

lebale 3 538 e, O ol anlllae il s
53 5 A5 IGL L s D e Sl eslinal b 8 55 il
S s 5 38 sy Osdsel p ol Gl
e S old (S ol eV s (S5
Oyl 313 QWS ol A (o) 0 Jgbos Jito (S 50 S
A8 sle o 3 L s Lo DL 655 5 8
e s |y (6 S 04 (ol bt anls i,
035dows )3 938 e, Ogmd pol  SolL s o510
Oyl QL DU, (plr ot 35 25 S0 S 253
ol sl Ol b asls b s s LBl
e ol 4 Cd (6 5eS led ly oS S5 5 Y sl
e ol 4 52 8 Ry D gl 55580 L ils dals
ORI Eel S5 Cose w ik e oSS
el Al Ve (b 6l a5 etls 5 DS
Dapl sl Ol b s SO ol 5l Jols
o e doe SnS Wb 4 05 sy Dged sl
O e Sl RS 5 S el s o) e
USE 0 508 ohs, o ol Ol G ol b
o Slp lE e Lo &ls Pl g b ol Sl O s 54l
Gl b pooen pd eslinad (S leelid
b Sl 4 53 S 2y 038 LBl iy, oS ol 0L
el o (S ol e e SG SL

270

Sleaks (55 par S 2225 oSl il

PSotl el ok el OLE (V-D) S s il
5 (P<0.05) (15 me M (gl als L3 oS
éwjlw.wb&ti;)mﬂpduwl{wm
Sl oh e (P>0.05) (5 fsbine 5Bl ¢ 228 olSun
i) 5 eay Sl i sdalie oS5 5 Vs
Osed ol 02531 L oS 5 5 Voo sla ld o (228
(V=) & 55 &S b Olaa 58 iy malS 55 5 25,
Aali o an 53 (lslime LB el oS el 0L
Sl dyde L 5l (p<O.05) mhawe 53 oS 5 5 V5o
o e VL KL e ol gls (b cdls 3 g
(=S5 le o e il (oS 5 4V sla (S
onl il w¥ss gls o o s YL KL dse
Jeo (S 58 e b g G 5ol 03530 a0 DL
S S 5 Sl b s 5 en 08 kel o se b
sl 51 BU Llg e pl 35d e Vs b (Wb
Osed 5ol 03531 oS 5 5 V5o o ol 53 (S sl
S sls JaylS (Y9) plie ol o Easn 5 AL
old KU Jsde ials sl Lol o ale o855 05553
5 o3l m,ﬂf,t (Mirzaee Moghaddam, 2019) ..
W3 b 65y p oot Olides b (Y0 YY) Ol
Sl i sl ol s Gl 035581 S WS Ol
ki $ 8 SRS s bl 5 ek e en
Sl e (ld 5o (128 plSial alS Lol 5550 e
ol 4y bl 035580 43 S Ol rmen 353 oa il
35 o Vs ol 3 S R el 4N (S s
el Sonle podth Cools s 4 Llg e opl &S
(Ebrahimzadeh, Bari, Hamishehkar, Kafil, & .l
of S b (Y1) O 5 )8 Lim, 2021)
S oz 205 LIS oy e gla dos
Y G IS fiy doys Ll LaS &S Ws S Ol 5 Ll
Fao 035 L 5 S e iy el Kb Jsde Ao


http://dx.doi.org/10.22034/FSCT.22.161.260
https://fsct.modares.ac.ir/article-7-78673-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/FSCT.22.161.260 ]

\i'iﬁi Y 6,93 AN AJ\A."G

D|j_‘ &l.'\.b c‘w;f}\&d;u

[1] Hosseini Adarmanabadi, S. M. H., Karami
Gilavand, H., Taherkhani, A., Sadat Rafiei, S. K.,
Shahrokhi, M., Faaliat, S., ... Deravi, N. (2023).
Pharmacotherapeutic potential of walnut (Juglans
spp.) in age-related neurological disorders. IBRO
Neuroscience Reports, 14, 1-20.
doi:10.1016/j.ibneur.2022.10.015

[2] Xia, T., Xue, C, & Wei, Z. (2021).
Physicochemical characteristics, applications and
research trends of edible Pickering emulsions. Trends
in Food Science & Technology, 107, 1-15.
doi:10.1016/j.tifs.2020.11.019

