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Biotechnological methods in pulp and paper production from an
alternative source of raw materials - the savior of the ecosystem
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Abstract: The pulp and paper industry is at its peak due to the annual growth in demand for paper products which includes packaging board,
hygienic paper products, printing papers and the list is endless. To date, the main source of raw materials for pulp and paper production is
wood. However, its use and the use of standard flow charts in pulp and paper production creates environmental problems. For example,
deforestation to obtain raw materials leads to a disruption of biogeocenoses, and technology using alkalis and acids are sources of toxic
wastewater that pollute the hydrosphere and lithosphere. In order to avoid the above environmental problems, other options for sustainable
sources of raw materials can be considered, such as agricultural waste - straw. By its natural origin, straw is a non-woody plant, which will
significantly simplify the flow chart of pulp and paper production, on the one hand, and on the other hand, the use of straw in production
will help to reduce the risks of early global warming, since most of the straw is burned in the fields. As far as toxic wastewater emissions
are concerned, they can be drastically reduced through the biological degradation of straw lignin to produce pure pulp. Biodegradation of
lignin can be produced by widespread wood-destroying fungi due to their ability to synthesize lignin-degrading enzymes. Thus, the use of
biological agents in pulp and paper production will make it possible to eliminate the use of caustic acids and alkalis.
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1 Introduction waste-free production can be supported. There are three main
sources of agricultural waste: plant stems, cob scales not used
in food production; technical crops grown in agriculture and
wild crops (Suseno et al., 2019). Previously, the waste was
disposed of by incineration or used for composting. However,
through the development of biotechnology, scientists have
discovered the great potential of straw waste for biofuels and
other forms of energy due to the rich component composition

paperboard are currently produced worldwide (PG, 2018). In (Zhang, 2010, Otieno and Ogutu, 2020). Another advantage
addition to stationery, newspapers and textbooks, the produc- o straw as an alternative to wood raw material is excellent

tion of packaging and hygiene products is in greater demand  fper content, for the production of special papers such as

(Berg and Lingqvist, 2019). Competition among suppliers of  fijier. kraft, vellum and newspaper (Aprianti, 2019, Suseno
raw materials for pulp and paper production is certainly in- o 51 2019,

creasing, leading to massive deforestation, with much larger
areas of deforestation than new plantations. Consequently,
by reducing the area of forest plantations, the cost of wood is
only increasing, which is another reason why it is necessary

With the growth of the Earth’s population, industrialization
and urbanization of modern society, the demands on the pulp
and paper industry have also increased. Annual demand for
paper products results in the loss of massive forest areas
(Ervasti, 2016) . More than 390 million tons of paper and

China and India are currently the world’s leading produc-
ers of pulp products from alternative raw materials. It was
found that China produces more than 70% of its paper prod-

ucts from non-wood raw materials such as: rice husks, corn

to introduce alternative affordable raw materials into the pulp cobs, etc., and India about 8% (Otieno and Ogutu, 2020).
and paper industry. To solve this problem, it is possible to

use the waste of agriculture - straw, as an alternative raw
material.

In addition, agricultural residues are considered sustain-
able sources of raw materials, as they accumulate in agri-
cultural fields after harvest, or even several times a year
Straw is a common waste of agriculture, so the concept of depending on the varieties of cereal plants.
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2 Pulp and paper production
worldwide

The pulp and paper industry is considered one of the largest
industries worldwide. For example, paper consumption in
China has increased dramatically in recent years, resulting
in increased demand for pulp and paper raw materials (Zhao
et al., 2010). Leaders in this industry are such countries as:
North America, Northern Europe and East Asia. Australian
and Latin American countries also make a significant contri-
bution to the development of this industry. China and India
provide pulp and paper products in Asia, together covering
about 78% of all paper needs (Abd El-Sayed et al., 2020).
The current annual consumption of pulp and paper products
is 390 million tons (PG , 2018). China, the United States
and Japan are the largest consumers of the industry, due to
population, urbanization and industrial growth. The increase
in demand for paper can be explained by the use of many
industrial enterprises of paper packaging products and the de-
mand for hygiene products such as: disposable paper towels,
toilet paper and napkins for beauty (Johnston, 2016).

Any production is directly dependent on the raw materials,
so for example, the paper production we consider depends
on the availability of raw materials, which are wood forms,
but due to the reduction in the number of forest plantations
and the long recovery period, the industry requires the intro-
duction of an alternative source of raw materials. One of the
promising, stable and biodegradable alternative is straw - the
waste of the agricultural sector. The use of non-wood plant
species in papermaking was first practiced in Egypt when
papyrus paper was made from papyrus sedge in 1800 BC
(Kamoga et al., 2013). However, the decisive factor was the
discovery by the French scientist Anselme Payen in 1833 that
the non-wood forms of plants are the main sources of cellu-
lose, so it is the main structural component of the cell wall of
these plants. For the first time the USA has commercialized
paper production from non-wood raw materials, after which
this technology began to widely spread in other countries
(Ogunwusi, 2014). To date, Malaysia uses palm waste as
raw material for pulp and paper production due to the large
amount of waste amounting to 23 million tons per year, and
about 90% of them further recycled (Aljuboori, 2013, Padzil
et al., 2020).

Some of the most common non-wood paper plants were
cane pulp, hemp, kenaf and bamboo (Byrd et al., 2013).
These plants have become popular for paper production due
to their prevalence and accessibility. Another reason for the
use of agricultural residues in the pulp and paper industry
is that they contain the same fibers as hardwood (Zeeshan,
2011). The great potential for non-wood forms in their use
is the possibility of producing special durable packaging
materials by adding various chemicals and test fibers (Serna,
2017).

Non-wood plants belonging to the class of monocotyle-
donous plants such as sugar cane, maize have a similar fibrous

composition to hardwood trees, which provides a good po-
tential for their introduction into the pulp and paper industry.
Today, the straw paper industry uses bleaching technology
with chlorine, alkaline extraction and hypochlorite (Zhao et
al., 2010).

3 Potential of straw for pulp and pa-
per

A very important criterion when choosing a raw material is
its availability and physical-chemical properties. Agricul-
tural residues such as wheat straw are ideal raw materials for
pulp and paper production, due to the high content of carbon
compounds such as cellulose, hemicellulose (Harmsen and
Huijgen, 2010, Tian et al., 2018). And also have a number
of advantages over wood raw material: a) short maturation
period or the stimulation of rapid ripening through the use
of special fertilizers (Leponiemi, 2011); b) year-round ac-
cessibility due to the existence of spring and winter wheat
varieties; c) low cost of raw materials, since straw is a by-
product of agriculture.
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Figure 1. Flow chart of the use of straw and enzymes for pulp and
paper production.

