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Abstract
Chitin is a natural compound found abundantly in shrimp shells. Chitin can be 
degraded to produce N-acetylglucosamine, which has wide applications in the 
food and pharmaceutical fields. Fermentation using chitinolytic microorganisms 
can be used to produce N-acetylglucosamine from shrimp shells’ chitin.  One of 
the strong chitinolytic bacteria that was isolated from previous research was Prov-
idencia stuartii. To provide better stability and efficiency in fermentation, P. stu-
artii cells were immobilized using entrapment method in papaya trunk wood. The 
aims of this research were to determine the optimum papaya trunk wood size, ratio 
of papaya trunk wood and growth medium, as well as the optimum fermentation 
cycle to produce N-acetylglucosamine from P. vannamei shrimp shells using sub-
merged fermentation method. The research used experimental method with treat-
ment of different sizes of papaya trunk wood (1 x 1 x 1 cm3, 1.5 x 1.5 x 1.5 cm3, 
and 2 x 2 x 2 cm3), different ratio of papaya trunk wood and growth medium (1:10, 
1:15 and 1:20), and 4 fermentation cycles. Results showed that papaya trunk wood 
with size of 1 x 1 x 1 cm3 and ratio (w/v) of 1:10 could immobilize 87.08±2.05% 
of P. stuartii cells and produce the highest N-acetylglucosamine concentration, 
which was 238177.78±3153.48 ppm. The highest N-acetylglucosamine produc-
tion was obtained from first fermentation cycle and decreased over the last three 
cycles, but still produced high concentration of N-acetylglucosamine. Therefore, 
it is possible to perform continuous N-acetylglucosamine production from shrimp 
shells using P. stuartii cells immobilized in papaya trunk wood.
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chitinase (Brzezinska et al., 2014). Microbial fermen-
tation offers high reproducibility in shorter time, sim-
pler process manipulation, smaller solvent consump-
tion, lower energy input, and environmental-friendly 
(Younes and Rinaudo, 2015). Furthermore, to increase 
the fermentation efficiency, immobilized cells are pre-
ferred compared to free cells. For industrial purposes, 
the use of immobilized cells using entrapment method 
in continuous fermentation is more advantageous com-
pared to batch fermentation (Niknezhad et al., 2016) as 
it offers better stability, reusability, and adaptability for 
scale-up production (Adinarayana et al., 2005; Jiang et 
al., 2013) 

Previous research by Hardoko et al. (2020) has suc-
cessfully isolated some chitinolytic bacteria from rotten 
shrimp shells, with the strongest chitinolytic properties 
possessed by P. stuartii. Immobilization of P. stuartii 
cells can be used as an alternative way to suppress the 
cost of using enzyme to produce N-acetylglucosamine 
and allows the repeated use of P. stuartii cells for 
N-acetylglucosamine production from shrimp shells’ 
chitin. 

Cell or enzyme immobilization has been performed 
using several supports, such as agar, calcium alginate 
(Cheba, 2011; Niknezhad et al., 2016), cellulose, starch, 
agarose, chitosan, and proteins such as gelatin and albu-
min (Malmiri et al., 2012). However, the use of natural 
polymeric gels is limited because of their mechanical 
strength, resulting in leakage and release of cells in the 
medium (Cheba, 2011; Iqbal and Saeed, 2005). This 
suggests the importance of finding natural structural 
materials as supports for cell immobilization, as they 
offer better mechanical strength and open spaces inside 
the matrix for cell growth (Iqbal and Saeed, 2005). Sev-
eral natural supports have been used to immobilize cells 
for fermentation purpose, such as corn cobs (Genisheva 
et al., 2011), biochar (Kyriakou et al., 2020) for ethanol 
production, and grapefruit peel for beer fermentation 
(Estela-Escalante et al., 2020).

