Veo) \;"ig)}jé Na 693 AYY c)La,‘i- ’;"‘J‘i‘ &\VLG C_L.J_/a@jkfdpu

www.fsct.modares.ac.ir ‘> Colw

ol 9! SIS @bo g pols dlxo QJ
gl

P M

3> 0y 5 ol (s 0 s 4k 2 S P D (SEG 5 pled 5N oS (o2

(orl) o9d Joiam GIAK ) 5 we deST 3 556

h\ﬁv.éu LSM u}“-\:ﬁ L.}}\‘Sjjsw L‘&S/;&L.nz |}5}

2Ol el ¢ gadbl a3 oliSls cOlials dl g (955 5LES 2 aSCiils ¢ olie o s psle 0 8 )
(USM)&;HA f}b al.<«:..'s\.> ‘W le.h 65}3}&3 am\b ‘LS’-"L; GL..; 9 {j.LG aj; -y

A

Jlie OleMb|

A 420 (G Wi 3l g0 Iyl P s 3l g0 3550 53 SIS Gl e 4 0 0l
T 03 5l WA S oy p R (5 B 1 e 15 4 g 50 5l
b 03 (U pomml 3550 =Y-1) shw 53 o AeST 055 b (L omnm /3550 -V/0-0)
P 2 S S b S e 58 Il 5Ss s s b 2 Sl
LS ol Ol ol bl sl gy ol alend s Sy 5 SO
5 ol Ll Cashy 5 ol e deST 0yd SU g ol LIS, dos Sl
@5 ol 618K, Vb gk 03551 b pezmen (P<O/05) il fals o>
Sl el b S Dag3l il el s (D)) s (W) abds, 5 a5
Dol b s bl (g hlas Sl bdiged @ pasld Sl 5o s S b asls
oI olsban ssb 4 kb sladised Jsb sl 5 oA Cuslis 635l s PRt
ool LIS 5 e ST 0,350 31 e3liul Aol 2B el b Gl (P<0/05)cst
Sl gas b gl lge by iy 1 b (oS 5 4 et a5 elS SU WS s

il o stae (SIS 5 o 550 5

:AJ\E»L;L&'C_,JU

Voo /oNYR ZCJL&)J @)U

VN A LBy

1S oS
(S ol
o _,\.:...,5\
ol SIS,

10.52547 /fsct.19.122.71
DOR: 20.1001.1.20088787.1401.19.122.25.8

nouri.le.ir@gmail.com

V)



ook SO 5 pland 5058 ol e

I 5 Saalis |a

ol 5 Sl Pl D ek M5 S e
Cosd Glp b oS, Olge 4 o O350
IVlyiip oslinad ok GlacysplSsib (SOl ol
stms M ar s e D350 GLSL A ol iares
I el os S o o5 a0 g8 510 (G ey a0 55 )
glinl o 5l aLS Beta vulgaris s b o5 s
seag 3 SO, ly o pie s slar LSL e
de Ol s o iVl el ant bl iV Ol g ol
s shils s (s 315 il e Jloal JSUN s 5 et
Ebooml slbable s 5 ey ST SIS, Sl VL
5 edd AS L;uf_}-? e palS 5 bad O gl ST,
LAk 5 el A5 (Gl S ol Ll
Slapkd 5o Slas dB o jlae 1Y YN0 Yang
Glapks e ¢l Ol (;:w/gtﬂjjﬁ el 2SS S gelS
Gl Saas lapks & WS Ol 5 As S eslizu S
5 DsdS (S ol ieS OT by a4 s plidsd
ol 3Ol s s Lo 6V SleST 8T e b
oolinal iy Sl g8 GME sl (SSE ol s s
Delss

Glapks ) n 4 «(¥:)4) Koosha and Hamedi

ot ol sl dadga PVA/O S 2550550
o s ol (S pal b i sl s s el
0353 48 33 LES ol il dimtls y asily 30y ol SL
5 Ol Dl s p L 5 S plSoul s
ol slanks s S ealis busl ol Se ol
VW pizmen L2l 6 2gr ol ML ol 55T 5 i s
lisesdsm (IS L3 pl 5 GLSL Al Dlee O3

