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Abstract: Because of its antitumor therapeutic-activity, as well as its application in food industries to improve the quality,

L-asparaginase has attracted considerable attention from several investigators. In recent years, fungi have occupied

advanced rank among microorganisms in the production process of the enzyme. This review is spotting the light on

the advantages of fungal enzyme and its applications in the food industry and medications. The solid-state

fermentation was discussed as the wide alternative and most accepted biosynthesis technique. However, some lights

were also spotted to the statistical experimental design of the fermentation process, mainly on the methodology of the

response surface for L-asparaginase biosynthesis by fungi. Finally, the immobilization of the enzyme and the features

of the widely used solid substrates for the maximization of the production process were explored.

L-asparaginase

The active bacterial form of the already used L-asparagine
amidohydrolase, E.C. 3.5.1.1. (L-asparaginase), is a tetrameric
enzyme, according to Kozak et al. (2002), all L-asparaginases
consist of four identical subunits and exist in homo-
tetrameric form having masses in the range of 140–150 kDa
(Aung et al., 2000), however, the structural aspects of fungal
L-asparaginases are less explored compared to bacteria.

L-asparaginase deaminates the amide group located on
the side chain of the nonessential amino acid, L-asparagine,
yielding ammonia and L-aspartic acid (Zuo et al., 2015),
through what is known as the L-asparaginase activity.
Besides, some L-asparaginase preparations also exhibit L-
glutaminase activity through a process called L-glutaminase
side activity of L-asparaginase (Chan et al., 2014). Although
the latter process is important against cancer cells, having a
positive asparagine synthetase, it has been mentioned to
have side effects during treatment such as hypersensitivity
and immune inactivation (Chan et al., 2014; Narta et al.,

2007). Therefore, from a quality point, reducing the activity
of glutaminase is desirable (Brumano et al., 2019).

As a foreign protein, the long-term therapy with
L-asparaginase leads to toxicity to normal cells, causing a
wide array of adverse effects, in terms of hypersensitivity
(ranges from mild allergic reactions to anaphylactic shock),
fever, skin rashes, hepatic dysfunction or hepatotoxicity,
pancreatitis, diabetes, azotemia, leukopenia, neurological
seizures or central nervous system dysfunction and abnormal
coagulation of blood, leading to intracranial thrombosis or
hemorrhage (Duval et al., 2002; Moola et al., 1994).

Hypersensitivity in patients treated with microbial L-
asparaginase is a challenge. As a foreign protein, the
prolonged administration of L-asparaginase induces the
production of high titers of the corresponding serum IgG
antibodies in patients; this, in turn, interferes with the
therapeutic effect of the enzyme, resulting in anaphylactic
shock and may also cause neutralization of drug effect.
However, the intramuscular route lowers the
hypersensitivity compared with intravenous administration
(Duval et al., 2002; El-Naggar et al., 2017).

The impurities of the enzyme during production and
purification is another reason for hypersensitivity, as the
biochemical and kinetic properties of the enzyme vary with the
microbial source and culture conditions such as temperature,
substrate specificity, and pH (El-Naggar et al., 2017).
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L-asparaginases from Escherichia coli and Erwinia possess
different immunological specificities, where the Erwinia
enzyme had a shorter half-life in the blood, but it is considered
less toxic than E. coli L-asparaginases and offers an important
alternative therapy in the case of allergic reactions (Asselin
et al., 1993; Pokrovskaya et al., 2012).

Additionally, the toxicity of some L-asparaginases
preparations is partially attributable to the glutaminase
activity of the enzyme (El-Naggar et al., 2017). L-
glutaminase activity may cause a reduction in glutamine in
the body that it limits the tolerable therapeutic dose of L-
asparaginase. In this connection, Erwinia L-asparaginase is
considered less toxic and is frequently employed in the
event of allergic reactions to E. coli L-asparaginase (Hawkins
et al., 2004; Konecna et al., 2004). However, such a
catalyzation procedure is modulated along with two
successive processes. Through the first phase, the
nucleophilic fragment of L-asparaginase is motivated by a
robust base and works on the amide carbon atom of L-
asparagine, generating intermediate of beta-acyl-enzyme.
The second catalyzation phase is implemented in the
presence of a water molecule by the attacking of the ester
carbon created in the first step by the induced
nucleophilic fragment (Cachumba et al., 2016; Shakambari
et al., 2019).

