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ABSTRACT 
The production of enzymes by bioprocesses is a good alternative to add value to agro industry residues. 

The aim of this work was to utilize different agro industrial byproducts as a substrate for L-asparaginase 

production and optimize the fermentation condition in solid state fermentation using Aspergillus oryzae.  

Production parameters were optimized as incubation period (96 hours), initial moisture content of 40% 

with inoculum size of 3%. Incubating temperature of 30 °C and pH 6 was found to be the best for L-

asparaginase production. Among different carbon source supplemented, glucose showed enhanced 

enzyme production (41.33 ±0.80). Addition of soy bean also increased the L-asparaginase production 

(45.51± 1.18).  There were no reports on production of L-asparaginase by using pine apple peel as 

substrate.  

______________________________________________________________________________ 

Keywords: L-asparaginase, Solid state 

fermentation, Aspergillus oryzae, pine apple 

peel. 

 

INTRODUCTION 

Therapeutic enzymes have a broad variety of 

specific uses: as oncolytics, thrombolytics or 

anticoagulants and as replacement for metabolic 

deficiencies. A major potential therapeutic 

application of enzymes is in the treatment of 

cancer. L-asparaginase has proved to be 

particularly promising for the treatment of acute 

lympbocytic leukemia. It action depends upon 

the fact that tumour cells are deficient in 

aspartate-ammonia ligase activity, which 

restricts their ability to synthesize the normally 

non-essential aminoacid, L-asparagine. 

Therefore, they are forced to extract it from 

body fluids. The action of asparaginase does not 

affect the functioning of normal cells. Which are 

able to synthesize enough for their own 

requirements, but reduces the free exogenous 

concentration, and so induce a state of fatal 

starvation in the susceptible tumor cells [1]. This 

fact suggested that the development of this 

enzyme as a potent antitumor or antileukemic 

drug. 

L-asparaginase is broadly distributed among the 

plants, animals and microorganisms. The 

microbes are better sources of L-asparaginase, 

because they can be cultured easily and the 

extraction and purification of L-asparaginase 

from them is also convenient, facilitating the 

large-scale production. Wide range of bacteria, 

fungi, yeast, actinomycetes and algae are very 

efficient producers of L-asparaginase [2]. It‘s 

presence in guinea pig serum was first reported 

by Clementi [3]. Large number of 
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microorganisms that include Erwinia carotovora 

[4], Pseudomonas stutzeri [5], Pseudomonas 

aerugenosa [6] and E. coli [7, 8]. It has been 

observed that eukaryotic microorganisms like 

yeast and fungi have a potential for asparaginase 

production [9, 10]. For example, the mitosporic 

fungi genera such as Aspergillus, Penicillium, 

and Fusarium, are commonly reported in 

scientific literature to produce asparaginase [11-

13].  

L-Asparaginase is produced throughout the 

world by submerged fermentation (SF). This 

technique has many disadvantages, such as the 

low concentration production, and consequent 

handling, reduction, and disposal of large 

volumes of water during the downstream 

processing. Therefore, the SF technique is a cost 

intensive, highly problematic, and poorly 

understood unit operation [14]. Solid-state 

fermentation is a very effective technique as the 

yield of the product is many times higher when 

compared to that in SF [15], and it also offers 

many other advantages [16].  

This paper deals with the production of L-

asparaginase from Aspergillus oryzae through 

solid state fermentation by using different agro-

industrial by-products as a substrate. And also 

optimize the fermentation conditions to enhance 

the enzyme production. 

 

MATERIALS AND METHODS 

Microorganism 

Aspergillus oryzae sp isolated from soil sample 

from Nagercoil, Tamilnadu, India was used for 

the production of L-asparaginase.  

Screening substrate for L-asparaginase 

production by Solid state fermentation 

The basal fermentation medium contained: 0.2 

% (w/v) glucose, 1% (w/v) L-asparagine, 0.152 

% (w/v) K2PO4, 0.052 % (w/v) KCl, 0.052 % 

(w/v) MgSO4. 7H2O. 0.003 % (w/v), pH 6.2. 

The different substrate (collected agro industrial 

waste, 10 g) was washed and dried was added to 

flask, moistened (15%) with fermentation 

medium and sterilized at 121 ºC for 20 min. 

After cooling the flasks were inoculated 1 ml of 

Aspergillus oryzae spore suspension (10
6
 

spores/mL) and incubated at 30 °C for 4 days. 

Enzyme extraction was performed by adding 

100 ml of 0.1 M phosphate buffer to solid 

mouldy in a rotatory shaker (100 rev/ min) for 

60 min. the extracts were squeezed through a 

cloth and clarified by centrifugation at 10,000×g 

for 15 min. the supernatants were assayed for L-

asparaginase activity.  

