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SUMMARY
Research background. Shrimp shells contain chitin that can be further processed into
N-acetylglucosamine, which has been extensively used to treat joint damage. Providencia
stuartii has a strong chitinolytic activity and may be utilized in the form of immobilized
cells in repeated fermentation. Pumice is a porous and rigid stone that offers superior mechanical strength, making it suitable for immobilization.
Experimental approach. In the research submerged fermentation with different pumice stone sizes and pumice stone/growth medium ratios (m/V) was carried out for 4 days
at 37 °C and pH=7.0. The optimum pumice stone size and pumice stone/growth medium
ratio (m/V) were used to determine the optimum fermentation cycle for the production
of N-acetylglucosamine using immobilized P. stuartii.
Results and conclusions. Pumice stones of 1.0 cm×1.0 cm×1.0 cm and pumice stone/
growth medium ratio of 1:5 were found to be the optimum conditions for successful immobilization of (90.0±1.6) % cells and production of (331.4±7.3) g/L N-acetylglucosamine.
The highest N-acetylglucosamine concentration of (323.0±2.5) g/L was obtained in the
first fermentation cycle, which then decreased and remained stable throughout the last
three cycles.
Novelty and scientific contribution. P. stuartii, a strong chitinolytic bacterium previously
isolated from rotten shrimp shells, was used for the first time in immobilized form to produce N-acetylglucosamine. The findings in this research showed the potential use of P.
stuartii cells immobilized in pumice stone for continuous production of N-acetylglucosamine in repeated fermentation.
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Shrimp shells comprise 30–40 % protein, 30–50 % calcium carbonate and 20–30 %
chitin, depending on the type of the shrimp (1). The monomeric unit of chitin includes N-acetylglucosamine, an amino sugar that plays a role in stimulating joint functions and
forming the structure of cartilage (2). The lack of glucosamine might lead to the symptoms
of osteoarthritis, which is often developed in 90 % of people above 40 years old (3). N-acetylglucosamine can be produced through chemical synthesis, enzymatic process or
microbial fermentation method (2). The chemical synthesis is not necessarily preferred
due to its lower yield and environmental issues because strong acids are used (4), while
enzymatic process poses a great challenge with its high cost of enzyme purification, lower yield and enzyme stability issues (2). Hence, the microbial fermentation method is more
preferred to produce N-acetylglucosamine (5).
The microorganisms which can be used to synthesise N-acetylglucosamine are those
that can produce chitinolytic enzyme to break down chitin into glucosamine (6). Previous
research has successfully isolated 17 microorganisms that possess chitinolytic activity from
rotten tiger shrimp shells. About 8 of them possessed strong chitinolytic activity; however, Providencia stuartii was the strongest chitinolytic bacterium isolated (7). Chitinolytic
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index of P. stuartii in the previous research was about 4.46 after incubation for 48 h at 37 °C (7) and it is higher than of other chitinolytic bacteria isolated from similar sources (solid and
liquid waste of shrimp shells), i.e. Acinetobacter johnsonii (chitinolytic index of 2.069) and Bacillus amyloliquefaciens (chitinolytic index of 2.084) (8). Although P. stuartii is pathogenic,
a mild heat treatment is sufficient to inactivate it because of
its mesophilic nature (9). Therefore, P. stuartii was considered
as a potential producer of high amounts of N-acetylglucosamine from shrimp shells.
Cell immobilization is a technique of fixing the cells onto
a solid support system, into a solid support matrix or retaining them by a membrane for stability, thus enabling their repeated or continued utilization (10). Immobilization also results in a high concentration of cells. Bacterial cells can be
immobilized on a solid, porous matrix by entrapment method, which is relatively rapid and simple yet offers high stability of cells (11). Immobilization of P. stuartii allows the cells to
be repeatedly used for the N-acetylglucosamine production.
Pumice is a porous and rigid stone with high mechanical
strength. The high porosity of about 90 % makes it preferable
for use in immobilization as it may lead to a large surface area
with low commercial cost (11). Moreover, pumice, which is primarily composed of silica, is also an ideal immobilization matrix. Its inertness and stability make it reusable (12). It was also
reported in a previous research that the productivity of immobilized cells in pumice stones is twofold higher than the
suspended cell system (13).
Pumice stone has been used to immobilize several microorganisms, such as S. cerevisiae (14), Penicillium digitatum (15),
Clostridium beijerinckii NRRL B-593 (16) and Aspergillus niger
(17). Furthermore, pumice stones which have been used to
immobilize microorganisms can be used for the production
of protease (18), fructooligosaccharides (19), lactic acid (20),
and for improving β-glucanase productivity (21).
In this research, P. stuartii cells were immobilized by entrapment method using pumice stone for further use in N-acetylglucosamine production from shrimp shells. The objectives of this research are to determine the optimum size of
pumice stone, optimum ratio of pumice stone and growth
medium (m/V), as well as the optimum fermentation cycle of
immobilized cells used in the fermentation-based production
of N-acetylglucosamine.