To date, two diverse types of L-asparaginases were
identified. Type-I is the cytoplasmatic L-asparaginase, which
is located in the cytoplasm region and characterized by the
low-affinity to the substrate (L-asparagine). On the other
side, type-II is the periplasmic L-asparaginase, which is
located in the periplasmic region, has high substrate-affinity,
and is activated during anaerobiosis. Because of the
enzyme’s antitumor activity is related to the affinity for L-
asparagine, only type-II is the specifically used type in the
therapeutic medication (Shakambari et al., 2019; Souza et
al., 2017; Yun et al., 2007).

Applications of L-asparaginase

There is a broad utilization of L-asparaginase in various food
manufacturing as a processing aid to reduce the acrylamide
content, medical and pharmaceutical purposes such as
cancer-curing as auxiliary treatment. However, all ways of
using the enzyme are vital and share directly in the health
welfare of human beings.

Cancer curing
Of the most critical uses of the enzyme, L-asparagine is a
necessary amino acid for protein synthesis, which is produced
by the aid of asparagine synthetase. Lacking asparagine
synthetase in certain tumor cells, causes the inability of such
tumor cells to synthesize L-asparagine. This, in turn, leads to
failure in cell growth and multiplication. Such tumor cells can
be selectively killed by destroying L-asparagine through
treatment with L-asparaginase (Pritsa et al., 2001). That is
why L-asparaginase, as a medication, is an operative
chemotherapeutic mediator in a wide array of tumors,
especially acute lymphoblastic leukemia and lymphosarcoma.

Moreover, L-asparaginase can be injected subcutaneous,
intramuscular, or intravenous without the development of any

tissue irritation, representing a practical advantage of
treatment by L-asparaginase over most of the other
chemotherapy means (Narta et al., 2007).

Food quality enhancer
During food processing, acrylamide (C3H5NO, MW 71.08
g/mol), which is also known as ethylene carboxamide,
2-propenamide, propenamide, propanoic acid amide, or
acrylic acid amide, is produced (Cachumba et al., 2016).
Acrylamide is formed from L-asparagine and a reducing
sugar such as glucose or fructose, in starchy food
products, during high-temperature cooking, including
frying, baking and roasting through a series of reactions,
known as Maillard reactions. However, this phenomenon
does not occur in boiled food (El-Naggar et al., 2017;
Pedreschi et al., 2011).

During food manufacturing, L-asparaginase is applied as
a processing aid to lessen the formation and/or remove
acrylamide. Acrylamide is a probable human carcinogen and
can be present in other foods such as coffee and baby food
products, as well as in starchy food products. Recently,
submission of L-asparaginase before frying or baking food
process degrades not less than 88% of the L-asparagine
content in the initial feedstock, this, in turn, reduces over
99% of the acrylamide level in the processed products
without impairing their taste and odor properties
(Cachumba et al., 2016).

Trade names of some commercial L-asparaginase
Some of the brand names of the commercially available
bacterial L-asparaginase are Elspar, Pegaspargase, PEG-
asparaginase, Oncaspar, Crisantaspase, and Colaspase. To
the best of our knowledge, there is no commercial
preparation of fungal L-asparaginases. L-asparaginases, as a
processing aid in the manufacture of food, are marketing
under the brand names Acrylaway and PreventASe.

Why Fungi?

L-asparaginase is broadly disseminated in nature, being found
in microbes as well as plants and tissues of fishes, birds, and
mammals such as liver, kidneys, pancreas, brain, spleen
lungs and ovary or testes. Nevertheless, because of its wide
presence in assortments of microorganisms, microbial L-
asparaginase is a better source of enzyme than other living
organisms (Cachumba et al., 2016), considering, likewise,
the microbial ability to grow easily on rather simple and
modest substrates (Lopes et al., 2017; Souza et al., 2017).

However, the prokaryotic microbes, such as bacteria,
usually accompanies with some problems during patient
treatment such as hypersensitivity and immune inactivation
(Chan et al., 2014; Narta et al., 2007). The toxic side effects
of some currently used clinical medications of bacterial
origin have necessitated the search for alternative sources of
L-asparaginase (Mishra, 2006). Instead, eukaryotic sources
such as filamentous fungi, on the other side, have revealed
better compatibility with the human body, and therefore
extensively explored for L-asparaginase (Dange and Peshwe,
2015). Moreover, the filamentous fungi possess an
antitumor property with a non-toxic effect (Mishra, 2006).
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Another merit of using fungi for bioproduction of
L-asparaginase is related to water requirement. Based on the
classification of water activity (a measure of the available
water in a substrate), fungi were primarily designated as
appropriate for solid-state fermentation in contrast to
bacteria that have high water activity requirements
(Cachumba et al., 2016).