The concept of waste-free production implies the recycling
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of waste products into products with positive potential. Thus,
the integrated management of affordable waste into usable
finished products is relevant today. Many enterprises have
as their main objective the introduction into production of
waste-free production technology, or the development and
implementation of technology that allows the use of waste
from related industries (Gupta et al., 2020).

Currently, according to the official data of the Food and
Agriculture Organization of the Unated Nations, 1.5 billion
hectares are used for growing of agricultural crops (Food
and Agriculture Organization of the United Nations, 2023).
In the Republic of Kazakhstan, according to official data
from the BNS ASP&R, the total updated area of agricultural
crops for 2023 was 23.4 ml ha, which is a good indicator of
agricultural development (Pryanikov, 2022).

World cereal production in 2023 was 2,773 million tons,
of which 784 million tons were wheat. In the Republic of
Kazakhstan in 2023, the gross grain yield of including pulses
amounted to 18.6 thousand tons. That is 1% of the world
production, of which the gross wheat harvest accounts for
13.7 thousand tons (Food and Agriculture Organization of
the United Nations, 2023). Data on cereal cultivation in other
countries can be found in Figure 2 below.

WORLD CEREAL PRODUCTION

Republic of Kazakhstan
1%

Africa
7%

Europe

18%

Asia
45%

North America
17%

Oceania
2%

Figure 2. World cereal production.

In addition to the availability of raw materials, the transport
of raw materials is of no less importance, for which there
are also considerable financial costs, for example, due to the
flexibility and small size of straw, more straw than wood can
be packed in one package. It is worth noting and the number
of trucks required for the transportation of raw materials is
initially calculated based on the required amount of finished
product. Another important factor in logistics is that many
countries impose length limits on truck trailers (Peter and
Hart, 2022).

The use of straw as a raw material for paper production
leads to reduced or eliminating the burning of straw waste
after harvest. In terms of waste quantities, an average of
750 million metric tons of straw are produced globally to-
day (Tian et al., 2018). While the processing of 1 kg of
wheat grain produces on average about 1.3-1.4 kg of wheat

straw (Rencoret et al., 2012), which is a waste, yet has great
potential in various production areas. But there is also the ad-
vantage of simplifying production technology and reducing
the number of necessary reagents, which will reduce the cost
of finished products. Counterarguments to the use of straw
as a source of raw material for pulp and paper production
are the rationalization of forest management to preserve nat-
ural biogeocenosis and maintain the equilibrium of flora and
fauna.

4 Physical-Chemical Characteristics
of Straw

The quality of the final product depends on the physical and
chemical properties of the raw material. So, for example, in
the case of paper great importance is the durability of the
produced cellulose because the shelf life of paper products
depends on it. Earlier studies on the durability of straw cellu-
lose have shown that straw has the most stable fibers among
other representatives of non-wood and woody forms (Ham-
mett et al., 2001). The difference in chemical composition
between wood and non-wood raw materials is shown in Table
1.

Table 1. Chemical composition of the straw and wood

Cellulose Lignin Hemicellulose References

Straw  32-47%  5-24% 19-27% D'Souza, et al., 1996

Rowell, et al., 2005

Wood Fengel, et al., 1989

40-45%  20-40% 15-30%

The presence of lignin in cellulosic raw materials has a
negative impact on the strength and durability of the paper
product. Table 1 shows that lignin is least present in non-
wood plant forms, giving them an advantage. On the other
hand, lignin has an antioxidant property, which plays a posi-
tive role in preventing the biological contamination of mold
fungi and their enzymes (Barclay et al., 1997). However,
numerous studies have shown that lignin is more susceptible
to oxidation by the oxygen contained in the air, which can
further cause paper oxidation. (Lojewski et al., 2010, Zervos,
2010). Figure 3 shows the structure of plant fiber consisting
of cellulose, hemicellulose and lignin.

Thus, the main task of the preparatory stage of raw mate-
rial processing is to reduce the amount of lignin in cellulosic
raw materials to a minimum, in order to improve the quality
of final products. Researchers have found that treatment of
straw raw material with 2% (wt.) alkali solution allows to
reduce the amount of lignin by almost half, due to the destruc-
tion of strong hydrogen bonds in the cellulose-hemicellulose
structure, under the influence of the OH group of the used
alkali (Chowdhury et al., 2013). Other scientists like Silvia
Bolado-Rodriguez, Christina Toquero, Judith Martin-Juarez,
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Figure 3. Plant fiber.

Rodolfo Travaini, Pedro Antonio Garcia-Encina found that
the alkali dissolved lignin, forming acetic acid and phenolic
compounds (Bolado-Rodrguez et al., 2016).

However, straw cellulose has well-ordered hydrogen
bonds, which gives it a high density even after alkali treat-
ment (Chowdhury et al., 2013), which will allow the produc-
tion of dense paper with high physical-mechanical properties.

The morphological properties of straw also play an impor-
tant role. For example, untreated straw compared to treated
straw has a non-uniform loose rough surface, which allows
reagents to penetrate more quickly into the internal structures
of the straw (Haque et al., 2022).

Mechanical properties of raw materials - conventionally
denote strength, extensibility of paper products. The straw
raw material treated with alkalis and liginolytic enzymes has
increased mechanical properties due to adhesion of hetero-
geneous bodies due to free active hydroxyl groups formed
during leaching or biodegradation of lignin. In other words,
the removal of lignin from the plant cell wall enhances the
crystallization of the fibers, which gives tensile stability (Ray
et al., 2004, Silva et al., 2017).

With the development of biotechnology, natural compo-
nents have also been considered in terms of biodegradability.
Thus, as mentioned earlier, straw has a looser heterogeneous
structure, in addition to the absence of wood in the straw,
which allows microorganisms to penetrate more actively and
faster into plant cells. While wood raw materials for biodegra-
dation require pre-treatment: grind, soak, to ensure looseness
and easy permeability by microorganisms (Ringstrom, 2019).

