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2. Surfactant oil ratio
3. Polydispersity Index
4. Slipping layer
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6. Ultimate tensile strength
7. Strain at break
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Table 1 Droplet diameters (Z-average), Polydispersity Index (PdI) and {-potential values of macro
(ME) and nano (NE) emulsions of CEO at different concentration.

C-potential (mV) Pdl Z-average (nm) Emulsion types

-55+£03 * 0.39 £0.04 ° 242.1 £1.01° ME-CEO 0.25%

-65.6+0.3° 0.63+0.03 ° 263 +1° ME-CEO 0.50%
-61.4+03° 0.72+0.02*° 362.2+1.07 ° ME-CEO 1%

-69.7+£0.25 ¢ 0.39+0.01° 59.2+1.06 © NE-CEO 0.25%

-68.4 0.2 0.24+0.02¢ 80.08+1 ¢ NE-CEO 0.50%
-70 £0.3° 0.25+0.06¢ 80.02+1¢ NE-CEO 1%

Values were given as mean + standard deviations. Different superscripts in the same column indicate significant
differences (p < 0.05).
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Fig 2 SEM images of the cross-section of the CMC control film and films loaded with ME (CMC-ME-CEO) and
NE (CMC-NE-CEOQ) at selected concentration of CEO 1%.

Vs /0 sl slanks SAB ol oy sldimdl LG
Szl Sl odd 53 TAY S WVINY pé, eilal Ao s
S el Gaed el sl slacdd s AL/IVY 5 AY/ROT
ol Jrals &S 5y cpl Sl s cpl L(p < 0.05)
CRL S g 4 e gl mhaw 4 s8) SU Dl kS
okt b alie 55 G el 5L laghd s (5 pdylasl
O iddsa Wls e oy (905 0 G pd pols S sla
Sy S am 5> 5 B pU GV e e Do
e bs OV e o gl i
sbaekd o mae 4 el s Jals
@B USAB Sis sy ol bl [V A3l Gped sl 5L
Sl s EalS Wng esls Ol & L5 sla tasy
sul sl

Sl ol ks
St s ol DURESE G i gl i
5> Odal IS bl s 53 5 338 6 Ol sl s
by cillas g 035 My e S elil slaghs
[A]

S ey sl

Sl gla S5y £

5 (GRS plp 55 caslin) glg RiS plounl (UTS)
55 (Ol 55 ) 0us oyl g4k b5 S (SAB)
U;;JQSLAWJISMLA(,QW&K»;};
05 [YA] al o sy (&) Son 5 S 5 (O) i
SLeniss (ks o3l 5 bpd el g B S K s
Soor ol bl el sl
Y dsdr bl s CMC lagls SOl sl S
SAB iy JUTS 508 sl s Jamd sl slaphs
(p<0.05) w55 J 28 Wb b aslis 5o

o ltle Ciad Sob Yaal i, el Slisos,s
0503 $58 Sl iSon n oemilr b5 035 Sl ke
Fsolel e Chas b iSay LSS5
ek o leamdle LB sl UTS pslie 335
slackle sl s Osedselsl 5 5 Sl sl

sl Blie s bl Ol gl sesy el

Table 2 Ultimate Tensile strength (UTS) and Strain at break point (SAB) of control and CMC films
incorporated with macro and nano emulsions of CEQO at various concentrations.

SAB (%) UTS (MPa) Film types
53.56 +1.087 16.41 +0.01° CMC

55.60 + 0.34¢ 8.96 + 3.04° CMC-ME-CEO 0.25%
67.12+1.23° 7.60+3.02° CMC-ME-CEO 0.50%
80.00 = 1.06" 5.84 £2.78° CMC-ME-CEO 1%
58.62 +3.76% 6.46 + 0.69° CMC-NE-CEO 0.25%
82.05 £1.76° 6.25 +0.05° CMC-NE-CEO 0.50%
94.77 +2.35° 6.05+2.39° CMC-NE-CEO 1%

Values were given as mean + standard deviations. Different superscripts in the same column indicate significant

differences (p < 0.05).
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Fig 3 WVP of the control CMC film and films
loaded with ME and NE of CEO at different
concentration.
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Emulsified films based on carboxymethyl cellulose containing macro (ME) and nanoemulsion (NE) of
cinnamon essential oil at different concentration were prepared. The dynamic light scattering (DLS)
results showed intensified in input energies toemulsion solution led to reducing droplet size (D,) and
heterogeneity (Pdl). The microstructure of films were analyzed by scanning electron microscopy
(SEM), images showed more different structure due to different stabilization behavior of ME and NE
in film forming solutions during drying. Increasing in porosity ofmacroemulsion films and tortuous
pathway ofnanoemulsion films, caused to water vapor permeability (W VP) of control filmsfrom 2.59%
10”g / m s Pa increased to 4.43x 10°g/ m s Pa and decreased to 1.80x 10” g/ m s Pa in the macro and
nanoemulsion films respectively. Plasticizing nature of cinnamon essential oil also higher surface to
volume ratio and more interruption interaction between biopolymer chains produced more flexible
emulsified films with enhancing in strain at break (SAB) from 53.56% in control film to 80% and
94.77% in ME and NE films respectively.
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