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A B S T R A C T

To meet the demands for screening out the optimal utilization channel for biomass from wheat straw, a number
of researches have been reported in the comprehensive utilization about wheat straw including cellulose,
hemicellulose and lignin. By reviewing the research status, processing method and comprehensive application of
wheat straw, this paper summarizes the application fields, main pretreatment processing methods and bio-
products of wheat straw. The paper also detailed novel pretreatment methods and bio-products during the
comprehensive utilization of wheat straw. The assessment of more effective pretreatment methods has enabled
the examination of wheat straw materials’ potential in the field of lignocellulose that, today, is little exploited.
Bioconversion of lignocellulose to bioproducts e.g. bioethanol, biohydrogen and bio-composites has made
achievements, however, several limitations such as pretreatment methods remain to be solved.

1. Introduction

Faced with the deterioration of the eco-environmental impacts such
as CO2 emission and ozone layer depletion caused by the combustion of
fossil resources, there is more focus on the development of alternative
renewable resources [1–3]. Biomass has enormous potential to replace
a portion of fossil energy, due to its abundance, low cost, and not being
in competition with food [4]. However, wheat straw is ideal biomass
energy. Wheat straw consists of three main polymeric components,
namely, cellulose, hemicelluloses and lignin [5]. Cellulose and hemi-
celluloses can be hydrolyzed into fermentable sugars [6]. However,
hemicelluloses (heterogeneous polysaccharides), cellulose (β− 1,4-
glucan), and lignin (phenolic polymer) form a complex cross-linked
structure. The recalcitrant structure of wheat straw biomass protects the
carbohydrates from degradation by microorganism or enzymes [7].
Thus, pretreatment methods are used in wheat straw hydrolysis in an
attempt to break the recalcitrant structure [8,9]. A large amount of
pretreatment methods have been investigated in the past [10–12], the
methods such as ultrasonic [13], physical procedures (milling) [14],
chemical processes (acid [15], alkaline, ionic liquid [16]) and biolo-
gical means (Phlebia radiata [17], white-rot fungi [18]) have shown
good results.

Wheat straw lignocellulose is supposed to major source of bioe-
thanol and other bio-products. The utilization of wheat straw sources
that has presented the large-scale development trend [19,20]. However,
wheat straw could be used in a CO2 emissions way which is a best

solution to major sustainable development problems of the society [21].
Maize straw has previously been presented by summarizes in detail to
be an ideal raw materials for cellulosic bioethanol [5,22]. However, as
an extensively existed resource in agricultural residues, wheat straw is
the second largest lignocellulosic materials in the world [9]. Therefore,
wheat straw biomass is a great application value feedstock for the de-
sired low-carbon alternative to fossil fuels. Bioconversion of wheat
straw to bioproducts e.g. Biofuels, biohydrogen, bioethanol and bio-
methanol has accomplished great achievements in practice, however,
many limitations such as long pretreatment times, methods, en-
zymolysis efficiency and bio-fermentation remain to be solved. Several
research results have been directing for bioengineering of wheat straw;
among them the production of bioethanol [23–25], biohydrogen
[26–29] and other bio-products [30] (e.g. organic acids, dietary fiber
and polypeptide [31]) has drawn public attention with sufficient suc-
cess in the project. The utilization which is required for future advanced
lignocellulose technology is of a interdisciplinary and cutting-edge
sciences from biophysics, fermentation, catalytic chemistry, bio-
technology and principles of chemical industry.

Researches in [24] and [27] are focused on agricultural straws
(wheat or maize straws). The works [3] and [4] are presenting eco-
nomical and environmental protection analysis of straw biomass and
several aspects of biotransformation approaches, respectively. How-
ever, there is a lack of data on utilization of more effective pretreatment
methods and biotransformation. Therefore, in the present paper we try
to answer the next questions:
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1) What is the more pretreatment potential of wheat straw biomass?
2) To what extent is it applied now?
3) What are the main obstacles for the development of pretreatment

methods about wheat straw materials and what should the primary
steps for its development be?

The evidence for the success of biotransformation of wheat straw
lignocellulosic biomass is discussed in more details along with in-depth
exploration about the advantages and disadvantages later in this paper.
This paper provides an overview of the latest scientific research
achievements on comprehensive utilization investigates its possible use
for wheat straw materials biotransformation into bio-products, with
main emphasis on different pretreatment methods and the use of var-
ious bio-products for lignocellulosic biomass. Rational analysis and
comprehensive assessments of biotransformation are identified and
discussed. Estimable and available strategies to solve the problems as-
sociated with the biotransformation of wheat straw lignocellulosic
materials and directions for in-depth research in industrialized appli-
cation are suggested.

2. Main constituents of straw materials

The ingredients of wheat straw lignocellulose mainly contain cel-
lulose, hemicellulose and lignin. Cellulose is neither soluble in water
nor degradable for human being because of its special structure com-
posed of β− 1,4-glycosidic bonds of D-glucose. However, the non dis-
organized construction of cellulose indicates that it would be biode-
gradable. The main barrier system in the biotransformation process is
the crystalline structure of cellulose, therefore it could be obtained by
pretreatment to expose the amorphous polymer and change it to be
more assailable to cellulase active sites [32]. Table 1 shows the con-
stituents of major grain straws used in bio-production. Cellulose is the
main carbon source for bioconversion to bio-production from lig-
nocellulosic materials.