IV I sdalie 8 55 shlend 5 155255 5
G S b addllae 4 (YY) Sharifi and Pirsa
3 el L edd WpnS o o S Jds /0 4
5 et Pl son 0 e/ ke Jie oS08
ol Bl el b S W5 S Ulpe 5 sy s S LS
DMas Jalph s b Y e cusby fals 5 cabs
SlPl el (b s eslid 3y sla JpeS 5> CMC
il e 12 b o3 B 5 b, b

\Al

ol —\

ool e 4 S L;Larlg 3,8 Gl gladle b
PR VRV IO PN CPTIRCIU It o VNS BN 1598
5SS Sy ens & ol Slaal a4 lzs Gl Ysans
) 5 B Slpe e S Lai 1 sl 5l bl
e DY pamme e DL L e 5 e e 118
ALy e AT R s s e (AL
Ao (Gl ey sl ge Sl pandis 1 S S Jaoes Ci
DT 5 o ool (3l Olsis iy S ocy 2 (e
Sl e S Olsisa iy M5 56 iy ST glacnts
5 OLKE,s pesase sllde 535 wnle s
S s (g e eslial Ol g o sase S 2
Shsdede ol (gl on oslinal (ST laphsd 5 sl
ool s ot IS GUls A Sl s e 0L st
Cusbs o b s B Bl el s Ll o SO
e sl Jol= Olge 4 rmen Lrae LU (S e
T O T A e
slde @u 3 Gl e S las S &Sl s OV S
33 6l 055 e 5 JS S 4 3B ks 0l b
Shst slaeks bl a4 536 ol el ol i b
I Itses (5,8 o3Il LB sla Sy b ply oo s cos
O3 g b B Calle ol B e S s
Ol SLS 5 S ci b 0op Vo 5nS] 38 s
Sk 48 Sl 5 S Ao 3l sl 05p b
Sl ey 50l U [£106,5 o 515 eslial 5,50 STy 55
s sl 5 S Bl T s Stz g5
[01ib e 5L obde L3 Syeek Sl 4 sd sl
5 et s Sleo st Pl gl Sl U Sl eslind
Sl Jld gy a1 51 S S slapkd Sl
G bl 5 4 Caglis 3 0T LUy cle 4 oS oj5,0l &S
55 S lilas S 13 a8 3y s ol gle o Ll
55 03 S b 4 e St O3 U Sl eslizal ol
Conle s 4 gl 55 gl 8 s osl

Jds 4 romen [Vl $ 515 andlas 54 ol ] H{ WO



\i'\wé)‘j)ﬁc\‘\ 092 AYY O)L&-«;

Olnl 2He b 5 pske Al

G do Sy 55 15 dads Ve S 4 sl 5l e
S 428310 Sde a5 sl i esle Oy Aoy £ Ol
s Ve an S IS ke 5 85 S5 Ojes
ol J=s s s s rb O I P P TSI PY
S )'\J_;j,\_::; S :\)f Sl a3 YA gles L
5 bt le el 5 M Sl mlaw ) s 0as
DEles S olonil 0T 555 » SIS
55l $U o sla Sy 25l -Y-T-Y
O A
@fﬁ&ibrxr;’;u@Mé}&j‘@{jﬁjdﬁoﬂ_\j\d\ﬁ
s W sles s 05l 53 e s A3 S 035 5 ekip
osls 53 ol Oy 4 Oy B csle ¥ Sl 4 5l Sl
DY el s & 5 ala Shekd cosbs ol e
Cosby=V e x Mi-M, /M

