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Wheat is a grass plant of the Poaceae plants family; the scientific name of wheat plant is Triticum. Due to its
mechanical and physical properties, wheat starch, gluten, and fiber are vital in the biopolymer industry. Glycerol as
a plasticizer considerably increased the elongation and water vapor permeability of wheat films. Wheat fiber
developed mechanical and thermal properties as a result of various matrices; wheat gluten is water insoluble,

elastic, non-toxic, and biodegradable, making it useful in biocomposite materials.

wheat biocomposite wheat starch wheat gluten wheat fiber antioxidant

antimicrobial

| 1. Introduction

Plastic materials cause significant environmental damage and are one of humanity’s greatest issues. Petroleum-
based plastics are non-biodegradable, even after a hundred years. Plastic polymers, which are created from non-
renewable elements, are one of the primary causes of global warming. Biocomposite materials are the ideal choice
for possibly replacing fossil-based polymers. However, biocomposite materials require further development in
terms of their characteristics [,

Improving the properties of biocomposite material is still being investigated by researchers [ZEBIMBEIGIT There is an
abundance of research on wood and non-wood plants to extract starch, gluten and fiber in order to produce bio-
composite materials. The ingredients of biocomposite materials are extracted from various types of agricultural
crops, such as wheat, corn, cassava, hemp, jute, kenaf and other crops [8l. The advantages that make plants more
useful than other sources for biopolymers are their availability, quality and quantity. In addition, plants offer variation
in physical properties such as thickness, density, water content, water absorption and water solubility. There exists
a variation in chemical constituents such as cellulose, hemicellulose, lignin and protein content in fiber, amylose
and amylopectin ratio in starch . Furthermore, their diversity in degree of polymerization, degree of crystallinity,

water-vapor permeability and porosity make a difference in the biocomposite properties.

Wheat is a non-wood plants based fiber 29 which is planted in many countries and produces a lot of waste. Starch
is the primary component of wheat, having a number of food and industrial applications . In biocomposite
application, wheat starch is used as biopolymer film with or without filler. Wheat fiber can be extracted from
different parts of the plant to be used as reinforcement filler for either natural or synthesis matrix. Surface treatment

is a method that is commonly used to clean, modify and improve the fiber surface to decrease surface tension and
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to improve the interaction between the fiber filler and the starch film matrix or synthesis matrix 12[131[14][15][16]
Several publications have addressed the effects of sodium hydroxide treatment on the structure and properties of
natural fibers such as kenaf, flax, jute, hemp, sugar palm and wheat fiber [17I18I[191[20]21][22]

Straws such as wheat, rice and rapeseed straws, which known as cereal straws, are not only highly abundant but
they are also a low-cost, potential candidate to be utilized in the development of green composites 23, Wheat is
one of the crops that is most sought after, and it is widely cultivated. The source of it comes from a grass named
(Triticum) that is grown in countless countries around the entire globe. The total production of wheat in 2019-2020

was 763.9 million metric tons 24! and this percentage increases yearly.

One of the co-products from the starch and bioethanol industry is wheat gluten, which is utilized in many food and
non-food application. It is widely used to develop films and other Bioplastics [2212611271[281129] |n 36 days, the
decomposition of wheat gluten takes place in aerobic fermentation and takes 50 days in farmland soil without
releasing any toxic residues into the environment B9, Wheat gluten protein has a high decomposition rate, even
when it is subjected to chemical and physical treatments. Therefore, wheat gluten polymer is a perfect alternative
for the development of new biodegradable polymers, because of its decomposition properties and its unique
viscoelastic and gas barrier properties 1. Furthermore, wheat gluten has been explored as a raw material for non-
food applications such as biopolymers 2283134 |n order to develop the eco-industry on our planet, biodegradable
materials such as wheat-based biocomposites, which are distinguished with unique advantages such as,

renewability, availability and low-cost raw materials.