Wheat straw contains 28–35% hemicelluloses. Ther are hetero-
geneous polymers of hexoses (glucose, galactose, mannose,), pentoses
(arabinose, xylose), and sugar acids in hemicelluloses. Hemicelluloses
in the cell wall of agricultural straw connect with lignin by chemical
bonds and with cellulose by hydrogen bonds. However, hemicelluloses
are the most abundant polysaccharide in nature. So it becomes difficult
to separate hemicelluloses from the cell wall. Therefore, there has not
yet been one technology to completely separate pure hemicelluloses
with intact structure from the cell wall. [37].

As shown in Fig. 1, lignin connects two constituents, namely,
hemicellulose and cellulose, founding a physical barrier that is an im-
pervious wall in the wheat straw biomass [12]. The existence of lignin
in the wheat straw wall offers indurative, impermeability and an an-
tagonism to microbial attack. Lignin is a complex three dimensional
polymer, and the main three precursors’ monolignols induce the p-
syringyl (S), hydroxyphenyl (H), and guaiacyl (G) phenylpropanoid
units [38]. Lignin is degradable in nature unlike other complex poly-
mers which are one of the most everlasting polymers available. Large
quantities of lignin result as a by-product of straw biomass.

3. Pretreatment methods

The barriers, lignin and hemicellulose, lead to lower conversion of
up to 20% only of the original cellulose (not rearranged or fragmentized
by any pretreatment methods) to fermentable sugars. Therefore,
breaking down hemicellulose and lignin shielding actions before any
bioconversion process to increase the bio-production is definitely re-
quired. This paper reviews the pretreatment means which is already
considered a prominent and critical methods for economic development
of bio-production from wheat straw biomass.

3.1. Physical pretreatment

Size reduction, degree of polymerization and crystallinity of wheat
straw was decreasing from different physical pretreatments. Therefore,
physical pretreatments such as ultrasonic, extrusion and microwave
could increase the accessible area of lignocellulosic biomass. However,
by-product of toxic materials is generally negligible in the pretreatment
progress, which is an important advantage of physical pretreatment
method.

After grinding by ball mill, the wheat straw materials can be fine
and the specific surface area is obviously increased. The availability of
cellulase can be increased, and the hydrolysis of cellulase can be more
complete. In 1946, the use of ball mill technology was completely
amorphous structure of the cellulose, but this amorphous structure is
very unstable, a short period of time to re-form a new crystalline
structure, which is other mechanical and physical methods often
drawbacks. However, ball mill grinding technology can make the
structure of cellulose loose, so that micro-fiber structure and micro-
fiber crystal area exists in the hydrogen bond fracture. The ball mill
mechanical pretreatment method of high energy consumption, in-
creased production costs [39].

Extrusion processing is another mainly pretreatment method.
During pretreatment, wheat straw materials need cutting, mixing and
heating. Extrusion supplied an active sites easier to hydrolyze than non-
pretreatment material. Even the reagent with the lowest hydrolases
dose (6.92 FPU) obtained a better lignocellulose hydrolysis yield than
the theoretical. Therefore, the results showed that the glucose yield was
73.8% and xylose yield was 82.8%. The end-product containing 100 g/L
of fermentable sugars were achieved at 20% substrate loading (w/v)
and 20 FPU/g of lignocellulose substrate [40].

Microwave processing has been also applied to pretreat wheat straw
materials. In the microwave processing, wheat straw materials are
pretreated with microwaves radiation for a reasonable time period.
Microwave radiation in the rapidly changing high frequency electro-
magnetic field, the polarity orientation will change with the external
electric field changes. The high-speed movement of the molecules will
produce mutual friction effect. At this time, the field energy of the
microwave field can be converted into the heat energy in the medium,
so that the raw material temperature rises, and a series of physical and
chemical reactions such as heating and puffing are achieved [41]. A
maximum xylan recovery of 73% could be achieved. The average mi-
crowave energy input was calculated for the suspensions containing
10% wheat straw dry mass and ranged between 120 and 735 J/g dry
mass depending on the severity of the treatment. The clearance of
lignin, estimated by reduction of acid insoluble lignin in the wheat
straw, was found to be highly dependent on the microwave energy
input. More than 80% of the hemicellulose and 90% of the lignin could
be removed from the solid wheat straw matter without excessive sac-
charide degradation or solubilizing high amounts of cellulose. This
makes microwave-assisted alkali pretreatment an effective method for
the pretreatment of wheat straw [42].

In order to reduce the production cost of bioethanol, it is necessary
to break the biomass degradation barrier and make the conversion of
biomass to bioethanol more effective. CO2 laser plasma catalysis can
break the physical barrier of straw cellulose material and reduce the

Table 1
Various lignocellulosic biomass compositions from grain straws (% dry matter).

Lignocellulosic
biomass

Cellulose Hemicellulose Total
lignin

References

Wheat straw 30 22 17 Ballesteros et al. [33]
Rice straw 31 22 13 Chen et al. [34]
Corn stover 38 26 17 Li et al. [35]
Barley straw 34 22 14 Singh et al. [36]
Rye straw 31 22 25 García-Cubero et al. [37]
Oat straw 39 27 18 Singh et al. [36]
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