Recently, the eukaryotic fungal genera Aspergillus,
Penicillium, and Fusarium have been explored as
L-asparaginase producers (Cachumba et al., 2016; Mishra,
2006). Furthermore, the recombinant L-asparaginase of
Aspergillus niger and A. oryzae has already been successfully
utilized for the lessening of acrylamide formation in some
foods (Pedreschi et al., 2011).

Asparaginolytic fungi grow under and can be obtained
from various environmental conditions. In this connection,
fungi with asparaginolytic action belonging to the genera of
Alternaria, Chaetomium, Cladosporium, Colletotrichum,
Curvularia, Nigrospora, Paecilomyces, Phaeotrichoconis,
Phoma and Pithomyces were isolated from marine
environments and endophytes seaweed (Thirunavukkarasu
et al., 2011), and recently, Fusarium culmorum was isolated
from tropical soil (Meghavarnam and Janakiraman, 2017).

Solid-State Fermentation

Solid-state or solid-substrate fermentation (SSF) is a
biomolecule manufacturing procedure, during which a
solid-substrate is inoculated with microbes in the lack or
nearly absence of free-flowing water in the solid substrate,
then incubated in a temperature-controlled condition for a
definite time (Kapilan, 2015).

The SSF technique has many industrial applications and
recently gained importance and popularity in the
manufacturing of numerous microbial biomolecules and
several bioactive metabolites of commercial value such as
enzymes, antibiotics, flavoring compounds, and many other
secondary metabolites as well as microbial biomass, which
are utilized in various life aspects, e.g., pharmaceutical, food,
animal feeds, cosmetics, fuel, and textile industries (Kapilan,
2015; Mitchell et al., 2006).

Scaling-up of SSF
The scaling-up of the SSF requires the involvement of
sequential phases. For effective scaling-up, enough data must
be available, practically, the number of stages is generally
determined by the product type and the earlier experiences of
the process. Based on fermenter size, four graded kinds of
systems appear to be applicable for the development of SSF
as follows (Lonsane et al., 1992; Mitchell et al., 2006):

I. Flask level with a working capacity of 50–1000 g. This
level is for choosing the experimental variables for
optimization of the culturing process and performed in
a short time and at a low cost.

II. Laboratory fermenter with a working capacity of 5–20
kg, during which several fermentation aspects are
studied for standardization of various parameters such
as aeration, agitation, and downstream processing, as

well as aeration rate, biomass formation, and product
biosynthesis profiles. Through this level of SSF, control
strategies and instruments are commercially optimized
and the economics of the process is evaluated.

III. For confirmation of laboratory fermenters, the pilot
fermenter level with a working capacity of 50–5000 kg
is applied. This level is for testing the physicochemical
characterization and/or toxicity for the determination
of the viability of the process before the marketing of
the final product.

IV. The final development level of SSF with a financial return is
performed using a production fermenter with a working
capacity of 25–1000 tones. The process is the ultimate
stage of the investments made so far on the SSF system.

Merits of SSF technique
The technology of SSF for culturing of fungi is the best alternative
to the submerged fermentation technique (SMF) used
predominantly for industrial purposes. Several merits of SSF
were reported over the traditional SMF. These advantages
include; low energy inputs, easier downstream processing with
lower catabolic repression, high volumetric productivity, and
higher concentration and reasonable stability of the products,
and finally, no obligation for complex machinery that, hence,
reduces energy demand. Additionally, SSF uses economic and
simple media, mainly due to the use of cheap and abundantly-
available of industrial and agricultural wastes as substrates
(Kapilan, 2015; Parekh et al., 2000).

The economy of space needed in processing is another
advantage, which is owing to the lesser space for
fermentation, the compactness of the fermentation vessel, and
the lower water activity, which also minimizes the
opportunity of contamination (Kapilan, 2015).

