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ABSTRACT

Chitin is a biopolymer that can be extracted from exoskeleton of shrimp shells and other
arthropods. One of its derivatives is N-acetylglucosamine that is comprised of glucose and
amino acid glutamine. N-acetylglucosamine is known for its health effect, particularly in the
treatment of osteoarthritis symptoms. One of the methods to produce N-acetylglucosamine is
by fermentation using chitinolytic microorganisms. The aim of this research was to determine
the optimum condition (pH, ratio of bacteria, fermentation time, and temperature) for
fermentation using the combination of Providencia stuartii and Salmonella enterica to produce
N-acetylglucosamine. The research was conducted at different pH (5, 6, 7, 8, 9) and bacterial
ratios (3:1, 1:1 and 1:3). Furthermore, the optimum incubation temperature (30, 37, 40°C) and
fermentation time (1, 2, 3 and 4 days) were also evaluated. The results showed the optimum
condition was achieved at pH 8 with bacterial ratio of 1:1, incubated at 37°C for 3 days. Under
these conditions, N-acetylglucosamine concentration obtained was 87,707.04 + 906.54 ppm.
Keywords : colloidal chitin; combined fermentation; microbial; N-acetylglucosamine; shrimp

shells

50% of calcium carbonate and 15-20% of
chitin (Marganof, 2003).

INTRODUCTION

Indonesia is one of the leading

producers of agricultural and marine Chitin is a biopolymer that is easily

products and possesses great potential in found in nature and considered as non-

the fisheries sector (Amalia e al., 2022). toxic, biodegradable, and biocompatible.

According to BPS (Central Agency of Chitin extraction involves two main

processes, i.e., demineralization and

Statistics in Indonesia) (2018), the export

value of shrimp in Indonesia has increased
by around 10 % each year. The shrimp
exported from Indonesia mainly in forms of
frozen unshelled shrimp which leaves the
shrimp shell as waste or unused by-
products. Approximately 50-60% of dried
shrimp shells can produce 25% chitin

because it contains 25-40% of protein, 45-

deproteinization. These processes can be
performed biologically using
microorganisms or chemically using acids
and bases (Rahmawati et al., 2012).

Chitin and its derivatives are
commonly used in several fields such as
medical and health where it can be used as

immunoadjuvant and as basic material to

make surgical suture (Aiba, 2009). N-
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acetylglucosamine is one of the derivatives
of chitin that is used to treat the symptoms
of osteoarthritis (Wanichpongpan et al
2016), therefore it is often used as a
supplement which is commonly consumed
by the elderly to treat problems that is
associated with the joint (Arbia et al,
2012).

The production of N-
acetylglucosamine can be obtained by
chemical, enzymatic or microbiological
methods. N-acetylglucosamine produced
by means of chemical is done with the use
of acid or base which results in a relatively
fast glucosamine production but can result
in low yield and cause acidic waste towards
the environment (Wang et al., 2008).
Enzymatic hydrolysis method requires
higher cost, but the utilization of chitinase
enzyme results in a higher yield of
glucosamine unlike chemical hydrolysis
(Pan et al., 2011). On the -contrary,
microbiological method for glucosamine
production involves fermentation,
particularly wusing chitinase producing
bacteria offer some advantages, such as
higher yield (the highest reported was 110
g/L N-acetylglucosamine using
recombinant strain E. coli), no structure
modification, and environmental-friendly.
However, a major challenge is that the
fermentation method cannot yet be applied
on a large scale for commercial production

(Liu et al., 2013).

Providencia stuartii and Salmonella
enterica were bacteria isolated from
Penaeus monodon shrimp shells obtained
from previous study done by Hardoko et al.
(2020). Both bacteria produce chitinase, an
enzyme that catalyzes the hydrolysis of
insoluble chitin into its oligomeric and
monomeric derivatives (Tanaka et al.,
2001).

Moreover, previous study by
Hardoko et al. (2020) also reported that
Providencia stuartii was the bacterium
isolated from shrimp shell waste that
possessed the highest chitinolytic activity,
while Michelle (2019) found that
Salmonella enterica produced
approximately 73,184.74 = 752.02 ppm of
N-acetylglucosamine after three days of
fermentation at 37 °C. Therefore, in this
study, combined fermentation using these
bacteria was expected to produce N-
acetylglucosamine more efficiently, in a
shorter time, and with a higher yield.

According to Halim et al. (2018),
several factors influence the N-
acetylglucosamine production from
fermentation, such as fermentation
temperature, pH of the media, and
fermentation time. Therefore, this research
aimed to determine the optimum pH and
bacterial ratio for the combined
fermentation of Providencia stuartii and
Salmonella enterica to produce N-

acetylglucosamine.  Furthermore, this
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research also aimed to determine the
optimum fermentation time and
temperature for the combined fermentation
of Providencia stuartii and Salmonella
enterica in the production of N-

acetylglucosamine.