Plasticizers used with starch to create the polymeric entangled phase, by reducing intramolecular hydrogen
bonding [B3B8IE7] Adding plasticizer to wheat starch improves the physical and mechanical properties because
plasticizer increases the flexibility of the material. There are many types of plasticizer such as, fructose, sorbitol,
urea and glycerol used to improve physical and mechanical properties. Similarly, to enhance mechanical and
physical properties, plasticizers have been applied in many biocomposite materials, such as corn B84 sygar

palm (Arenga pinnata) starch 41, cassava 2l and rice starch [43144],

| 2. Wheat Plant

Wheat is a grass plant of the Poaceae plants family; the scientific name of wheat plant is Triticum. Wheat is one of

the world’s most ancient and essential cereal crops, which is grown across a wide range of climates and types of
soils 431,

The main parts of the wheat plant are head spike, stem, leaves and roots. Wheat plants grow up to 2—4 feet tall.
Figure 1 shows wheat plants’ main parts. The kernel of the wheat (also called the wheat berry) is the seed of the
wheat plant 48 while the part that covers the kernel and protects it is called the beard; similar to all the grass
plants, wheat plants stand on the stem. The leaves of wheat plants are long and comparatively thin; flog leaves are
in the top of the leaves, which are responsible for the protection of the leaves. The nourishment from the soil to the

plant comes through roots in the bottom of the plant 42,
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Figure 1. Wheat plant main parts 8],

3. Film Preparation and Properties Characterization of Wheat
Starch Based Films

There are many factors that affect biopolymer properties, including: starch type, treatment temperature, additions

such as plasticizer and co-biopolymers 22!,

3.1. Physical and Chemical Properties of Wheat Starch
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Wheat is one of the most widely farmed crops worldwide; the type of the soil and soil-dryness conditions affects the
guality of the starch and other plant parts. The gelatinization enthalpy and swelling power of moderate soil-dryness
treated starch are low. When compared to well-watered conditions, however, a greater gelatinization temperature,
retrogradation enthalpy, and retrogradation percentage are found. According to Weiyang Zhang et al. 49, soil
dryness affects amylose structure more than amylopectin structure in wheat grains. Furthermore, moderate soll
dryness improves molecular structure and functional properties of the starch. Table 1 shows a comparison
between the chemical and physical structure of wheat, corn, rice and potato starches. There is no significant

difference between the chemical composition of various starches.

The starch basically contains Amylose and Amylopectin. In biocomposite materials, it is important to identify the
percentage of Amylose and Amylopectin, which directly affect the properties of the film or the matrix of the bio-
polymer Y. Amylose has a lower molecular weight than amylopectin; however, the high relative weight of
Amylopectin reduces the mobility of polymer chains, resulting in high viscosity, whereas the linear structure of
Amylose has demonstrated behavior more similar to that of conventional synthetic polymers B, The majority of
natural starches are semicrystalline. Depending on the resource of the starch, the crystallinity of starch is around
20-45% percent. The short-branched chains in Amylopectin are mostly responsible for crystalline regain and
appear as double helices with a length of around 5 nm. In the crystalline areas, the Amylopectin segments are all
parallel to the big helix's axis 2. Since proteins and polysaccharides are the primary components of natural
polymers, the structure—property relationships in these materials are determined by their interactions with water

and with each other in an aquatic medium 521,

Thianming Zhu et al. B4 applied different techniques to determine the percentage of Amylose in the starch;
techniques included Differential Scanning Calorimetry (DSC), High-Performance Size-Exclusion Chromatography
(HPSEC), iodine binding, and Megazyme amylose/amylopectin. Michael Ronoubigouwa Ambouroue Avaro 23
developed a method that used Tristimulus CIE Lab Values and developed a specific color board of Starch-iodine
complex solution, the conversion of the regression values L*a*b* to Red, Green, Blue (RGB) values and to color
hexadecimal codes. This method used a colorimeter device. A spectrophotometer is another device that can be
used to detect the percentage of the Amylose by calculating the absorbent light that gets through the mixture of the
starch and iodine solution BEI7I58]

