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ABSTRACT

Aspergillus niger biomass, an industrial by-product of citric acid fermentation is an emergent source of glycoderivatives with

applications in biofuel, cosmetics, feed, energy, food, medicine, and nanotechnology. In this study, the effect of purified neutral

protease for deprotenization of fungal biomass studied at various levels (0, 5, 10, 20 and 40 U/100 mg of biomass) and the

saccharification of fungal biomass was evaluated with amylolytic enzymes and chitosanases. The efficiency of deproteinization

of fungal biomass was based on the enzyme concentration and contact time. Protease at a concentration of 20 U/100 mg of dry

biomass and with a contact time of 8 h achieved 30% final deproteinization. No effect on saccharification of A. niger biomass

was observed by treatment with purified amylolytic enzymes. Meanwhile, the endo- and exo-chitosanases treatment yielded 54 g

of g reducing sugars (equivalent to amino sugars)/ kg of fungal biomass, which can be employed for tailor-made carbohydrate

production.
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Introduction

The search for feasible petroleum substitutes among ren-

ewable resources has become a global priority as atmosphe-

ric carbon dioxide levels continue to rise. Industrial biore-

fineries have been identified as the most promising alterna-

tive for biomass based energy production (1,2). The biore-

finery concept implies the use of alternative carbon sources

mainly derived from agro industrial activities, such as the

residues from sugarcane, wheat or corn processing as well

as oilseeds. However, the search for alternative carbon

sources is not limited and the abundant availability of

seaweed, crustacean or fungal biomasses offers much scope

since they have not been studied yet for this purpose.

Aspergillus niger biomass is a waste product of the citric

acid fermentation process, and this fungal biomass has a

uniform composition. The biomass of A. niger has been

used as cattle feed and as a source of extraction of chitin and

chitosan (3,4). A. niger biomass contain a complex mixture

of polysaccharides (chitin-chitosan-glucan complex) and

peptidoglycans, some which appear in layers or tiers in the

hyphal architecture (4,5). It is difficult to be hydrolysed, and

requires specific and severe conditions for its sacchari-

fication. It can be hydrolysed either chemically or enzymat-

ically for the production of different monosaccharides (glu-

cose, glucosamine and N-acetyl glucosamine), and peptides.

Corrosive chemical agents such as NaOH, H2SO4, and HCl

are widely employed at high temperature for chemical de-

proteinization and hydrolysis of A. niger biomass and this

results in environmental pollution (6). Whereas, the enzym-

atic method is environmental friendly and the use of prote-

ases is particularly suitable for A. niger biomass deproteini-

zation (7). Proteases have high stability and activity under

harsh conditions such as high temperature, extreme pH values

and in the presence of surfactants or oxidizing agents (8).

Endo- and exo-chitinases/chitosanases are known to hyd-

rolyze chitin and chitosan contained in A. niger biomass into

chitooligosaccharides or chitosanoligosaccharides, or their

monomeric forms such as N-acetyl glucosamine and gluco-

samine (9-12). These products have significant economic

value due to their importance in various biotechnological

processes. Polymer (chitosans), or its oligomeric forms (chi-

tin- or chitosan-oligosaccharides), are used in different tech-

nologies due to their polyelectrolyte characteristics, in addi-

tion to the presence of reactive functional groups, their gel-

forming ability, high adsorption capacity, biodegradability

as well as their bacteriostatic, fungistatic, and antitumour

properties (13). Further, N-acetyl glucosamine and glucosa-
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mine can be used as substrates for the production of bioetha-

nol, one of the favoured substitutes for petroleum (14).

In this study, the physical-chemical characters of industrial

A. niger biomass was studied and enzymatic deproteinization

and saccharification was evaluated using neutral proteases,

amylases, and exo-and endo-chitosanases.

Materials and Methods

Chemicals and reagents

A. niger biomass was provided by SucroAL Co. (Valle de

Cauca, Colombia). The details of biomass and the enzymes

used in this study are described in Table 1. The chitosanolytic

enzyme mixture (exo and endo activities) from Trichoderma

viride was prepared as previously published (15) at 2.5 U/

mL. Glucose-oxidase/peroxidase system (Gluc-Rap R1 kit

lot 1764GL) was purchased from Randox Laboratories Ltd.