On the industrial scale, SSF requires lower capital and low
recurring expenditures, a lesser solvent volume needed for
product recovery; superior yields; absence of foam build-up;
and easier control of contaminants due to the low moisture
level in the production unit (Kapilan, 2015; Pandey et al.,
1996). At the end of the fermentation, enzymes can be
extracted from the solid substrate by simply infiltrating the
bioreactor with the appropriated buffers, which is an easy
and economical operation (Pandey et al., 1996).

The low water used in SSF results in low production of
effluents and reduces the possibility of contamination with
bacteria and/or yeasts. This, in turn, reduces the cost of
sterilization (Mishra, 2006). Finally, compare to synthetically
designed SMF technique, interestingly, so far there is no
standard scale to compare product yields in SSF and SMF in
convincing terms, and the exact reason for higher yield titers in
SSF microbial cultures is not well known. The proposed and
logic reason is that SSF is closely resembling the natural habitat
and the environmental circumstances required for the microbial
growth, as well as, the substrates in SSF serve as an anchorage
for fungal hyphae, all these are possible reasons for the higher
productivity of the fungi under SSF conditions (Mishra, 2006).

Demerits of SSF technique
Inevitably, there are some fermentation obstacles when using
SSF, i.e., (1) the accumulation of nutrients within the
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microbial cells during the initial growing phase and the need
for the production of substrate-hydrolyzing enzymes may
delay the production of the target biomolecule, therefore
continuous stirring for better mixing the medium
components is required and can solve such issue; (2) poor
distribution of temperature, nutrients, and oxygen in the
medium that could be overcome by occasional stirring the
fermented medium, as well as following-up the temperature,
oxygen, and carbon dioxide, and use these to control the
system by forced aeration that can, at the same time, control
the temperature; and (3) the accumulation of the toxic
substances, which might have prohibited the growth of the
microbial cells and caused death, for dealing with such
topic, it is urgent to perform mathematical models for
effective prediction and optimization of the fermentation
process. Such modeling processes of medium gradients
capable of removing metabolic heat as well (Kapilan, 2015;
Manan and Webb, 2017; Nee’nigam and Pandey, 2009).
One major problem is the medium sterilization on the
large-scale production, which lasts for 3–6 h compared with
the batch laboratory-scale sterilization mode (15 min at
121°C). The large-scale sterilization mode poses many
problems such as physicochemical alterations in the medium,
thermal degradation of essential nutrients, the formation of
toxic compounds, and nutrient damage. The heating time to
attain the desired temperature of sterilization and the post-
sterilization cooling to incubation temperature is another
problem. However, the principle of continuous sterilization,
which involves a high temperature for a short time, is
comparatively easy to scale-up. The probability of thermal
destruction of nutritive constituents of the medium is also
lower (Lonsane et al., 1992; Mitchell et al., 2006).

Natural vis inert solid-supports
SSF is a proper selection, particularly for fungal culturing,
during which, the non-soluble solid material is acting as
physical support for the microbe. Two major kinds of solid
supports could be identified, depending on the nature of the
solid phase used. This solid material could be either a
naturally occurring solid substrate (such as residues of
agriculture, as wheat bran, or of industry, as wastes of paper
and pulp industries) or inert support (pozolano, amberlite
and polyurethane foam), both have been adapted for the
development of an economic fermentation medium.
Whatever the type of the used solid phase, it is essential to
reproduce the situations of low water activity and high
oxygen transference rate (Meghavarnam and Janakiraman,
2017; Ooijkaas et al., 2000).

Regarding the first kind of solid phase, the SSF operation
generally employs a natural raw resource as a carbon and
energy reservoir to serve as both solid support and substrate
to produce the target molecules. Sometimes it requires a
specific pretreatment to qualify the fermentation conditions
and simulate the natural growth of the microbes
(Meghavarnam and Janakiraman, 2017).

The other type of solid phase of SSF is the employment of
inert material to act as a solid matrix or support for fungal
growth, consequently, it requires supplementing the nutrients
in a solution containing necessary minerals as well as a carbon

source. This kind of solid-phase typically serves only as an
anchor point for the microorganism (Ooijkaas et al., 2000).

Owing to its more definite system, carrying out SSF on
inert supports poses plenteous advantages in comparison to
SSF on natural substrates. These advantages include; It
allows adequate control in the design and process
parameters of the production medium (Gutiérrez-Rojas
et al., 1995), and the modeling is more easily established
because all concentrations of the nutrients in the production
medium are definitely known (Barrios-González and Mejía,
1996; Zhu et al., 1994). That is why inert materials have
been often used for studying modeling or other fundamental
aspects of SSF.