MATERIALS AND METHODS
Materials
The main materials used in this research were the shells
of whiteleg shrimp (Penaeus vannamei) obtained from PT First
Marine Seafood, Muara Baru, North Jakarta, Indonesia, the
culture of Providencia stuartii obtained from previous research (7) and the pumice stones from Aquadratic Aquarium,
Bandung, Indonesia, as the immobilization matrix. The chemicals and media used in this research were the distilled water,
standard N-acetylglucosamine (Sigma-Aldrich, Merck, St.
Louis, MO, USA), nutrient agar, nutrient broth, bovine serum

albumin, Coomassie Brilliant Blue G-250, dipotassium phosphate, potassium dihydrogen phosphate, ammonium sulphate, magnesium sulphate heptahydrate, ninhydrin and
pH=7 buffer (all from Merck, Darmstadt, Germany).

Shrimp shell powder preparation
Shrimp shells were separated from the leftover meat,
washed and sun-dried for two days. The dried shrimp shells
were then crushed into powder using a mill (FCT-Z500; Fomac, Jakarta, Indonesia) and sieved through a 60-mesh sieve,
yielding a smooth shrimp shell powder (22).

Immobilization of P. stuartii cells using pumice stone
The immobilization of P. stuartii cells began by preparation of pumice stone as the immobilization support. The
pumice stones were cut into different sizes of 1.0 cm×1.0 cm×
1.0 cm, 1.5 cm×1.5 cm×1.5 cm, and 2.0 cm×2.0 cm×2.0 cm,
boiled for 10 min, washed three times, and dried overnight
at 60 °C using an oven (UNE 800; Memmert, Schwabach, Germany). The stones were then sterilized using autoclave (Hiclave HVE 50; Hirayama, Saitama, Japan) at 121 °C for 15 min
before use. Meanwhile, 1 mL of P. stuartii culture was inoculated into 300-mL growth medium. The growth medium used
in this research consisted of 2.4 g nutrient broth, 0.09 g KH2
PO4, 0.21 g K 2HPO4, 0.03 g MgSO4·7H2O, and 2.1 g (NH4)2SO4 in
300 mL distilled water (23).
The pretreated pumice was then submerged in the
growth medium with pumice stone/growth medium ratio
(m/V) 1:5, 1:10 and 1:15 and left there for 2 h at 37 °C using an
incubator (BE600; Memmert). The number of immobilized
cells was counted by subtracting the number of unimmobilized cells from the initial number of cells using haemocytometer (24).
Submerged fermentation was done for 4 days at 37 °C
and pH=7.0 with manual periodic shaking. These values of
temperature and pH were reported to be the optimum conditions for the growth of P. stuartii (25,26). Fermentation was
carried out by putting the immobilized cells from different
treatments into the fermentation medium, consisting of 30 g
shrimp shell powder, 0.09 g KH2PO4, 0.21 g K 2HPO4, 0.03 g
MgSO4·7H2O, and 2.1 g (NH4)2SO4 in 300 mL distilled water (23).
To stop the fermentation, the medium containing immobilized cells was then heated at 70 °C for 45 min in a water
bath (WNB-14; Memmert), followed by centrifugation at
2800×g for 15 min using a centrifuge (MPW e-223; Westertimke, Germany) and filtration through Whatmann No. 1 filter
paper. The obtained filtrate was then analysed for its N-acetylglucosamine content (27). Optimum size of pumice
stone and optimum pumice stone/growth medium ratio
(m/V) were then determined based on the N-acetylglucosamine concentration obtained from the fermentation.

