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3. Polyethylene terephthalate
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Table 1 Different samples produced in this study

Sample Component
Alg Alginate film (control)

Alg-5%L Sunflower oil laminated film with 5% oil

Alg-5%S Tallow laminated film with 5% fat
Alg-0.5%L Sunflower oil laminated film with 0.5% oil
Alg-0.5% S Tallow laminated film with 0.5% fat
Alg-L5% L Sunflower oil-lecithin laminated film with 5% oil
Alg-L 5% S Tallow-lecithin laminated film with 5% fat

Alg-10.5% L
Alg-10.5% S

Sunflower oil-lecithin laminated film with 0.5% oil
Tallow-lecithin laminated film with 0.5% fat
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7. Scanning electron microscopy
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Table 2 Thickness and water vapor permeability (WVP) of calcium alginate films coated with tallow fat
and sunflower oil

WVP (g.mm.m'z.d'].kPa']) Thickness (mm) Sample
6.94° 0.0229° Alg
5.90° 0.0301° Alg-5%L
6.82° 0.0349* Alg-5% S
5.00° 0.0234% Alg-0.5% L
7.05° 0.0328° Alg-0.5% S
6.00° 0.0294¢ Alg-L 5% L
7.00° 0.0369* Alg-L 5% S
6.05" 0.0250¢ Alg-10.5% L
7.03° 0.0303° Alg-10.5% S

Means with different superscripts in each column are significantly different (p<0.05).
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Table 3 Color parameters of calcium alginate films coated with tallow fat and sunflower oil

WI b* a* L* Sample
94.09 £ 0.45° 2.78 +£ 0.03¢ -0.69 +£0.07° 9491+0.71% Alg
93.84 +0.24° 3.16+ 0.07° -0.65 +0.04° 9476 £0.31° Alg-5%L
93.92 £0.03* 3.15+ 0.05° -0.65 +0.04* 94.84 +£0.06" Alg-5% S
93.81+041° 3.00+ 0.02° -0.67 +0.05° 94.74 £ 0.36 Alg-0.5% L
94.02 +0.55* 3.03+ 0.01° -0.70 £ 0.03* 9491 +0.86" Alg-0.5% S
93.94 +0.10° 332+ 0.14° -0.69 + 0.05° 94.98 £ 0.02° Alg-L5% L
93.95+£0.02* 3.12+ 0.06* -0.67 +0.03* 94.87+0.02% Alg-L 5% S
93.85+0.81° 297+ 0.03° -0.67 £ 0.04° 9468 +1.15 Alg-L0.5% L
93.66 £ 0.34" 298+ 0.02° -0.66 + 0.02* 9445+ 047 Alg-1L0.5% S

Means with different superscripts in each column are significantly different (p<0.05).

S Al S s O 5 ) sd S g SSen
D O S R
05530 5 s o s S0 andllae G s [V E] das e
Olye 5 Aoy lanalil lagkd D508 5 Jes 5505 p s
CosS IE case 2 S0l sl il D355l S Lo gl
b Sl s el LB e sl s 52 51 A6 &S A S
DAL o0 o008 SRl3l 5 55 ST, Lol &S il s
4 il Slehl (W4) OLSen 5 suals (s ool b bulyon

G S 058 s Wb w Sslial denl 053l
b S an ] e sl csl
Soos) o bt 0oL ke Jme Lo S5

IN] il Jal il 50 Sas e
Sleo g Sy Slaphks S Sis on Sees 51 S0 SO
CanSs dlai 3 Jsb sbsjl 208 o Ll T SO
Wl oL 5 SolsS dagls SO la Sy il
Ll b S e el B me 5 SIS 030 b
oo Glodamy SLSS sy 4 s Loy W S
Sl GSan Lol 2ol 5 i) b ey s
s ookl oD s s i OBl e gla ST
S 5 Jols il [YV] 53K 1 LS sla S
oals OL & Jodr 3 s glapld [SSe Slosast
PO T Py ] S P LSRG e
53.(p>0.05) csli eas W Glapks Sl Sls pa

Sl Cuilm O SOl iy, i Jb e

AR

el S Dlwo s 5 08 —E-Y
L S Olpe ( Shs slapksd ogr sla, 55U 51 Koo (S
3L e perls K ocuslis sl e gl clis
Sei s edd skiShy SLd 3l 4 by Dbl s
T Jdsb Aoy sbdslS 5 ol sk nl Sl
DS Gl Sl 5 ea S s |y 5 s s S
ol asdlls 5> ]y L;Larl,;f S90S Ol [YV] sl e
D33! 4 sls 0L s ol e esls DL £ Sl 3
Ab Aoy 0 chle Lub SOl Giyy 5 o8 w ax
Ll ansls Slosll al p slanks SodS Olie 2 (Sol3 e
Wb @ by se IS Ol S dady ol s (p<0.05)
SEa Aesn t0 L edd s iy sladdd 5 JS
0ok b5 omied sy 53) S8 4y o b5 Ol Sl
o & b 5 DsdS Ol a3V 5 o (ieed D52
53 ol St Bl B Aess 0 Ledd s iy ]
Loodd (a3 hdg slaghsd S0 e e s a5 ol
Ll ¢S obom Culbd 4 Ll oo m b sy Lo 0 /0
OFao b ekl ol slagds S b 4 L by s
33 Gt SusdS Glls (Mo 0 e s) ol Solksl
Sl ) S Ay g bedd e ta s Glagks b el
531 DS b sed nl 53 med S 5 s (Loys 0
s SRl ol s Hsky e Oade sladised b oanslie
Codlis oS ol ods 5,158 s opl b sl o (p<0.05)
03531 J 5o OsS=lsnS s al » Shiss slagks