[3] Gao, J., Bu, X., Zhou, S., Wang, X., Bilal,
M., Hassan, F. U., Chelgani, S. C. (2022). Pickering
emulsion prepared by nano-silica particles — A
comparative study for exploring the effect of various
mechanical methods. Ultrasonics Sonochemistry, 83,
105928. doi:10.1016/j.ultsonch.2022.105928

[4] Cheng, Y., Cai, X., Zhang, X., Zhao, Y.,
Song, R., Xu, Y., & Gao, H. (2024). Applications in
Pickering emulsions of enhancing preservation
properties: Current trends and future prospects in
active food packaging coatings and films. Trends in
Food Science & Technology, 151, 104643.
doi:10.1016/].ifs.2024.104643

[5] Orona-Tamayo, D., & Paredes-Lopez, O.
(2024). Chia—The New Golden Seed for the 21st
Century: Nutraceutical Properties and Technological
Uses. In Sustainable Protein Sources (pp. 443—470).
Elsevier. doi:10.1016/B978-0-323-91652-3.00005-8

[6] Mensah, E. O., Oludipe, E. O., Gebremeskal,
Y. H., Nadtochii, L. A., & Baranenko, D. (2024).
Evaluation of extraction techniques for chia seed
mucilage; A review on the structural composition,
physicochemical properties and applications. Food
Hydrocolloids, 153, 110051.
doi:10.1016/j.foodhyd.2024.110051

[7] Karimi Sani, 1., Masoudpour-Behabadi, M.,
Alizadeh Sani, M., Motalebinejad, H., Juma, A. S. M.,
Asdagh, A., ... Mohammadi, F. (2023). Value-added
utilization of fruit and vegetable processing by-
products for the manufacture of biodegradable food
packaging films. Food Chemistry, 405, 134964.
doi:10.1016/j.foodchem.2022.134964

[8] Chawla, R., Sivakumar, S., & Kaur, H.
(2021). Antimicrobial edible films in food packaging:
Current scenario and recent nanotechnological
advancements- a review. Carbohydrate Polymer
Technologies and  Applications, 2, 100024.
doi:10.1016/j.carpta.2020.100024

[9] Yildirim-Yalcin, M., Tornuk, F., & Toker,
0. S. (2022). Recent advances in the improvement of
carboxymethyl cellulose-based edible films. Trends in
Food Science & Technology, 129, 179-193.
doi:10.1016/j.tifs.2022.09.022

[10] Erdem, B. G., & Kaya, S. (2022).
Characterization and application of novel composite

271

e

films based on soy protein isolate and sunflower oil
produced wusing freeze drying method. Food
Chemistry, 366, 130709.
doi:10.1016/j.foodchem.2021.130709

[11] Xiao, J., Zhang, M., Wang, W., Teng, A.,
Liu, A, Ye, R., Wu, X. (2019). An Attempt of Using
B-Sitosterol-Corn Oil Oleogels to Improve Water
Barrier Properties of Gelatin Film. Journal of Food
Science, 84(6), 1447-1455. doi:10.1111/1750-
3841.14621

[12] Sun, J., Wang, L., Chen, H, & Yin, G.
(2023). Preparation and Application of Edible Film
Based on Sodium Carboxymethylcellulose-Sodium
Alginate Composite Soybean Oil Body. Coatings,
13(10), 1716. doi:10.3390/coatings13101716

[13] Mirzace Moghaddam, H., & Rajaci., A.
(2021). Effect of Pomegranate Seed Oil Encapsulated
in Chitosan-capric Acid Nanogels Incorporating
Thyme Essential Oil on Physicomechanical and
Structural Properties of Jelly Candy. Journal of
Agricultural Machinery, 11(2), 37-49.
do0i:10.22067/jam.v4i1.33163

[14] Amalia, A. E., Syarifuddin, A., & Langkong,
J. (2023). Physical mechanical properties of
carrageenan/gelatine based edible film with addition
of canola oil and gluten. In Jurnal Teknologi (Vol. 82,
p. 040007). doi:10.1063/5.0119367