Determination of optimum fermentation cycle
The optimum size of pumice stone and optimum pumice
stone/growth medium ratio were then used to determine the
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Scanning electron microscopy analysis on
immobilization support
Pumice stones with ratio to medium of 1:5 and size of 1.0
cm×1.0 cm×1.0 cm with the P. stuartii immobilized cells were
collected from the growth medium and dried overnight in
the incubator (BE600; Memmert) at 37 °C. The prepared pumice samples were then sent to PT. Qantaz Warna Kreasi, West
Java, Indonesia, for the scanning electron microscopy (SEM)
analysis. The immobilized pumice stone was observed with
a Thermo Scientific™ Quanta™ FEG 650 scanning electron microscope (Thermo Fisher Scientific).

Data analysis
To determine the optimum fermentation cycle, we used
a completely randomized factorial design with five replications. The data were analyzed statistically with Analysis of
Variance (ANOVA) using SPSS Software, v. 22.0 (29). Further
analysis was done using Duncan’s post hoc test.

RESULTS AND DISCUSSION
Cell immobilization is a technique of fixing cells into a
support to keep their stability, allowing the possibility of repeated or continued use (10). Therefore, we counted the immobilized Providencia stuartii cells to make sure that a sufficient amount of them were immobilized into the pumice
stones. Table 1 shows the percentage of immobilized P. stuartii cells from different treatments. The initial number of P.
stuarti cell prior to immobilization was 107 CFU/mL, because
for fermentation process the required bacterial cell count is
about 106–107 CFU/mL (30).
Table 1 shows that pumice stones can be effectively used
as a matrix for cell immobilization with the highest immobilized cell percentage of (90.0±1.6) %. This outcome indicates
Table 1. Percentage of Providencia stuartii cells immobilized using
different pumice stone size and pumice stone/growth medium ratio
Pumice stone size/
cm
1.0×1.0×1.0

1.5×1.5×1.5

2.0×2.0×2.0

m(pumice stone)/
V(growth medium)
1:5
1:10
1:15
1:5
1:10
1:15
1:5
1:10
1:15

Data are presented as mean value±S.D, N=27

6

Immobilized cells/
%
90.0±1.6
85.2±3.2
80.8±2.5
81.1±4.6
80.5±1.1
71.6±2.4
79.6±1.1
71.3±1.8
63.0±3.6

that most of the bacterial cells had been entrapped in the
pumice stone pores. Larger size of pumice stone tends to lead
to lower percentage of immobilized cells. This result correlates with previous research on immobilization of Teredinobacter turnirae cells for protease production, which stated
that pumice stones of smaller size and rougher surface offer
superior microenvironmental conditions for cell immobilization (18), such as larger contact area and more favourable
binding sites for the cell surface structures to interact (31),
leading to higher percentage of immobilized cells. In addition, a carrier with a large surface area to volume ratio may
result in an efficient immobilization, as the cells should first
attach to the surface of the support before being progressively entrapped in the pores (32).
This result is better than in another research that immobilized Pseudomonas putida using pumice particles, where
immobilization efficiency was 67.83 % (33). It is also higher
than other research using alginate beads to immobilize chitosan, i.e. about 74 % (34), calcium agar beads and agar beads
to immobilize α-amylase, i.e. 80 and 63.83 %, respectively (35).
Therefore, it can also be inferred that the macroporous pumice has greater loading capacity than the natural gels.
Higher ratio of pumice stone to growth medium (m/V)
contributes to higher percentage of immobilized cells because it provides larger surface for the immobilization regardless of the types of material (36). In this research, pumice
stone/growth medium ratio (m/V) 1:5 offered the most suitable amount of carriers compared to the other treatments.
To know the efficiency of pumice stone in immobilizing
P. stuartii cells, N-acetylglucosamine produced after fermentation was also measured. Fermentation was conducted for
4 days at 37 °C with pH=7.0 of the medium. This temperature
and pH were required for optimum growth of P. stuartii (25–
26). The results (Fig. 1) show that different pumice stone sizes
and different pumice stone/growth medium ratios (m/V) affect the production of N-acetylglucosamine.
400
350