Other studies have found that the final product made from
straw fiber has equal or improved physical properties com-
pared to the paper based on wood raw materials. To date,
Kimberly-Clark has introduced a technology for the pro-
duction of GreenHarvest napkins, which includes non-wood
fibers of straw and bamboo pulp in the amount of 20%(Peter
and Hart, 2022). Another example of the use of non-wood
raw materials is Essity, fabric manufacturing company, which
has patented a technology to produce fabrics with a non-wood
fiber content of 20%(Ringstrom, 2019).

Thus, a physical-chemical comparison of wheat straw (FP)
proved that FP could be used as one of the most promising
alternatives to wood raw materials for the pulp and paper
industry.

S Biotechnological Method for Pulp
and Paper Production

The paper production process, regardless of the raw material,
consists of two main stages: a) preparation of the raw mate-
rial and release of cellulose from the raw material for further
use; b) production of paper using cellulose obtained during
the preparation process.

Raw material preparation

Like any other production and paper mill starts at the prepa-
ration stage which includes pre-treatment of raw materials
in the case of wood raw material (Bajpai, 2010) while the
use of non-wood raw materials allows to skip this stage, be-
cause straw has no woody bark. The next stage is mechanical
grinding to the required dimensions, according to the tech-
nology (Anuar et al., 2018). And the last stage of preparation
is crushing, which takes place in special apparatuses called
crushers, there the raw material is crushed to the condition
of chips (Sharma et al., 2015).

Release of Cellulose

Plant tissue consists of three main structural components:
cellulose, hemicellulose and lignin, but cellulose and hemi-
cellulose are generally considered to be the major fibrous
components. Since the target component of the pulp and
paper industry is cellulose, hence the key is the stage of re-
moving unnecessary lignin. In the conventional papermaking
method, either a mechanical method with using high temper-
ature and pressure explosions (Bajpai, 2010, Hart, 2011) or
a chemical method with alkaline solutions (Ogunwusi and
Ibrahim, 2014, May et al., 2015, Sharma et al., 2015) are
used for the lignin separation process. However, these meth-
ods have a number of disadvantages: a) thermal emissions
to the atmosphere (global warming); b) emissions of toxic
solutions of alkalis into the ecosystem, causing pollution of
groundwater and soil.

The three most commonly used methods for releasing the
main fibrous components are mechanical, chemical or semi-
chemical and biological. The alternative is a biotechnologi-
cal method - the biodegradation of lignin by microorganisms
and/or by the ligninolytic enzymes that synthesize them, the
advantage being that the action of the enzymes can be con-
trolled. To release cellulose, the crushed chips are placed
in the bioreactor, and cultural liquid with lignin-degrading
abilities is introduced, the duration of the delignification pro-
cess for each microorganism is individual. In this case, it is
also worth considering the use of mediators and catalysts that
affect the process of biodelignification. After the required
time has elapsed, the cellulose mass can be extracted from
the culture liquid and the residues of the plant cell.
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In addition to separating lignin from cellulose, the biologi-
cal treatment method has the advantage of reducing lipophilic
extracts in cellulose (Pandey et al., 2022). To date, there has
been much scientific work on the detection of microorgan-
isms capable of destroying wood, including fungi that cause
brown white rot on the surface of rotting wood (Geles, 2007,
Semenkova, 2008). Below is a table with the classification
of fungi and the formation of the corresponding rot.

Table 2. Classification of fungi and their lignin degrading enzymes

Type of rot Enzymes References
LiP (EC1.11.1.14) Chen, et al., 2012
White rot MnP (EC 1.11.1.13) Dinis, et al., 2009
VP (EC 1.11.1.16) Elisashvili, et al., 2009
Brown rot Laccase D'Souza, et al., 1996.

The mechanism of lignin decomposition occurs due to the
lignolytic enzymes complex of wood-destroying fungi and
bacteria.

The most common lignin-degrading enzymes found in
nature are: manganese peroxidase (MnP), lignin peroxidase
(LiP) and laccase. Each enzyme has its own physical and
chemical properties.

The lignin peroxidase is the first enzyme found in Phane-
rochaete chrysosporium with a high potential for lignin degra-
dation, more precisely, it has a high potential to oxidize parts
of the aromatic ring of the non-phenolic part of lignin, which
form about 90% of the total polymer (Tien and Kirk, 1984).

Manganese peroxidase is also an extracellular enzyme ca-
pable of degrading lignin, one of the distinctive features of
this enzyme is that it is dependent on Mn3*, which acts as a
charge carrier, and unlike lignin peroxidase does not have ox-
idation properties of the non-phenolic parts of lignin (Jeffries
and Viikari, 1996). Catalysis by this enzyme begins with the
coupling of hydrogen peroxide (H2053) to the ferric enzyme
and the formation of an iron peroxide complex (Hofrichter,
2002).

Laccas enzyme plays an important role in the process of
lignin biodegradation. Laccases are copper-dependent ox-
idases that catalyses the single-election oxidation of four
equivalents of the reducing substrate, with reduction of atmo-
spheric oxygen to water (Dwivedi et al., 2011). Organisms
capable of synthesising this enzyme are basidiomycetes, as-
comycetes and deuteromycetes (Dedeyan et al., 2000).

Enzymes have a great influence on lignin degradation and
today the actual task of biotechnology is to develop methods
to stimulate the synthesis of lignin-degrading enzymes by
microorganisms. Processing of raw materials with the poten-
tial to introduce these enzymes into the production process
of pulp and paper production, or in the treatment of wastew-
ater containing lignin. Another challenge is to identify new

microorganisms capable of synthesising lignin-degrading
enzymes or to breed new strains of microorganisms using
genetic engineering.

Pulp processing stage

Pulp processing is most commonly used to remove con-
tamination by sieving, declamation and defibrinating (Wan
Daud and Law, 2010). Washing method is used to remove
chemical residues (Rafidah et al., 2017). Washing not only
provides purifies the pulp, but also makes it possible to return
to production the culture liquids used in biodelignification,
chemical reagents used in chemical pulping, for example.
The most common equipment used during this stage is a
rotary vacuum washer (Bajpai, 2010). Another equally im-
portant step is drying, this stage provides microbiological
safety, as high humidity can contribute to the growth of yeast
and fungi.

