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Abstract 
Chitosanase is an attractive enzymatic tool for the production of bioactive chitooligosaccharides. Nevertheless, its industrial 
use is restricted by its high cost and insufficient availability because chitosanase production needs an expensive inducer, 
chitosan. Therefore, this study developed a process to produce chitosanase from abundant and inexpensive shrimp shell waste 
entailing the pretreatment of shrimp shell powder (SSP) with 0.4 M acetic acid (AcSSP), which increased the substrate bio-
availability and enhanced the chitosanase production by Lentzea sp. OUR-I1 four-fold. The initial flask-based process was 
scaled up into an air-lift bioreactor (ALB) and the maximum chitosanase activity (0.974 U/mL) was observed at an aeration 
rate of 2.0 vvm. This is the first report indicating the suitability of ALB for chitosanase production by Lentzea sp. OUR-I1. 
Interestingly, Lentzea sp. OUR-I1 also produces a yellow pigment with prospective structure as carotenoids, indicating that 
the mycelium could be reused in the production of pigments. In addition, the fermented AcSPP displayed the FTIR spec-
trum of chitin and has high potential as an absorbent for methyl orange, methylene blue and coomassie brilliant blue, with 
a maximum decolorization efficiency of 73.21, 64.59 and 87.93%, respectively. The process developed represents a cost 
effective and environmentally friendly method of valorizing a waste product from the food industry into valuable bioproducts.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1264​9-020-01191​-2) contains 
supplementary material, which is available to authorized users.
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Statement of Novelty

Shrimp shell waste is one of the major by-product released 
from shrimp processing industry, which is about 50–70% 
by total weight of shrimp raw material. This study applied 
Lentzea sp. OUR-I1 as a biological tool for valorization of 
shrimp by-product via the production of chitiosanase, a useful 
biocatalyst for the production of bioactive chitooligosaccha-
rides. In addition, residual biomass after microbial fermenta-
tion can be also reused for the production of high value com-
pounds. The results demonstrated the feasibility of utilizing 
residual mycelium of Lentzea sp. OUR-I1 in the production of 
pigments and residual AcSSP, which has the structural prop-
erty as chitin, in the absorption of industrial dyes.

Introduction

Chitosanase is an enzyme responsible for the specific hydrol-
ysis of chitosan to generate glucosamine and chitooligomer 
(COS), which have attracted recent attention because of their 
versatile applications in the fields of medicine, agriculture 
and food [1–5]. Chitosanases are widely found in a num-
ber of microorganisms including bacteria [5–11], and fungi 
[12–14]. The production of microbial chitosanases is usually 
achieved by using one of several forms of chitosan as the 
major carbon source as well as inducers [15–18]. However, 
the production of chitosanase through induction by chitosan 
has some limitations in practice because chitosan has to be 
extracted from crustacean shells using a complex process 
involving demineralization, deproteinization and deacetyla-
tion. These processes require a strong acid and base with the 
assistance of high temperature to break down the complex 
structure of the shell, extract the chitin and subsequently 
transform it into chitosan [19, 20]. Besides the main product, 
a large amount of chemical wastes are released from this 
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process causing an additional waste management problem. 
Thus, chitosanase production using chitosan as an inducer 
may be unsustainable in large-scale production. In addition, 
the incorporation of chitosan as inducer in some case can 
cause undesirable results such as poor growth of microor-
ganism due to its antimicrobial activity [2, 4] and high vis-
cosity of the culture medium [21] which lead to low level of 
enzyme production.

In recent years, several researchers have developed sys-
tems involving the use of microorganisms to produce micro-
bial chitosanase. Crustacean shell wastes such as crab shell, 
shrimp shell and squid pen have all been employed as the 
main carbon source for chitosanase production using vari-
ous microorganisms including Pseudomonas sp. TKU015 
[22], Bacillus cereus TKU018 [23, 24], Serratia marcescens 
subsp. sakuensis TKU019 [11, 25], Aspergillus fumigatus 
YT-1 [12], and Purpureocillium lilacinum CFRNT12 [26]. 
However, the expression level of chitosanases by induction 
using crustacean shell wastes (0.03–0.14 U/mL) [11, 23, 
26–29] appears to be lower than that derived from chitosan 
or its derivatives (0.2–0.5 U/mL) [15, 17, 18]. The simply 
less production might be due to the complexity of crusta-
cean shell which chitin is closely associated with minerals 
[31–34], proteins (26–40%) and lipids (1.2–2.4%) [27–30], 
then probably restricts the ability of microorganisms to 
access the molecules of nutrients necessary to induce the 
synthesis of chitosanase. In addition, mineral salts in shells 
may influence the enzyme production as reported by Wang 
et al. [35] who showed that the protease production using 
crab shell could not be as high as shrimp shell might be 
owing to the high mineral salts (40%) in crab shell impeded 
the protease production.