(Crumlin, Antrim, UK). Bovine serum albumin, 3-methyl-2-

benzothiazolinone hydrazone hydrochloride hydrate (MBTH)

regent, glucosamine hydrochloride ≥ 99% crystalline and

D-(+)-glucose ≥ 99.5% were purchased from Sigma Aldrich

Co (St. Louis, MO, USA). All other regents used were analy-

tical grades.

Characterization of fungal biomass

Compositional analysis

Moisture, ash, protein and fat content were determined

according to the AOAC official methods. To quantify the

sugars presents in A. niger biomass, a dried sample (10 mg)

was hydrolyzed with concentrate H2SO4 (0.3 mL) for 1 h at

room temperature, then diluted with 2.7 mL of distilled water

and kept at 100ºC for 3 h. The resulting solution was neu-

tralized with Ba(OH)2 solution. Then, glucosamine content

was determined according the method of MBTH (16) and the

glucose content was estimated by employing the glucose-

oxidase method (Randox Laboratories, Ltd, Antrim, UK).

Particle size analysis and FT-IR spectroscopy

Particle size of A. niger biomass was analysed using differ-

ent meshes (30, 40 50, 80, 100 and 120) in a Rotap equip-

ment (RX-29, W.S. Tyler, Mentor, Ohio, USA). Analysis

was carried out in triplicate and average of these values is

presented. In addition, A. niger biomass was characterized

using FTIR spectrometer (Spectrum GX, PerkinElmer, Wal-

tham, Massachusetts, USA), equipped with a Golden-gate

single reflection attenuated total reflectance (ATR) and in

the spectral range of 670-4000 cm
-1
.

Enzymatic deproteination of fungal biomass

The effect of neutral protease on the deproteinization of

A. niger biomass was evaluated using a single factor design.

Different concentrations of enzyme (0, 5, 10, 20, 40 U/ 100

mg of dry biomass) was added to the biomass (600 mg) sus-

pended in 100 mM Na2HPO4-NaH2PO4 buffer, pH 7.0 (30

ml) with sodium azide 0.02% (w/v). Samples were incubated

in a shaker (INOVA 44, New Brunswick Scientific Co., Inc.

New Jersey, USA), at 40°C with agitation (150 rpm) for 4 h.

After 4 h, the insoluble material was removed by filtration

and the filtrate was used for protein determination according

to the method of Lowry et al. (17). Bovine serum albumin

was used as standards for the quantification of hydrolysates

in the samples. The residual insoluble biomass kept in the

filter was recovered and dried in the oven at 60°C until

constant weight.

Similarly, the effect of contact time on the enzymatic

hydrolysis of A. niger biomass was evaluated using a single

factor design with seven levels (0, 4, 8, 16, 24, 32 and 48 h).

The protease concentration was maintained at constant level

(20 U/ 100 mg dry biomass). Six hundred mg of biomass was

suspended in 30 mL of 100 mM phosphate buffer pH 7 with

0.02% sodium azide and added with enzyme to initiate the

reaction. The incubation conditions were as described above.

On completion of the treatment time, the samples were fil-

tered; the recovered solid was washed and brought to cons-

tant weight. The protein concentration in the filtrate was de-

termined by the method of Lowry et al. (17).

Enzymatic saccharification of fungal biomass

Saccharification studies of fungal biomass was carried out

with amylolytic and chitosanolytic enzymes. In the case of

amylolytic enzymes a mixture of α-amylase (1.5 U/100 mg

biomass), amyloglucosidase (1.6 U/100 mg biomass) and

pullulanase (0.2 U/ 100 mg biomass) ware used. Biomass

(10 mg) was suspended in 20 mM sodium acetate buffer with

Table 1. Details of A. niger industrial biomass and description of commercial enzymes used in this study

Material Company State, Country Lot # Source
Enzymatic

activity* (U/mL)

Biomass SucroAL Co Valle del Cauca, Colombia G41D06BG2D Aspergillus niger -

Neutral protease Megazyme Wicklow, Ireland 90701 Bacillus licheniformis 8.0

α-amylase (thermo stable) Megazyme Wicklow, Ireland 61101 Bacillus licheniformis 3.0