Trunk wood of plants, such as papaya can be used for 
the cell immobilization using entrapment method. Ac-
cording to Iqbal and Saeed (2005), papaya trunk wood 
has a structural fibrous network (SFN) with promising 
potential to be the material for the cell entrapment. Ad-
ditionally, papaya trunk wood is very cheap and abun-
dantly available. Several microorganisms have been im-
mobilized in papaya trunk wood, i.e., Aspergillus niger 
(Osho et al., 2014), Aspergillus tamarii (Maduka et al., 
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1. Introduction

  Approximately  70%  of  the  captured  fisheries  are 
utilized  for  food  processing  and  a  significant  amount 
of  the  processed  fisheries  resulted  as  waste  (Kim  and
Mendis, 2006). In crustaceans such as crab and shrimp,
the  waste  makes  up  approximately  45%  of  the  crusta-
ceans. These chitinous crustacean waste are hazardous 
to  the  environment  due  to  the  high  perishability  and 
high  polluting  effect  if  discarded  as  it  is  without  any 
processing. In the sea, the crustacean waste rapidly lead 
to  high  biochemical  oxygen  demand  (BOD),  while  on 
land the waste quickly become colonized by pathogens 
and  spoilage  organisms  resulted  in  environmental  is-
sue and public health concerns (Kim, 2011). One of the 
most  commonly  shrimp  species  found  in  Indonesia  is 
P. vannamei or white leg shrimp (Uno et al., 2010). Its
cultivation  became  popular  in  Indonesia  because  it  is 
more  disease-tolerant,  it  has  better  survival  and  grow 
more rapidly compared to other species (Amelia et al.,
2021). Nowadays, shrimp waste is only used as animal 
feed supplementation or simply discarded (Hongkulsup 
et al., 2016). Meanwhile, shrimp and crab shells are the 
main natural sources of chitin or poly β-(1-4)-N-acetyl-
D-glucosamine,  an  important  natural  polysaccharide,
which  have  been  used  widely  for  biomedical  research 
and  pharmaceutical  applications,  such  as  for  wound 
healing,  drug  delivery  system,  and  cancer  diagnosis 
(Younes and Rinaudo, 2015; Elieh-Ali-Komi and Ham-
blin,  2016).  Several  researches  have  utilized  shrimp
shells as source of chitin (Hongkulsup et al., 2016; Liu 
et al., 2020).

  About  half  of  shrimp  shells  is  composed  of  chitin 
(Bhattachrya et al., 2007). N-acetylglucosamine is a de-
rivative  from  chitin  that  is  commercially  used  to  treat 
joint damage or osteoarthritis (Kubomura et al., 2017)
and is widely researched as a potential candidate to treat 
inflammatory bowel disease (IBD) (Chen et al., 2010).
It  also  has  wide  applications  in  food,  cosmetics,  and 
pharmaceutical industries (Liu et al., 2013; Zhou et al.,
2019). Traditionally,  N-acetylglucosamine  is  produced 
from chitin by chemical hydrolysis using strong acids,
which  can  cause  severe  environmental  problems  and 
has potential risk of allergic reactions (Liu et al., 2019;
Kim et al., 2018; Arbia et al., 2013). Enzymatic meth-
od to produce N-acetylglucosamine has also been done.
However, using enzyme is costly and as an alternative,
fermentation  method  can  be  used,  because  during  the 
fermentation, chitinolytic microorganisms can produce
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2019), and Aspergillus tereus (Iqbal and Saeed, 2005). 
However, the use of papaya trunk wood for bacterial 
cell immobilization has never been done before.

This research was conducted based on the fact that 
shrimp shells are available abundantly and often discard-
ed as waste while actually they contain high amount of 
chitin that can be further processed into N-acetylglucos-
amine. In this research, P. vannamei shrimp shells were 
used to produce N-acetylglucosamine using P. stuartii 
cells that were immobilized by entrapment method in 
papaya trunk wood using repeated submerged fermen-
tation. The purpose of this research was to determine 
the optimum size and ratio of papaya trunk wood and 
growth medium, as well as the optimum fermentation 
cycles to produce N-acetylglucosamine through sub-
merged fermentation from P. vannamei shrimp shells. 