Therefore, pretreatment has been considered as a means 
of partially breaking down the complex structure of crusta-
cean shell thus offering the opportunity for microorganisms 
to easily access nutrients in those substrates. Wang et al. 
[29] proposed the heat treatment (autoclaving for 45 min) 
to pretreat squid pen to improve the efficiency of production 
of chitosanase by Bacillus sp. TKU004. Chemical treatment 
has also been proposed and Cheba et al. [34] conducted acid 
pretreatment of crab and shrimp shells using 22% HCl to 
enhance chitinase production by Bacillus sp. R2. Doan et al. 
[36] studied the production of chitosanase by Paenibacillus 
mucilaginosus TKU032 and Paenibacullus macerans TKU 
029 [37] using demineralized crab and shrimp shell, and 
compared the results with untreated squid pen and shrimp 
head powder. However, they found that demineralized crab 
and shrimp shell were not suitable for chitosanase produc-
tion using those strains of bacteria. These results indicate 
that the pretreatment process of crustacean shell can have 
both positive and negative effects on chitosanase produc-
tion depending on the pretreatment method selected and the 
microorganisms used in the cultivation system.

Over the past decade, the use of microbial treatment for 
demineralization and deproteinization of crustacean shells 
is a trend in the conversion of marine wastes into chitin 
because of the environmental concerns. These two pro-
cesses could be achieved via fermentation using microor-
ganisms which produce organic acid or protease individu-
ally or in combination [38–41]. By using single culture of 
protease-producing bacteria, the fermentation could allow 
the adequate protein removal, but less contributing to demin-
eralization [40]. In some case, post treatment with acid was 
proposed for demineralization to collect a sufficient quality 
of chitin [41]. Therefore, acid-pretreatment of shell is also 
interested here because it was considered to be an auxiliary 
process to facilitate demineralization in the fermentative 
extraction of chitin from the shells. As a subsequent result, 
the residual shells could be recovered as crude chitin for 
further industrial applications.

In previous study, our research group reported the pro-
duction of chitosanase from untreated shrimp shell powder 
(SSP) by the newly isolated Lentzea sp. OUR-I1. It was also 
found that this strain could produce protease to degrade SSP 
contributing to the production of chitosanase. However, it 
was necessary to provide additional chitosan (0.05% w/v) as 
an inducer to assure the production of chitosanase with high 
yield [42]. In practical applications, cost effective media is 
one of the factors that affects the cost of enzyme production 
on a large scale and as mentioned above, enzyme produc-
tion through induction by chitosan may not be economically 
efficient for large scale production. Therefore, the objective 
of this study was to investigate alternative culture systems 
for the efficient production of chitosanase by Lentzea sp. 
OUR-I1. The study investigated the use of shrimp shell 
pretreated by various methods for chitosanase production 
and compared its feasibility with that of processes previ-
ously reported [42]. Initially, the effect of pretreatment of 
shrimp shell by previously published methods on production 
efficiency of chitosanase was examined. The most suitable 
method was then selected for study of large-scale production 
of chitosanase in a 3-L bioreactor. Moreover, the remaining 
biomass was recovered and the feasibility of its reuse was 
explored.

Materials and Methods

Chemicals

Chitosan powder (75–85% deacetylated), d-glucosamine 
HCl (GlcN), N-acetyl-β-d-glucosamine (GlcNAc), l-tyros-
ine, and 3,5-dinitrosalicylic acid (DNS) were purchased from 
Sigma-Aldrich Co. (St Louis, MO, USA). Chitin was pur-
chased from Wako Pure Chemical Industries, Ltd. (Osaka, 
Japan). All the chemicals used were of analytical grade.
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Shrimp Shell Preparation and Pretreatment

Shrimp shells (Penaeus monodon) were kindly provided by 
Chotiwat Manufacturing Co., Ltd. (Songkhla, Thailand). 
The shrimp-shell powder (SSP) used in the present work 
was prepared as previously described by Huynh et al. [42]. 
Acid-pretreatment of the SSP was performed using 0.4 M 
acids, including HCl, lactic acid and acetic acid at room 
temperature in a magnetic agitator operated at 120 rpm for 
various incubation times (3, 6 and 12 h). The ratio of SSP 
to acid solution was 1:10. Afterwards, the acid-pretreated 
SSP was separated by filtration, and subsequently washed 
with deionized water several times to remove the residual 
acid and obtain a neutral pH, followed by drying at 60 °C 
until a constant weight was achieved. Heat-pretreatment of 
the SSP was conducted by autoclaving at 121 °C for 15, 30 
and 60 min.

Preparation of Inoculum

Lentzea sp. OUR-I1 from 12.5% glycerol stock was streaked 
on agar plate containing 0.25% (w/v) chitosan powder, 0.1% 
(NH4)2SO4, 0.1% K2HPO4, 0.1% KH2PO4, 0.07% NaCl, and 
0.03% MgSO4·7H2O and incubated for 2–3 days. A loopful 
of the colony was transferred into a 125 mL flask containing 
25 mL YM broth. The bacterium was incubated at 30 °C on 
an orbital shaker at 150 rpm until the optical density of cells 
at 600 nm reached 1.0. The cell culture was inoculated into 
the enzyme production medium at a final concentration of 
1.0%(v/v).

Effect of Pretreated SSP on Chitosanase Production

The pretreated SSP was used as the main carbon source for 
chitosanase production. Lentzea sp. OUR-I1 was cultivated 
in a medium containing 1.5% (w/v) pretreated SSP, 0.1% 
(NH4)2SO4, 0.1% K2HPO4, 0.1% KH2PO4, 0.07% NaCl, and 
0.03% MgSO4·7H2O (pH 5.5) at 30 °C in an orbital shaker at 
150 rpm for 7 days. The culture supernatant was collected by 
centrifugation at 10,000g at 4 °C for 20 min and used as the 
crude enzyme for measurement of the chitosanase activity. 
A culture using SSP without any pretreatment was used as 
a control experiment.