Pullulanase M2 Megazyme Wicklow, Ireland 20101 Bacillus licheniformis 0.4

Amyloglucosidase Megazyme Wicklow, Ireland 51001 Aspergillus niger 3.3

*Declared volumetric activity by manufacturer.
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50 mM CaCl2 (pH 5.00) and the amylolytic mixture was

added. The samples were incubated in a thermostatic water

bath (Shel lab Co., Inc. Model 1211, Cornelius, Oregon, USA)

at 40°C for 16 h. After 16 h, the supernatants were analysed

for glucose by enzymatic-colorimetric method by using glu-

cose-oxidase/peroxidase system (Gluc-Rap R1 kit, Randox

Laboratories Ltd.) and glucose was employed as a standard.

In the case of treatment with chitosanolytic enzymes, a

mixture of endo- and exo-chitosanases were employed for

saccharification of fungal biomass. A two factor design was

employed, where enzyme at two concentrations (0 and 0.625

U/100 mg dry biomass) was evaluated at 7 different contact

time (0, 0.5, 1, 2, 4, 8 and 16 h). The biomass (600 mg) was

suspended in 30 ml of 50 mM sodium acetate buffer pH 5

and added with the mixture of chitosanases and incubated in

a shaker (New Brunswick Scientific Co., Inc. INOVA 44,

New Jersey, USA) at 40°C for 0 to 16 h at 150 rpm. After the

incubation period, the mixture was filtered and the filtrate

was used for reducing sugars determination by using the

protocol described by Somogyi-Nelson (18,19). A standard

curve was prepared by using glucosamine was used to calcu-

late the equivalent sugar content in enzymatically hydrolysed

samples. The residual biomass was recovered and dried in

the oven at 60°C for 12 h and then weighed.

Statistical analysis

All the treatments were performed in three replicates and

the analysis of variance (ANOVA) of the data obtained was

determined by using SAS system (SAS Institute Inc., Cary,

NC, USA), followed by Tukey's multiple range test for mean

comparison.

Results and Discussion

Physico-chemical characterization of A. niger bio-

mass

The composition of A. niger biomass is presented in Table

2. Ash, lipid and water were present at small concentrations

of 1.24±0.02, 1.93±0.06 and 4.9±0.12%, respectively. The

maximum percentage of the fungal biomass is comprised of

carbohydrate (80% of dry weight) and is similar to the res-

ults of Bardalaye and Nordin (20) and Vries and Visser (21).

The protein content of the biomass of A. niger was 13.00±

0.05% on dry basis. The proteins are generally found in com-

plex with polysaccharides such as chitin, chitosan and glucan.

It is therefore important to remove the protein for the extrac-

tion of the poly-, oligo-or monosaccharides. Glucose and

glucosamine are the main components of cell wall (60.18±

9.30 and 20.92±2.57% respectively). These values are consi-

stent with the previous report of Camarillo-Contreras et al.

(22).

The particle size analysis of the fungal biomass showed the

distribution of particles in meshes 100 and 120 (29.9±6.1),

which suggested that the biomass is a very fine material (Fig.

1A). This indicated the availability of greater contact surf-

ace for the enzymatic hydrolysis. IR spectrum analysis of

Aspergillus niger biomass (Fig. 1B) showed the presence of

characteristic bands from chitosan, at 1540 cm
-1
, which indi-

cated the presence of amino groups in the mode of deforma-

tion. The peaks near 1650 and 1325 cm
-1
 are characteristic

bands of the primary acetamides (C=O) and tertiary amides

(CN).

Effect of neutral protease on deproteinization of fun-

gal biomass

The effect of different enzyme concentrations on deprotei-

nization is presented in Fig. 2. It was observed that the rate

of deproteinization gradually increased until the addition of

20 U enzyme/ 100 mg dry mycelium, beyond which there

was very little change in the deproteinization rate. A maxi-

mum of 30.5±2.6% deproteinization of A. niger mycelial

biomass was observed with 20 U enzyme/ 100 mg of dry

biomass and is statistically different than other concentra-

tions tested. Consequent to the deproteinization, a decrease

in the fungal material was also observed (Fig. 2). This beh-

aviour is inversely proportional to deproteinization rate, and

there was about 13.28±2.28% decrease in fungal biomass.