2. Materials and Methods

2.1 Materials 

The main materials used in this research were 
the shells of P. vannamei shrimp bought from PT. First 
Marine Seafood, Jakarta, Indonesia, papaya trunk wood 
bought from Kebun Botani (Lebak, Banten, Indonesia), 
and the culture of P. stuartii which was isolated from 
rotten shrimp shells from the previous research by Har-
doko et al. (2020). The chemicals and media used in this 
research were distilled water (Amidis), N-acetylglucos-
amine standard (Sigma Aldrich, USA), medium Nu-
trient Agar (NA; Merck, Germany), medium Nutrient 
Broth (NB; Merck, Germany), methylene blue (Merck, 
Germany), Bovine Serum Albumen (BSA; Merck, Ger-
many), Coomasie Brilliant Blue G-250 (Sigma Aldrich, 
USA), potassium dihydrogen phosphate (KH2PO4; 
Merck, Germany), dipotassium phosphate (K2HPO4; 
Merck, Germany), magnesium sulphate heptahydrate 
(MgSO4.7H2O; Merck, Germany), ammonium sulfate 
((NH4)2SO4; Merck, Germany), pH indicator universal 
(Merck, Germany), and pH buffer 7 (Merck, Germany). 

The equipment used in this research were mill-
er (FCT-Z200, Fomac, Indonesia), oven (UNE 800, 
Memmert, Germany), waterbath (WNB 14, Memmert, 
Germany), pH meter (Metrohm 744, Germany), analyt-
ical balance (PA214C, Ohaus, Germany), haemocytom-
eter (Neubauer, Brand, Germany), incubator (BE 600, 
Memmert, Germany), fume hood (EFH-4A1, Esco, Sin-
gapore), autoclave (HVE-50, Hirayama, Japan), muffle 
furnace (Thermolyne 62700, Thermo Fischer Scientific, 

USA), micropipette (Finnpipette F2, Thermo Fischer 
Scientific, USA), laminar air flow (ECH-4, Esco, Singa-
pore), centrifuge (MPW-223e, Poland), UV-Vis spectro-
photometer (Genesys 10S, Thermo Fischer Scientific, 
USA), quartz cuvette (Spectra Cuvette; T-Bota Scietech, 
China), Buchner pump (DOA-P504-BN; GAST, USA), 
SEM (Scanning Electron Microscopy) (JSM-6510 LA, 
JEOL, Japan), and glasswares (IWAKI Pyrex, Japan).  

2.2 Methods

2.2.1 Preparation of P. vannamei shrimp shells powder

The preparation of P, vannamei shrimp shells 
powder was performed according to the method by 
Halim et al. (2018). The shells of P. vannamei were 
washed with clean water and dried under the sun for two 
days. The dried shrimp shells were crushed into shrimp 
shells powder using miller and sieved with 60-mesh 
sieve. The shrimp shell powder then was analyzed, i.e., 
moisture content using oven drying method (AOAC, 
2005), yield (Demir et al., 2016), ash content using dry 
ashing method (AOAC, 2005), and protein content us-
ing Bradford method (Nielsen, 2010).

2.2.2 Pre-treatment of papaya trunk wood

Papaya trunk wood was pre-treated according 
to method by Iqbal and Saeed (2005). Papaya trunk 
wood was firstly cut into 3 different sizes, which were 
1 x 1 x 1 cm3, 1.5 x 1.5 x 1.5 cm3, and 2 x 2 x 2 cm3. 
Papaya trunk wood cubes were then boiled for 30 min 
and washed thoroughly 3 times with running water. Af-
terwards, they were oven-dried at 80oC for 48 h. The 
pre-treated papaya trunk wood cubes were then treated 
with alkaline peroxide treatments to remove their lignin 
content. 