γ(N-acetylglucosamine)/(g/L)

optimum fermentation cycles. The fermentation was repeated
up to four cycles (28). Each fermentation cycle was done at 37
°C and pH=7.0 for 4 days, shaken periodically. After each cycle,
the fermentation was terminated by heating and the concentration of N-acetylglucosamine was quantified using a UV-Vis
spectrophotometer (Thermo Scientific™ Genesys™ 10s; Thermo Fisher Scientific, Waltham, MA, USA) at 324 nm (27).

300
250
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100
50
0

1×1×1

1.5 × 1.5 × 1.5

2×2×2

Pumice stone size/cm

Fig. 1. Effect of pumice stone size and m(pumice stone)/V(growth
medium)=1:5 (orange), 1:10 (green) and 1:15 (blue) on N-acetylglucosamine concentration obtained after fermentation. Data are presented as mean value±S.D, N=27
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Fig. 1 shows that the production of N-acetylglucosamine
decreases with an increase of pumice size. The highest N-acet
ylglucosamine concentration was obtained from the cells immobilized in the pumice stones of 1.0 cm×1.0 cm×1.0 cm,
which contained the highest percentage of immobilized cells.
The porous structure and a large surface area of the supporting material promote an efficient immobilization, resulting in
high yield of products (37).
On the contrary, another research found that protease
production first increases before it starts to decrease as the
pumice stone size gets larger (18). Such difference in the results suggests that pore size also influences the performance
of immobilized enzymes and cells (38). P. stuartii are facultative anaerobes, therefore they require oxygen for their growth.
However, oxygen transfer, which supports the growth of immobilized P. stuartii cells (21), is also affected by the pore size
of immobilization support. Pumice stones have irregular
pores and varied connectivity (39), which might contribute
to different results from the previous research.
Fig. 1 also shows that higher pumice stone/growth medium ratio increases the production of N-acetylglucosamine.
The highest concentration of N-acetylglucosamine was obtained from the cells immobilized with pumice stone/growth
medium ratio (m/V) of 1:5. This correlates with the result of
the percentage of immobilized cells (Table 1). Higher percentage of immobilized cells means more cells are available to
ferment shrimp shell powder, producing higher concentration of N-acetylglucosamine. Furthermore, optimum yield
can be achieved with the proper carrier amount. Increasing
the amount of carrier may provide more space for the free

cells to be immobilized, which further leads to higher yield,
unless it has reached the optimum value (36).
To ensure that P. stuartii cells were immobilized in pumice
stone, SEM analysis was also done, and the results can be seen
in Fig. 2, which shows the scanning electron micrographs of
a pumice sample with size of 1.0 cm×1.0 cm×1.0 cm and pumice stone/growth medium ratio of 1:5 after 2 h of P. stuartii cell
immobilization. The results show the presence of cells that
had been immobilized in the pores of the pumice. Hence,
these images also prove that pumice stone is suitable for immobilizing P. stuartii cells.
After the bacterial cells had been properly immobilized
into the pumice stones, repeated fermentation was conducted to determine the stability of the immobilized cells. In this
repeated fermentation, pumice stone with the size of 1.0 cm×
1.0 cm×1.0 cm and pumice stone/growth medium ratio of 1:5
was used. Statistical result using ANOVA shows that fermentation cycles have a significant effect on the N-acetylgluco
samine production (p≤0.05). The effect of fermentation cycles
on N-acetylglucosamine production can be seen in Fig. 3.
Fig. 3 shows that the N-acetylglucosamine production
significantly decreases from the first to the second cycle. The
highest N-acetylglucosamine was obtained in the first fermentation cycle, i.e. (323.0±2.5) g/L. However, there was no
significant difference in the N-acetylglucosamine concentration produced from the second to the fourth cycle, with the
lowest concentration of (239.6±16.7) g/L.
The decreased concentration of produced acetlyglucosamine in the second cycle of fermentation was also found
in a previous research (40) using immobilized Saccharomyces

b)

a)

c)