Pulp bleaching

The stage where the yellowness of the pulp is removed
until a lighter tint is called the pulp bleaching stage. As a
rule, unbleached pulp is acceptable for the production of
kraft packaging materials, cardboard boxes. Thus the pulp
bleaching process achieves two goals: to obtain a more pre-
sentable paper for the consumer, and to improve the chemical
composition by removing the residual lignin, which to some
extent gives yellow colour to the pulp. In total, about 5-10%
of residual lignin is washed out during bleaching (Gopal et
al., 2019). The pulp bleaching process can be carried out
by different methods such as: chemical bleaching, which
involves the use of chlorine and alkali (Latha et al., 2018).

The second method is biological bleaching using laccase
and xylanase enzymes, thus eliminating the use of chlorine
and alkali (Bajpai, 2010). Pulp produced by mechanical
or semi-chemical pulping requires special attention, as the
highest amount of lignin is observed in the pulp after these
methods compared to the other methods.

After all stages of processing, 60-70% of the pulp mass
consists of water, so the next stage is drying. The drying
process takes place by evaporating the moisture using a dry-
ing machine (Eu and Nr, 2020). Drying is stopped when
moisture in pulp is reached 2-8% of the mass (Bajpai et al.,
2004). Dried cellulose is then grindable, wrapped in rolls
and sent to storage.

The production of pulp and paper using straw as a raw
material is generally similar to typical pulp production from
wood raw materials.

During pulp processing, certain reactions take place to
dissolve lignin or break cellulose-lignin bonds, and this lignin
makes up the bulk of the black liquor. In this case, we get
basic fibres with a small amount of lignin, which will be
removed during bleaching.

Authors such as Pratima Bajpai, Shree Prakash Mishra,
Om Prakash Mishra, Sanjay Kumar, Pramod K. and Sarju
Singh studied the biological treatment of wheat straw by
lignin-degrading fungi to study their influence on chemical
processing of lignin. The use of Ceriporiopsis subvermispora
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reduced lignin content by 16.5%, and obtained cellulose had
high brightness compared to the cellulose produced by the
chemical method. Scientists also note that the content of toxic
chemicals in wastewater was significantly reduced (Bajpai et
al., 2004).

6 Mediators

Comparative analyses of plant cell size and lignin-degrading
enzymes shown that enzymes are unable to penetrate the plant
cell cavity. However, the use of natural enzymes in cellulose
bleaching and lignin separation in pulp and paper production
has great potential, but only with the use of madiators.

Mediators are low molecular compounds that have the
ability to oxidize laccase. Due to their size, mediators are
able to easily penetrate into the substrate and deliver enzyme
molecules, while the enzyme due to its size cannot penetrate
the substrate (Li et al., 1999).

An ideal mediator should have the following qualities: in-
expensive, non-toxic, easily accessible, not inhibit enzyme ac-
tion and have a stable redox potential (Morozova et al., 2007).
Such mediators as 2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) and hydroxybenzotriazole (HBT)
may even oxidize non-phenolic aromatic targets. Oxireduc-
tases require the use of low-molecular oxidizers such as
veratryl alcohol, saturated lipids, or Mn2+ ions as redox me-
diators for lignin biodegradation (Martinez et al., 2018). To
date, scientists are working to identify natural mediators, and
suggest that phenolic derivatives of lignin, derived from the
degradation of lignin itself, may be ideal mediators in lignin
biodegradation (Camarero et al., 2007).

The mechanism of the mediators can be divided into two
stages. First, the mediator enters into an oxidative reaction
with an enzyme to form strong intermediates with high redox
potential. The oxidized mediator then separates from the
enzyme and penetrates into the plant cell due to its small
size through the pores of the cell wall (Li et al., 1999). The
primitive mediator for manganese peroxidase can be reduced
Mn?*+ which has the ability to oxidize the enzyme center
(Kuan et al., 1993). The ideal mediator for lignin peroxidase
is veratryl alcohol (Candeias and Harvey, 1995). There-
fore, mediators in the process of lignin biodegradation are
important components of the ligninolytic enzyme system.
Mediators help enzymes such as MnP and LiP (Bourbonnais
and Paice Michael, 1992) to reach native lignin present in
wood (Datta et al., 2017).

7 Catalysts

Lignin biodegradation is based on the growth of microorgan-
isms and their synthesis of lignin-destroying enzymes, but
these microorganisms are often characterised by slow growth
and lignin degrades much more slowly than other plant cell
components. However, the addition of 0.12% of nitrogen

to the culture medium of white rot fungi can accelerate the
lignin degradation process at 39-40°C incubation from 5.2%
t0 29.8% (Yang et al., 1980).

Other scientists Loghavi et.al., Thrash, J.C., and Coates,
J.D. believe that in order to improve lignin biodegradation
process it is necessary to accelerate the growth of microor-
ganisms on the substrate and propose the use of electrochem-
ical technology (Thrash and Coates, 2008, Loghavi et al.,
2009). It has been shown experimentally that the mass of the
mycelium increases to 2.3 grams within 96 hours at a voltage
of 0.3 A. In addition, it was found that under the influence
of electron charges and Fe released by enzymes, oxidation
reactions occur and hydroxyl groups are produced, which
leads to lignin oxidation and easier degradation by enzymes
(Shen et al., 2020).

As a catalyst is also worth mentioning the hydrogen
peroxide (H2O2) that is required for the prosthetic iron
group such as lignin peroxidase, to catalyze the oxidation of
non-phenolic fragments of lignin. Manganese compounds
are required for manganese peroxidase synthesis by wood-
destroying fungi, in addition to the catalyzing function, Mn?*
acts as a mediator, being oxidized to Mn* during the lignin
biodegradation process (Wariishi et al., 1989).

Thus the use of catalysts of chemical nature accelerates
the process of lignin decomposition, due to oxidation and
further detachment of phenolic groups of lignin.

8 Conclusion

Global paper production has now reached a record high of
over 400 million tons, with most of the production of sanitary
products and the demand for paper products growing daily.
Due to the large number of orders, production is increasingly
stocking up on raw materials, particularly wood products.
But it is worth mentioning that every year the area of forest
plantations decreases by an average of 6-7 million hectares,
which has a directly proportional impact on fauna and the
ecosystem as a whole.

Agricultural residues, such as grains, wheat, can be an
ideal alternative for pulp and paper production. Using wheat
straw can not only solve the problem of deforestation, but
also slow the process of global warming, as most of the
agricultural waste is burned in the fields without finding
further use.