[15] Sibele Santos, F., da Silva Cardoso, P., Egea,
M. B., Quintal Martinez, J. P., Segura Campos, M. R.,
& Otero, D. M. (2023). Chia mucilage carrier
systems: A review of emulsion, encapsulation, and
coating and film strategies. Food Research
International, 172, 113125.
doi:10.1016/j.foodres.2023.113125

[16] Niu, H., Wang, W., Dou, Z., Chen, X., Chen,
X., Chen, H., & Fu, X. (2023). Multiscale combined
techniques for evaluating emulsion stability: A critical
review. Advances in Colloid and Interface Science,
311, 102813. doi:10.1016/j.¢is.2022.102813

[17] Sibele Santos, F., Romani, V. P., da Silva
Filipini, G., & G. Martins, V. (2020). Chia seeds to
develop new Dbiodegradable polymers for food
packaging: Properties and biodegradability. Polymer
Engineering & Science, 60(9), 2214-2223.
doi:10.1002/pen.25464

[18] Mirzaee Moghaddam, H. (2019).
Investigation of PhysicoMechanical Properties of
Functional Gummy Candy Fortified with
Encapsulated Fish Oil in Chitosan-Stearic Acid
Nanogel by Pickering Emulsion. Food Science and
Technology International. Retrieved from
http://fsct.modares.ac.ir/article-7-34530-en.html

[19] Vicente, J., Pereira, L. J. B., Bastos, L. P. H.,
de Carvalho, M. G., & Garcia-Rojas, E. E. (2018).
Effect of xanthan gum or pectin addition on Sacha
Inchi oil-in-water emulsions stabilized by ovalbumin
or tween 80: Droplet size distribution, rheological


http://dx.doi.org/10.22034/FSCT.22.161.260
https://fsct.modares.ac.ir/article-7-78673-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/FSCT.22.161.260 ]

.AAJJJ\f&j)QﬁJ)A‘ J.)}S QKA\ ey

OLen 5 S o)l

behavior and stability. International Journal of
Biological =~ Macromolecules, 120, 339-345.
doi:10.1016/j.ijbiomac.2018.08.041

[20] Amiri, Z. R., Nemati, A., Tirgarian, B.,
Dehghan, B., & Nasiri, H. (2021). Influence of
stinging nettle (Urtica dioica L.) extract-loaded nano-
emulsion on the storage stability and antioxidant
attributes of Doogh (Traditional Iranian yoghurt
beverage). Journal of Food Measurement and
Characterization, 15(1), 437-448.
doi:10.1007/s11694-020-00647-2

[21] Rahman, J. M. H., Shiblee, M. N. 1., Ahmed,
K., Khosla, A., Kawakami, M., & Furukawa, H.
(2020). Rheological and mechanical properties of
edible gel materials for 3D food printing technology.
Heliyon, 6(12), e05859.
doi:10.1016/j.heliyon.2020.e05859

[22] Chang, P. R., Yu, J.,, & Ma, X. (2009).
Fabrication and Characterization of Sb 2 O 3
/Carboxymethyl Cellulose Sodium and the Properties
of  Plasticized  Starch  Composite  Films.
Macromolecular Materials and Engineering, 294(11),
762-767. doi:10.1002/mame.200900138

[23] Li, C., Wang, L., & Xue, F. (2019). Effects
of Conjugation between Proteins and Polysaccharides
on the Physical Properties of Emulsion-Based Edible
Films. Journal of the American Oil Chemists’ Society,
96(11), 1249-1263. doi:10.1002/a0cs.12278

[24] Moore, M. A., & Akoh, C. C. (2017).
Enzymatic Interesterification of Coconut and High
Oleic Sunflower Oils for Edible Film Application.
Journal of the American Oil Chemists’ Society, 94(4),
567-576. doi:10.1007/s11746-017-2969-z

[25] Ojagh, S. M., Rezaei, M., Razavi, S. H.,, &
Hosseini, S. M. H. (2010). Development and
evaluation of a novel biodegradable film made from
chitosan and cinnamon essential oil with low affinity
toward water. Food Chemistry, 122(1), 161-166.
doi:10.1016/j.foodchem.2010.02.033