0L a5 5l e €505 035 M 5 46500 adsl 055 My &
Al
M —Y-Y-Y-¥
drp o o S esle do e O 53 LD
o bage a8 oy Ol s gy dbse cele YE
Iy mL 5 e B3 S 5 5 ek YXY CMslaks
Ol 5 g gad s 035en Csle ¥ Cde a5 5 ab s Jbais
Dojuas §F e csle Y8 Sle w0 ax3) 00 gl L
s S abe s Wsles Gllae ba ol O 53 B ao s
1o IM==[(W; - W)/ W] x 100
b ladised ol O35 5 sl 055 s S Wr 5 Wi s
P K Y -Y-Y-Y
Minolta CR300 Series, ) .CIE - Ky 3l eslanad L
o3l « Minolta Camera Co. Ltd., Osaka, Japan
el by ac Ligle mll s pll bagds K 68
4 (AE) bays S s odll 5 S5 asl wsss
e oswAb sAa ¢ AL &S s § a2 s

i gla bl 5 laedd e 4 by S5 sle sl

\ax

A 3 ols EalS 1 s Gillasil 5 sls 213301 (ks 2iS
ol sy Sllasil 5l [2alS | L22S Caglis CMC o5
ok GleSt 5T ol e 5 f5 AS 5ls 58l

YTl ialsl sl 4
Al sse 53 e 0556w S 0 Sl Gl
wl  Shs slapkd 03 e oSt o33 5L 5 il SIS,
el O 1 el 4 Ky s S /) s 6
il glacBle 53 053 U WS, b e s
Sy slapks SO 5 pled 558 ol s 2

-\.&La& ol 4.:.@3

\.bu.:jj 9 :‘y—\‘
:|_,A—\—Y

b sl i3S 4 0Ll (o Ol 252 51 a5 sk
(RO mly JeS 0 53 ) s 555 5 350 AR/ o5l
3 oI s ST 05356 (DI S o 2S5 6,
Ssn S35 (S DUS-Nano «s 5w 5l el Y
Ll gl (Sl YT a8 ,e & 51 (WPTH 5!
la Jy,-Y-¥

259008 SU Wb 4 g,V -

Sl inSsn Aapl 535 08 Y0 Zuj0lS 4L Wb 4 g
S O3 J skt s balse ke OF 2 Leor L
58 wlis b o) s SaS 4 A s, PH sl
ablae O5en Gy g Az A gles 5 adds Y Sl @
akie O A e 00 3 5 8 e 23S 1S
bylove bliin Ojen b oam s ¥ los 3 cell VY St
cobe 2l G, g Al e s 5 Y] A S
oas Gl eslimal Loy WLl (L em/ S50 —Y/0-0)
35 Y Sde 4 (LT sl o5, DIIN2) [ 3b5 sen
Tk 53 Gor ST eyd 5L G 5 A8 05508 WY rr [0
aads Vool 4 g Lol Jale 4y (U e/ 5590 -Y-E)
53 Jols dgad alg 53 ks S Ses eblite Ojen 655

1. Whey Protein Isolated



ook SO 5 pland 5058 ol e

I 5 Saalis |a

Table 1 List of Experiments in the CCD

Run Betanin (W/V) CuO (W/V)
1 5 0
2 5 2
3 2.5 0
4 2.5 2
5 25 4
6 0 2
7 0 0
8 5 4
9 2.5 2
10 2.5 2
11 2.5 2
12 0 4
13 2.5 2
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Fig 1 Effect of CuO Nanoparticles and Betanin on Moisture (a), Solubility (b) and Thickness (c) of Whey Protein
Isolated / Pectin Nanocomposite Film



ook SO 5 pland 5058 ol e

I 5 Saalis |a

Ssline old (glaas yod ST, sl el e LS 6,350

i T S35 8 e alimle S  shailes (P<0.05)s 5,
L ot Lt 5 aS alS o s 1Sl 3 S0 -l
osb bl (L) ol Ol ol 035331 b 5 A Lol
e S 4 ol 0358 e (3L S e 5 LG
i le s (63,3 b s (s P a pasls Jtals 5 )
ol s S sla iS00 Y e @ s, cnl s
o=l 3 i s Bl e ol 53 (63,5 A5 03
GRS Sl ket e sk Gl Do Il o
e U e L ST 50 035530 0 e 4 [V U