The agro industrial waste used as substrate 

include: Ground nut oilcake(GNOC), sugarcane 

bagasse (SB), cotton seed oil cake (CSOC), 

orange peel (OP), corn flour (CF), pine apple 

peel (PP), maize stover (MS), lemon peel (LP), 

corn cob (CC) and tamarind shell (TS). 

L-asparaginase assay 

L-asparaginase activity was measured following 

method of Imada et al. [13]. This method utilizes 

the determination of ammonia liberated from L-

asparagine in the enzyme by the Nessler‘s 

reaction. Reaction was started by adding 0.5 ml 

supernatant into 0.5 ml 0.04 M L-asparagine and 

0.5 ml 0.05 M tris (hydroxymethyl) 

aminomethane (tris HCl) buffer, pH 7.2 and 

incubated at 37 ºC for 30 min. the reaction was 

stopped by the addition of 0.5 ml 1.5 M trichloro 

acetic acid (TCA). The ammonia released in the 

supernatant was determined calorimetrically by 

adding 0.2 ml Nessler‘s reagent into tubes 

containing 0.1 ml supernatant and 3.75 ml 

distilled water and incubated at room 

temperature for 10 min, and absorbance of the 

supernatant was read using a UV visible 

spectrophotometer at wavelength of 450 nm. 

One unit of asparaginase is the amount of 

enzyme which catalyzed the formation of 1 

µmol of ammonia per min at 37 ºC. The reaction 

mixture from each strain was assayed in 

triplicate. 

Optimization of the culture condition for L-

asparaginase production 
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Various process parameters that enhance the 

yield of L-asparaginase by Aspergillus oryzae 

under solid state fermentation were investigated 

by taking one factor at a time. The impact of 

incubation time (0-168 h), initial moisture 

content of the substrate (20-80 % v/w), 

inoculum concentration (1-6ml) and incubation 

temperature (25-50°C) pH (3-8) was studied. 

Moreover, the effect of incorporation of 

additional carbon sources (maltose, glucose, 

fructose, soluble starch, lactose, and sucrose at 

1%w/v), nitrogen sources (peptone, yeast 

extract, beef extract, soy bean, sodium nitrate 

and ammonium sulphate at 1% w/v) were also 

studied. All the experiments were conducted in 

triplicate and the mean values are considered. 

Statistical analysis 

All the experiments were carried out in 

triplicate, the values presented in the graphs are 

those of the mean of three independent 

experiments and the error bars indicate standard 

deviation. 

 

RESULTS AND DISCUSSION 

Screening of potential substrate for L-

asparaginase production 

The selection of an ideal agro-industrial residue 

for enzyme production in a SSF process depends 

upon several factors, mainly related with cost 

and availability of the substrate material, and 

thus may involve screening of several agro-

industrial residues [17]. 

Among all the substrate, the maximum L-

asparaginase production (21.29± 0.90) was 

observed with pine apple peel (Figure 1). Agro-

industrial residues are generally considered the 

best substrates for the process of enzyme 

production. Several naturally occurring 

agricultural byproducts such as wheat bran, 

coconut oil cake, ground nut oil cake, rice bran, 

wheat and paddy straw, sugar beet pulp, fruit 

pulps and peel, corn cobs, saw dust, maize bran, 

rice husk, soy hull, sago hampas, grape marc, 

coconut coir pith, banana waste, tea waste, 

cassava waste, aspen pulp,  sweet sorghum pulp, 

and starch could be used in one or the other 

industrial bioprocess for the production of value 

added products through SSF [18, 19]. 

Effect of Incubation period on L-

asparaginase production 

The results on the optimum incubation period 

require for maximum L-asparaginase production 

showed in Figure 2 that the enzyme production 

started after 24 h of incubation and progressively 

increased with time, the maximum production of 

25.28±0.70 was observed after      96 h 

incubation. Thereafter, the enzyme production 

started decreasing. Decreased enzyme yield on 

prolonged incubation could also be due to 

inhibition and denaturation of the enzyme [20]. 

 Effect of moisture content 

The effect of moisture content on L-

asparaginase production using pine apple peel as 

a substrate was examined (Figure 3). Maximum 

production of 29.54±0.68 was observed at 40 % 

of initial moisture content. Water is present in 

very limited amount in the SSF system and thus 

an optimum content is important as it determines 

the productivity of a SSF process [16]. Moisture 

content in SSF system can vary due to 

evaporation of the existing water through 

metabolic heat evolution, water consumption 

and liberation through fungal metabolism and 

also due to environmental factors. The moisture 

content in the substrate also depends on the type 

of microorganisms and the substrate used in the 

SSF. At the same time, the amount of moisture 

content also varied depending on the water 

binding characteristics of the substrates [21]. 

The optimum L-asparaginase was observed at 40 

% which indicated that the water binding 

capacity of pine apple peel was high.  

