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9. Field emission scanning electron microscope
10. Fourier-transform infrared spectroscopy (FTIR)
11. X-Ray Diffraction (XRD)
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Table 1 Formulation of laminated and
composite chitosan-WPI films

Code T‘g;fn"f WPI(%)  Chitosan(%)
1 laminated 100 0
2 composite 50 50
3 composite 67 33
4 composite 0 100
5 laminated 0 100
6 laminated 0 100
7 laminated 100 0
8 laminated 75 25
9 composite 100 0
10 composite 100 0
11 composite 25 75
12 laminated 25 75
13 laminated 50 50
14 composite 75 25
15 laminated 67 33
16 composite 0 100

WPI: whey protein isolate
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Fig 1 Color parameters of WPI/ chitosan composite films (A, C, E) and laminated films (B, D)
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Up layer= 39.44 WPI + 53.55 CH + 49.61
WPIXCH + 11.97 WPIxFilm type

Down layer = 28.84 WPI + 55.02 CH + 21.07
WPIxCH + 92.46 WPIxCH (WPI-CH)
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Table 2 Water solubility, water wapor permeability (W VP), moisture absorption and water contact
angle of chitosan/WPI composite and laminated films.

Film type/ Solubility WVP Moisture Contact angle
WPI% (%) (x107 g/m.s.Pa)  absorption (%) Up layer  Down layer
laminated/0 27.78 19.41 12.72 48.09 48.09
laminated/0 25.81 19.89 14.28 63.74 63.74
laminated/25 25.93 19.89 10.29 62.03 45
laminated/50 20.69 16.16 11.47 68.42 41.21
laminated/67 16.67 15.8 10.44 65.52 38.56
laminated/75 18.18 15.63 8.47 62.62 62.62
laminated/100 32.5 15.14 8.86 37.12 25.47
laminated/100 34.29 14.3 5.47 32.52 32.52
composite/0 27.5 19.43 13.11 49.5 49.5
composite/0 30.56 19.89 13.69 58.51 58.51
composite/25 24.14 19.89 6.25 43.21 43.21
composite/50 25.81 19.27 8.92 53.93 53.93
composite/67 22.22 17.41 11.76 53.67 53.67
composite/75 26.47 13.8 8.19 38.81 38.81
composite/100 29.41 14.92 8.82 26.57 26.57
composite/100 31.25 14.92 8.45 30.2 30.2
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Fig. 2. Water solubility of WPI/ chitosan composite
films (A) and laminated films (B)

o o i e
Yodsds s Of b4 sadidsi sSell e

SowA s ol ol edd Lyl

Olpe 5

v

b, ol —0-Y

o D sl Ol Gl bty LT s bl
b, e oSke o b U L
A iz S L (P /00) sl oS slanks
boaeY odd g g sl i m (P> /0 0) Ll (gyls e
oAl WPT slagls o cusby o Olpe 2508
A Oles Slapks Sl s (dsys YAV-ATY)
Ol 5alS 5 O35S il Loy (Aoys VT0-1Y8)
AV dadr) 55 e Gl osby e Ol 0
2 kel ks S b eyl 3 el ety il
foe IWPL 5 W of o 5les /0 as slaphs
S el sy @B L=l ) os bl [YY] s>
sy OLES 1) O3S Ol Ll b oddaw (g5 0T il 53l
S 5 e Sls sy O iy s ol
Ok i Oley WPT Ol (258l L sl ooslize (13
sl G G Lo s AS e g Sl (..L.e
syms okd Dbl g Ghdlpeiss 5 Siade sladisyg
el iy T 55 WPI Ol &S ek 4z s ol
Ll [VE] sl e 28 T 55 OF Gl Olime 5 0350 o3 i
Sl slaes,S Gas Ll s a4 WPT Ol (50580 L
O R e R TZ Ly
B AR P

%j 35 S ¥

Shs slapks e sla S5 5l S ol s el eus
Ll ol old e Ll e ol 38 Cer
S Gl Jlb lagks s 55z 50 SLS 5 (53l T Ol
AUT Gilae S s | 3508 alad i esle law L
e 3 et S P/ 0) 3 ls e e LN
phs oL 5ds gt /M 5 AT S a edd A
Jeie ol il LT el 23l e 252
AU Laplos el ol g5 WPLOl 58 s
U e i WPT 5 015528 do s (P 070 0)5,15 Sls ons
sloesls JUT sl Olas 1) e Kl (gols s
Gladsal 3 el o S0le Sl i oS sl 0L il
S o p Al LOIS o ) GAd

Solubility= 31.83 WPI+27.83 CH-32.33

WPIxCH  +1.52  WPIxFilm type -
1.10CHxFilm type - 9.01 WPIxCHxFilm type



ves (Y53 b y3500l) W A5 s b s

QUKA.A‘}QJUMJ.:&)P

L;'\M u'd)‘f' €J.9 u,a}u} JJ)}.:'/V-\ 3 N u::;]: “ ol
ok g5 bl s b ke st Sl el el 335 s
dais s A5 o 80le o obme 6 OlsS Aoy
23 dde 3l el L(p< a/r0)ails La(..k:é Cn S
5SS Cho i 1) urg)gdm&:ijgﬁumu Ol o
Stress = 3.20 WPI + 26.12 CH -12.01
CHxFilm type -86.20 WPIxCHxFilm type
(WPI-CH)
Olpe 1, WPL 5 0358 do s 56 Y dor 57 2
Olgee iy & 5 5 A s ples Las e
5 (V=0 MPa) 013 25 (s ek SO glapdd 0 g i
WPL gy S slapks & by OF Olpe (28
03 OsS Ol il L ose (VA — Yo MPa)
O RIB S My Rl A5 Dl S aelS slaeld
mb e eV lagdd 5l i Cospels gladd o
D] sp Ko Oliies b alin ool ey
L milie s Lagld cpl a8 (ST L bl ol ol e
Ol 58 Vs Lgl.a(,.l:_é V] sy Ol aSalls Lgl.a(,.l:_é
G LSS ol Al e s ey S
Pyt
Table 3 Mechanical properties (UTS: ultimate
tensile strength; EM: elastic modulus; ETB:

elongation to breake) of chitosan/WPI
composite and laminated films.