The alkaline peroxide treatment was conducted 
according to Selig et al. (2009) with modification. Each 
40 g of papaya trunk wood cubes were treated with 10 
ml of 30% hydrogen peroxide and 950 ml of distilled 
water. The mixture was adjusted for its pH until 11.5 
with 10 M sodium hydroxide and heated (65oC) for 3 
h with periodic stirring. The cubes were then dried in 
oven for 24 h at 90oC and autoclaved at 121°C for 15 
min before used. The treated papaya trunk wood was 
used as an immobilization matrix for P. stuartii cells.

2.2.3 Immobilization of P. stuartii cells in papaya trunk 
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using UV-Vis spectrophotometer at wavelength of 324 
nm, according to method by Halim et al. (2018). Based 
on the highest N-acetylglucosamine concentration ob-
tained from the fermentation, the optimum papaya trunk 
wood size and ratio (w/v) between papaya trunk wood 
and growth medium were determined.

2.2.4 Optimum fermentation cycles determination

The optimum papaya trunk wood size and the 
optimum ratio (w/v) between papaya trunk wood to 
fermentation medium obtained was used to determine 
the optimum fermentation cycles. The similar fermen-
tation condition (37oC, 4 days with periodic shaking) 
was used. At the end of each cycle, papaya trunk wood 
cubes were separated, and fermentation medium was 
heated at 70oC for 45 min to stop the fermentation. The 
fermentation medium was then centrifuged (4000 rpm, 
15 min) and filtered using Whatmann No. 1 filter paper 
to obtain filtrate containing N-acetylglucosamine. The 
same papaya trunk wood cubes were then used for the 
next fermentation and the same procedure was repeated 
up to 4 cycles of fermentation (Halim et al., 2019 with 
modifications).

2.2.5 Microscopical observation using Scanning 
Electron Microscopy (SEM)

The presence of P. stuartii cells immobilized in 
papaya trunk wood was observed through SEM analy-
sis. Papaya trunk wood with the size of 1 x 1 x 1 cm3 
was submerged in growth medium containing P. stuartii 
cells with ratio of 1:10 (w/v). It was then incubated at 
temperature of 37oC for 2 h with periodic shaking every 
30 min to allow immobilization of P. stuartii cells on the 
papaya trunk wood. Afterwards, the papaya trunk wood 
was collected from the growth medium, transferred to 
a sterile beaker glass, and dried in the incubator at tem-
perature of 37oC for 24 h. The dried sample was then 
sent to BATAN-PUSPIPTEK for the SEM analysis.

SEM analysis started with size reduction of 
sample. Size-reduced sample was then put on SEM’s 
specimen holder using carbon double tip and placed in-
side the vacuum machine. Sample was then vacuumed 
until 10-6 torr and sprayed with argon to increase the 
conductivity of sample. Sample was then analyzed in 
SEM with voltage setting of 15kV and work distance 
of 10-11 mm. The images of sample were taken using 
two types of detectors, i.e., SE (secondary electron) and 
BSE (back scattered electron). 
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wood cubes

  P. stuartii cells (1 ml) were first inoculated into 
growth medium. The growth medium was prepared by 
mixing  300  ml  of  NB  medium  with  0.03%  KH2PO4,
0.07% K2HPO4, 0.01% MgSO4.7H2O, and 0.7% (NH4)-
2SO4 (Halim et  al.,  2018).  Furthermore,  pH  of  medi-
um was adjusted to 7.0 as it is the optimum pH for the
growth of P. stuartii (Ayangbenro, 2017).  Papaya trunk 
wood  cubes  with  different  sizes  as  stated  before  were 
then submerged in the growth medium with ratio (w/v)
of 1:10, 1:15, and 1:20. Cubes were then incubated for
2 hours at 37oC in the growth medium. Afterwards, the 
number  of  immobilized  cells  was  calculated  by  sub-
tracting  the  number  of  unimmobilized  cells  from  the 
initial  cell  numbers.  The  initial  cells  number  was  the 
number obtained from the bacterial cell directly count-
ed using haemocytometer and the amount of unimmobi-
lized cells were represented by the amount of the living 
cells left in the growth medium (Saparianti, 2012 with 
modification). As much as 1 ml of the leftover growth 
medium was  taken and added with 1 ml of methylene 
blue (1:5). The suspension was homogenized with vor-
tex  and  rested  for  10  minutes.  Furthermore,  0.1  ml  of 
the suspension was taken and put into the haemocytom-
eter for direct counting under the microscope.