Fig. 2. Scanning electron micrographs of Providencia stuartii cells immobilized in pumice stone with size of 1.0 cm×1.0 cm×1.0 cm and pumice
stone/growth medium ratio of 1:5 observed under the magnification of: a) 1000×, b) 2500×, and c) 5000×. Red arrows show some P. stuartii cells
that were entrapped in the porous structure of pumice stones
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Fig. 3. N-acetylglucosamine concentration obtained from repeated
fermentation cycles. Data are presented as mean value±S.D, N=20.
Different letters indicate a significant difference (p≤0.05)

cerevisiae in rice hulls for ethanol production. This might be
caused by leaching of immobilized cells from the pumice
stone surface into the fermentation medium due to abrasion
effect. This phenomenon leads to a reduction of the number
of cells immobilized in the pumice stones, leaving mostly the
cells which were entrapped within the pores (40). There is a
possibility that some of the N-acetylglucosamine produced
in the first cycle is due to the presence of the free cells leaked
from the pumice stones (19).
However, the decreasing value was then followed by stable N-acetylglucosamine production in the second, third and
fourth cycles. The same behaviour was also found in another
research with immobilized Aspergillus niger mycelium using
pumice stones and eight cycles of gluconic acid production
(17). It was found that after a decrease in the production of
gluconic acid from the first to the sixth cycle, the yield in the
sixth up to the eighth cycle did not continue to fall. This could
be related to the fact that pumice stone has superior mechanical strength to protect the entrapped cells from the shear
force (11), hence maintaining the number of remaining cells
within the pores.
Moreover, the stable production of N-acetylglucosamine
might also be contributed by the fact that cells within the
supporting material had been properly adapted to and sufficiently maintained in the microenvironment of the pumice
(41). High concentration of N-acetylglucosamine production
obtained after four cycles of fermentation shows that immobilization technique using pumice stones can be potentially
applied for continuous fermentation using P. stuartii cells to
produce N-acetylglucosamine.

CONCLUSIONS
N-acetylglucosamine can be produced through the repeated submerged fermentation from shrimp shell powder.
In this research, cells of Providencia stuartii, a strong chitinolytic bacteria, were immobilized in pumice stone with the size
8

of 1.0 cm×1.0 cm×1.0 cm and used repeatedly for four cycles
of fermentation. The highest concentration of N-acetylglucosamine, i.e. (331.4±7.3) g/L, was achieved in the first fermentation cycle, which then decreased in the second cycle and
remained stable until the fourth cycle of fermentation. These
results show the potential of the application of immobilized
P. stuartii cells in continuous production of N-acetylglucosamine from shrimp shells to treat joint damage or osteoarthritis. However, the purity of the obtained N-acetylglucosamine should be further analyzed.

The authors would like to thank Laboratory of Microbiology and Laboratory of Food Quality Control at Universitas
Pelita Harapan, Tangerang, Indonesia, for providing the necessary facilities to conduct this research.

FUNDING
The authors would like to thank Center of Research and
Community Development, Universitas Pelita Harapan, Indonesia, for financially supporting this research through project no: P-022-FaST/V/2019, entitled ’Imobilisasi Sel Isolat
Bakteri Kitinolitik menggunakan Spons sebagai Bahan Penje
rat untuk Produksi Glukosamin dari Kulit Udang’ (Immobilization of Chitinolytic Bacterial Cell Isolate using Sponge as En
trapment Material for Glucosamine Production from Shrimp
Shells).