[26] Alvarez, S., Weng, S., Alvarez, C., Marcet,
I., Rendueles, M., & Diaz, M. (2021). A new
procedure to prepare transparent, colourless and low-
water-soluble edible films using blood plasma from
slaughterhouses. Food Packaging and Shelf Life, 28,
100639. doi:10.1016/].fpsl.2021.100639

[27] Kaewprachu, P, Osako, K,
Tongdeesoontorn, W., & Rawdkuen, S. (2017). The
effects of microbial transglutaminase on the
properties of fish myofibrillar protein film. Food
Packaging and  Shelf Life, 12, 91-99.
doi:10.1016/j.fpsl.2017.04.002

[28] Loi, C. C., Eyres, G. T., & Birch, E. J.
(2019). Effect of mono- and diglycerides on physical
properties and stability of a protein-stabilised oil-in-
water emulsion. Journal of Food Engineering, 240,
56—64. doi:10.1016/j.jfoodeng.2018.07.016

[29] Hong, I. K., Kim, S. I., & Lee, S. B. (2018).
Effects of HLB value on oil-in-water emulsions:

272

Droplet size, theological behavior, zeta-potential, and
creaming index. Journal of Industrial and Engineering
Chemistry, 67, 123-131.
doi:10.1016/j.jiec.2018.06.022

[30] Low, L. E., Siva, S. P., Ho, Y. K., Chan, E.
S., & Tey, B. T. (2020). Recent advances of
characterization techniques for the formation,
physical properties and stability of Pickering
emulsion. Advances in Colloid and Interface Science,
277,102117. doi:10.1016/j.¢is.2020.102117

[31] Borrin, T. R., Georges, E. L., Moraes, 1. C.
F., & Pinho, S. C. (2016). Curcumin-loaded
nanoemulsions produced by the emulsion inversion
point (EIP) method: An evaluation of process
parameters and physico-chemical stability. Journal of
Food Engineering, 169(1), 1-9.
doi:10.1016/j.jfoodeng.2015.08.012

[32] Li, Y., & Xiang, D. (2019). Stability of oil-
in-water emulsions performed by ultrasound power or
high-pressure homogenization. PLOS ONE, 14(3),
¢0213189. doi:10.1371/journal.pone.0213189

[33] Ghanbarzadeh, B., & Almasi, H. (2011).
Physical properties of edible emulsified films based
on carboxymethyl cellulose and oleic acid.
International Journal of Biological Macromolecules,
48(1), 44-49. doi:10.1016/j.ijbiomac.2010.09.014
[34] Xiao, J., Wang, W., Wang, K., Liu, Y., Liu,
A., Zhang, S., & Zhao, Y. (2016). Impact of melting
point of palm oil on mechanical and water barrier
properties of gelatin-palm oil emulsion film. Food
Hydrocolloids, 60, 243-251.
doi:10.1016/j.foodhyd.2016.03.042

[35] Pérez-Mateos, M., Montero, P., & Gomez-
Guillén, M. C. (2009). Formulation and stability of
biodegradable films made from cod gelatin and
sunflower oil blends. Food Hydrocolloids, 23(1), 53—
61. doi:10.1016/j.foodhyd.2007.11.011

[36] Sahraee, S., Milani, J. M., Ghanbarzadeh, B.,
& Hamishehkar, H. (2017). Effect of corn oil on
physical, thermal, and antifungal properties of gelatin-
based nanocomposite films containing nano chitin.
LWT - Food Science and Technology, 76, 33-39.
doi:10.1016/5.1wt.2016.10.028

[37] Nilsuwan, K., Benjakul, S., & Prodpran, T.
(2016). Influence of palm oil and glycerol on
properties of fish skin gelatin-based films. Journal of
Food Science and Technology, 53(6), 2715-2724.
do0i:10.1007/s13197-016-2243-7

[38] Valencia-Sullca, C., Vargas, M., Atarés, L.,
& Chiralt, A. (2018). Thermoplastic cassava starch-
chitosan bilayer films containing essential oils. Food
Hydrocolloids, 75, 107-115.
doi:10.1016/j.foodhyd.2017.09.008

[39] Sani, I. K., Pirsa, S., & Tagi, S. (2019).
Preparation of chitosan/zinc oxide/Melissa officinalis
essential oil nano-composite film and evaluation of
physical, mechanical and antimicrobial properties by
response surface method. Polymer Testing, 79,


http://dx.doi.org/10.22034/FSCT.22.161.260
https://fsct.modares.ac.ir/article-7-78673-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/FSCT.22.161.260 ]