Film type/ UTS EM ETB
WPI% (MPa) (MPa) (%)
laminated/0 20.71  3169.50  0.37
laminated/0 20.60  3559.97 042
laminated/25 31.96  2843.10 1.9
laminated/50 1.11 638.20 0.11
laminated/67 1.84 471.36 0.15
laminated/75 1.26 647.20 0.62
laminated/100 2.32 835.20 1.87
laminated/100 3.45 783.60 1.00
composite/0 37.31 265435 4.06
composite/0 3520  4153.77 433
composite/25 29.10 1741.80  3.03
composite/50 26.64 1802.12  1.20
composite/67 21.22 407826  0.76
composite/75 19.82  10329.40 0.66
composite/100 1.78 583.90 1.78
composite/100 2.65 611.00 1.38
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Fig 3 Ultimate tensile strength (UTS) of WPI/
chitosan composite films (A) and laminated films
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Table 4 Desirability functions, estimated and measured values obtained for optimum conditions of
composite chitosan/WPI film.

Mfr:i::zed Desirability es ti(r)nl;ttlgliué:lue Goal Factor
65 1 65.15 - A: WPI
35 1 34.85 - B: chitosan
22.43 0.55 24.45 Min Solubility (%)
17.54 0.52 16.70 Min WVP (x107 g/m.s.Pa)
2651.54 1 2214.61 Max EM (MPa)
18.32 0.56 21.30 Max UTS (MPa)
2.54 1 1.55 Max ETB (%)
81.54 0.60 84.64 Max L*
-4.32 1 -5.94 - a*
21.19 0.53 25.04 Min b*
13.76 1 9.40 Min Moisture absorption (%)
45.32 0.50 47.83 Max Contact angle (up layer)
44.87 1 49.11 Max  Contact angle (down layer)
0.60 Total desirability
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Table 5 Desirability functions, estimated and measured values obtained for optimum conditions of
laminated chitosan/WPI film.

Measured value Desirability Optimum estimated value  Goal Factor
49 1 49.02 - A: WPI
51 1 50.98 - B: chitosan
25.11 0.81 19.95 Min Solubility (%)
22.54 0.27 18.18 Min WVP (x107 g/m.s.Pa)
2376.11 1 2482.40 Max EM (MPa)
7.89 0.23 9.19 Max UTS (MPa)
1.34 1 0.80 Max ETB (%)
78.65 0.66 85.28 Max L*
0.05 1 -6.40 - a*
25.32 0.59 22.50 Min b*
13.11 1 10.08 Min Moisture absorption (%)
71.02 0.91 64.90 Max Contact angle (up layer)
41.11 1 47.00 Max Contact angle (down layer)
0.52 Total desirability
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Fig 4 FE-SEM images from cross-section of optimum chitosan/WPI composite (A and B) and laminated (C and
D) films at two magnifications.
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Fig 5 FE-SEM images from surface of optimum chitosan/WPI composite (A and B) and laminated (C and D)
films at two magnifications.
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Fig 6 XRD diffractograms of optimum
chitosan/WPI composite (A) and laminated (B)
films.
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Fig 7 FTIR spectra of optimum chitosan/WPI
composite (A) and laminated (B) films.
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The aim of this research was to investigate the feasibility of composite and
laminated chitosan (CH) and whey protein isolate (WPI) film preparation which
was containing cumin essential oil and chitosan nanofiber. Production of
composite film was possible by decreasing WPI pH to below its isoelectric pH.
Double-layer was also prepared by pouring WPI solution on dried CH film.
amount of active agent and nanofiller was fixed (125 mg/100ml) and only the
effect of CH/WPI ration and film type (laminated or composite) on the properties
of films was arudied by RSM analytical method. The color, watercontact angle,
moisture absorption, solubility, water vapor permeability and mechanical
properties of films were determined. By using desirability function and according
to the results, optimum formulation of composite film (65.14% WPI and 34.85%
CH) and laminated film (49.01% WPI and 50.99% CH) was achieved.
Microstructure of optimized films was analyzed by FTIR, FE-SEM and XRD
tests. Results of FE-SEM indicated a heterogenous stracture in composite film but
without any phase separation. Also, at the laminatred film good attachment
between two layers of CH and WPI was observed. Semi-crystalline stracture of
composite film was approved by XRD analysis and there was no detectable
difference between peak intensity and crystalline stracture of composite and
laminated film. there was a slight difference in the FTIR spectra of composite and
laminated films. According to the results, the characteristics of composite film in
comparison to laminated film had better accordance with the used prediction
model. But the laminated film exhibited better morphological characteristics and
could be suggested for preservation of different foods due to its high potential for
use in food packaging.
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