CONFLICT OF INTEREST
Authors declare there is no conflict of interest.

AUTHORS’ CONTRIBUTION
H. Hardoko conceptualized the research and experimental design, as well as gave critical input for manuscript revision. D. Devianita collected, analyzed, interpreted the data,
and prepared the manuscript. Y. Halim analyzed and interpreted the obtained data, prepared and revised the manuscript. L.C. Soedirga and R. Handayani analyzed and interpreted the obtained data. Overall, all authors have contributed
equally based on their area of expertise.

ORCID ID
Y. Halim https://orcid.org/0000-0003-2467-9882
H. Hardoko https://orcid.org/0000-0002-0395-9589
R. Handayani https://orcid.org/0000-0002-6467-611X
L.C. Soedirga https://orcid.org/0000-0001-5756-7946

REFERENCES
1. Arbia W, Arbia L, Adour L, Amrane A. Chitin extraction from
crustacean shells using biological methods – A review.
Food Technol Biotechnol. 2013;51(1):12–25.
January-March 2022 | Vol. 60 | No. 1

Food Technol. Biotechnol. 60 (1) 4–10 (2022)

2. Chen JK, Shen CR, Liu CL. N-acetylglucosamine: Production
and applications. Mar Drugs. 2010;8(9):2493–516.
https://doi.org/10.3390/md8092493
3. Miller B. Arthritis: The natural approach to build healthy
cartilage, reduce joint pain and reduce swelling. Selangor,
Malaysia: Oak Publication Sdn Bhd; 2016.
4. Kim TI, Lim DH, Baek KS, Jang SS, Park BY, Mayakrishnan V.
Production of chitinase from Escherichia fergusonii, chitosanase from Chryseobacterium indologenes, Comamonas
koreensis and its application in N-acetylglucosamine production. Int J Biol Macromol. 2018;112:1115–21.
https://doi.org/10.1016/j.ijbiomac.2018.02.056
5. Liu Y, Liu L. Glucosamine and N-acetylglucosamine production by microbial fermentation. In: Chen J, Zhu Y, Liu S, editors. Functional carbohydrates – Development, characterization, and biomanufacture. New York, NY, USA: CRC Press;
2016.
https://doi.org/10.1201/9781315371061-8
6. Wie SH. Clinical significance of Providencia bacteremia or
bacteriuria. Korean J Intern Med. 2015;30(2):167–9.
https://doi.org/10.3904/kjim.2015.30.2.167
7. Hardoko H, Josephine C, Handayani R, Halim Y. Isolation,
identification and chitinolytic index of bacteria from rotten
tiger shrimp (Penaeus monodon) shells. AACL Bioflux. 2020;
13(1):360–71.
8. Setia IN, Suharjono. Chitinolytic assay and identification of
bacteria isolated from shrimp waste based on 16S rDNA
sequences. Adv Appl Microbiol. 2015;5(7):541–8.
https://doi.org/10.4236/aim.2015.57056
9. Miller JH, Nova JT, Knock WR, Prude A. Survival of antibiotic resistant bacteria and horizontal gene transfer control
antibiotic resistance gene content in anaerobic digesters.
Front Microbiol. 2016;7:263.
https://doi.org/10.3389/fmicb.2016.00263
10. Saxena S. Applied Microbiology. New Delhi, India: Springer;
2015.
https://doi.org/10.1007/978-81-322-2259-0
11. Gungormusler-Yilmaz M, Cicek N, Levin DB, Azbar N. Cell
immobilization for microbial production of 1,3-propanediol. Crit Rev Biotechnol. 2016;36(3):482–94.
https://doi.org/10.3109/07388551.2014.992386
12. Raviv M, Lieth H, Bar-Tal A, editors. Soilless culture: Theory
and practice. Oxford, UK: Elsevier B.V.; 2019.
13. Gonen C, Gungormusler M, Azbar N. Comparative evaluation of pumice stone as an alternative immobilization material for 1,3-propanediol production from waste glycerol
by immobilized Klebsiella pneumoniae. Appl Biochem Biotechnol. 2012;168(8):2136–47.
https://doi.org/10.1007/s12010-012-9923-1
14. Erdem F, Ergun M. Application of response surface methodology for removal of remazol yellow (RR) by immobilised
S. cerevisiae on pumice stone. Iran J Chem Chem Eng. 2020;

