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Table 1 The ratio of compounds used for production of sodium alginate films incorporated with solid
lipid nanoparticles

Solid lipid nanoparticle Alginate solution 2%

1% (ml) Distilled water (ml) (ml) Samples
0 50 50 Algl1%*
2.50 47.50 50 Alg1%-SLN** 0.025%
5 45 50 Alg1%-SLN 0.05%
10 40 50 Alg1%-SLN 0.1%
*Alg: Sodium alginate; **SLN: Solid lipid nanoparticle
Jdab bl 5 SaiS Jgde S O yu8 —E-Y-Y Sos s S ns-T-Y-Y
s gahais s sla G-M&') SUeslial boanals glapl X,
s el T8 il ey Lals Aagy g0 il 51 As  wo (Konica Minolta CR400, Japan)
L;)l.x@_('. 100kY by ;lj_<:;}l_..m>.)> Yot /N gles L#*=) sl L (Gamio S G r‘:—’ lad sos
P 9 . Y Jj-)w ‘8 Y Q)_)._; SRt Jalas « (IRTR: LS el )]J.; (9544, a*: '0.47, b*: 2.51
olas 1 eslial b Lagds Ve S8 iy 55 Jsb il B (=) e 3l@% (00 0) dii 6 (0) ol SIL* (gla el b
S Ve 5y 4 e (STM U20, Tran) tis SN LA s (1) 355 6 ) T 5IDT 5 () e 3
Lo et IS w0 05030 550 slaised A3 (5505100 M dloes 5 Jge b LSS

[ D S TV SR 1) V((AL)2 + (Aa)"2 + (Ab)"2)

Soay o ok s e b Yo Culbks

i GASLI N ] OLas 5 dlsipl is) 5 bals 55 se
A S 13 0450 3,5 ASTM/D638-91 il e ST A o o5

e%fpﬁmuwmuw ‘)jja'.'m d‘l\ LS]J" A

Vo mlel el o s e Sl Y el galols )
(T80+, UK) )I.A}:j.?‘jfg.:wl e&;}.ﬂ) J"’ O})J E) BER

(L) iS5 K 50wl e e

s e, Olgeay Jt o S i en LA asls Sl 3
Sl gl Oy goas (o o) G alads 3 b 2580 r~

_ 5 S aslee oy gdnbes 3l eslizul b &oy50S A 4 S
Sy S s Bld (5,80l OgesT sl 5l eslizal |

j]a...» B )].)}A—'l ulﬁ} Cannd v:...:: ‘UL.':S d}.)w ngl;r_a

CosB= e 2o il el Cin L) ol s
Yy, DsB= aghler e b e e/ (a o) o

8.Tensile strengh
9.Youngs modulus
10. Elongation at break

¥o



;"L“ﬁ LSJJJ‘P)}"’ J ugf&‘ ‘L5"<'3J:5 uﬁb}- s

OLen 5 (g 5L 555

Sl bl sl b el s 3 il 01
Ssb sbadise S gosba Al salle Ladised
SEP<00) W )5 a4 bbb oS s o O350
sl sk o oS5 el 5L @ sle, y56 Ll
bl sl (JaS ghse L oLl o ol

(P<e/v0) s edaline (5505 e
SN 2 s WA ) S 6K S5 S
S o) el (Sl ol patls oS
Sy el S Codlid gedias L wysaS VU Ol e
Jyarms plh o5 pois 0 Coilid Ol o bl
[osdire o old oo Sla S5 5l eals sty
sl ol glagks 5 bl (L sl mb
bl ol onls OLES (V) Jgdr 5 dalr oy or 350
S s Clid Wl SlisE 008 Sl
O S S FRRCH S A P I PR PR IPCCIE
S Gose Ly ol ialS (P</00) sp sspie miu
[N 45,5 308 il e D3 5U ol slagks
SHSy Ll o Sl e S L S
Wyl s edd M r S Ok by
DY] 0LKans o VY] 558 el cans b3 SU
Ol ol sl Olsar W o8 sl Shs
Ol A ks 4 ol 5 3 S ey s ATl
ohd 5SRO g el 5L il
Setd Wy s o8 (Shs DY 0L 5 Sl a2
5 LS sp L SL3HE sl ol 8
4 Sl oy D356 3l ol 0SS WS edalie
55 sk e | O kol s 5 Al a8 J 28 & e
6 Slallas s s S Ol L3 e S @S S s
Sl Lol en L s 5 3 atalld (A (555 &
s S350 sl a3 V] el xSy
W ol Mo 3L sl TS el (s 5 [Vo]
ORIB IS el 4 s sld A5 slagld o5

oL

12. Quinoa

Y\

(WVP) 'Ol 603 55 —0-Y-¥
5 05 Ghas Sl eslial b lagld ol b s pdsh
s elmil ASTM 15.09: E96 (1983) 25, Gullas
5 s ol RH=0) I3 5l 5k 65, Lol
Sl Y8 Sotows TV Csby ool Slwas ;3 YO los s
o Ol edd Sl s e S e Sl by e s S 18
S35 U Ladgad O35 et A ond O35 SV (Gl L
25 s At als ke 5 w8 g e S /)
L3S e IV by s ol Salear s Yo sles
A a5 saslan Sl eslizal b Of Sl (643 50