  To determine the optimum size of papaya trunk 
wood and ratio between papaya trunk wood and growth 
medium,  submerged  fermentation  using  immobilized 
cells  was  carried  out.  Fermentation  medium  was  pre-
pared according to Halim et al. (2018) with modification.
The  medium  consisted  of  10%  of P.  vannamei shrimp 
shells  powder  (w/v),  0.03%  KH2PO4,  0.07%  K2HPO4,
0.01% MgSO4.7H2O, and 0.7% (NH4)2SO4 as nitrogen 
source in 300 ml distilled water. Additionally, fermen-
tation  medium  was  also  adjusted  with  buffer  solution
until the pH reached 7. The fermentation medium was 
then autoclaved at 121oC for 15 min. The fermentation 
was carried out for 4 days at 37oC with periodic shaking.

  In order to obtain the N-acetylglucosamine as 
the  fermentation  result,  the  media  was  heated  at  70oC 
for 45 minutes to stop the fermentation process by in-
activating the P. stuartii cells. According to Manos and 
Belas (2006), Enterobacteriaceae family  will  be  de-
stroyed when heated at minimum temperature of 63oC 
for  30  minutes. Afterwards,  centrifugation  (4000  rpm,
15 min) and filtration using Whatmann No. 1 filter pa-
per were done (Halim et al., 2018).  Filtrate containing 
N-acetylglucosamine  was  measured  for  its  absorbance
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2.3 Experimental design

The first stage research utilized the Completely 
Randomized Factorial Design, involving two factors, 
which were size of papaya trunk wood cubes (1 x 1 x 
1 cm3, 1.5 x 1.5 x 1.5 cm3, and 2 x 2 x 2 cm3) and ratio 
(w/v) between papaya trunk wood: fermentation media 
(1:10, 1:15, 1:20). The first stage research was conduct-
ed for three replications, with total of 27 samples. The 
second stage research used the Completely Randomized 
Factorial Design with one factor which was the opti-
mum fermentation cycles of the immobilized cells (4 
cycles). Second stage research was done in five replica-
tions, resulting in a total of 20 samples. 

2.4 Data Analysis 

Data analysis was done statistically with ANO-
VA by using the SPSS 22nd version software. Post hoc 
test done was Duncan’s Multiple Range Test.

3. Results and Discussion

3.1 P. vannamei shrimp shells powder characteristics

 P. vannamei shrimp shells powder that was 
used for fermentation was first analyzed for its charac-
teristics. Yield of shrimp shells powder obtained was 
22.45 ± 0.11% with moisture content of 9.99 ± 0.18% 
(Table 1), slightly lower than result from Percot et al. 
(2003), which was 11.3  0.4%. Ash content obtained 
was 19.49 ± 0.34%, lower than the ash content obtained 
by Sanusi (2004) (27.09%) but comparable to result 
from Valdez-Pena et al. (2010) (17.85 to 26.58% ash 
content). Difference between the results might be due 
to different ratio of shrimp shells, as different part of 
the shrimp shells had different ash content. The protein 
content of shrimp shells powder was 1.16  0.29%, lower 
than protein content obtained by Tanasale et al. (2006), 
which was 25.10%. The difference between the results 
might be due to different methods used to determine the 
protein content. Kjeldahl method is used to measure 
the nitrogen content, while Bradford method is used to 
measure the peptide bond (Nielsen, 2010). As stated by 
Vasquez et al. (2017), shrimp shells contained abundant 
amount of chitin that consists mainly of nitrogen, this 
might contribute to overestimation of the result when 
Kjeldahl method is used (Cheba, 2011).