Optimization of Cultivation Conditions

In a previous study, the optimal conditions for chitosan-
ase production by Lentzea sp. OUR-I1 using SSP without 
any pretreatment were determined [42]. Nevertheless, this 
study used pretreated SSP, and thus the main parameters 
which affect enzyme production, such as the concentration 
of the carbon source (1.0–2.5%, w/v) and the initial pH of 
the medium (pH 4.5–7.0) were investigated to achieve the 

maximum production of chitosanase. In addition, the speed 
of shanking was varied in a range of 125–200 rpm to inves-
tigate the effect of the agitation rate.

Scaled‑Up Production in a Bioreactor

Chitosanase production was conducted in a 3-L stirred tank 
bioreactor (STB) and an air-lift bioreactor (ALB) contain-
ing 2 L of optimized medium at 30 °C. The production in 
the STB equipped with a pitched-blade impeller was car-
ried out with agitation varying between 125 and 200 rpm 
and constant aeration at 1 vvm. The production in the ALB 
was conducted with aeration at 0.5–2.5 vvm. Silicon diluted 
by methyl silane (1 mL/L) was used as an antifoam agent. 
Fermentation was performed for 7 days to observe the peak 
enzyme production. The supernatant was collected every day 
for chitosanase assay.

Fermentation was then conducted again under the optimal 
aeration condition for 5 days. The supernatant was collected 
at 12-h intervals to determine the activities of protease and 
chitinase as well as determining the chitosanase produc-
tion. The changes in the reducing sugar and pH were also 
explored. After 5 days of incubation, the insoluble biomass 
including cells and residual acetic acid-treated SSP (AcSSP) 
were collected for pigment extraction and to assess the dye 
absorption capacity.

Enzymatic Hydrolysis Performance of Chitosanase 
from Lentzea sp. OUR‑I1 Produced Using AcSSP

The enzyme was produced in the ALB containing 2 L of 
optimized medium at 30 °C for 5 days incubation. The crude 
enzyme was concentrated according to a manner previously 
provided by our research group [42]. Briefly, the crude 
enzyme was precipitated by 75% (v/v) chilled acetone at 
− 20 °C for 6 h. The pellets were collected by centrifugation 
at 10,000g at 4 °C and resuspended in 10 mM acetate buffer 
(pH 5.5). The obtained solution was used for the hydrolysis 
of chitosan. The enzymatic hydrolysis performances were 
investigated in 50 mM buffers (pH 3.5–7.0) at temperatures 
varied from 30 to 60 °C using 0.5–2.5% (w/v) chitosan pow-
der as substrate and 0.5–3.0 U/mL of enzyme. The amount 
of reducing sugar in supernatant was then quantified by the 
Miller method [43].

Assay of Enzyme Activities

The reaction mixture for chitosanase assay contained 0.5% 
(w/v) colloidal chitosan, 50 mM acetic acid buffer (pH 5.5) 
and an appropriate amount of enzyme, was incubated at 
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37 °C for 1 h. The amount of reducing sugar generated was 
measured following the method of Miller [43]. One unit of 
chitosanase activity was defined as the amount of enzyme 
that liberates 1 µmole of GlcN equivalents per minute.

Chitinase activity was determined by measuring the 
amount of reducing sugars using the DNS method with 
N-acetylglucosamine as the standard. One unit of chitinase 
activity was defined as the amount of enzyme that releases 
1 µmole of GlcNAc equivalents per minute. Protease activity 
was measured using a previously established method with 
l-tyrosine as the standard [44]. One unit of protease activity 
was defined as the amount of enzyme required to liberate 
1 µmole of l-tyrosine equivalent per minute.

Dry Absorption by Fermented AcSSP

The residual AcSSP was washed with distilled water three 
times and dried at 50 °C until a constant weigh was achieved. 
A sample corresponding to a final concentration of 10 mg/
mL was mixed with 10 mL of dye solutions (pH 4–10) 
including 10 mg/mL methyl orange (MO), 10 mg/mL meth-
ylene blue (MB) and 10 mg/mL coomassie brilliant blue 
(CCB). The mixtures were placed on a shaker at 100 rpm at 
room temperature for 24 h, after which the unabsorbed dye 
in the supernatant was collected by centrifugation at 10,000g 
for 10 min and the absorbance was measured at 446 nm for 
MO, 664 nm for MB and 595 nm for CCB. The experiment 
using untreated SSP was performed for comparison. The 
dye removal percentage was calculated using the following 
equation.

where Ai and At are the initial and final absorbance of the 
dye before and after adsorption.

