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ABSTRACT The nonrenewable sources are limited and environmental concerns are increasing regarding the waste from 
plastics. Hence biodegradable materials made from renewable agricultural resources such as carbohydrates, 

starch, proteins are attracting much attention for sustainable development and environmental conservation. Plant proteins 
from wheat show the advantage for usage as films and plastics because of their abundant resources, low cost, good biodeg-
radability and suitable properties like rheological, water sensitivity, sound absorption, thermal behaviour etc. An extensive 
review of the existing literature reveals that wheat gluten (WG) based bioplastics are non toxics and fully biodegradable, 
hence in this review various plasticizers and cross-linking agents have been looked upon and their effect on properties 
studied. Thus, WG based biopolymer poses to be a promising substitute to petroleum based plastics.

INTRODUCTION 
Average indian consumption of virgin plastic per capita was 
3.2 kg in 2000-01 and as per IPF( Indian Plastic Federation) 
the total consumption of plastic is projected to grow by a 
factor of six between 2000-2030. The weighted average life-
time of plastic production was calculated as 08 years. 47% 
of total plastic waste is recycled. Total waste for disposal (ex-
cluding recycling) will increase to 10 fold upto year 2030 from 
current level-1.3 million. The Plastic industry in its nascent 
stages promised to be a boon to humankind. But with its 
overuse over the years, it has been a cause of destruction of 
our ecosystem. [1] It becomes imperative to start searching 
for substitutes that offer the same quality of services but that 
are also most importantly biodegradable. The uses of pro-
teins, lipids, cellulose and polysaccharides have thus been 
extensively studied to obtain biopolymer which would bring 
the next evolution in plastic industry.

Wheat Gluten (WG), a protein component of wheat, offers 
such a possibility, mainly because it is water insoluble, elastic 
in nature, non-toxic, biodegradable. All gluten materials fully 
degrade after 36 days in aerobic fermentation and within 50 
days in farmland soil. Also, wheat  is  one  of  the  most  im-
portant  staple   food  grains  of  human  race.   India  pro-
duces   about   70   million   tones   of   wheat   per   yea-
r  or  about  12  per  cent  of  world  production. In the year 
2012, officials estimate that 6 million tons of India’s grain 
worth $1.5 billion could become inedible as per the USDA 
Foreign Agricultural Service and Global Agricultural Infor-
mation network – Annual Grain Report 2012 [2]. This huge 
amount of inedible wheat can thus be utilized in production 
of biopolymer. In this review importance has been given to 
edible wheat and looked at the chances of making a bioplas-
tic with it.

The major components of wheat are starch and protein. The 
protein component of wheat-Wheat Gluten (WG) is the area 
of interest here. Conventionally, gluten proteins have been 
divided into roughly two equal fractions based to their solu-
bility in alcohol–water solutions of gluten (e.g. 60% ethanol): 
the soluble gliadins and the insoluble glutenins. Hydrated 
gliadins being less consistent and elastic as compared to 

glutenins add efficiently to the extensibility and viscosity of 
the dough system. In contrast, hydrated glutenins are both 
elastic and cohesive and are responsible for dough elasticity 
and strength (Herbert Wieser) [3].

CONVERSION OF WG INTO COMPOSITES
Extraction of Gluten
Gluten can be readily prepared by gently washing wheat 
dough under a stream of running water. 

When water soluble starch is washed away from wheat flour, 
the water insoluble protein (WG) remains that retains its co-
hesiveness on stretching.

Figure 1: Steps involved in extraction of gluten

SELECTION OF CHEMICALS AND MATERIAL
Many factors are involved in plasticizer selections including 



254  X INDIAN JOURNAL OF APPLIED RESEARCH

Volume : 3 | Issue : 8  | Aug 2013 | ISSN - 2249-555XResearch Paper

molecular structures, polarities, required product qualities 
and properties and costs. Various promising plasticizers that 
can be utilized in making WG based bioplastic are-

TABLE: 1 
VARIOUS PLASTICIZERS[4-14]
S.No Plasticizer Name Importance

1 Glycerol
Reduces intermolecular forces 
and the glass transition so as to 
increase chain mobility of pro-
teins and allow melt processing

2 Xylan Helps in the biodegradation of 
the composite films

3 Dicarboxylic acids
Forms cohesive and stable blend 
but its melting point of 128°C 
is never reached in the mixed 
blends

4 Lactic acid Good hydrogen donor capability

5 Water

Evaporates during compression 
molding and therefore does not 
affect the mechanical properties 
of the composites and also it 
provides large melting peak and 
melting enthalpy

6 Octanoic acid Low efficiency due to less hydro-
gen donating capacity

Various Crosslinking agents can also be used to improve the 
properties of the film including: 
1)	 Aldehyde [15]
2)	 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide [16]
3)	  N-hydroxysuccinimide [16]
4)	 Silica.