3.2 Effect of papaya trunk wood size and ratio 
between papaya trunk wood and growth medium 
(w/v) on percentage of immobilized P. stuartii cells

 To ensure that P. stuartii cells were immobi-
lized in papaya trunk wood, number of immobilized 

cells was measured, and SEM analysis was performed. 
As an immobilization carrier, papaya trunk wood offers 
good mechanical properties, reusability, and plenty of 
open spaces for growing cells. These properties make 
it an ideal matrix for cell immobilization (Iqbal and 
Saeed, 2005). Prior to immobilization process, papaya 
trunk wood was pre-treated to remove its lignin content. 
It is because papaya trunk wood consisted of 37.33% 
of lignin (Saeed et al., 2005) and lignin has inhibitory 
compounds that can affect bacterial growth (Kim et al., 
2016; Selig et al., 2009).

 Immobilized P. stuartii cells cannot be ob-
served clearly at 400x magnification, however the open 
spaces and porosity of papaya trunk wood can be ob-
served (Figure 1). This indicates that papaya trunk wood 
provides sufficient spaces for bacterial cells attachment. 
Moreover, many P. stuartii cells were attached to surface 
of papaya trunk wood, indicating that immobilization 
was done successfully (Figure 2a and Figure 2b). Based 
on the results obtained from SEM analysis, it could be 
concluded that cell immobilization using papaya trunk 
wood could be done in a simple method, by submerging 
papaya trunk wood in a growth medium containing P. 
stuartii cells for certain period, in this research was two 
hours of incubation. 

The highest percentage of immobilized P. stu-
artii cells was 87.08±2.05% (Table 2), using papaya 
trunk wood with size of 1 x 1 x 1 cm3 and submerged 
in the growth medium with ratio (w/v) of 1:10. It shows 
that different size of matrix contributes to different num-
ber of immobilized cells, in which result shows that the 
smallest size of papaya trunk wood could immobilize 
the highest number of P. stuartii cells. Smaller size 
of immobilization matrix creates larger surface area. 
Hence, increasing the probability of the bacteria cells 
to be immobilized (Hrenovic et al., 2009; Wu and Lia, 
2008). Other than size of immobilization matrix, the 
size of pores is also important (Ma et al., 2006). Previ-
ous research has reported that bigger pore size of matrix 
shows better results enzyme immobilization (Li et al., 
2010). However, when the pores are too big, it could 
also cause leakage of the material entrapped inside the 
matrix (Górecka and Jastrzębska, 2011). Moreover, per-
centage of immobilized cells (87.08±2.05%) using pa-
paya trunk wood in this research is also higher compared 
to pumice or other silica-based matrices, i.e., only about 
67-72% (Pazarlioğlu and Telefoncu, 2005). Therefore, 
the existence of pores or open spaces between the fibers 
of papaya trunk wood (Iqbal and Saeed, 2005) was suf-
ficient to immobilize higher number of cells. 
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of N-acetylglucosamine produced i.e., 238177.78 ± 
3153.48 ppm (Figure 3). It is related to the previous re-
sults that shows smaller papaya trunk wood size could 
immobilize higher percentage of P. stuarti cells, there-
fore more chitin is broken down into N-acetylglucos-
amine. Related to ratio between papaya trunk wood and 
fermentation medium, this can be explained as larger 
portion of papaya trunk wood carried more number of 
P. stuartii cells to break down chitin in shrimp shells, 
resulting in higher concentration of N-acetylglucos-
amine obtained at the end of fermentation. This result 
is in line with a previous research by Kuyukina et al. 
(2006), which stated that larger ratio between matrix 
and its immobilization medium resulted in higher num-
ber of viable cells. The fact that P. stuartii cells are still 
capable of degrading chitin to produce N-acetylglucos-
amine supports the previous finding by Iqbal and Saeed 
(2005) that papaya trunk wood is not harmful for the 
growth of cells. 

3.4 Effect of fermentation cycles on 
N-acetylglucosamine production
 The immobilization using papaya trunk  
wood was aimed to observe the possibility of 
repeated use of P. stuartii cells in  
fermentation to produce N-acetylglucosamine. 
 

