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5. Thickness
6. Tensile stress (TS)
7. Elongation at break (EAB)
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1. Fourier-transform infrared spectroscopy (FTIR)
2. Scanning electron microscopy (SEM)

3. Water solubility (WS)

4. Water vapor permeability (WVP)
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8. Disc Diffusion Method
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1. Mechanical properties

2. Water solubility

3. Moisture content

4. Water vapor permeability

Fig 1 Graphical representation for the preparation of
Chitosan-Modified Guar Gum Film

‘&&a LS\'“;;}.’J K Swolses —\-¥
S ki lapkd s pdydlanil 5 Clhs SGS ol
Sl 03 b s el gl b 53 il UL
(Sdre dlge O3y Cs Gl e Conl S ) Sl
IS sk st e diS B pme By 5 CekS (el a8
STS wibe lalge b Shs slapks SOl Dl st
Caslis 5ol Sl i a &S Kpdh e sanie EAB
e DN Lpie eslind b slasped s plyilanil
Y dsdr s SO Slogast 5 Calbis Opesl 4 by e
bk sy glanks s pliolen) 5 Cabis ol okal
bl SalS gls pme ssb 4 sdadlliss LIS slsme 415
IS Glyme (bl b 228 Caslie opl posdle .l
Soson @l L b b 4 caadics
aslio 5 (JLLK A0 0 £ 1/071) C 500 258 o slia
(IS YE/80 £ /) (J 05 52S) a8 ased L

AR

(TGA)" 5,1 36T -\ \-¥

Jlie o3 esle W, op ln o TGA 04l
05 oo dose o3l 5l WS lae Hlae il ol
G e o 0303 13 oy aldoe 53 0 S ke i sd
egdome S osls Dol sl 4 ol Dose 4y S
S8 51 s eag el 4z YO aslinl spse oles
Voo gles ol Kl s 8 eslinal iued) Ol w0 055 %0
S 3 g )3

Sobl 56T - Y-y

plosil LSS L a4 ok (sl el Gla0 sl e
ol gk ST esled L [GAEREES
0 5l 5SS a3 gls e 51 5 (ANOVA)
oslizal 3550 (ol 5l o ABS F sy e
+ oSl Sose 4z 5 e GraphPad Prism 5

C;aqj@w—\‘

dops /0 0aS sladsee L B a5 glaghs
3 ol S35 dos 110 $daliss IS 5 aml S5
A I GS R

Lld g g S, ras 4 T 5 Y

el ool Y s 53 lagdd 4 bgy e slasS

Table 1 Types of edible Chitosan-Dialdehyde

guar gum (CS-DAGG), the composition and

percentage of Rosemary extract (RE) into the
optimal films.

Chitosan Dialdehyde Rosemar
Film (CS) Guar Gum Extract
samples (0.5 % (DAGG) g (RE)
w/w) (0.5 % w/w)
Control 3 0
A 1 !
B 2 !
C 1 2
b 1 2 10%

9. Thermogravimetric Analysis (TGA)
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Table 2 Mechanical properties and Thickness of Chitosan-Dialdehyde guar gum (CS-DAGQG) films.

Film sample TS (MPa) EAB (%) Thickness (mm)
Control 2445+ 091 63.95+£1.06 0.85+0.07
A 31.55+1.34° 4725 +1.34° 0.65+0.07°
B 25.95+0.63% 59.95 +0.65% 0.75 +0.07°
C 48.05+ 1.06° 38.25+0.91° 0.45+0.07¢
D 47.75+0.63° 38.71 £ 0.65° 0.45+0.07¢

Tensile (TS) and Elongation at breaks (EAB) of Chitosan (Control), Chitosan-Dialdehyde Guar gum at ratio of 2:1
(A), Chitosan-Dialdehyde Guar gum at ratio of 1:1 (B), Chitosan-Dialdehyde Guar gum at ratio of 1:2 (C), C
containing 10% Rosemary extract (D). Data are expressed as mean + standard deviation (n = 3), Dissimilar
Characters represents significant difference in 5% chance level.
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Fig 2 Water vapor permeability (WVP) of Chitosan
(Control), Chitosan-Dialdehyde Guar gum at ratio of
2:1 (A), Chitosan-Dialdehyde Guar gum at ratio of
1:1 (B), Chitosan-Dialdehyde Guar gum at ratio of
1:2 (C), C containing 10% Rosemary extract (D).
Data are expressed as mean + standard deviation (n =
3), Dissimilar Characters represents significant
difference in 5% chance level.
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Fig 3 Water Solubility (WS) of Chitosan (Control),
Chitosan-Dialdehyde Guar gum at ratio of 2:1 (A),
Chitosan-Dialdehyde Guar gum at ratio of 1:1 (B),
Chitosan-Dialdehyde Guar gum at ratio of 1:2 (C), C
containing 10% Rosemary extract (D). Data are
expressed as mean + standard deviation (n = 3),
Dissimilar Characters represents significant
difference in 5% chance level.
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Fig 6 Thermogravimetric analysis (TGA) Chitosan
(CS), Dialdehyde GG (DAGG), cross-linked CS-
DAGG film.
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Fig 4 Chitosan (CS), Dialdehyde GG (DAGG), cross-
linked CS-DAGG film.
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Fig 5 Scanning electron microscopy (SEM) of pure
chitosan (a), and chitosan-dialdehyde guar gum (b)
films.
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Fig 7 Antibacterial activity of chitosan-dialdehyde

guar gum film (CS-DAGG) without rosemary extract

(RE) (a), and CS-DAGG with 10% RE (b) against S.
areus, and E. coli bacteria.
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Packaging is important for the protection, storage, and hygienic handling of
food as well as raw materials, particularly against oxidation and microbial
spoilage. Land filling of non-degradable waste caused by plastic packaging
of food is one of the most major challenges in the world, which the use of
natural and degradable biopolymers, including polysaccharides, is
recommended to overcome this problem. Chitosan is a polysaccharide
utilized in the structure of biodegradable edible films. The main limitation
associated with chitosan-based films is poor mechanical properties, high
water solubility, and water vapor permeability. The objective of this study
was to improve the physicochemical performance of chitosan-based films.
Chitosan-based films were prepared with guar dialdehyde in various
blending ratios. The FTIR spectrum of composite film displayed a peak at
1683 cm™ which approved the successful covalent interaction between the
amino groups of chitosan and the aldehyde groups of guar dialdehyde. The

optimal chitosan-dialdehyde guar gum film had the lowest solubility (20.03
%), lowest water vapor permeability (3.07 X 10"’ gmm / hmm®Pa), and
the highest tensile strength (48.05 MPa) compared with other films.
Moreover, the diameters of the inhibition zones for the films containing
10% rosemary extract against E£. coli and S. aureus bacteria were 12.75 +
0.07, and 20.55 + 0.21 mm, respectively. Therefore, the results showed that
the developed chitosan- guar dialdehyde film containing rosemary extract
can be considered as a suitable alternative in an active fresh food packaging
systems.
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