Fourier Transform Infrared Spectrometric Analysis 
of Fermented AcSSP

Fourier transform infrared (FTIR) was used to reveal the 
characteristics of the fermented AcSSP. A sample was mixed 
with KBr powder and ground in a pestle and mortar. The 
spectra were recorded using Jasco FT/IR 460 Plus spec-
trometer in transmittance mode over a wavenumber range 
of 400–4000 cm−1, with a resolution of 4 cm−1 after 16 scan 
accumulations. The degree of deacetylation (DD) was cal-
culated using the following equation [45]:

where A1650 is the absorbance of amide I vibration, A3450 
is the absorbance of OH vibration, and 1.33 is a factor that 

Removal (%) = (Ai − At)∕(Ai) × 100

DD = 100 −

[

(

A1655

A3450

)

/

1.33 × 100

]

represents the ratio of A1650/A3450 for fully N-acetylated 
chitin.

Mass Spectrometry (MS)

The hydrolysates was collected after 72 h incubation under 
the optimal conditions for chitosan hydrolysis. The compo-
sition of hydrolysate was analyzed by mass spectrometry 
(AccuTOF™ JMS-T100 LC, Jeol, Japan) as described pre-
viously [42].

Determination of Adsorption Spectra of Pigment 
Extracted from Cell of Lentzea sp. OUR‑I1

The cell biomass of Lentzea sp. OUR-I1 was dried at 50 °C 
until a constant weigh was achieved. The pigment was 
extracted by mixing dried cells and methanol at a ratio of 
1:5 at 45 °C for 3 h on an incubation shaker at 150 rpm. The 
extracted pigment was identified through the characteristic 
of UV–visible absorption. The spectra were collected using 
a UV-1800 UV–VIS spectrophotometer (Shimadzu, Japan) 
in a range between 350 and 700 nm, with methanol used as a 
blank. The extract of cell biomass collected from the culture 
using untreated SSP was used as a control sample.

Determination of Ash and Protein Contents

The dried samples were placed in a muffle at 550 °C for 12 h 
and the ashes were then collected and weighed. The protein 
content was analyzed according to the Kjeldahl method [46]

Results and Discussion

Influence of Various Pretreatments of Shrimp Shell 
on Chitosanase Enzyme Production by Lentzea sp. 
OUR‑I1

This study initially examined the effect of pretreated SSP 
using acids and heat on the production of chitosanase by 
Lentzea sp. OUR-I1 (chitosanase OUR-I1). It was expected 
that the nutrients contained in SSP would be released by 
treatment with sufficient heat, thus promoting enzyme pro-
duction [29], while, acid pretreatment was employed in 
order to reduce the proportion of calcium carbonate-based 
mineral salts and facilitate the utilization of other nutrients 
contained in SSP. Additionally, acid pretreatment was used 
because it is helpful in the demineralization of SSP, which 
thereafter can be converted to chitin during fermentation. 
Figure 1 shows the activity of chitosanase obtained from 
media containing pretreated SSP during 1–7 days cultivation 
in comparison to untreated SSP (control). The chitosanase 
activity was different depending on the fermentation time. 
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Enzyme activity was detected after 2 days incubation, and 
reached a maximum during cultivation of 5–7 days depend-
ing on the types of pretreated substrate.

The data obtained indicated a greater positive effect of 
acid pretreated SSP on the production of chitosanase OUR-I1 
than that of heat pretreatment. Acid pretreated SSP produced 
2–6 times the chitosanase OUR-I1 as compared with the 
control. The order of the positive impact of acid treatment 
on chitosanase OUR-I1 production was acetic acid > lactic 
acid > HCl. The maximum activity of 0.586 ± 0.003 U/mL 
was found after 5 days of fermentation using SSP treated 
by acetic acid (AcSSP) for 6 h. However, this value was not 
significantly different (p > 0.05) from the activity achieved 
from SSP for 3 h (0.556 ± 0.015 U/mL). Therefore, the lat-
ter condition was selected for further experiments in order 
to reduce the time taken in substrate preparation. Moreover, 
a considerable level of increase in activity (0.371–0.440 U/
mL) was also achieved from SSP treated by lactic acid for 
3–6 h after 6 days of fermentation.

However, prolonging the time of pretreatment by both 
acetic acid and lactic acid led to a remarkable drop in chi-
tosanolytic activity. Similarly, pretreatment by HCl, which is 
a strong acid, showed lowest effect on the chitosanase OUR-
I1 production compared to pretreatment with acetic acid and 
lactic acid. These findings indicate that harsh treatment was 
not suitable for preparing shrimp shell, which would be 
used as feed stock for microbial fermentation to produce 
the enzyme. It might be due to a loss of nutrients contribut-
ing to cell growth and enzyme production along with harsh 
demineralization as reported by Aye and Stevens [47] who 
revealed that acidic treatment of shrimp shell resulted in up 
to 60% protein removal when the demineralizing time was 
extended from 3 to 6 h.

In order to explain the impact of the pretreatment of SSP 
by selected method on chitosanase production, ash and 

protein contents in AcSSP were determined. Table 1 shows 
that AcSSP had the protein content of 38.25 ± 0.57% on dry 
weight basis, which was slightly lower than that of untreated 
SSP (41.02 ± 0.23%), indicating that AcSSP remained the 
important nutrient for microbial growth. On the other hand, 
its ash content was removed about 82.61%. It could be spec-
ulated that AcSSP enhanced the chitosanase production by 
a means of reducing mineral content in SSP which then leads 
to increase the bioavailability of protein and chitin, allowing 
the easier metabolization of those nutrients necessary for 
inducing chitosanase synthesis.