Parameter Amount (%)
Yield (wet basis) 22.45 ± 0.11
Moisture content (wet basis) 9.99 ± 0.18
Ash content 19.49 ± 0.34
Protein content 1.16 ± 0.29

Table 2. Percentage of immobilized P. stuartii cells

Papaya trunk wood size
Ratio of papaya trunk 
wood: growth medium 

(w/v)

Percentage of immobi-
lized cells (%)

1 x 1 x 1 cm
1:10 87.08±2.05
1:15 85.14±2.96
1:20 78.77±2.62

1.5 x 1.5 x 1.5 cm
1:10 82.64±3.14
1:15 76.84±3.73
1:20 77.85±2.12

2 x 2 x 2 cm
1:10 71.84±6.44
1:15 70.26±11.73
1:20 80.35±6.28

3.3 Effect of papaya trunk wood size and ratio 
between papaya trunk wood and fermentation 
medium (w/v) on N-acetylglucosamine production

 In order to determine the optimum papaya trunk 
wood size and the ratio between the papaya trunk wood 
and fermentation medium (w/v), the concentration of 
N-acetylglucosamine as a result from chitin degradation 
using P. stuartii cells was measured. In this research, 
fermentation was done at the temperature of 37oC with 
pH of 7.0 for 4 days, as according to Hardoko et al. 
(2020) and Ayangbenro (2017), it was the optimum con-
dition for the growth of P. stuartii. 

 Papaya trunk wood size and ratio between pa-
paya trunk wood and fermentation medium (w/v) sig-
nificantly affected the concentration of N-acetylglu-
cosamine produced (p≤0.05). However, there was no 
significant interaction between papaya trunk wood size 
and the ratio of papaya trunk wood and fermentation 
medium (w/v) in the production of N-acetylglucos-
amine (p>0.05) (Figure 3).

 The smallest size of papaya trunk wood and the 
largest portion papaya trunk wood in the fermentation me-
dium (ratio of 1:10) resulted in the highest concentration 
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Noted: results of data analysis (significance test of the each treatment  should be added)
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Table 1. P. vannamei shrimp shells powder characteristics
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Figure 1. SEM result of papaya trunk wood structure (400x magnification) with size of 1 x 1 x 1 cm3 and 
ratio (w/v) of 1:10 between papaya trunk wood and growth medium

3
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Figure 2. SEM result of P. stuartii cells immobilized in papaya trunk wood (a: 1000x magnification; 
b: 3500x magnification) with size of 1 x 1 x 1 cm3 and ratio (w/v) of 1:10 between papaya trunk wood 
and growth medium

3
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As a result, this could increase the utilization of shrimp 
shells into products with higher economic value. Related 
to immobilization, Eş et al. (2015) stated that the aims 
of immobilization are to overcome process restriction, 
improve the reusability, offer better stability, eliminate 
unnecessary purification steps, and ultimately to produce 
 

the desire products with greater efficiency. To observe 
this possibility, 4 cycles of fermentation was performed 
and the amount of N-acetylglucosamine obtained was 
measured after each cycle. Each fermentation cycle was 
conducted for 4 days with the temperature of 37oC and 
pH of 7.0. 
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Figure 3. Effect of ratio between papaya trunk wood and fermentation medium (w/v) and papaya trunk 
wood size on N-acetylglucosamine concentration obtained.  
Note: different letter notations on the same pattern show significant difference (p < 0.05)

Figure 4. Effect of fermentation cycles on N-acetylglucosamine concentration obtained.  
Note: significant difference (p < 0.05) is represented by different letter notations



 

 

 

 

 

 

 

 
 

 

ces. This result is also comparable to previous research-
es by Iqbal and Saeed (2005) and Saeed et al. (2005) 
which reported that papaya trunk wood could be used 
to immobilize A. terreus hyphae up to 5 cycles of fer-
mentation. Considering the high amount of N-acetylglu-
cosamine produce, this means that chitin from shrimp 
shells is still highly available after 4 cycles of fermen-
tation, and it also means that continuous fermentation 
for more than for 4 cycles could be potentially applied. 

