roall dalite 4y ga lS) e dpde | aladiuly Dl Ay g il s ySeall Balizas 438 S Calias o gay shai 2 siall
Dbl deae daal juals rallal) ol

@il (3,0l ol Al e Gyl an)

42 Y) ddas 5 A giall (3] Clasa (e ) (2 o 40V Calad o) ge Adlad Gaund & daal) L) aalus 8
o Ul i Lae cla pyoxiale) (S Le 1500 (Al 5 A3l o) say olaadl Caalad oy ool JS8 Al i) Julss
oan g oSyl Hlil daaa o Lliall 3 Lge 1550 g sall Jlaill ALGEN Calial) o) ge canli G Ay)
L ¢ sblad) Jine S g )lS alallad) s el aae JsaS o) )il Jie) 4 guall o) sall aladiul die <l gal)
D i g ASilSaall al i) 5 3l gl eI e Jalall Canca Jadii ¢ ad) Gl 5 33
o3 o alaill Aladll Jolal) aal S N Zoadail) Cadaill o) o ae 43R ¢138)) Ladla Bae pid b la)
s13a)l Calas ol ge ailiad (o (et O (R (A5 Ay o) 3 gall ga sl dualiie alaals dina 50 7 Je g8 B gl
& s Sl el ddau s A giiall Gl 1) Clisas (e aall ML 5 <l s jSaall sliaall Lelalis 3 303 IS (1
L) Aul 50 s Gl 13 e () Gaal) o A3 B a3 saS Ay all M sal) (ailiad 8 b gale G
Sm DA e £ dand g A giiall Gl e Clise o aall il Laliie dypa LS i e dpded aladi)
aall Lalite 4y gaall CLS) el jumat Gasll 138 8 &5 sead) Jlaill AL o) g aladiud 5 5 pasal) Apie Y1 Gailiad
oSl B 5 3 sl il ey diall e JeaS 5 ol sidll e alaie YU il Sl saliaall Gailadll @i
Aaliie ol 3l 3l il e A Flaal) Jreal) Labite ¢ sSiliad) 1Sl 6 Gl ja ppiant & jrall Lalite ¢ Sl
Vo %, 00 %) Adise 385 dadll dae JsaS 5 ) sl e dadiy s e o ey da-dsall 4 pall
2T 6 (g A ) CUS) el s i sl Laaliie 4 i LS e (e Apdie | WY cuall 48 )k (70,0, 7,0 %
bl s S S s Saall aladinly reall dpaliiadl 4y pall clS) ) ) ALYl ol 2wl o sSild)
Ll 23Y) 3 g e aladiul g el yeall st AesY) Glea aladiuly k) Jdacdl g MU 5 SV G Sy ySaall
Aty eldl Jlay JUl Jaeay Sl 40l 4SSl el sl il o3 eelld ) ABLYL 5 Al Guadlill 450 55
las gl ae Ayl 5l - AGy ey g Saall dlaall Ll Ay | ial) dalial Ay gall Gl )
LS yraall dpaliial 4y gall clS) i) 2uie Y Lga i aie il s Soall Il g dpulon (520 anil] &) pexionall 45 <l
Laliie 0 sSobad) 3l G 23005 i3l 2008) A L e LS LIAT Fn o158 ) gl ol il Ay s
LS aladinly Hreall dalitall 4y sall LS jiall Lpandl a3 Lial 38 G5 SN jeaall DA (g @l jaall
S @S G eall Laliidl G Sl 2Sh G 5 i 3T 5 ae Cha ) b (a5 sud) sl selal)
A s Sl s reall dalial Ay sall S i) duie Y e Bl gl @ jell o geall el Jayds
Sl IS 5 e Smad (6 L gl o) jsbm 5 ) (g s LSy i) Sl gallis cpu s sl (S 5S sl
aliaily i Ll jrall dalite o sSlull ansl Gy bl sl 38 5 8 3ol die il @ jelal Ll
Sl g b3l ausl e 700 58l dala g Dy gl ol Sl a3 I (e @l g Ay 5 G janisall SlacY
lanily LaS) i Jaa b ol ya el Ls pally Adlad) LSl DAY a 58 ) sall sl pall YA (e Ll sSland)
Leana 8 3l sall G ol 2 g s Allaial 3 jm Lo o5l Jlaadl Jsa rall Lalite ) sSlunal) i 5 i 3)) 2008Y
e Clipe Calad die U Canca gl A Sl QA Al e Wla i 8 Lee 30Kl LDAY el sl
Ldel alaiuly Caliddl Al el JSall 8 15 Geas A1 Ve 3ad A8 a0 550 s Aa 0 die 4y Aty )
e JsaSs o) sl e A pal) 3 Yo Claall 3a0, 45 5l8e 70 5 70,0 58 il jrall Laliiall 4y piall LS el
Lo AKilSaal) Gailiadll jelal Ll Lolad wul s JS8 aadiall cpli) sl o 0 sSal) Cauliill Ll 5 Jaadl)
YV,o A e srall dalie Sl sl s @bl sl € 5 sal ) vie adl) 348 Uaale L,
ST Ay i3I AT 8 5 53 5 elall Sl JUE) Jvmas (oS 5Y) Ay G gale (aldl) Ll Jas 5l JSullana
Oe glitiuY) WiSe s reall aliall 4 gl SUS) i) (o 823 Jalall uad 3 5m Lee iaall daliie ¢Sl
8 Allad 5 3l (all Aaliiall &y gl LS jall dpef) byl i aladiinl Al e Juaniall il aues