Effect of Concentration of Substrate and Initial pH 
of Media on Chitosanase Production

As described above, AcSSP was considered to be the most 
suitable carbon source in this study. To determine the opti-
mal concentration for chitosanase production, the enzyme 
activity was investigated in a medium supplemented with 
AcSSP at 1.0, 1.5, 2.0 and 2.5% (w/v). As shown in Fig. 2a, 
the highest activity of 0.675 ± 0.049 U/mL was obtained 
from a medium containing 1.0% (w/v) of AcSSP after 5 days 
of fermentation. The production of chitosanase gradually 
decreased when AcSSP concentration was increased. Of 

Fig. 1   Effect of pretreated 
shrimp shell powder (SSP) 
on chitosanase production by 
Lentzea sp. strain OUR-I1. All 
fermentations were operated 
in 125 flask contains 50 mL 
of media consisting of 1.5% 
(w/v) pretreated SSP (pH 5.5) 
at 30 °C for 7 days on an orbital 
shaker with 150 rmp. Untreated 
SSP (1.5% w/v) was used as a 
control
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Table 1   Characterization of untreated SSP, AcSSP and fermented 
AcSSP

Sample Protein content 
(% dry weight)

Ash con-
tent (% dry 
weight)

Degree of 
deaceylation 
(%)

Raw SSP 41.02 ± 0.23 26.51 ± 1.46 –
AcSSP 38.25 ± 0.57 4.61 ± 0.47 24.81
Fermented AcSSP 29.24 ± 0.56 5.31 ± 0.18 27.34
Commercial chitin 10.68 ± 0.42 0.042 ± 0.01 23.19
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note, it was observed that fermentation medium was thick 
of insoluble AcSSP when the concentration beyond 2.0% 
(w/v), suggesting that a higher concentration of AcSSP 

might affect the rheology and dissolved oxygen in the 
medium, which could subsequently influence cell growth 
and the synthesis of chitosanase [16]. In addition, it was 

Fig. 2   Effect of various con-
centration of acetic acid-treated 
SSP (AcSSP) (a), initial pH of 
media (b) and shaking speed (c) 
on chitosanase production by 
Lentzea sp. strain OUR-I1. All 
fermentations were conducted 
in 125 flask contains 50 mL of 
media consisting of 1.0–2.5% 
(w/v) AcSSP which were 
adjusted pH to 4.5–7.0 on an 
orbital shaker with 125–200 
rmp at 30 °C for 7 days on an 
orbital shaker
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found that the reducing sugar existing in the culture superna-
tant was increased with the extending of substrate concentra-
tion. The result implies the occurrence of AcSSP hydrolysis 
by the chitinolytic enzymes during fermentation. Notably, 
the amount of reducing sugar determined at 2.0–2.5% (w/v) 
AcSSP was approximately double as compared with at 1.0% 
(w/v) AcSSP. It raises the possibility that the accumulation 
of reducing sugar, which was assumed to be chitooligosac-
charides, exhibited possible inhibitory effect on microbial 
growth as well as chitosanase synthesis [2, 4].

Most previous studies have reported that chitosanase was 
maximally produced in media with an initial pH range of 
4.5–7.0 [6–18] suggesting that an acidic pH medium helps 
to partially degrade the substrate contributing to enzyme 
production. Thus, this study examined the effect of the initial 
pH on the production of chitosanase at pH values ranging 
from 4.5 to 7.0. The results shown in Fig. 2b indicate that 
the optimum production of chitosanase occurred at pH 6.5 
where a highest levels of activity being 0.791 ± 0.110 U/mL. 
Therefore, cultivation at pH 6.5 was therefore adopted for 
large-scale production.

Comparison of Enzyme Production Using Ac‑SSP 
and Untreated SSP with Additional Chitosan Powder

This experiment aimed to demonstrate the feasibility of 
using AcSSP as an alternative to SSP with additional chi-
tosan powder (SSP + CP) for the production of chitosan-
ase by Lentzea sp. OUR-I1. It is worth noting that enzyme 
production using AcSSP (1.0% w/v) was performed under 
the optimal conditions found in the earlier phase of this 
study whereas the production using SSP (1.5% w/v) with 
additional chitosan (0.05% w/v) was conducted using the 
conditions reported by Huynh et al. [42]. Cultivation was 
compared at flask scale. In addition to the production of chi-
tosanase, the level of other enzymes involved in shrimp shell 
degradation, for instance, chitinase and protease were also 
determined. Since each condition used a different concentra-
tion of substrate, the enzyme activities were represented as 

production yield (U/g substrate). Table 2 shows that the yield 
of chitosanase by AcSSP (207.42 ± 38.06 U/g) was compa-
rable to that obtained from SSP + CP (201.88 ± 19.39 U/g) 
after 4  days of fermentation. The highest yield of 
217.90 ± 32.79 U/g was achieved after 5 days of fermenta-
tion. Interestingly, the yields of chitinase and protease were 
higher than those from cultivation using SSP + CP. This was 
evident that acid pretreatment facilitates the assimilation of 
protein and chitin in shrimp shell.