Effect of inoculum concentration  

Maximum enzyme production (37.93 ± 1.02) 

was found at 3 ml (10
6
 spores/mL) of inoculum 

size (Figure 4). Lower inoculum size required 

longer time for the cells to multiply to sufficient 

number to utilize the substrate and produce 
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enzyme. An increase in the number of spores in 

inoculum would ensure a rapid proliferation and 

biomass synthesis. After a certain limit, enzyme 

production could decrease because of depletion 

of nutrients due to the enhanced biomass, which 

would result in a decrease in metabolic activity 

[22]. A balance between the proliferating 

biomass and available nutrient would yield an 

optimum at which the enzyme synthesis would 

be maximum [23]. 

Effect of Incubation temperature 

 The effect of fermentation temperature in the 

range of 25-50 ºC was examined on the 

production of L-asparaginase. Temperature 

plays an important role in SSF processes as it 

significantly affects the germination of spores. 

However, as the spore germinates, the optimum 

temperature for mycelia propagation may 

change [24]. The temperature shift is made more 

complex considering SSF generated substantial 

amount of heat throughout the process which 

will affect the water content in the SSF system. 

As in the case of Aspergillus oryzae, the 

optimum temperature was found to be at 30 ºC 

with the maximum L-asparaginase activity of 

37.84±0.78U/mL (Figure 5). Similar result was 

also reported by Mishra [25] for the production 

of L-asparaginase at 30 ºC by Aspergillus niger. 

The significance of incubation temperature in 

development of a biological process is such that 

it could determine the effects of protein 

denaturation, enzyme inhibition, cell viability 

and death [26]. 

Incubation at lower temperature resulted in 

longer time to the maximum enzyme activity. 

Incubation at higher temperature affected the 

fungus harmfully, which reflected on the 

enzyme synthesis. Since enzyme is a secondary 

metabolite produced during exponential growth 

phase, the incubation at high temperature could 

lead to poor growth and thus a reduction in 

enzyme yield [27]. 

 

 

Effect of pH on enzyme production 

The L-asparaginase activity at various initial pH 

(3-8) of the fermentation media is given in 

Figure 6. It was observed from Figure 6 that the 

maximum enzyme activity of 38.58±0.52 U/mL 

was obtained at the pH 6. As the initial pH was 

increased from 3 to 6 the L-asparaginase activity 

was found to increase and it was found to 

maximum for initial pH of 6.  The activity was 

found to decrease for further increase in initial 

pH beyond 6. The optimum initial pH 6 was 

chosen for further studies. Similar result was 

reported in the literature of Baskar and 

Renganathan [28]. They got maximum L-

asparaginase production at pH 6.  

Effect of carbon and nitrogen source  

L-asparaginase production depends on the 

availability of both carbon and nitrogen sources 

in the medium. Both have been shown to have 

regulatory effects on enzyme synthesis. 

Different carbon sources were used as additional 

carbon sources for the enhancement of 

asparaginase activity by Aspergillus oryzae sp 

(Figure 7). Additional carbon source at the level 

of 1 % was added to the pine apple substrate. 

Maximum production of asparaginase 

(41.33±0.80) was observed when glucose was 

used as carbon source. Glucose was optimized 

as the best carbon source for asparaginase 

activity. Baskar and Renganathan [28] reported 

maximum L-asparaginase production using 

glucose as best carbon source. 

As indicated in Figure 8, the maximum enzyme 

activity of 45.51±1.18U/mL was obtained when 

soy bean was used as nitrogen source. However, 

the asparaginase production was appeared to 

suppress in the presence of beef extract, peptone 

and sodium nitrate.  

With all the above optimized factors, the 

production of L-asparaginase with SSF was 

45.51±1.18 U/mL. The optimum factors in the 

fermentation medium include pine apple as 

substrate, 40% moisture content, temperature 30 

ºC and 96 hrs of incubation period, glucose and 
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soy bean as carbon and nitrogen source 

respectively.  

 

CONCLUSION 

These studies showed that pine apple peel could 

be a good substrate for L-asparaginase synthesis 

by Aspergillus oryzae. Incubation period, initial 

moisture level of the medium, incubation 

temperature and inoculum size influenced the L-

asparaginase production greatly. The optimum 

incubation period, initial moisture level, 

incubation temperature and inoculum size were 

96 hours, 40%, 30 °C respectively and 3ml (10
6
 

spores/mL) of inoculum size. The supplement of 

glucose and soy bean favored the enzyme 

formation markedly. 
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Figure 1: Screening of different substrate for L-asparaginase production 

 

 

Figure 2: Effect of incubation period on L-asparaginase production 
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Figure 3: Effect of moisture content on L-asparaginase production 

 

 

Figure 4: Effect of Inoculum concentration on Enzyme production 
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Figure 5: Effect of Incubation temperature on L-asparaginase production 

 

 

 

Figure 6: Effect of pH on L-asparaginase production 
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Figure 7: Effect of carbon source on L-asparaginase production 

 

 

Figure 8: Effect of nitrogen source on L-asparaginase production 

 

 

 