On contrary to enzymatic deproteinization, Synowiecki and

Al-Khateeb (23) obtained a maximum protein extraction of

60.1% from dry mycelium using 2% (w/v) NaOH (1:30 w/v,

90°C, 2 h). Although the deproteinization rate by chemical

method was greater than enzymatic method, the wastes and

by-products of this method cause serious environmental pol-

lution. While enzymatic deproteinization is more environ-

mental friendly, the efficiency has to be increased. Cai (7)

obtained 59.9% of deproteinization by employing a pretreat-

ment to break the cell wall of A. niger biomass.

The effect of different contact times on deproteinization

with the 20 U of enzyme/ 100 mg of dry biomass is presented

in Fig. 3. It was observed that a contact time of 8 h showed

statistically significant results than other periods tested. Res-

ults also showed that the highest percentage of weight loss

occurred between 8 and 16 hours, which was 17±1.78% loss

with respect to the initial biomass.

Table 2. Composition of A. niger biomass (dry basis)

Component Content (%)

Proteins 13.09 ± 0.05

Lipids 1.93 ± 0.06

Ash 1.24 ± 0.02

Carbohydrates

    Glucose 62.76 ± 1.96

    Aminosugars 22.11 ± 2.57
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Enzymatic saccharification of fungal biomass

Amylolytic enzyme treatment resulted only in 0.02% of

glucose release, which indicated low amount of glycogen

and starch in the biomass. In our study, it can be concluded

that use of purified amylolytic enzymes for hydrolysis of

fungal industrial biomass from A. niger is not a viable option.

Nwe and Stevens (24), employed α-amylase to hydrolyze the

fungal cell wall from Gongronella butleri USDB 0201.

Aspergillus niger biomass saccharification was also carried

out with a mix of endo- and exo-chitosanases under condi-

tions described above. Results are presented in Fig. 4A. It

was observed that enzyme concentration and contact time

had an effect on the release of glucosamine from fungal bio-

mass. The enzymatic hydrolysis is specific. It was found out

that in the absence of enzyme, the glucosamine concentration

remained constant (about 1%). But the addition of endo- and

exo-chitosanases mixture at 0.625 U/ 100 mg dry mycelium

yielded 5% glucosamine after 16 h of treatment. Previous

study on the enzymatic hydrolysis of chitin obtained 4.1±0.2

g/l of N-acetyl-glucosamine from 50 g/l of chitin powder

after 18 days (20). The time of reaction is very high when

compared with the results of this work, although A. niger

biomass matrix is very complex and difficult to break. The

degradation behaviour of the biomass as a function of hydro-

lysis time and chitosanase activity is presented in Fig. 4B and

can be observed that it is inversely proportional to the prod-

uction of glucosamine. This could be attributed to the fibrous

nature of A. niger biomass, which is difficult to degrade and

thereby resulting in less weight loss. It is recommended to

increase the contact time of the enzyme in order to increase

the yield of glucosamine which can be used as a substrate

for ethanol fermentation.

Conclusion

The exploitation of fungal biomass, fermentation industry

waste is a promising alternative for biorefineries because of

the availability of high quantity, quality biomass with uniform

Fig. 1. Particle size analysis curve (A) and infrared spectrum (B) of Aspergillus niger biomass.

Fig. 2. Effect of neutral protease concentration on deproteinization

and weight loss of A. niger biomass.

Fig. 3. Effect of contact time of protease on deproteinization and

weight loss of A. niger biomass.
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composition. In order to design environmentally friendly

bioprocess, proteases and chitosanases have been proposed

for the enzymatic hydrolysis of A. niger biomass, instead of

the common chemical treatment. Results of this study dem-

onstrated that enzymatic hydrolysis is effective for deprotei-

nization and saccharification of A. niger biomass to produce

amino sugars as a carbon source for further fermentation to

ethanol. In this study, enzyme deproteinization (20 U/100 mg

of dry weight A. niger biomass) achieved a maximum percen-

tage of 30.5±2.6% using a neutral protease after 8 h of treat-

ment. Saccharification by endo- and exo-chitosanases res-

ulted in the reducing sugars (equivalent to amino sugars) yield

of 54 g/kg dry weight biomass. However it is recommended

to increase the concentration of endo- and exo-chitosanase

and reaction time to increase the yield of glucosamine from

A. niger biomass.
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