It is well known that most microbial chitosanases are syn-
thesized by induction mechanism using chitosan as a main 
carbon source. Nevertheless, the recent studies have demon-
strated the potential of substrates contained both protein and 
chitin as alternative inducer for the chitosanase production 
by bacteria, which have the capacity to produce protease 
and/or chitinase, and chitosanase [23, 28, 35, 36, 42]. At pre-
sent, the inductive effect of crustacean shell on the chitosan-
ase synthesis has not been clearly described. However, those 
previous studies proposed that bacteria produce protease to 
solubilize protein for microbial growth, and subsequently 
contribute to extract chitin from the shell. According to the 
specificity of chitosanases toward chitin often reported in 
literatures [11, 36, 37], it could be suggested that the micro-
organism would produce chitosanase to degrade chitin 
extracted from the shell during fermentation. Therefore, a 
higher amount of protease as well as chitinase might subse-
quently contribute to the production of chitosanase.

Although, AcSSP was found to be a promising carbon 
source to enhance chitosanase production by Lentzea sp. 
OUR-I1, when scaling-up is considered, the production of 
chitosanase using AcSSP may raise environmental con-
cerns about the management of acid wastes resulting from 
the process. However, the most effective pretreatment of the 
SSP in this study was achieved using an organic acid at a 
low concentration (0.4 M acetic acid) at room temperature. 
Unlike the conventional process of chitosan synthesis, this 
process does not involve the use of a strong acid for dem-
ineralization, nor a base for deproteinization and deacetyla-
tion at high temperature, so that the process proposed would 

Table 2   Comparison of 
production yield of enzymes 
from culture using acetic acid-
pretreated SSP and untreated 
SSP with chitosan as carbon 
source and inducer

Fermenta-
tion time 
(days)

Yield (U/g substrate)

1.0% AcSSP 1.5% SSP + 0.05% CP

Chitosnase Chitinase Protease Chitosnase Chitinase Protease

1 1.64 ± 1.05 12.78 ± 2.99 164.57 ± 5.65 7.58 ± 1.90 2.19 ± 0.35 4.17 ± 3.51
2 52.41 ± 4.32 58.44 ± 1.04 168.47 ± 0.65 58.86 ± 0.17 5.43 ± 0.64 139.75 ± 4.28
3 137.94 ± 1.08 81.18 ± 3.49 297.13 ± 10.23 127.96 ± 9.74 5.83 ± 0.10 131.50 ± 8.03
4 207.42 ± 38.06 35.74 ± 1.05 332.07 ± 2.59 201.88 ± 19.39 5.12 ± 0.15 50.01 ± 8.57
5 217.90 ± 32.79 36.28 ± 1.27 50.45 ± 13.32 197.81 ± 51.88 4.12 ± 0.47 14.81 ± 1.55
6 133.87 ± 13.82 23.97 ± 1.40 13.32 ± 0.94 80.82 ± 9.24 3.30 ± 0.94 4.64 ± 1.33
7 53.58 ± 3.57 24.31 ± 0.40 6.07 ± 0.04 45.76 ± 7.51 1.45 ± 0.05 10.38 ± 6.27
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generate less toxic effluents and would entail lower energy 
consumption. Moreover, the solution resulting from the pre-
treatment of SSP by acetic acid will contain salts, particu-
larly calcium acetate, which can be recovered for use in other 
valuable products such as food and feed additives [48, 49].

Scaled‑Up Production of Chitosanase OUR‑I1

Agitation and aeration are the most crucial parameters which 
influence scaled-up enzyme production in a bioreactor. In 
order to determine the appropriate operating conditions in a 
bioreactor, the production of chitosanase OUR-I1 was con-
ducted in a 3-L STB with a working volume of 2 L. The 
cultivation of Lentzea sp. OUR-I1 was performed in the STB 
using the optimal medium from the flask-scale experiments 
with a constant aeration rate of 1.0 vvm for 7 days. Different 
agitation speeds between 125 and 200 rpm were investi-
gated. However, no production of chitosanase was detected 
under the various conditions examined. This was probably 
because the mechanical shear stress caused by the impeller 
of the STB impeded the production of chitosanase OUR-I1. 
In flask-scale production, as shown in Fig. 2c, the production 

of chitosanase increased as the agitation rate was increased. 
The highest activity of 1.422 ± 0.02 U/mL was detected at 
175 rpm. Nevertheless, the activity obviously declined at an 
agitation rate of 200 rpm which shows that while agitation is 
necessary for mass transfer and to enhance enzyme produc-
tion, a vigorous agitation rate may exert higher shear stress 
on the cells of Lentzea sp. OUR-I1 leading to lower enzyme 
production [50, 51].