Any other production faces another problem, like waste-
water. In this case, biotechnological production methods
will minimise toxic emissions. Specifically, the replacement
of acid-alkaline reagents to biologically synthesized lignin-
degrading enzymes during puling. An extremely important
advantage is the ability of inducing the synthesis of the nec-
essary enzymes by wood-destroying fungi or bacteria.

This work shows that the production of cellulose from an
alternative source of raw material - straw, using biotechnolog-
ical methods, will save the area of planted forest plantation,
will create a cycle of waste-free production between farmer
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cooperatives and industries, and the introduction of biotech-
nological methods in the technology map will reduce toxic
emissions to the ecosystem.

Conflict of Interest

The authors declare no competing interests.

References

Abd El-Sayed, E.S., El-Sakhawy, M., El-Sakhawy, MA-M, 2020. Non-
wood fibers as raw material for pulp and paper industry. Nordic Pulp &
Paper Research Journal, 35: 215-230.
https://doi.org/10.1515/npprj-2019-0064

Aljuboori, A.H.R., 2013. Oil Palm Biomass Residue in Malaysia: Availabil-
ity and Sustainability.

Anon WheatStraw-TAPPI.pdf.

Anuar, N.I.S., Zakaria, S., Kaco, H., Chia, C.H., Wang, C., Abdullah, H.S.,
2018. Physico-Mechanical, Chemical Composition, Thermal Degra-
dation and Crystallinity of Oil Palm Empty Fruit Bunch, Kenaf and
Polypropylene Fibres: A Comparatives Study. Sains Malaysiana, 47:
839-851.
https://doi.org/10.17576/jsm-2018-4704-24

Aprianti, T., 2019. Utilization of sugarcane bagasse and banana midrib
mixture as raw materials for paper making using acetosolve method. IOP
Conference Series: Materials Science and Engineering, 620: 012020.
https://doi.org/10.1088/1757-899X/620/1/012020

Bajpai, P., 2010. Environmentally Friendly Production of Pulp and Paper:
Bajpai/Pulp and Paper Production. John Wiley & Sons, Inc., Hoboken,
NJ, USA.
https://doi.org/10.1002/9780470649657

Bajpai, P., Mishra, S.P., Mishra, O.P., Kumar, S., Bajpai, PX., Singh, S.,
2004. Biochemical pulping of wheat straw.

Barclay, L.R.C., Xi, F,, Norris, J.Q., 1997. Antioxidant Properties of Pheno-
lic Lignin Model Compounds. Journal of Wood Chemistry and Technol-
ogy, 17: 73-90.
https://doi.org/10.1080/02773819708003119

Berg, P. and Lingqvist, O., 2019. Pulp, paper, and packaging in the next
decade: Transformational change.

Bolado-Rodrguez, S., Toquero, C., Martn-Juarez, J., Travaini, R., Garcia-
Encina, P.A., 2016. Effect of thermal, acid, alkaline and alkaline-
peroxide pretreatments on the biochemical methane potential and kinet-
ics of the anaerobic digestion of wheat straw and sugarcane bagasse.
Bioresource Technology, 201: 182-190.
https://doi.org/10.1016/j.biortech.2015.11.047

Bourbonnais, R. and Paice Michael, G., 1992. Demethylation and deligni-
fication of kraft pulp by Trametes versicolor laccase in the presence of
2,2-azinobis-(3-ethylbenzthiazoline-6-sulphonate). Applied Microbiol-
ogy and Biotechnology, 36.
https://doi.org/10.1007/BF00172202

Byrd, M., Hurter, R., Incorporated, H., 2013. Considerations For The Use
of Nonwood Raw Materials for Tissue Manufacture.

Camarero, S., Ibarra, D., Martinez, A.T., Romero, J., Gutiérrez, A., del
Rio, J.C., 2007. Paper pulp delignification using laccase and natural
mediators. Enzyme and Microbial Technology, 40: 1264-1271.
https://doi.org/10.1016/j.enzmictec.2006.09.016

Candeias, L.P. and Harvey, P.J., 1995. Lifetime and Reactivity of the Ve-
ratryl Alcohol Radical Cation. Journal of Biological Chemistry, 270:
16745-16748.
https://doi.org/10.1074/jbc.270.28.16745

Chen, S., Xu, J., Liu, C., Zhu, Y., Nelson, D.R., Zhou, S., Li, C., Wang,
L., Guo, X., Sun, Y., Luo, H., Li, Y., Song, J., Henrissat, B., Levasseur,
A., Qian, J., Li, J., Luo, X., Shi, L., He, L., Xiang, L., Xu, X., Niu,
Y., Li, Q., Han, M.V,, Yan, H., Zhang, J., Chen, H., Lv, A., Wang, Z.,
Liu, M., Schwartz, D.C., Sun, C., 2012. Genome sequence of the model
medicinal mushroom Ganoderma lucidum. Nature Communications, 3:
913.
https://doi.org/10.1038/ncomms 1923

Chowdhury, M.N.K., Beg, M.D.H., Khan, M.R., Mina, M.F,, 2013. Modifi-
cation of oil palm empty fruit bunch fibers by nanoparticle impregnation
and alkali treatment. Cellulose 20: 1477-1490.
https://doi.org/10.1007/s10570-013-9921-7

Datta, R., Kelkar, A., Baraniya, D., Molaei, A., Moulick, A., Meena, R.,
Formanek, P., 2017. Enzymatic Degradation of Lignin in Soil: A Review.
Sustainability 9: 1163.
https://doi.org/10.3390/su9071163

Dedeyan, B., Klonowska, A., Tagger, S., Tron, T., lacazio, G., Gil, G.,
Le Petit, J., 2000. Biochemical and Molecular Characterization of a
Laccase from Marasmius quercophilus. Applied and Environmental
Microbiology 66: 925-929.
https://doi.org/10.1128/AEM.66.3.925-929.2000

Dinis, M.J., Bezerra, R M., Nunes, F., Dias, A.A., Guedes, C.V., Ferreira,
L.M., Cone, J.W., Marques, G.S., Barros, A.R., Rodrigues, M.A., 2009.
Modification of wheat straw lignin by solid state fermentation with
white-rot fungi. Bioresource Technology, 100(20): 4829-4835.
https://doi.org/10.1016/j.biortech.2009.04.036

D’Souza, T.M., Boominathan, K., Reddy, C.A., 1996. Isolation of laccase
gene-specific sequences from white rot and brown rot fungi by PCR.
Applied and Environmental Microbiology, 62: 3739-3744.
https://doi.org/10.1128/aem.62.10.3739-3744.1996