s @ Wl el S ol Bl mals ol SOl e,



SIS 5 SO (S ol g

Oan 5 (S g S 5

5o Eol S8y o i lcBl Sl el
b)) o sl ldsS as dbg S
S b el 5 SO S S oS S
AB Ol s SG Slo past il 5 S 3 S bl
G ol 53 edel s w mE G, SIS ke
o Ols ol iy, 0553l S cl edd 518
Sl Slaopast 53 o gae i o ge Ol S— 005 2
Slo ot a1, O o S he Ghosd s oS A5 S LS
5 sl andllas i [VE] Wsls o (255 ol (SAS Ol
ok 4 Sl Al 035381 &S sl 0l (1Y) OlKes
oRIB s RS 4 aglls S Lol ey S (55
Fol G s [Y1] e old cnSs dbs s Jub
OLer 5 Sl by olel Cs &l S,
o o Ols SOl e, 0350 dails bl 45 5 0(YV)
b st SSL 5 RIS 4 Caglie Sl el wnalt

Y] s 5 walis

ol e (p>0.05) sas o 1 oS Sl s SIS
e Ols Solsl yes, canle O3p b ow Llg e 4
rpcamﬁm,w\w;t?e\g;ouojﬂ,ﬁgﬁohﬁu;
S b Ao /0 Bl 3 S a3 8
5 S s YL il ol SOl Sls e
Slapkd @ by oS3 bl U gk sbsl imes
Os b boelon 58 4y (o do)s +/0 L sdioas By
2 el g S S Sl b o gl il 035 ot
o SO Slosas o (6 ad CadlD Ao 0 Sl
g g sn ol Sl i cpl S IS 53 S sl 3T
OBl el dos /0wl s il 8, Doyl &S
}gw&z);,uKoua)gj\j)>urp@,Lb
Aol e ol esls Ol s S g e sk skl
skl Ll pa s WY (S a Ll
Lyt 210 ZBlE s (0 S (G S S S
LS bl atn gy ok Y 53 Sl Wb b 53 s oS sl

Table 4 Mechanical properties and opacity of calcium alginate films coated with tallow fat and sunflower

oil

Opacity (A600/mm) Elongation at break (mm) Tensile strength (MPa) Sample
15.607 5.19+2.00° 75.56 +4.8° Alg
23.02° 477 +1.56° 7773 +3.9° Alg-5%L
18.55¢ 5.40+2.01° 76.87 +3.2° Alg-5%S
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15.30¢ 6.40 + 1.10° 76.00 + 3.0 Alg-10.5% L
15.62¢ 8.51+0.17° 112.45+3.1° Alg-10.5% S

Means with different superscripts in each column are significantly different (p<0.05).
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Fig 1 SEM images of alginate films laminated by tallow fat and sunflower oil. SEM magnification is 2500 x.
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Concerns about the environmental issues have increased the tendency to package
the food stuffs with natural biopolymers. However, the use of these compounds
has limitations such as the weakness in mechanical, barrier and optical properties.
Alginate, as a biopolymer, has a good film forming potential; meanwhileit has
poor moisture barrier properties.In order to overcome this problem, in this study,
the calcium alginate film was coated with two types of lipids including sunflower
oil (as a liquid oil) and tallow (as a solid fat) at two concentrations (0.5 and 5%,
with and without 0.1% lecithin). Afterward, the physicochemical, barrier, and
mechanical properties of the produced films were investigated. The results
showed that thelamination of the alginate films with tallow fat increased the film
thickness, which increased with the fat concentration. In addition, sunflower oil
significantly reduced the permeability of the films to water vapor, that was more
evidentin 0.5% sunflower oil coated film. The results also showed that the use of
these hydrophobic materials for the coating of alginate films changed the color
properties and the turbidity of the films. The mechanical properties of the film,
including tensile strength and elongation at the breaking point, improved by
coating the alginate film with 0.5% tallow fat.Thickness, water vapor
permeability, and the mechanical properties were not affected by the addition of
lecithin. The SEM images proved the formation of small holes or cracks on the
films surfaces.In general, this study showed that sunflower oil or tallow fat can be
used as natural compounds to improve the properties of calcium alginate-based
edible films, depending on the goals of packaging.

Yéo