il s Saall Bl s Al Apas 436 I Calas o) 5a g sk



Title: Development of Eco-friendly Antimicrobial Food-Grade Packaging Materials Using
Bionanocomposite Films

BY: Nasser Ahmad M Al-Tayyar
Supervised By Prof. Dr. Rashad Rizk Al-Hindi
Abstract:

Modern technologies can improve the effectiveness of food packaging materials to prevent
foodborne pathogens and reduce environmental waste. Traditionally, food is packaged in
plastic that is rarely recyclable, negatively impacting on the environment. Conversely,
biodegradable wrapping materials can be instrumental in maintaining the health of
ecosystems. Unfortunately, however, there are some obstacles in the utilization of bio-
based materials ((e.g. chitosan, poly (vinyl alcohol) (PVA), potato starch, carboxymethyl
cellulose (CMC), corn starch and Arabic gum)), including poor barriers against oxygen, odors,
gases and mechanical properties that frequently cause a shorter shelf-life compared to
conventional food packaging materials. Consequently, one effective solution to overcome
these obstacles is to incorporate nanomaterials into a bio-based polymer, which can
improve the properties of food packaging constituents via enhancing the antimicrobial
activity, thus reducing foodborne pathogens. The main objective of this research is to
investigate the possibility of using bionanocomposite films to reduce foodborne pathogens
by enhancing the properties of the prepared films while incorporating biodegradable
materials. In this study, antimicrobial bionanocomposite films were fabricated based on
chitosan (CS), poly (vinyl alcohol) (PVA) and silicon dioxide doped with zinc oxide (ZnO-Si02)
nanocomposites, which was developed via the sol gel method and incorporated into PVA/CS
blended with different ratios (0.50, 1.0, 3.0 and 5.0%) to achieve PVA/CS/Zn0O-SiO2
bionanocomposites by the casting method. Subsequently, a series of tests were performed,
beginning with the Zn0O-Si02 nanocomposites as well as PVA/CS/Zn0O-Si02
bionanocomposite films which were evaluated using SEM, FT-IR, XRD and final contact angle.
The mechanical properties, gas permeability (GTR) and water vapor transmission rate
(WVTR) of the achieved PVA/CS/Zn0-Si02 bionanocomposite films were also assessed.
Subsequently, antimicrobial activity was studied using the Kirby - Bauer and the CFU
methods to assess the sensitivity and activity of microbes when exposed to the
bionanocomposite films. Afterwards, the morphological changes of bacterial cells, when
exposed to the influence of bionanocomposite films, were studied through the TEM. Finally,
the toxicity of the bionanocomposite films was evaluated using Vibrio fischeri to assess the
effect of bionanocomposite films in suppressing or inhibiting light emission. The first key
result of these analyses was the superior displayed antimicrobial activity of fabricated
bionanocomposites films against tested pathogens (i.e., Staph. aureus, Salmonella enterica,
Pseudomonas aeruginosa, E. coli, Shigella sonnei and Candida albicans). Additionally, it was
noticed that when there was an increase in the concentration of ZnO-SiO2 NPs, the number
of bacterial colonies decreased, especially at concentration of 5% Zn0O-SiO2 NPs.
Furthermore, through the morphological study of gram-negative and gram-positive bacteria,
accumulations and attractions of Zn0-Si02 NPs were observed around the cell wall, which
enhanced the possibility of an interaction between ZnO-SiO2 NPs and bacterial cells



negatively affecting the integrity of the bacterial cell. Moreover, results illustrated that
packaging bread sapmles using bionanocomposite films of 0.5% and 5% concentration and
storing them at room temperature for 10 days significantly improved the appearance of
bread compared to those packaged with either CS/PVA or the commercially widely-used
polyethylene. The mechanical properties also showed a remarkable improvement in tensile
strength when increasing the concentration of Zn0O-SiO2, from 18 to 37.5 MPa. Finally, there
was also a significant decrease in the oxygen and water vapor transmission rate observed
when increasing concentrations of Zn0-SiO2, which enhances the improvement of the
barrier of Bionanocomposite Films. We conclude that Bionanocomposite Films could be used
effectively and feasibly to develop antimicrobial and environment-friendly food packaging
materials.