In order to obviate the mechanical shear stress of the 
impeller, production was conducted in an ALB and the effect 
of aeration was investigated in a range of 0.5–2.5 vvm. The 
production of chitosanase gradually increased as the aeration 
was increased. The activity increased sharply at 2.0 vvm, at 
which level the maximum activity of 0.974 ± 0.136 U/mL 
was recorded after 5 days (Fig. 3a). However, the produc-
tion of chitosanase was reduced by approximately 30% when 
compared with the flask culture under optimal conditions 
(Fig. 2c). This may be due to the relatively poor mixing of 
the substrate at a larger scale. In fact, the high air flow rate 
of 2.0 vvm utilized in the ALB is important not only for 
oxygenation but also to ensure adequate mixing of the bio-
mass in the culture system. It was observed that the higher 

Fig. 3   Effect of aeration in an 
airlift bioreactor on chitosanase 
production by Lentzea sp. strain 
OUR-I1 (a) and time course 
production (b). Fermentation 
was operated in a 3-L airlift 
bioreactor with 2 L of working 
volume with 0.5–2.5 vvm using 
optimal conditions from flask-
scale production
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air flow rate improved the mixing of cells and the insoluble 
SSP substrate and the medium, thus increasing the opportu-
nity for the microorganism to access and assimilate the SSP. 
However, it was not advantageous to increase the rate of 
aeration beyond 2.0 vvm and a dramatic decrease in activity 
(0.153 ± 0.002 U/mL) was observed at 2.5 vvm, suggest-
ing hydrodynamic stress within the reactor [52] or oxidative 
stress in the bacteria and the enzyme produced [53].

There has been no previous study of the scaled-up pro-
duction of chitosanase using SSP with which to compare the 
results of the study reported herein and generally there have 
been very few reports of scaled-up chitosanase production. 
The results in the present study were however in contrast 
to those of previous reports. In a study of chitosanase pro-
duction using soluble chitosan by Aspergillus sp. CJ22-326 
performed in an STB, a relative low airflow rate of 0.8 vvm 
was found to provide the optimum oxygen supply and mass 
transfer [16]. This may be attributed to the combination of 
agitation (170 rpm) and the effect of the impeller which 
could afford better mass transfer and oxygenation efficiency 
[16, 54]. In another study, chitosanase was produced by 
Bacillus cereus TP12.24 using 0.5% (w/v) chitosan in fer-
menter controlled at 1 vvm aeration with a high agitation of 
400 rpm [55].

Figure 3b shows the change in other components during 
fermentation for 5 days. Protease activity was detected at 
noticeable levels while chitinase was produced only in small 
quantities during the whole fermentation process. As men-
tioned earlier, protease is advantageous to the decomposi-
tion of AcSSP which contributes to cell growth and induces 

chitosanase production. In the presence of protease, the pH 
of the medium and the reducing sugar content increased. 
Chitosanase activity was accompanied by the production of 
reducing sugars, indicating the hydrolysis of AcSSP. But 
the activity of chitosanase was high after a reduction in the 
amount of sugar, suggesting that synthesis of chitosanase is 
also regulated by the concentration of existing sugar, which 
was in good agreement with the result illustrated in Fig. 2a.

Enzymatic Hydrolysis Performance of Chitosanase 
from Lentzea sp. OUR‑I1 Produced Using AcSSP

This experiment was conducted to confirm the performance 
of chitosanase produced using AcSSP as carbon source in 
the production of COS. The crude enzyme was recovered by 
75% (v/v) acetone to concentrate the chitosanase activity and 
remove some unwanted proteins. After acetone precipitation, 
the obtained enzyme showed 3.05 U/mL chitosanase activ-
ity and 0.59 mg/mL protein concentration, corresponding 
to specific activity of 5.17 U/mg protein. The enzymatic 
hydrolysis by chitosanase in the present work had similar 
characteristics to that reported previously [42]. The optimal 
temperature and pH for maximum reducing sugar equiva-
lent to COS were 40–45 °C and 4.5. The highest amount of 
COS was achieved when using 1.5% (w/v) and 2 U/mL of 
partially purified chitosanase (Supplementary Fig. 1). The 
ESI–MS analysis revealed that the hydrolysate contained 
monomeric glucosamine (GlcN) and N-acetyl glucosamine 
(GlcNAc), and its oligomer with degree of polymerization 
(DP) of 2–3 including 2GlcN, GlcN + GlcNAc, 3GlcN, 

Fig. 4   ESI–MS analysis of 
chitosan hydrolysate at 72-h 
incubation time by chitosanase 
of Lentzea sp. strain OUR-
I1produced using AcSSP in an 
airlift bioreactor
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2GlcN + GlcNAc and GlcN + 2GlcNAc (Fig. 4). The result 
was in agreement with those previously reported by our 
research group indicating chitosanase OUR-I1 has constant 
hydrolytic performance, even though it was produced by dif-
ferent cultivation system.

Prospective Utilization of By‑Products 
from Chitosanase Production System Using Lentzea 
sp. OUR‑I1 and AcSSP

In addition to chitosanase, in large-scale production, a large 
amount of residual biomass including cells of Lentzea sp. 
OUR-I1 and the residue of the AcSSP would be generated. 
Eventually, the management of these residues would become 
a major concern in implementing this process on an indus-
trial scale. It was clearly observed that the cell biomass 
from the culture using AcSSP had an orange-yellow color 
(Fig. 5b) which was more intense than the color of the cells 
grown on a medium containing untreated SSP (Fig. 5a). The 
reason for the mycelium of Lentzea sp. OUR-I1 being that 
color is not clear but it might be due to the change in the 
cultivation conditions, for instance variation in the carbon 

source [56]. The spectra analysis of the compound extracted 
from the mycelium of Lentzea sp. OUR-I1 from the culture 
using AcSSP by methanol shows intense absorption peaks 
at wavelengths of 446 and 569 nm (Fig. 5c) where differed 
from that of the mycelium from the culture using SSP. 
This characteristic spectrum suggested that the compound 
extracted contained a member of carotenoids, which have 
maximum absorptions between 300 and 600 nm [57]. This 
finding indicates that the mycelium of Lentzea sp. OUR-I1 
could be recovered for the production of pigments.