Dwivedi, U.N., Singh, P., Pandey, V.P.,, Kumar, A., 2011. Structure-function
relationship among bacterial, fungal and plant laccases. Journal of Molec-
ular Catalysis B: Enzymatic 68: 117-128.
https://doi.org/10.1016/j.molcatb.2010.11.002

Elisashvili, V., Kachlishvili, E., Tsiklauri, N., Metreveli, E., Khar-dziani,
T., Agathos, S.N., 2009. Lignocellulose-degrading enzyme production
by white-rot Basidiomycetes isolated from the forests of Georgia. World
Journal of Microbiology and Biotechnology, 25(2):331-339.
https://doi.org/10.1007/s11274-008-9897-x

Ervasti, 1., 2016. Wood fiber contents of different materials in the paper
industry material chain expressed in roundwood equivalents (RWEs).
Silva Fennica 50.
https://doi.org/10.14214/st.1611

Eu, E. and Nr, P,, 2020. Technical analysis - Pulp and Paper sector (NACE
C17). Available from:
http://www.eumerci.eu/wp-content/uploads/2018/01/Pulp-and-
Paper.pdf.

Fengel, D. and Wegener, G., 1989. Chemistry, Ultrastructure, Reactions.
Walter de Gruyter, Berlin-New York.

Food and Agriculture Organization of the United Nations, 2023. Crop
Prospects and Food Situation, 2, July 2023. FAO.
https://doi.org/10.4060/cc6806en

Geles, I.S., 2007. Drevesnoe syr’e strategicheskaya osnova i rezerv civi-
lizacii [Wood raw materials are the strategic basis and reserve of civi-
lization]. Karel’skiy nauchniy centr RAN: 499.

Gopal, PM., Sivaram, N.M., Barik, D., 2019. Paper Industry Wastes and
Energy Generation From Wastes. In: Energy from Toxic Organic Waste
for Heat and Power Generation. Elsevier, 83-97.
https://doi.org/10.1016/B978-0-08-102528-4.00007-9

Gupta, PK., Joshi, G., Rana, V., Rawat, J.S., Sharma, A., 2020. Utilization
of pine needles for preparation of sheets for application as internal
packaging material. Indian Forester: 538-543.

Hammett, A.L., Robert, L., Youngs, Xiufang, S., Chandra, M., 2001. Non-
wood Fiber as an Alternative to Wood Fiber in China’s Pulp and Paper
Industry. Holzforschung: 219-224.

Haque, M.E., Khan, M.W., Rani, M., 2022. Studies on morphological,
physico-chemical and mechanical properties of wheat straw reinforced
polyester resin composite. Polymer Bulletin 79: 2933-2952.
https://doi.org/10.1007/s00289-021-03630-z

Harmsen, P. and Huijgen, W., 2010. Literature review of physical and
chemical pretreatment processes for lignocellulosic biomass.

Hart, P.W., 2011. Production of high yield bleached hardwood kraft pulp:
Breaking the kraft pulp yield barrier. TAPPI Journal 10: 37-41.
https://doi.org/10.32964/TJ10.9.37

Hofrichter, M., 2002. Review: lignin conversion by manganese peroxidase
(MnP). Enzyme and Microbial Technology 30: 454-466.
https://doi.org/10.1016/S0141-0229(01)00528-2

Applied Environmental Biotechnology (2023) - Volume 8, Issue 2 7


https://doi.org/10.1515/npprj-2019-0064 
https://doi.org/10.17576/jsm-2018-4704-24 
https://doi.org/10.1088/1757-899X/620/1/012020 
https://doi.org/10.1002/9780470649657 
https://doi.org/10.1080/02773819708003119 
https://doi.org/10.1016/j.biortech.2015.11.047 
https://doi.org/10.1007/BF00172202 
https://doi.org/10.1016/j.enzmictec.2006.09.016 
https://doi.org/10.1074/jbc.270.28.16745 
https://doi.org/10.1038/ncomms1923
https://doi.org/10.1007/s10570-013-9921-7 
https://doi.org/10.3390/su9071163 
https://doi.org/10.1128/AEM.66.3.925-929.2000 
https://doi.org/10.1016/j.biortech.2009.04.036
https://doi.org/10.1128/aem.62.10.3739-3744.1996
https://doi.org/10.1016/j.molcatb.2010.11.002 
https://doi.org/10.1007/s11274-008-9897-x
https://doi.org/10.14214/sf.1611 
http://www.eumerci.eu/wp-content/uploads/2018/01/Pulp-and-Paper.pdf.
http://www.eumerci.eu/wp-content/uploads/2018/01/Pulp-and-Paper.pdf.
https://doi.org/10.4060/cc6806en 
https://doi.org/10.1016/B978-0-08-102528-4.00007-9 
https://doi.org/10.1007/s00289-021-03630-z 
https://doi.org/10.32964/TJ10.9.37 
https://doi.org/10.1016/S0141-0229(01)00528-2 

Biotechnological methods in pulp and paper production from an alternative source of raw materials - the savior of the ecosystem

Jeffries, T.W. and Viikari, L. (Eds), 1996. 655 Enzymes for Pulp and Paper
Processing. American Chemical Society, Washington, DC.
https://doi.org/10.1021/bk-1996-0655

Johnston, C.M.T., 2016. Global paper market forecasts to 2030 under future
internet demand scenarios. Journal of Forest Economics 25: 14-28.
https://doi.org/10.1016/j.jfe.2016.07.003

Kamoga, O.L.M., Byaruhanga, J.K., Kirabira, J.B., 2013. A Review on
Pulp Manufacture from Non Wood Plant Materials. International Journal
of Chemical Engineering and Applications: 144-148.
https://doi.org/10.7763/1JCEA.2013.V4.281

Kuan, I.C., Johnson, K.A., Tien, M., 1993. Kinetic analysis of manganese
peroxidase. The reaction with manganese complexes. Journal of Biolog-
ical Chemistry 268: 20064-20070.
https://doi.org/10.1016/S0021-9258(20)80694-2

Leponiemi, A., 2011. Fibres and energy from wheat straw by simple
practice. Aalto University Available from:
https://aaltodoc.aalto.fi/bitstream/handle/123456789/4990/isbn97895138
77446.pdf?sequence=1&isAllowed=y.