Regarding the end-product, SSF using inert supports has
less complicated product recovery, since, the target
biomolecules can be effortlessly separated from the inert
support, and therefore products can be obtained with fewer
impurities (Ooijkaas et al., 2000), so, the inert support can
be separated and reused. Contrarily, while extracting the
product after fermentation of naturally occurring raw
materials, along with the product, numerous other water-
soluble components from the substrate also leach out and
may pose difficulties in the purification process.

Cell Immobilization

Another complementary role of inert solid supports is to
immobilize the cells of microorganisms during fermentation.
Microbial cell immobilization improves L-asparaginase yield
by supporting the long-term continuous production under
such conditions, this kind of fermentation serves as cell
immobilization and inert solid matrix for microbial growth
as well, in which the microbial cells are attached to and kept
safe in the matrix pores (Kar and Ray, 2008). This approach
of cell immobilization technology improves fermentation
and production processes because of the continual
fermentation over a prolonged period, enhancing reactor
productivity and ensuring higher efficiency of catalysis (Kar
and Ray, 2008; Kattimani et al., 2009).

However, the appropriate choice of immobilization
procedures and supporting matrix are both required to
minimalize the inconveniences that may be accompanied by
the immobilization process. That is why the most extensively
utilized immobilization method is the entrapment technique,
on the other side, the adsorption method has two advantages,
namely, simplicity and enhanced physiological fermentation
conditions (Pramod and Lingappa, 2008).

Of the most multipurpose matrix worldwide are
polyurethanes. In comparison to other matrices, it is the
most successful matrix. It has several uses in various life
aspects. Immobilization of microbial cells in polyurethane
foam has several advantages, including endurance to organic
solvents and microbial attack, high mechanical strength,
easy handling, renewability, and cost-effectiveness. Besides
being perfect support for enzyme immobilization, it has
been found to be appropriate in the various biochemical and
biotechnological fields as well (Kar and Ray, 2008;
Kattimani et al., 2009).

Immobilization of microbial cells was reported to
positively induce the bio-secretion of L-asparaginase by both
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bacteria and fungi as well. Immobilization of Streptomyces
gulbargensis cells on a matrix of polyurethane foam gained
higher L-asparaginase biosynthesis compared to that of the
free-cell system during the same period of fermentation.
Again, in the long-term, the stability and reusability of the
matrix are other value-added advantages (Kattimani et al.,
2009). Regarding fungi, biosynthesis of L-asparaginase using
the immobilized Aspergillus terreus on sponge cubes gained
higher enzyme production by 1.33-fold compared to that of
the free-cell system during the same period of fermentation.
Repeated reuse of the adsorbed cells achieved the maximum
enzyme-specific activity after three cycles of fermentation
(Farag et al., 2015).

Statistical Designs of Production Trials

Exploring and evaluating the appropriate nutritional medium
components and environmental conditions for microbial
enzyme production is a significant step for bioprocess
development. Two main approaches are applied in the
experimental design used for L-asparaginase production.

Optimization of the fermentation process using the one-
factor-at-a-time approach is the traditional method used to
test individual fermentation parameters, however, it is time-
consuming, laborious, tedious, and might lead to
misinterpretations of results (Narayana et al., 2008).

In contrast, statistically planned experiments effectively and
accurately challenge the problem, which minimizes the error and
determines the significance of each parameter, single and in
combination with the other tested factor(s), at the various
concentrations for maximization of the overall productivity,
and can be simply expressed in a mathematical equation.
Statistical methods are rapid and reliable, and can also reduce
the total number of experimental trials tremendously.
Therefore, the obtained results are achieved in an economical
manner (El-Naggar et al., 2017; Shakambari et al., 2019).

Screening the significant factors
The initial step in the optimization procedure is to choose the
significant factors. The design matrix of Plackett-Burman is an
appropriate strategy in screening the factors affecting the
biosynthesis of the target metabolite, it is very vital to test as
many factors as possible, and to identify the significance
ones. Besides, Plackett-Burman design offers a fast screening
procedure and mathematically figures the relative
importance and significance of many factors in one
experiment, which is time-saving and maintains convincing
information on each component (Abdel-Fattah and Olama,
2002; Shakambari et al., 2019).