4. Conclusion 

 P. vannamei shrimp shell is a potential source 
of chitin. Immobilization of P. stuartii cells was done 
successfully in papaya trunk wood and it is potential to 
be utilized for the continuous production of N-acetyl-
glucosamine from P. vannamei shrimp shells. The op-
timum size of papaya trunk wood for immobilization 
was 1 x 1 x 1 cm3 and the optimum ratio (w/v) of papa-
ya trunk wood and the growth medium was 1:10, with 
percentage of immobilized cells was 87.08±2.05%. 
The immobilized P. stuartii cells could be used up to 
4 cycles of fermentation, with the highest concentra-
tion of N-acetylglucosamine obtained was 244266.67± 
20929.25 ppm and the lowest was found in the 4th cycle, 
i.e., 136933.33 ± 11753.49 ppm. However, further pu-
rification process to obtain pure N-acetylglucosamine is 
required to be performed in advanced, as well as identi-
fication of other compounds obtained from continuous 
fermentation process. 
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  Fermentation  cycles  significantly  affected  the 
N-acetylglucosamine  production  (p ≤ 0.05).  It  can  be 
seen  that  after  1st cycle  of  fermentation,  the  concen-
tration  of  N-acetylglucosamine  obtained  has  signifi-
cantly decreased (Figure 4). The highest concentration
of  N-acetylglucosamine  obtained  was  244266.67±
20929.25 ppm and the lowest was found in the 4th cycle 
(136933.33  ±  11753.49  ppm).  The  similar  trend  was
also observed in previous research by Zagrodnik et al.
(2013),  in  which  hydrogen  production  decreased  af-
ter  several  cycles  of  fermentation  using Rhodobacter
sphaeroides bacteria  immobilized  in  non-modified  po-
rous glasses. Halim et al. (2019) used calcium alginate 
to  immobilize  intracellular  chitinase  from P.  stuartii 
and  reported  the  similar  result  that  concentration  of 
N-acetylglucosamine decreased gradually after 1st cycle 
of fermentation, caused by the leakage of calcium algi-
nate beads. The similar result was also reported by Adi-
narayana et  al. (2005)  in  which  calcium  alginate  was
used to immobilize B. subtilis cells and enzyme produc-
tion decreased after 2nd cycle of fermentation, followed 
by cell leakage. Although papaya trunk wood has good 
mechanical  strength  to  hold  bacterial  cells  inside,  cell 
leakage  might  occur  when  entrapment  method  is  used 
for immobilization (Martins et al., 2013).  Cell leakage
causes less immobilized cells are present in the next fer-
mentation cycle, hence N-acetylglucosamine produced 
also decreased.

  Although  the  N-acetylglucosamine  produced 
decreases after each fermentation cycle, the concentra-
tion  of  N-acetylglucosamine  after  4th fermentation  cy-
cle was still considered high, i.e., 136933.33± 11753.49 
ppm.   It  is  comparable  to  a  previous  research  by Ayu
(2019),  in  which  fermentation  of  shrimp  shells  using 
free P. stuartii cells resulted in 178752.670 ± 1774.478 
ppm of N-acetylglucosamine after 9 days of fermenta-
tion, as in this research, each cycle of fermentation was 
only conducted for 4 days. This result is supported by 
previous  research  by Iqbal  and  Saeed (2005), Jiang et 
al. (2013), and Adinarayana et al. (2005), who report-
ed that immobilized cells had higher productivity com-
pared to free cells in repeated batch fermentation.

  N-acetylglucosamine produced in this research 
is also higher compared to Handoyo (2019) which used 
Mucor circinelloides cells immobilized in calcium algi-
nate beads and N-acetylglucosamine produced after 4th 

fermentation cycle was 1253.33±61.24 ppm. This result 
suggests that papaya trunk wood could be a better ma-
trix for P. stuartii immobilization than polymeric matri-
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