Latha, A., Arivukarasi, M.C., Keerthana, C.M., Subashri, R., Vishnu Priya,
V., 2018. Panimalar Engineering College, poonamallee, chennai, Tamil
Nadu. Paper and Pulp Industry Manufacturing and Treatment Processes
A Review. International Journal of Engineering Research and V6: IJERT-
CONOL11.
https://doi.org/10.17577/IJERTCONO11

Li, K., Xu, F., Eriksson, K-EL, 1999. Comparison of Fungal Laccases
and Redox Mediators in Oxidation of a Nonphenolic Lignin Model
Compound. Applied and Environmental Microbiology 65: 2654-2660.
https://doi.org/10.1128/AEM.65.6.2654-2660.1999

Loghavi, L., Sastry, S.K., Yousef, A.E., 2009. Effect of moderate electric
field frequency and growth stage on the cell membrane permeability of
Lactobacillus acidophilus. Biotechnology Progress 25: 85-94.
https://doi.org/10.1002/btpr.84

Lojewski, T., Zieba, K., Knapik, A., Bagniuk, J., Lubainska, A., Lojewska,
J., 2010. Evaluating paper degradation progress. Cross-linking between
chromatographic, spectroscopic and chemical results. Applied Physics
A 100: 809-821.
https://doi.org/10.1007/s00339-010-5657-5

Martinez, A.T., Camarero, S., Ruiz-Duefias, F.J., Martinez, M.J., 2018.
Chapter 8. Biological Lignin Degradation. In: Beckham GT (Ed.), En-
ergy and Environment Series. Royal Society of Chemistry, Cambridge,
199-225.
https://doi.org/10.1039/9781788010351-00199

May, J.C., Paik San, H., Kit Ling, C., Ee Wen, C., Md Tahir, P., Seng
Hua, L., Wei Chen, L., Chuah, L., Maminski, M., 2015. Empty Fruit
Bunches in the Race for Energy, Biochemical, and Material Industry. In:
Hakeem KR, Jawaid M, Y. Alothman O (Eds), Agricultural Biomass
Based Potential Materials. Springer International Publishing, Cham,
375-389.
https://doi.org/10.1007/978-3-319-13847-3_17

Morozova, O.V., Shumakovich, G.P., Shleev, S.V., Yaropolov Yal, 2007.
Laccase-mediator systems and their applications: A review. Applied
Biochemistry and Microbiology 43: 523-535.
https://doi.org/10.1134/S0003683807050055

Ogunwusi, A.A., 2014. Agricultural Waste Pulping in Nigeria: Prospects
and Challenges. Civil and Environmental Research 6: 110.

Ogunwusi, A.A. and Ibrahim, H.D., 2014. Promoting Industrialization
Through Commercialization of Innovation in Nigeria. Industrial Engi-
neering Letters 4.

Otieno, J.O. and Ogutu, F.O., 2020. A Review of Potential of Lignocel-
lulosic Biomass for Bioethanol Production in Kenya. Asian Journal of
Chemical Sciences: 34-54.
https://doi.org/10.9734/ajocs/2020/v8i219039

Padzil, EN.M., Lee, S.H., Ainun, Z.M.A., Lee, C.H., Abdullah, L.C., 2020.
Potential of Oil Palm Empty Fruit Bunch Resources in Nanocellulose
Hydrogel Production for Versatile Applications: A Review. Materials
13: 1245.
https://doi.org/10.3390/ma13051245

Pandey, L.K., Kumar, A., Dutt, D., Singh, S.P., 2022. Influence of mechan-
ical operation on the biodelignification of Leucaena leucocephala by
xylanase treatment. 3 Biotech 12: 20.
https://doi.org/10.1007/s13205-021-03024-y

Peter, W. and Hart, 2022. Wheat straw as an alternative pulp fiber. TAPPI
JOURNAL 19.

PG, P., 2018. The Global Paper Market Current Review.

Pryanikov, R., 2022. Kazakhstan intends to harvest more than 20 million
tons of grain in 2022. Available from:
https://kapital kz/economic/109157/v-2022-godu-v-kazakhstane-
namereny-sobrat-svyshe-20-mln-tonn-zerna.html.

Rafidah, D., Ainun, Z.M.A., Hazwani, H.A., Rushdan, I., Lugman, C.A.,
Sharmiza, A., Paridah, M.T., Jalaluddin, H., 2017. Characterisation of
Pulp and Paper Manufactured from Oil Palm Empty Fruit Bunches and
Kenaf Fibres. Pertanica journal 40: 449-458.

Ray, D., Sarkar, B.K., Basak, R.K., Rana, A.K., 2004. Thermal behavior
of vinyl ester resin matrix composites reinforced with alkali-treated jute
fibers. Journal of Applied Polymer Science 94: 123-129.
https://doi.org/10.1002/app.20754

Ringstrom, A., 2019. Essity to try making pulp from wheat straw to stem
rising costs. ESG ENVIRONMENT.

Rencoret, J., del Rio, J.C., Prinsen, P., Martinez, A.T., Ralph, J., Gutiérrez,
A., 2012. Structural Characterization of Wheat Straw Lignin as Revealed
by Analytical Pyrolysis, 2D-NMR, and Reductive Cleavage Methods.
Journal of Agricultural and Food Chemistry 60: 5922-5935.
https://doi.org/10.1021/jf301002n

Rowell, R.M., Pettersen, R., Han, J.S., Rowell, J.S., Tshabalala, M.A., 2005.
Wood chemistry and wood composites. Chap. 3: Cell wall chemistry.
Taylor and Francis Group. Boca Raton, London, New York, Singapore,
by CRC Press.

Semenkova, 1.G., 2008. Fitopatologiya. Derevorazrushayushchie griby,
gnili i patologicheskie okraski drevesiny (opredelitel’nye tablicy) [Wood
destroying fungi, rots and abnormal coloration of wood (identification
keys)]. MGUL. Moscow, 72 pp.

Serna, A.M.J., 2017. Comprehensive Utilization of the Bagasse as a Source
of Fibers for Manufacturing Packaging Papers and Biocomposites.