3) WVP (g mm/m” day KPa) = XAW/AAP
24 5 aw 055 SN AW (e L) o culs X
Sl T AP 5 (e ) (b cols A (o 5) sl
(Il 5LS) 5l Klwar ;3 25 s b Db s Lz
0 SIS Ky S Opasl N-Y-Y
(SEM)
P S Sl ekt W5 gkt Jltlag s S
(Cambridge scanning electron i, sl
A3 sl microscope Model 5526, 20 KV, UK)
Lo Cod e 5 2 Leld (o Sesliil 5l 8
chie 5 e G 5 LAS el by VLD
288 5 el s s B8 S 1S S b ols
Gobel o, —V-Y-Y
S eslial by aslas S 2 b B s tagy ol
toxlie gl i ot 5 42 (7Y 45d) SPSS 1350
Tzl s 3 (S5l (gletals dim Og031 51 bajles :Sle
Yode ot il 5t eslial b bajlsgad i ealizal 740

3 S s

o g @L:J—Y‘

o5 s Sny Y
s Sl i 50 s glanksd oge Sy S S
P iSO e Gy J @M e pds > NS
031> OLES (V) e )3 Lagdd K5, (60310l s [V ]l

11.Water vapor permeability



\VC\AwJ))J.éL\-\ oJJDL/\-\o)LMZ Lf""\'p@l“"a}fjb

Table 2 Optical properties (L*, a*, b* indices and AE) of sodium alginate films incorporated with
solid lipid nanoparticles

& gas AE b* a* L* LA gai®
1.53+£0.34° 89.23+0.15* 3.12+0.05° -0.72+0.01% 92.84+0.14* Alg1%
2.8240.18° 89.23+0.24° 3.18+0.03%® -0.73£0.02% 92.64+0.56"  Alg1%-SLN 0.025%
2.9140.13° 89.28+0.23* 3.294+0.05% -0.73£0.01? 93.06+0.35% Alg1%-SLN 0.05%
3..34+0.19* 89.53+0.14° 3.31+0.07% - 0.77+£0.02° 93.29+0.37% Alg1%-SLN 0.1%

*Values with similar letters in the same column are not significantly different (P > 0.05).
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Table 3 Mechanical properties and water vapor permeability of sodium alginate films incorporated
with solid lipid nanoparticles

Water vapor

permeability Y oungs modulus EAB% TS Samples*
2.37+0.20° 7.06£0.09° 9.33+1.19° 22.3345.13° Algl%
2.73+0.39® 6.17+1.04° 23.49+2.17°  27.83+£6.22° Alg1%-SLN 0.025%
3.264+0.58% 5.83+0.76° 26.00+2.36°  25.00+2.00° Alg1%-SLN 0.05%
3.51+0.75 7.00+1.00° 28.33+3.10°  26.39+2.37° Alg1%-SLN 0.1%

*Tensile strength (TS)¢ Elongation at break (EAB%) .
**Values with similar letters in the same column are not significantly different (P > 0.05).
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Fig 1 SEM images of the Alg1% (A), Alg1%-SLN 0.025% (B), Alg1%-SLN 0.05% (C) and Alg]%-SLN 0.1%
(D).
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Evaluating the physical, mechanical and morphological properties
of sodium alginate nanocomposite film containing solid lipid nano-
particles
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Most of the food packaging materials are produced from nondegradable polymers which has become a
serious environmental problem. Natural ingredients based on polysaccharides, offer an alternative for
synthetic packagings that minimize the environmental pollution with a relatively low cost. The aim of
this study was to evaluate the effect of solid lipid nanoparticles (SLN) on morphology, mechanical and
barrier properties of sodium alginate film. For this purpose, the nanoparticles were added at
concentrations of 0.025%, 0.5% and 0.1% into the alginate films and optical properties, tensile
strength, elongation at break (%), Young’s modulus, water vapor permeability (WVP) and the nano-
structured of films were evaluated. As SLN concentration increased, elongation at break and WVP
increased significantly (»p<0.05), while no significant differences were found in the tensile strength and
Young’s modulus (p>0.05). Films containing a high concentration of SLN (0.1%), were slightly
yellowish in color and their opacity value increased significantly (p<0.05). The scaning electron
micrographs showed that addition of SLN resulted in a hole-like structure in the film texture, which
increased with nano-particles’ concentration. Results obtained in the present work exhibited that the
incorporation of SLN in alginate film was suitable for increasing the film flexibility but it had no
positive effect on the film barrier properties.
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