For example, among 15 tested factors, casein hydrolysate,
corn steep liquor, and pH were designated as the significant
issues improving L-asparaginase biosynthesis using one
experimental trial (Abdel-Fattah and Olama, 2002).
Another, of 16 screened variables, the Plackett–Burman
design determined soybean + wheat bran, L-asparagine, and
K2HPO4 as the significant independent variables (El-Naggar
et al., 2017). However, the interactions among factors are
not included in such screening procedures, so the
interactions of the most effective factors are to be selected
for further optimization, while those having no significant

effect on the bioproduction process may be eliminated
during the next optimization process (Abdel-Fattah and
Olama, 2002).

The methodology of response surface (RSM)
Following the definition of the significant variables, the
subsequent phase of L-asparaginase biosynthesis is the
optimization of the process of the selected important
factors. RSM is an effectual approach that evaluates and
estimates the effective factors and their interaction. These
designs convert the bioprocess factor into a mathematical
model. Where the resulting output in terms of yield is
analyzed statistically for their importance, and the biological
production process then can be correlated with a
mathematical equation in a quadratic manner that predicts
where the optimum is likely to be located (Shakambari
et al., 2019).

Of the several designs of RSM, Box-Behnken is used
usually when fewer design points (3 levels per factor) are
available, hence it is less expensive to run in comparison to
other designs such as the central composite design (CCD),
where, CCD can have up to 5 levels for each factor, and
include runs where all factors are at their extreme levels (Da
Cunha et al., 2018). The experimental designs of Box-
Behnken (Abdel-Fattah and Olama, 2002) and CCD (El-
Naggar et al., 2017) were successfully applied to maximize
the production of L-asparaginase. One recent study stated a
57% increment in L-asparaginase activity when applying the
optimized conditions obtained from RSM in comparison
with the productivity obtained in the method of “one factor-
at-a-time” (Da Cunha et al., 2018).

The artificial neural network (ANN) is another
optimization procedure. Investigations reported that the
ANN was more precise and was realized to be more
effective than RSM alone. ANN is based on machine
learning techniques by mimicking the different aspects of
biological information processing for data modeling, and so
proved to be a useful tool for the optimization of medium
fermentation (Baskar and Renganathan, 2011; Gurunathan
and Sahadevan, 2011).

Suitability of SSF for L-asparaginase production
There are main vital aspects, which should be considered, in
general, for the improvement of any bioprocess in SSF. Of
these factors, the choice of the appropriate microorganism
and the substrate, optimization of process conditions, and
finally, the isolation and purification of the resulted
bioproduct. Other important factors involved in SSF are the
substrate, size of substrate particle, water activity,
temperature, moisture, pH, agitation, and aeration (Brumano
et al., 2019). However, these factors are aggressively
correlated and must be handled collectively as one factor.

Regarding the substrate as the key factor in the
production process, SSF utilizes abundantly available agro-
industrial residues. The next Tab. 1 shows some of the
substrates used for L-asparaginase production under solid-
state fermentation, the corresponding amount of the
enzyme, fermentation period, and fungal strains used.

Practically, in relation to the selection of the substrate,
there are two major considerations; the first one is using a
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specific substrate, which requires suitable value-addition and/
or disposal. The second could be related to the goal of
producing a specific product from the selected substrate. So,
in the latter one, it would be necessary to explore numerous
substrates to select the most appropriate one. Similarly, it
would be important to screen microorganisms to select the
most suitable one.

Although numerous agro-industrial residues can be used
for SSF, the main factor involved in substrate selection for
enzyme production is mostly associated with the availability
and price of the substrate. Anyhow, the solid substrate must
supply the essential nutrients and assist in the growth of
microbes and, additionally, provides support for the cell’s
growth (Kapilan, 2015). SSF differs from SMF culturing
since the product is formed by the microbes at the surface
of the solid substrate particle, which have a low moisture
content or near to it, therefore, precautions of dryness must
be taken into account, where water plays an important role
in the physical and chemical properties of the solids and
products as well, which affect the performance of the overall
process productivity (Brumano et al., 2019).