39(3):175–87.
https://doi.org/10.30492/IJCCE.2020.37710
15. Baytak S, Kendüzler E, Türker AR, Gök N. Penicillium digitatum immobilized on pumice stone as a new solid phase
extractor for preconcentration and/or separation of trace
metals in environmental samples. J Hazard Mater. 2008;
153(3):975–83.
https://doi.org/10.1016/j.jhazmat.2007.09.049
16. Güngörmüşler M, Gönen C, Azbar N. Continuous production
of 1,3-propanediol using raw glycerol with immobilized
Clostridium beijerinckii NRRL B-593 in comparison to suspended culture. Bioprocess Biosys Eng. 2011;34(6):727–33.
https://doi.org/10.1007/s00449-011-0522-2
17. Fiedurek J. Production of gluconic acid by immobilized in
pumice stones mycelium of Aspergillus niger using unconventional oxygenation of culture. Biotechnol Lett. 2001;
23(21):1789–92.
https://doi.org/10.1023/A:1012461200152
18. Beshay U, Moreira A. Protease production from marine microorganism by immobilized cells. Proceedings of the
American Institute of Chemical Engineers Annual Meeting;
2004 November 7–12; Austin, TX, USA; 2004. pp. 8717–29.
19. Mussatto SI, Aguilar CN, Rodrigues LR, Teixeira JA. Colonization of Aspergillus japonicus on synthetic materials and
application to the production of fructooligosaccharides.
Carbohydr Res. 2009;344(6):795–800.
https://doi.org/10.1016/j.carres.2009.01.025
20. Kowalska U, Mizielińska M, Łopusiewicz L, Bartkowiak A.
Lactobacillus casei cell immobilisation on mineral carriers
for continuous lactic acid production. World Sci News.
2017;90:62–76.
21. Beshay U, El-Enshasy H, Ismail, IMK, Moawad, H, Abd-ElGhany, S. β-glucanase productivity improvement via cell
immobilization of recombinant Escherichia coli cells in different matrices. Pol J Microbiol. 2011;60(2):133–8.
https://doi.org/10.33073/pjm-2011-018
22. Arif AR, Ischaidar, Natsir H, Dali S. Enzymatic isolation of
chitin from whiteleg shrimp waste (Penaeus merguiensis).
Proceedings of Chemistry National Seminar; 2013 November 9; Makassar, Indonesia; 2013. pp. 10–16 (in Indonesian).
23. Chalidah N, Khotimah IN, Hakim AR, Meata BA, Puspita, ID,
Nugraheni PS, et al. Chitinase activity of Pseudomonas
stutzeri PT5 in different fermentation condition. In: Isnansetyo A, Puspita ID, Adzahan NM, Suadi, Sari DWK, Jayanti
AD, editors. Proceedings of the 2nd International symposium on marine and fisheries research; 2017 July 24–25; Yogyakarta, Indonesia. IOP Conf Ser: Earth Environ Sci. 2018;
139:012042.
https://doi.org/10.1088/1755-1315/139/1/012042
24. Saparianti E. Immobilized Pediococcus acidilactici F11 cells
as bacteriocin producer in calcium alginate. Jurnal Tek
nologi Pertanian. 2001;2(1):1–9.
January-March 2022 | Vol. 60 | No. 1

9

Y. HALIM et al.: Immobilization of Providencia stuartii Cells Using Pumice Stone

25. Ayangbenro AS. Biodegradation of natural bitumen by
Providencia stuartii isolated from heavy oil contaminated
soil. Glob Nest J. 2017;19(2):353–8.
https://doi.org/10.30955/gnj.002148

34. Raghu S, Pennathur G. Enhancing the stability of a carboxylesterase by entrapment in chitosan coated alginate
beads. Turk J Biol. 2018;42(4):307–18.