In the present work, 3 g/L by dry weight of residual 
AcSSP was able to be recovered from fermentation. It is 
believed that the residual AcSSP was converted into crude 
chitin through deprotenization by protease produced during 
fermentation. As shown in Table 1, protein content in AcSSP 
reduced from 38.25 ± 0.57% to 29.24 ± 0.56% after fermen-
tation. The high residual protein content in fermented AcSSP 
is probably due to incomplete deproteinization of shell or 
the presence of fermentative proteins which are covalently 
bound to chitin [39], and not removable by washing with 
distilled water. Figure 6 shows that the FTIR spectrum of 
fermented AcSSP is similar to that of commercial chitin. 

Fig. 5   The appearance of cell 
biomass of Lentzea sp. strain 
OUR-I1 recovered after fermen-
tation using untreated SSP (a) 
and AcSSP (b), and the spectral 
analysis of the orange pigment 
extracted from the residual cells 
after fermentation using AcSSP 
(c) in an airlift bioreactor. The 
residual cells recovered from 
fermentation using untreated 
SSP was used as control mate-
rial
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Commercial chitin exhibits peaks at around 3426, 3245, 
1653, and 1558 cm−1, which are attributed to O–H stretch-
ing, N–H stretching, C=O stretching (amide I), and NH2 
bending (amide I), respectively. The characteristic peaks of 
chitin were also observed in fermented SSP at 3426, 3245, 
1653, and 1551 cm−1. The DD of fermented AcSSP was 
estimated to be 27.34% which was slightly higher than that 
of commercial chitin (23.19%) (Table 1). This indicates the 
feasibility of the bioproduction of chitin through the fermen-
tation process established in this study.

The ability in the decolorization of industrial dyes was 
explored in order to offer an opportunity of reusing fer-
mented AcSSP, which has low quality as compared its pro-
tein and ash contents to that of commercial chitin. Figure 7 
shows its decolorization efficiency of methyl orange (MO), 
methylene blue (MB) and coomassie brilliant blue (CCB) in 
comparison with raw SSP. The ability to absorb dyes varied 
based on the initial pH. The fermented AcSSP exhibited 
high efficiency for CCB removal with the highest removal 
percentage being 87.94 ± 0.54% and 87.10 ± 4.77% with 
initial pH levels of 8.0 and 10.0, respectively. However, the 
removal efficiency for CBB of fermented AcSSP at pH 4.0 
and 6.0 was lower than that of raw SSP. The higher absorp-
tive effect of raw SSP against CBB might be related to its 
higher protein content [58]. The removal capacity of fer-
mented AcSSP for MB was in a range of 59.59–64.59% over 
the pH values tested. The results were in great agreement 

with the results reported by Dhananasekaran et al. [59], 
who investigated the absorption process by chitin nanopar-
ticles at basic pH for CCB and over a wide range of pH 
levels for MB. For MO, the maximum removal percent-
ages of fermented AcSSP were found at an acidic pH of 4.0 
(72.68 ± 6.18%) and 6.0 (73.21 ± 2.34%), which were better 
than that of raw SSP. This may have been because the acidic 
pH facilitated the protonating cation of the acetamido of the 
crude chitin, allowing it to efficiently absorb MO which pos-
sesses negative charge groups at low pH [60]. These experi-
ments showed that the residual biomass from chitosanase 
production by Lentzea sp. OUR-I1 using AcSSP could be 
reused for the industrial applications.

Conclusions

The recently isolated actinomyceste, Lentzea sp. OUR-I1 
offers high potential for the low-cost production of chitosan-
ase from shrimp-shell waste. In this study, we developed an 
efficient process for the pretreatment of SSP to enhance chi-
tosanase production. The results revealed the effectiveness 
of SSP pretreated by 0.4 M acetic acid (AcSSP) in inducing 
chitosanase synthesis. When scaled-up to bioreactor level, 
it was found out that the production process developed 
could not be performed in an STB but was successfully per-
formed in an ALB although it required a high rate of aeration 
(2.0 vvm) to ensure a sufficient oxygen supply and mixing 
of the biomass. Moreover, the production of chitosanase 
through the fermentation of AcSSP by Lentzea sp. OUR-I1 
provides additional benefits since the residual mycelium of 
Lentzea sp. OUR-I1 were found to be a promising source of 
materials for microbial pigment production, and the AcSPP 
could be used as crude chitin which may have high poten-
tial as a bioadsorbent for industrial dyes. In addition, it was 

Fig. 6   FTIR analysis of commercial chitin and pretreated SSP. AcSSP 
is acetic acid treated SSP before fermentation. Fermented AcSSP is 
residual AcSSP after fermentation in an airlift bioreactor
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demonstrated that the chitosanase OUR-I1 provided constant 
hydrolytic performance and the findings in relation to its 
hydrolysis of chitosan were in agreement with those previ-
ously reported by our research group. The results obtained in 
this study show that large scale production using the process 
developed would be both cost effective and environmentally 
friendly.
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