The size of substrate particles controls its surface area,
which affects the substrate to the substrate-volume ratio. As
the particle size of the substrate decreases, the ratio of
surface area to volume increases. Besides, space is also
determined by the substrate particle size, which further
affects the rate of oxygen transfer. When the particle size is
small, the microbes get a larger surface area for its growth.
Whereas, very small particles lead to the reduction in
growth and clumping of substrates in comparison to
particles larger in size, which provides a better exchange of
oxygen and heat. Hence, a suitable surface area would ease
microbial assimilation, oxygen diffusion, and nutrient
absorption, leading to better enhancement of microbial
growth and mass transformation (Da Cunha et al., 2018;

Souza et al., 2017; Thomas et al., 2013). That is why, in
some cases, incorporating fibrous substrate or porous
coarsely granulated substrate to the SSF medium is
important to ease the free movement of air and better
transfer of oxygen (Thomas et al., 2013). In this respect,
paddy husk is a good natural substrate, having a satisfactory
porous structure to produce L-asparaginase (Mohan Kumar
et al., 2013). Another determining factor, cultivating on
heterogeneous substrates requires proficiency to keep the
production process at its optimal performance (Thomas
et al., 2013).

Current Situation and Future Vision

The technology of SSF was traditionally used for producing
various metabolites such as biosurfactants, organic acids,
antibiotics, aroma compounds, and intensively, enzymes;
actually, SSF received more attention due to the wide
number of applications for metabolite production or
remediation objectives that can be realized using this system
(Lizardi-Jiménez and Hernández-Martínez, 2017).

However, almost 93% of the total worldwide patent
applications regarding SSF (2178) appeared after 2001; since
then, there was a continual rise in the number of its
applications. According to the Patent Cooperation Treaty,
the distribution of SSF related patent applications, a system
used to ease international applications, China is the country
with more patent applications in the world (54%), with a
large margin to Japan (8%), South Korea (7%), United
States (7%), European Union (7%), Russia (7%) and others
(Soccol et al., 2017).

Fungi are newly involved in L-asparaginase production,
although its L-asparaginases derived have been less studied
than their bacterial counterparts, and they have not been
included in any commercial formulation, it is expected to

TABLE 1

The most widely used substrates for the production L-asparaginase under solid-state fermentation by fungi and their corresponding yield

Fungus Substrate Production unit per
gram substrate

Fermentation
period (h)

Reference

Aspergillus tubingensis
IBBL1

A mixture of cottonseed cake, wheat
bran and red gram husk

20.58 120.0 Doriya and Kumar (2018)

Aspergillus niger LBA 02 Passion fruit peel flour 3746.78 48.0 Da Cunha et al. (2018)

Fusarium culmorum
(ASP-87)

Soybean meal and wheat bran 18.91 144.0 Meghavarnam and
Janakiraman (2017)

A. terreus MTCC1782 Cornea and cauliflower stalk 567.16 96.0 Aparna and Raju (2015)

Aspergillus niger LBA 02 A mixture of wheat bran, soybean
meal and cottonseed meal

89.22 96.0 Dias et al. (2015)

A. melleus AVNR-1 Coconut oil cake and red gram husk 109.55 168.0 Supriya et al. (2015)

Beauveria bassiana
(MSS18/41)

Wheat bran 90.00 96.0 Nageswara et al. (2014)

A. niger C4 Black sesame oil cake 340.20 168.0 Uppuluri et al. (2013)

A. niger Dry feedstock on ginger oil cake 88.00 – Vivekananda et al. (2013)

A. niger Groundnut oil cake 21.70 – Sreenivasulu et al. (2009)

A. niger Glycine max bran 40.90 96.0 Mishra (2006)
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occupy a unique position in the next era. Apart from bacteria,
fungi are able to produce and secrete the enzyme
extracellularly, which is easier to purify than the
intracellular enzyme produced by bacteria, and this can
decrease the overall costs of production, in addition to the
lower chance in the immunological reactions, once fungi are
eukaryotes and their enzymes are more similar to human
proteins than prokaryote proteins (Goncalves et al., 2016;
Soccol et al., 2017).

In spite the growing interest in the production and
purification of L-asparaginase of fungi, there are some hidden
problems regarding structural aspects of fungal L-
asparaginase, which is less explored compared to bacteria, the
lighting side of the explorations of fungal enzyme brought
good news about enzyme with novel properties (Vala and
Dave, 2016). So, the expectations are very optimistic
regarding the growing production then transformation
towards the fungal source of enzyme in the near future.

Finally, the biosynthesis of L-asparaginase, depending on
the SSF using appropriate fungi, has been considerably
developed in the last decades. Therefore, it is expected to
achieve promising progress in the next years, especially with
the condense application of optimization of process
parameters using statistical approaches.
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