Additive like Xylan, Filler like silica, hydro ethyl cellulose, lu-
bricator like Salicyclic acid [17], binder like urea and sodium 
hydroxide incorporated into gluten in various ratios to form 
biodegradable composite films.

Method of Composite Preparation
WG, glycerol is hand-mixed in a mortar and then mixed on a 
homogenizer mixer at room temperature. The resultant ma-
terial is then cold-pressed. Many sets of samples are be pre-
pared by keeping the ratio of gluten to glycerol (plasticizer) 
as in the range of 0.5 to 0.61. Cross-linking is carried out to 
improve film properties such as water sensitivity and tensile 
strength with the help of silica [18]

Moulding of Composite
WG films are prepared by vigorously mixing all components 
in a homogenizer. The film forming solution is then allowed 
to settle so as to separate the foam formed (30 min). Films 
are subsequently spread onto a plexi-glass surface using a 
thin-layer applicator and dried after a smooth application of 
paraffin oil to avoid early degradation.

Fig.: 2 Experimental WG films 

PROPERTIES
Morphology, moisture absorption, dynamic mechanical prop-
erties, tensile properties (tensile strength and elongation at 
break), and thermal degradation behavior of the plastics pro-
duced can be evaluated in relation to the crosslinking type. 
Some of the main properties are explained below:-

Rheological
Partal et all suggests that knowledge of processing effects on 
the rheological properties of WG based biomaterials is im-
portant for the optimization of the productive process and to 
obtain biomaterials with suitable mechanical properties.[19]

Fig.3: Stretched Gluten demonstrating its cohesive prop-
erties. 

Water sensitivity and moisture absorption
 In biopolymer-based plastics, the effect of moisture absorp-
tion on the thermal and mechanical properties is of great 
importance to the ultimate usability of the material. The dif-
ficulty in solubilising gluten proteins arises mainly from a lack 
of unionisable groups & the very high molecular weight of 
the glutenins.Moisture absorption has a great impact on the 
glass transition temperature of WG proteins. It strongly de-
pends on the relative humidity, decreases very slightly with 
increasing filler content [19].

Thermal behavior
The melting enthalpy of WG without added water is 110 J g–1 
and that of the WG with water at twice the weight of gluten, 
as plasticizer was substantially higher at 1.3 kJ g–1. Increasing 
temperature led to a significant decrease in material swelling 
in high moisture environment .This is attributed to a higher 
cross-linking degree of protein network for film thermofor-
med at higher temperature, with a limited mobility and less 
possibilities of rearrangement in high moisture conditions ac-
cording to Hélène et.al [18, 20].

There are numerous techniques available for characterization 
and calculation of different properties of gluten.

TABLE: 2 
TECHNIQUES USED FOR MEASUREMENT OF PROPER-
TIES [21-23]
S. 
No Techniques Property measured

1
Rheometric me-
chanical spectrom-
eter

determines small oscillatory 
deformation of hydrated glutens, 
dynamic storage and dynamic loss

2 Instron universal 
testing instrument

measures large deformation 
tensile measurement at ambi-
ent of heat-set glutens, breaking 
stress, breaking strain and tensile 
modulus

3 Dynamic shear 
rheometerw

measure the rheological measure-
ments

4
Chemilumines-
cence measure-
ments

observes the impact on chemical 
changes associated with heating 
WG



INDIAN JOURNAL OF APPLIED RESEARCH  X 255 

Volume : 3 | Issue : 8  | Aug 2013 | ISSN - 2249-555XResearch Paper

REFERENCE [1]http://www.shorelinecleanup.ca/sites/default/files/gcscstaff/ICCGuide.pdf | [2] USDA Annual Grain Report 2012; http://gain.fas.usda.gov/
Recent%20GAIN%20Publications/Grain%20and%20Feed%20Annual_New%20Delhi_India_2-23-2012.pdf | [3] Herbert Wieser; Chemistry of 