26. Manos J, Belas R. The genera Proteus, Providencia, and Morganella. In: Dworkin M, Falkow S, Rosenberg E, Schleifer KH,
Stackebrandt E, editors. The prokaryotes. New York, NY,
USA: Springer; 2006. pp. 245–69.
https://doi.org/10.1007/0-387-30746-X_12

35. Sharma M, Sharma V, Majumdar DK. Entrapment of α-amylase in agar beads for biocatalysis of macromolecular substrate. Int Sch Res Notices. 2014;2014:Article ID 936129.

27. Halim Y, Hardoko H, Handayani R, Lucida V. Optimum conditions for N-acetylglucosamine production from tiger
shrimp (Penaeus monodon) shell by Serratia marcescens.
Asian J Pharm Clin Res. 2018;11(12):488–93.
https://doi.org/10.22159/ajpcr.2018.v11i12.28956
28. Halim Y, Hendarlim BD, Hardoko H, Handayani R, Rosa D.
Immobilization of intercellular chitinase from Providencia
stuartii using calcium alginate and its application for
N-acetylglucosamine production. FaST-Jurnal Sains dan Teknologi. 2019;3(2):35–44 (in Indonesian).
29. SPSS Software, v. 22.0, IBM Software Inc, Armonk, NY, USA;
2018. Available from https://www.ibm.com/analytics/
spss-statistics-software.
30. Priest FG, Campbell I, editors. Brewing microbiology. New
York, NY, USA: Springer; 2002.
31. Mei L, Busscher HJ, van der Mei HC, Ren Y. Influence of surface roughness on streptococcal adhesion forces to composite resins. Dent Mater. 2011;27(8):770–8.
https://doi.org/10.1016/j.dental.2011.03.017
32. Żur J, Wojcieszyńska D, Guzik U. Metabolic responses of
bacterial cells to immobilization. Molecules. 2016;21(7):958.
https://doi.org/10.3390/molecules21070958
33. Pazarlioğlu NK, Telefoncu A. Biodegradation of phenol by
Pseudomonas putida immobilized on activated pumice
particles. Process Biochem. 2005;40(5):1807–14.
https://doi.org/10.1016/j.procbio.2004.06.043

10

https://doi.org/10.3906/biy-1805-28

https://doi.org/10.1155/2014/936129
36. Doğaç Yİ, Teke M. Immobilization of bovine catalase onto
magnetic nanoparticles. Prep Biochem Biotech. 2013;43(8):
750–65.
https://doi.org/10.1080/10826068.2013.773340
37. Rehm FBH, Chen S, Rehm BHA. Enzyme engineering for in
situ immobilization. Molecules. 2016;21(10):1370.
https://doi.org/10.3390/molecules21101370
38. Bayne L, Ulijn RV, Halling PJ. Effect of pore size on the performance of immobilized enzymes. Chem Soc Rev. 2013;
42(23): 9000–10.
https://doi.org/10.1039/c3cs60270b
39. Ersoy B, Sariisik A, Dikmen S, Sariisik G. Characterization of
acidic pumice and determination of its electrokinetic properties in water. Powder Technol. 2010;197(1–2):129–35.
https://doi.org/10.1016/j.powtec.2009.09.005
40. Martini E, Dian A, Sriramulu G, Kyeong EK, Surn-Teh B,
Changshin S, et al. Immobilization of Saccharomyces cerevisiae in rice hulls for ethanol production. Makara J Teknol.
2010;14(2):61–4.
https://doi.org/10.7454/mst.v14i2.693
41. Kar S, Mandal A, Mohapatra PKD, Samanta S, Pati BR, Mondal KC. Production of xylanase by immobilized Trichoderma
reesei SAF3 in Ca-alginate beads. J Ind Microbiol Biotechnol. 2008;35(4):245–9.
https://doi.org/10.1007/s10295-007-0292-7

January-March 2022 | Vol. 60 | No. 1