Table 1. A comparison between the chemical composition and physical properties of wheat, corn, rice and potato
starches [591[601[611[62](63](64][65](66](67][68][69](70][71](72]

Type of Starch
Parameter Wheat Starch Corn Starch Rice Starch Potato Starch
Amylose (%) 16.0-31.5 20.0-28 20-28 25-31
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Type of Starch
Parameter Wheat Starch Corn Starch Rice Starch Potato Starch
Amylopectin (%) 68.5-75 75-83 65-85 76-83
Ash (%) 0.20-0.29 0.32-0.62 0.17-0.19 15.95-16.05
Proteins (%) 0.40-0.46 0.38-7.7 0.33-0.38 4.26-4.82
Density (g/cm®) 1.5 1.356-1.4029 1.282 0.763
Moisture content (%) 10.65-13.3 10.45-10.82 3.60 15.98 + 0.36

1. Omran, A.A.B.; Mohammed, A.A.B.A.; Sapuan, S.M.; llyas, R.A.; Asyraf, M.R.M.; Koloor, S.S.R.;

Petrd, M. Micro- and Nanocellulose in Polymer Composite Materials: A Review. Polymers 2021,
3.21§r?gfction of Wheat Starch Based Films

I, QidRRIZIPIAVe AsyickT DR et NiIm heilire, shoulp dllielated Aieyabranuks RBifithen, BeasoBuerhsiargnis
mixewiKhettediwasHnNRIATEHAT, M IEPareyas SR, B4 kse gl epsnaNed il b eroRes AeS rakds
plaggglymer Composite for Bullet Proof and Ballistic Applications. Polymers 2021, 13, 646.

. Alsubari, S.; Zuhri, M.Y.M.; Sapuan, S.M.; Ishak, M.R.; llyas, R.A.; Asyraf, M.R.M. Potential of

4IatWh@@teﬁu%@ﬂﬂﬁQS&QpE§|lmm ?aﬁmrﬁglﬁQMEW on its mechanical
Gharacterization 13 43

WnBiy anaied. NG maitinedhasehrsnat M. dreathgezals IZ20utmehammad, Maoklwdm Nhdhasiultn have
potEHS el VEMRE Eiesadiel BT raeRiaRis Dintehs Detived i N aivsed iResothe esatnshilisnBlgast Mneat
glulReYieW. IR 8esnd0RdoldSle 38 Mter, elastic in nature, and non-toxic. Gluten matrix is biodegradable and

[75][76][77
@aT\%Hﬂti\lﬁﬁﬁ?ﬁtef\lst'fﬁss?@*arl\hoﬁwxyl@fﬂ [Td bdullah, N.; Sabaruddin, F.A.; Kamarudin, S.H.;
Ahmad, S.; Mahat AM Lee, C.L.; A?/ah H.A.; et al. Fabrication, Functionalization, and

4.1, Produ tlo Glute n ase
App catl%n Vg anotu esfn rce'a]Ponmer Composite: An Overview. Polymers 2021,

Wh@gb-é{Qf%-based films can be produced via two common methods:

j\fas R.A.; Sha%uan S.M.; Harussani, M.M.; Hakimi, M.Y.A.Y.; Haziq, M.Z.M.; Atikah, M.S.N.;
Asyra ﬁtl\? Ishak, M.R.; Razman, M.R.; Nurazzi, N.M.; et al. Polylactic Acid (PLA)