Sharma, A.K., Anupam, K., Swaroop, V., Lal, P.S., Bist, V., 2015. Pilot
scale soda-anthraquinone pulping of palm oil empty fruit bunches and
elemental chlorine free bleaching of resulting pulp. Journal of Cleaner
Production 106: 422-429.
https://doi.org/10.1016/j.jclepro.2014.03.095

Shen, J., Hou, L., Sun, H., Hu, M., Zang, L., Zhang, Z., Ji, D., Zhang, F.,
2020. Effect of an electro-Fenton process on the biodegradation of lignin
by Trametes versicolor. BioResources 15: 8039-8050.
https://doi.org/10.15376/biores.15.4.8039-8050

Silva, E.J.D., Marques, M.L., Velasco, F.G., Fornari Junior, C., Luzardo,
F.M., Tashima, M.M., 2017. A new treatment for coconut fibers to im-
prove the properties of cement-based composites - Combined effect of
natural latex/pozzolanic materials. Sustainable Materials and Technolo-
gies 12: 44-51.
https://doi.org/10.1016/j.susmat.2017.04.003

Suseno, N., Adiarto, T., Sifra, M., Elvira, V., 2019. Utilization of rice straw
and used paper for the recycle papermaking. IOP Conference Series:
Materials Science and Engineering 703: 012044.
https://doi.org/10.1088/1757-899X/703/1/012044

Thrash, J.C. and Coates, J.D., 2008. Review: Direct and Indirect Electrical
Stimulation of Microbial Metabolism. Environmental Science & Tech-
nology 42: 3921-3931.
https://doi.org/10.1021/es702668w

Tian, S.Q., Zhao, R.Y., Chen, Z.C., 2018. Review of the pretreatment and
bioconversion of lignocellulosic biomass from wheat straw materials.
Renewable and Sustainable Energy Reviews 91: 483-489.
https://doi.org/10.1016/j.rser.2018.03.113

Tien, M. and Kirk, T.K., 1984. Lignin-degrading enzyme from Phane-
rochaete chrysosporium: Purification, characterization, and catalytic
properties of a unique H 2 O 2 -requiring oxygenase. Proceedings of the
National Academy of Sciences 81: 2280-2284.
https://doi.org/10.1073/pnas.81.8.2280

Wan Daud, W.R. and Law, K.N., 2010. Oil palm fibers as papermaking
material: Potentials and challenges. BioResources 6: 901-917.
https://doi.org/10.15376/biores.6.1.901-917

Wariishi, H., Valli, K., Gold, M.H., 1989. Oxidative Cleavage of a Phenolic
Diarylpropane Lignin Model Dimer by Manganese Peroxidase from
Phanerochaete chrysosporium?

8 Applied Environmental Biotechnology (2023) - Volume 8, Issue 2


https://doi.org/10.1021/bk-1996-0655 
https://doi.org/10.1016/j.jfe.2016.07.003 
https://doi.org/10.7763/IJCEA.2013.V4.281 
https://doi.org/10.1016/S0021-9258(20)80694-2 
https://aaltodoc.aalto.fi/bitstream/handle/123456789/4990/isbn9789513877446.pdf?sequence=1&isAllowed=y. 
https://aaltodoc.aalto.fi/bitstream/handle/123456789/4990/isbn9789513877446.pdf?sequence=1&isAllowed=y. 
https://doi.org/10.17577/IJERTCON011 
https://doi.org/10.1128/AEM.65.6.2654-2660.1999 
https://doi.org/10.1002/btpr.84 
https://doi.org/10.1007/s00339-010-5657-5 
https://doi.org/10.1039/9781788010351-00199 
https://doi.org/10.1007/978-3-319-13847-3_17 
https://doi.org/10.1134/S0003683807050055 
https://doi.org/10.9734/ajocs/2020/v8i219039 
https://doi.org/10.3390/ma13051245 
https://doi.org/10.1007/s13205-021-03024-y 
https://kapital.kz/economic/109157/v-2022-godu-v-kazakhstane-namereny-sobrat-svyshe-20-mln-tonn-zerna.html. 
https://kapital.kz/economic/109157/v-2022-godu-v-kazakhstane-namereny-sobrat-svyshe-20-mln-tonn-zerna.html. 
https://doi.org/10.1002/app.20754 
https://doi.org/10.1021/jf301002n 
https://doi.org/10.1016/j.jclepro.2014.03.095 
https://doi.org/10.15376/biores.15.4.8039-8050 
https://doi.org/10.1016/j.susmat.2017.04.003 
https://doi.org/10.1088/1757-899X/703/1/012044 
https://doi.org/10.1021/es702668w 
https://doi.org/10.1016/j.rser.2018.03.113 
https://doi.org/10.1073/pnas.81.8.2280 
https://doi.org/10.15376/biores.6.1.901-917 

Saparbekova, Altekey, Seitmagzimova, Esimova, Kudasova, Ibraimova

Yang, H.H., Effland, M.J., Kirk, T.K., 1980. Factors influencing fungal
degradation of lignin in a representative lignocellulosic, thermomechani-
cal pulp. Biotechnology and Bioengineering 22: 65-77.
https://doi.org/10.1002/bit.260220106

Zeeshan, M., 2011. Study of Morphological and Chemical Composition of
Fibers from Iran. Environ. Sci.

Zervos, S., 2010. Natural and Accelerated Ageing of Cellulose and Paper a
Literature Review. Cellulose: Structure and Properties, Derivatives and
Industrial Uses. Available from:
http://users.uniwa.gr/szervos/pubs/2010_zervos_nova_cell_ageing_review

_author_ver.pdf.

Zhang, Q., Asian Development Bank (Eds), 2010. Rural biomass energy
2020: cleaner energy, better environment, higher rural income: People’s
Republic of China. Asian Development Bank, Mandaluyong City, Metro
Manila, Philippines, 83 pp.

Zhao, Q.D., Chen, K.F., Mo, L.H., Li, J., 2010. Chlorine dioxide bleaching
reinforced by alkaline extraction and corresponding ECF bleaching
sequences for wheat straw pulp. South China University of Technol:
45-50.

Applied Environmental Biotechnology (2023) - Volume 8, Issue 2


https://doi.org/10.1002/bit.260220106 
http://users.uniwa.gr/szervos/pubs/2010_zervos_nova_cell_ageing_review_author_ver.pdf. 
http://users.uniwa.gr/szervos/pubs/2010_zervos_nova_cell_ageing_review_author_ver.pdf. 

	Introduction
	Pulp and paper production worldwide
	Potential of straw for pulp and paper
	Physical-Chemical Characteristics of Straw
	Biotechnological Method for Pulp and Paper Production
	Mediators
	Catalysts
	Conclusion