23 PalS o a Sl n Bl La b (650 8 Ol e (555

A e pas (63,3 b Ol e

5Sugita by i (Ll osas s plie b
3 Pl 025581 L Ol xS Wl 5o (VY )0l LS
ol zean [YA ]Gl ol (3158 3055 S5 5dn
a0 emr AeeST 03 50 00531 L 25 5008 U Slapdd b
il e 03506 05380 s VL el (glgime e a g
o35 5L 5 eSS e (Sl S gl p sUowl L asll
oAb sl 5503 HU s DA iy g s LS|
b [V s 5 e badi gl 5 Cales Jhl5l 4 e (6 oy
lapks ;> (r1) Jebel and Almasi b5 glis
[relewteds 218700 o3 56 gl 555k

P S\

5 ol IS, Y ) bl BT s 4 a5 L

Table 2 Regression coefficients of physicochemical properties of nanocomposite films

Factor Moisture Solubility Thickness

Model 13 39.74 70.0005

Intercept 16.29 75.71 0.12
A 0.56" 2.23% 0.005™

B 0.13" 3.07"- 0.01"
AB 0.01- 0.68" 0.0003
A? 0.02%- 0 0.0001-
B? 0.0002- 0 0.001"-

R? 0.99 0.71 0.97

Adj-R? 098 0.61 0.96
Lack of fit 12.53™ 92.07" 11.73™

CV% 0.46 1.58 1.74

*:p<0.05:** p<0.01 «<:ns(non-significant) p>0.05
A :Betanin B :CuO Nanoparticles

Table 3 film nanocomposite of parameters colorimetric of coefficients Regression

Factor L a b Hue AE Yellow index
Model 815.07 7336.66 628 1430.46 51333 7561036
Intercept 7091 0.08 22.07 9451 72.02 34.60
A 27.90"- 17317 1.76- 33.03"- 12.80- 81.48"
B 10.31- 216" 0.05"- 54.7%- 15.22"- 496
AB 297" 1.18"- 071" 3257 0.64- 5.19"-
A? 3.06" 228" 0 3617 2.78" 10.82-
B? 1.14 0.68- 0 165 2.99 0.99"
R? 0.95 0.90 0.57 0.94 0.80 0.94
Adj-R? 0.93 0.84 0.43 091 0.66 0.90
CV% 2.46 1.58 1.79 1.60 0.69 125

*:p<0.05:** p<0.01 <:ns(non-significant) p=0.05
A :Betanin B :CuO Nanoparticles
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Fig 2 Effect of CuO Nanoparticles and Betanin on Colorimetric Parameters of Whey Protein Isolated / Pectin
Nanocomposite Film
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Fig 3 Tensile strength (a) and Elongation to Break (b) of Pec/ WPI films containing Betanin and CuO
Different letters in the same column indicate significant differences (P < 0.05).
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Today, biodegradable packaging materials have received a great deal of
attention due to growing concerns about non-degradable materials; Therefore,
the aim of this study was to investigate the effect of betanine pigment on
surfaces (0, 2/5, 5 W/V%) and CuO nanoparticles on surfaces (0, 2, 4 W/V%)
in nanocomposite film based on whey protein isolated / pectin in the form of a
central composite design on the mechanical properties and physicochemical
properties of the film is produced. The results showed that with increasing the
percentage of betanine pigment and CuO nanoparticles, the thickness and
moisture of the samples increased and the solubility decreased (P<0.05). Also,
by adding high levels of betanin pigment, redness (a) increased and brightness
(L) and yellowing (b) of the samples decreased. Addition of nanoparticles
decreased b value while it had no significant effect on a value of the samples.
Also, by adding pigments and nanoparticles, tensile strength and elongation of
film samples increased significantly (P <0.05). According to all the results, the
use of CuO nanoparticles and betanine pigment in nanocomposite film leads to
the production of a film suitable for food packaging with desirable
physicochemical and mechanical properties.
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