WeBHISOMBOSHS A TRARTS RIa ADHHEH MaRIRHYEINE 8RS ME ViR AL GBHANSa Ry B1GSB -AAdrials

inclagingj%h and gluten 8 For gluten, a milling process is used to obtain gluten powder. The wheat gluten

suspension solution is made by mixing the gluten powder with ethanol (70% aqueous ethanol). Then fibers are
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ihnSaupeann Al Bdv s Saposion-SoMtipdanfaadt el miktnel idvhonidgelyasl, BdcoBipanisiisAlried in a vacuum air
oveG rashiniotthivese Re spansenof filampnd YWapordtK enad Glass EBre-reinforced Epoxy Composite
Tubes with Influence of Stacking Sequence under Intermediate-velocity Impact Load. Fibers

4.1:% vy Method 12

BhiS o d=¢drobis pertofjaaby. eRram gnds fre SoaradosbosdeBaiin, dry;, fbems-Maaineioll, AREMHRVYIGM
povNIAT Wik B firsBERT D b Reambltimieketrevily ¥B26 pltotd2Witt 3@ aced into the mold. Subsequently,
YN LN BN A5 YO R A sS TEC P oAy LR TS RRPSrnRg fRSR S el rsied
thlclkr?éaﬁally? gaFehleer\l/%% ﬁ%bobgits Sr'eﬁ%régr Sdli:); cﬂglvr\ﬁdeé(%]dfv? fg)fé l%’ﬂf mold. In this method, fiber must be wetted
again (after combing and drying), as the water will be a processing aid, after casting the gluten powder and wet

1ibdRBMAE MY, (RRDHY BIBELS BERMY ke ol dibraasarthieacomposites: Sustainable and

renewable green materials. Renew. Sustain. Energy Rev. 2017, 79, 558-584.
1‘1‘.25ﬁé9§’aer{|t,'?<s.;%’?ﬁéﬁ?kﬂ'é%ﬁﬁ%? Egm,SABWﬁgaWstfgﬂ%%%tgﬂ‘ction, structure, functionality and
DU@HPIW@%M&E%WQWB‘%%?Q@& %Qigﬂ]‘?&ﬂﬁ%%?ﬂpa'?@e §§H?’§sine, arginine, serine, threonine, and
1tyrasipe we M@F\%fﬁt&ﬂ A ReingskegaAliton DFRsPIeINTIN RipgeResTsfil@adarRPiBe thsurgeeaieat PORLBISS-
Amﬁ}%ﬁéiﬁé§@$tﬁfi@|ié?ﬁgﬁié%sgf@@sréhﬁoﬁé@dbﬁ)yiﬁ*éfeim 5@§étﬁ'lﬁ@@oﬂﬁﬁo%i&?éiﬂg’d}?ﬁﬁl@”QG@ﬂﬂﬂglons’
impyeygieg-twomechanical characteristics of biocomposites L. It has been found that proteins rich in sulfur amino
acids, parti_culalrlel rapeseed proteins when combined with rubber, cause a substantial enhancement of the cross-

J]S. Bledzki, A.K.; Gassan, J. ComPosnes relnﬁorced with (iellulose baged fibers. Progn. P%Igm. Sci.
mkmg process. Protein-rich composltes have a higher thermal resistance due to the high humber of nitrogen

1999, 24, %21—274. . 82
atoms 1n a single polypeptide molecule (2],

14. Norrrahim, M.N.F.; Huzaifah, M.R.M.; Farid, M.A.A.; Shazleen, S.S.; Misenan, M.S.M.; Yasim-
WhagirgvtenAfitmsngvealad Jowelrazser Nbdormian (sattied op Bdhi afel . 4808| ntadhisr mReyBhehaYater
absﬂmgﬁlﬁhiéﬁé?ﬁﬁpﬂﬁ@ fgaIGrisationorats X FRee RioERR ﬁﬁtb[%idﬁﬁ’ﬂié db@s$tﬂféﬂrﬁﬂ§@ Jitpg revpaled
higheypyater absorption, which reached approximately 520% after 210 min on cassava-starch-based films (421 gnd
295% after 240 min on corn-starch-based films 4. All starch-based films showed very strong water absorption