Gluten Protein; German research centre of food chemistry, Germany; http://www.aseanfood.info/Articles/11017454.pdf. | [4] Kayserilioğlu, S.B. et.al, Use of xylan, an 
agricultural by-product, in wheat gluten based biodegradable films: mechanical, solubility and water vapor transfer rate properties, Bioresource Technology,2003; 
87(3): 239-246 | [5]. Pommet, .M, Morel, et.al, Intrinsic influence of various plasticizers on functional properties and reactivity of wheat gluten thermoplastic materials, 
Journal of Cereal Science2005; 42(1): 81-91 | [6]. Sun, Y., Song, Y. and Zheng, Q, Thermo-molded wheat gluten plastics plasticized with glycerol: Effect of molding 
temperature, Food Hydrocolloids 2007; 22(6): 1006-1013 | [7].Mohamed.A, Gordo.S.Craig and Carriere,Kim .S., Thermal characteristics of polylactic acid/wheat 
Gluten blends, Journal of Food Quality 2006;29; 266-281. | [8]. Domenek, S., Feuilloley, P., Gratraud, J., Morel, H.M. and Guilbert, S. ,Biodegradability of wheat 
gluten based bioplastics, Chemosphere 2004; 54(4):551–559 | [9]. Jerez, A., Partal, P., Martinez, I., Gallegos, C. and Guerrero, A. Rheology and processing of 
gluten based bioplastics, Biochemical Engineering Journal 2005; 26(2-3):131-138 | [10]. Reddy N and Yang Y, Biocomposites developed using water-plasticized 
wheat gluten as matrix and jute fibers as reinforcement, Polymer International (2011) , doi: 10.1002/pi.3014. | [11]. Angellier, H., Emmanuelle, C. et.al. Influence of 
processing temperature on the water vapour transport properties of wheat gluten based agromaterials, Industrial Crops and Products, 2011;33(2):457-461 | [12]. 
Ullsten, H.N., Mikael G, Johansson.E., Graslund.A., Hedenqvist M, Enlarged processing window of plasticized wheat gluten using Salicylic Acid. Biomacromolecules 
2006, 7, 771-776 | [13]. Hemsri, S., Asandei, A.D., Grieco, K. and Parnas, S.R. , Biopolymer composites of wheat gluten with silica and alumina, Composites Part A: 
Applied Science and Manufacturing, 2011;42(11):1764-1773 | [14]. Tropini, V., Lens, J.P., Mulder, W.J. and Silvestre, F, Wheat gluten films cross-linked with 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide and N-hydroxysuccinimide, Industrial Crops and Products,2004; 20(3):281-289 | [15] Sun, S. and Seib, P. Kansas Wheat 
Commission Quat. Report of progress 2006. | [16] Domenek, S., Feuilloley, P., Gratraud, J., Morel, M.-H. and Guilbert, S., Biodegradability of wheat gluten based 
bioplastics, Chemosphere,2004; 54(4):551–559 | [17] Shewry, R.P., Halford, N.G., Belton, P.S.,Tatham, A.S. and Wieser, H., German research centre of food chemistry 
,2008. | [18]Yi-hu Song, Qiang Zheng and Zheng-zheng Lai; properties of thermo-molded gluten/glycerol/silica composites; Chinese Journal of Polymer Science 
26,5, 2008, 631−638 | [19] A.Jerez,P.Partal, I.Martinez, C. Gallegos,A. Guerrero Rheology and processing of gluten based bioplastics Biochemical Engineering 
Journal,26,2-3,15 November 2005, 131-138 | [20]Hélène Angellier-Coussy Emmanuelle et.al Influence of processing temperature on the water vapour transport 
properties of WG based agromaterials Industrial Crops and Products 33, 2, 2011, 457-461 | [21]Sun S., Song Y.and Zheng Q. ,Morphologies and properties of thermo-
molded biodegradable plastics based on glycerol-plasticized wheat gluten, Food Hydrocolloids,2009; 21(7): 1005-1013 | [22] Jing,D. Aqueous electrospinning of 
wheat gluten fibers with thiolated additives, Polymer, 2010;51(14):3164–3172 | [23] Hemsri, S., Asandei, A.D., Grieco, K. and Parnas, S.R. , Biopolymer composites of 
wheat gluten with silica and alumina, Composites Part A: Applied Science and Manufacturing, 2011;42(11):1764-1773 | 

5 Solid state NMR 
spectroscopy

provides information of quantita-
tive composition of phase struc-
ture with different mobility in multi 
component system

6
Field emission 
Scanning Electron 
Microscopy

observes Morphology

7

Differential Scan-
ning calorim-
etry and (TGA) 
Thermogravimetric 
analysis

calculates thermal properties

8 X ray and electron 
Microscopy

detects structure responsible for 
plastoelastic properties

9
Electron micros-
copy (scanning 
and transmission) 
techniques

assess particle dispersion and 
surface interactions

SUMMARY 
WG is an inexpensive and abundant co-product derived from 
renewable resources and is biodegradable. Environmentally 

friendly thermosetting composites are successfully prepared 
by conventional blending WG as matrix, glycerol as plasti-
cizer. Utilizing these byproducts for composite applications 
will add value to the byproducts, improve the income from 
the crops from which they are derived and benefit farmers 
economically.

WG can fully biodegrade after 36 days in aerobic fermenta-
tion and within 50 days in farmland soil without releasing tox-
ic products. Its protein fraction remains highly degradable, 
even when it is subjected to severe technological treatments. 
Its degradation features together with its unique viscoelastic 
and gas barrier properties make the WG polymer an ideal 
precursor for the development of new biodegradable poly-
mers.