\i'iﬁs Y 092 AR BJLQ*:’

D|j_‘ &l.'\.b c‘w;f}\&d;u

106004. doi:10.1016/j.polymertesting.2019.106004
[40] Akhter, R., Masoodi, F. A., Wani, T. A., &
Rather, S. A. (2019). Functional characterization of
biopolymer based composite film: Incorporation of
natural essential oils and antimicrobial agents.
International Journal of Biological Macromolecules,
137, 1245-1255. doi:10.1016/j.ijbiomac.2019.06.214
[41] Ebrahimzadeh, S., Barii M. R,
Hamishehkar, H., Kafil, H. S., & Lim, L.-T. (2021).
Essential oils-loaded electrospun chitosan-poly(vinyl
alcohol) nonwovens laminated on chitosan film as
bilayer bioactive edible films. LWT, 144, 111217.
doi:10.1016/j.1wt.2021.111217

[42] Galus, S., & Kadzinska, J. (2016). Moisture
Sensitivity, Optical, Mechanical and Structural

273

Properties of Whey Protein-Based Edible Films
Incorporated with Rapeseed Oil. Food Technology
and Biotechnology, 54(1).
doi:10.17113/ftb.54.01.16.3889


http://dx.doi.org/10.22034/FSCT.22.161.260
https://fsct.modares.ac.ir/article-7-78673-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/FSCT.22.161.260 ]

JEST No. 161, Vol. 22, July 2025

ABSTRACT

Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Investigation of the possibility of producing a stabilized walnut oil emulsion with chia
seed mucilage and its application in edible films

Arian Nahalkar!, Ahmad Rajaei*", Hossein Mirzaee Moghaddam®"

1- Master of Food Science and Engineering, School of Agricultural Engineering, Shahrood University of

Technology, Shahrood, Iran

2 -Associate Professor, School of Agricultural Engineering, Shahrood University of Technology, Shahrood, Iran
3- Assistant Professor, School of Agricultural Engineering, Shahrood University of Technology, Shahrood, Iran

ARTICLE INFO

ABSTRACT

Article History:
Received:2024/12/28
Accepted:2025/1/27

Keywords:

Sodium carboxymethyl cellulose,
bilayer film,

walnut oil,

chia seed mucilage,

physical properties.

10.22034/FSCT.22.161.260.

*Corresponding Author E-
ahmadrajaei@gmail.com

Hosseinsg@yahoo.com

In this study, walnut oil emulsions stabilized with chia seed mucilage with
different oil percentages (10, 20, 30 and 50%) were prepared by the Pickering
method. Then, the best emulsion was used in the preparation of bilayer and
combined edible films based on sodium carboxymethyl cellulose, and the
effect of this oil emulsion on the physical properties (permeability, contact
angle, turbidity, tensile strength, strain at break and Young's modulus) of the
produced films was investigated. The results showed that the walnut oil
emulsion with 10% oil had the highest stability after 14 days. Moreover, the
droplet size (Dsg) of the emulsion (10% oil) was 886 nm, which was in the
range of below one micrometer. Then, the walnut oil emulsion stabilized
with chia seed mucilage (10% oil) was added to the edible films based on
sodium carboxymethyl cellulose in bilayer and combined form. The results
showed that adding walnut oil emulsion to sodium carboxymethyl cellulose
films in a combined form increased turbidity and yellowness index compared
to the bilayer films. There was no significant difference (p>0.05) in water
vapor permeability between the bilayer and combined films, but the films
containing walnut oil had lower water vapor permeability than the control
sample. The results indicated a decrease in tensile strength in the bilayer and
combined films with the addition of walnut oil emulsion. Furthermore, the
bilayer film containing walnut oil emulsion had the lowest Young's modulus
(41.68 MPa) and the highest strain at break point (0.18). In general, the
findings of this study showed that valuable walnut oil in the form of an
emulsion stabilized with chia seed mucilage m in the structure of sodium
carboxymethyl cellulose edible films not only can create an edible film, but
also improve the physical properties of the films.
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