15. Nurazzi, N.M.; Sabaruddin, F.A.; Harussani, M.M.; Kamarudin, S.H.; Rayun : Asyraf, M, G
capaglty. However, 'the amount o algsorbet? wateralrs] dMerent from one starch to another. thl\s/l behazlror is atﬁbuted

isyah, H.A.; Norrrahim, M.N.F - llyas, R.A ; Abdullah, N.; |. Mechanical Performance and = .
to tﬁe gze OFI starchlpart%pes, the smaller¥he particles %e earrl}er an L%her water a%sorpﬁon. Also FTIR analysis

Shon O B e T e e e e e e e e o e Tarar
Igariean thisKexing tleFndrated, iMwatasabsurpipiNicapakity  ED thivhaa diLitdhybasdd. Antsffettsttized with
glydeeni chiber longhribo lagicad Eiroperties) effid ol 3P 6-NTAGeoNsE B ves A féyisve agtrR@béathe moisture
conzevelapmsmibBlal g d¥d; 202 AddiBp286@.plasticizer reduces hydrogen bonding, which allows molecules to
1O B S T B A S S BR SAEn AR SR S RIS RSB P YREe e
S R B8 BT A BTN PR hter- SEMYGRIe7 gl wih fl fber improves the
tensile strength and the elastic modulus, because of the hydrogen bonding between the fiber and the protein B8]

IBSBrEE b - irBigHEH M b Al E e A R AP IS GiRe SR e @lien SRR 8atReR el APRle FAMBRing
filleP@nitR relLle PR3 TOAR tion in the Young’'s modulus. This explains the reduction of wheat gluten adhesion

16hera iz hesbisaierer T Hanysr, Veakng,ibadiefvitarirriingrams!/as sHank JaRe o MERRQQRIEeaHheat
oluiRSHARG IS TRISUETREG ERABTRM InFEsaTea ReBE R CaIARRASIRRRNETHA NG Fap &lisr qylloengsh 2

As f@gﬂm by FTIR results, fiber chemical treatment removes lignin and hemicellulose and reduces the

hydrophilic nature of the fiber and, hence, improves the interfacial adhesion between fiber and matrix 2495,
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2atlyaisstiRchureSam banpSyMerdtikad &SNy ;| dsyedrddaBoMte iRiadigae S, Aisyaliersl tA thhlinazstiergy
levéNl fehpiNal tealhieak Vhé\whe dk fhetet aftiby iodygistinhe polyine mebapisoltigaaid pmyiisiedpehesnieaboaitidn of
whéheghairbedsad biopfastiga rhydiopmamobyyiis| ke, caliloses(idoeagi aimnatd BARHNMHCh Mey o)utéextith
hydrebhoBic2pagmeds, 1s2k 147 polyvinylalcohol improves the degradation temperature 2583 The addition of
FHORLHE RGBS IR O AR A E AR E b AIRS SRS TARetPO Rfdabe eneray
L e g A A N o
cong(%r st%i%r} nr1na| ig ar.]\%\cl)er. gm/te .bgtltgi'. Rh%ergir%soﬁ.—ogofg’e 1\/&%(?3:%%_t§%§|ms reinforced with fiber filler can be
prepared either by wet or dry method:

22. Ahmad llyas, R.; Mohd Sapuan, S.; Ibrahim, R.; Abral, H.; Ishak, M.R.; Zainudin, E.S.; Asrofi, M.;

TerSile Buenitikatty ddselluihamongdgHeuraidedtyid iRerdaaelr iat\8 5%, RHalviSlegatgataseiirenga @impatature
inci@&sadnbt ) MderiReelIL8siN . fidoe Hoema e hyl: AQameieheiesiveapproaebsingnaithanyetternaito sealesel of
uniditatanridieiaxTeiodmab 260, Be 2MdBgdtGHoperties in the fiber direction. Pakanita Muensri et al. 192 found
PP ORI, PEVIRTE Koo onY, 3B B A R W IS ARS8
cor%%rﬁ I}loé] ar?:]%%i[r)%z;@t%dritigrc]f ﬁ‘%%tﬂor{% I’Fhfoﬂ_rgf)gﬁi’eg&;’_vgle&t-protein films 1931 To make edible films out of
wheat gluten, Francisco Zubeldia et al. 224 employed the dry process. They observed that molding temperature
240 dSSIP En iV aHghaosie s FRh BT Qfireie tn&ekaRicAIRN 2 BRYsiAY 3ileiaiea kRS mixing time. This was due to
incladBsH M dahosdlR0aYFgtRAMATIL-RAlIBHEURRL RROALIEHRY- (AREE $RARACL AEKShé@tdihg to the

2HUBHAIGT WK needploSandertakign im4paEstand dhe B A BispIRhelOSRIBKINIHURAY e R Mg s
mpoly(vinyl alcohol) blends with improved mechanical properties. Biomacromolecules 2006, 7,
2837-2844.

Zli%lﬁritl Péﬂbd@%aﬁg{ Qpﬁﬂt'leéﬁ&h%tbﬁﬁ&h%ﬁ? %Iﬁllmrolactone)llayered

Thed%ﬁm%owg{ 8%151%51# Pn?ﬁr%r\pé%qﬁgqsstéblili@%‘?lbgy | ors t%%'e %Qf%gﬁv]éll(rsl’r%gr%{aa_p% |c(:3a7t|'ons (1081 The addition

20t datidiatiadt, ivo; filviattory ;hAngioharssonyr & of itedamdidst, Wiete Transpatioarid thensiteRdapeartigsrefthe
resiSlanupres slegrddaide d1%haaticldéen RimsalBiar acksd ate pudes @ A0 ,Use R0 AR-2028. constituents of
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selectjpn of the rect cambination pf antioxidants 219 \Wheat starch—chitasan fims show the highest antjoxidant
WI{H naturalcﬂ[)ers: rom mecf')\anlcai(lmprovementefo éep ast|C|Z|ng effect. 'Bompos.glga&%\}ipp?.

(a-tgcc?lpméﬂbff:%@’/.Sla?\alz?\?e_r,?gg addition of a-tocopherol led to more heterogeneous film structure 11,
Feruloylated arabinoxylans extracted from wheat bran show high antioxidant activity in the presence of bound
29, daratg-Ramirez, L.S.; Martinez, |.; Romero, A.; Partal, P.; Guerrero, A. Wheat gluten-based

materials plasticised with glycerol and water by thermoplastic mixing and thermomoulding. J. Sci.

| 6°Antimicrobiai Properties of Wheat Based Film

30. Domenek, S.; Feuilloley, P.; Gratraud, J.; Morel, M.-H.; Guilbert, S. Biodegradability of wheat
AntNiGETY BhBEW Y P1ASHIES STt MEFSpRitTRlionaaceUlyse3pesEdy in the bio-packaging food industry (13l it

has been found that composite wheat gluten-chitosan-based films can prevent microbial growth in intermediate-

3ol it A0 A el S I OR TRCRL 0T 18 ALt S Aaieicsbial Sydnfe e VBRI organic

aci(yg,agﬁzrynqggn\’/;;’gﬁsl\lpﬁﬂ? g)%pgcsté, Oa%?ér!oc?n’él,%%ggeosggﬁ'?ﬁ %’ﬁg’ ‘have been integrated into biopolymers as
3shtWiicerbienagantd [LLEINASHAZRE rBsdantidV Gis EDsassdd. 6. fobohmsbagiDy; fidescolnhbih thy/grpeestf bacteria
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pladiR6241 268y have health benefits, antimicrobial and antioxidant properties 12311261 (EQs) used to reinforce
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ol S GBI RELER i BPAILC BRI 26 olecud2 6D, 19, WMioB, !, (EOS) concentation reduced the
tensile strength, while the elongation at break does not change 1291, Potassium Sorbate (PS) has been used as an
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