MATERIALS AND METHOD
Materials and Equipment

The materials used in the
experiment were shrimp shells (Penaeus
monodon) obtained from PT. Wirontono
Baru located at Ancol Jakarta Utara,
Providencia  stuartii  and  Salmonella
enterica culture obtained from previous
study of Hardoko et al. (2020), distilled
water, 1 M hydrochloric acid (HCI)
“Merck”, 3.5% sodium hydroxide (NaOH)
“Merck”, 37% hydrochloric acid (HCI)
“Merck”, ethanol “Smartlab”, 1 M sodium
hydroxide (NaOH) “Merck”, 5 N sodium
hydroxide (NaOH) “Merck”, Nutrient Agar
(NA) “Merck”, Nutrient Broth (NB)
“Merck”,  Monopotassium
(KH2PO4) “Merck”,
phosphate (KoHPO4) “Merck”, Magnesium
sulfate (MgS04.7H20) “Merck”,

phosphate

Dipotassium

Bromocresol Purple (BCP) indicator,
tartaric acid “Merck”, sodium phosphate,
0.8% ninhydrin, Coomassie Brilliant Blue
G-250 “Merck”, 85% Bovine Serum
Albumin  (BSA) “Sigma  Aldrich”,
Methylene  Blue  (1:5), and N-

acetylglucosamine standard

Aldrich”.

“Sigma

The equipment used were analytical
balance “Mettler Toledo”, dry blender
“Philips”, sieve shaker 60 mesh “Retsch”,
Miller “Fomac”, centrifuge “Medical
Instruments MPW-223¢”, UV-Vis
spectrophotometer “Thermo  Scientific
Genesys 10S UV-Vis”, FTIR spectroscopy,

furnace “Thermolyne 48000 and autoclave

“Hirayama”, and glasswares.

Procedures
Isolation of Chitin from Shrimp Shells

Chitin  preparation was done
according to Halim et al. (2018). Penaeus
monodon shrimp shells were cleaned, dried
under the sun for 2 days, size-reduced using
blender and miller, and was further sieved
using 60-mesh siever. The shrimp shells
powder obtained was analysed for its
moisture content (AOAC, 2005), ash
content (AOAC, 2005), yield (Dompeipen
et al., 2016) and protein content using
Bradford method (Nielsen, 2009 with
modification).

Afterwards, shrimp shells powder
was subjected to demineralization process
where the powder was soaked with 1 M
HCI (ratio 1:10 w/v) and heated at 75°C for
2 hours. The mixture was then cooled
down, neutralized until pH 5 and dried at
50°C for 24 hours using a cabinet dryer. The

demineralized powder was then undergone
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deproteinization process where the powder
was soaked with 3.5% NaOH (ratio 1:10
w/v) and heated at 75°C for 2 hours with
constant stirring. Then, the mixture was
cooled down, neutralized until pH 7and
dried using a cabinet dryer at 50°C for 24
hours. The isolated chitin was analysed for
its moisture content (AOAC, 2005), ash
content (AOAC, 2005), yield (Dompeipen
et al, 2016), degree of deacetylation
(Benhabiles et al, 2012), and protein
content using Bradford method (Nielsen,

2009 with modification).

Colloidal Chitin Preparation

10 grams of chitin was mixed with
37% HCI (ratio 1:14 w/v) and stirred
continuously for 2 hours at room
temperature until chitin fully dissolved. 500
mL ethanol was added to mixture and 5N
NaOH was added until reach pH 7. Then the
mixture was centrifuged for 5 minutes at
4000 rpm. The precipitate obtained was the
colloidal chitin (Setia, 2015 with

modification).

Chitinolytic Assay for Providencia
stuartii and Salmonella enterica

Selective media for chitinolytic
activity assay was prepared according to the

formulation in Table 1.

Table 1. Formulation for selective media

Ingredient Amount (g/L)
Nutrient Agar 20.0
Colloidal chitin 5.0

KH>PO4 0.3

K,HPO, 0.7
MgS04.7H,O 0.5

Source: Setia (2015)

The selective media was then added
Bromocresol purple (BCP) indicator,
boiled, cooled down and added with 10%
tartaric acid until pH 4.7 was reached. The
media was then sterilised in an autoclave
for 15 minutes at 121°C. To perform the
assay, the media was poured into Petri dish
and left to solidify. A 5 mm diameter well
was made and 60uL of culture was poured
and incubated at 37°C for 24, 48 and 72
hours. According to Halim et al. (2018),
chitinolytic activity was indicated by the
formation of purple color on the clear
zones, while no color change indicates the
absence of chitinolytic activity. Therefore,
chitinolytic index was determined by
measuring the diameter of the purple zone
around the well using a Vernier calliper.
The larger the purple zone, the higher the
chitinolytic index of the bacteria (Agrawal

and Kotasthane, 2012).

Determination of Optimum pH and
Bacterial Ratio of Providencia stuartii
and Salmonella enterica

In this research, the fermentation
using combination of Providencia stuartii

and Salmonella enterica was done using
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different pH and bacterial ratio. The
fermentation media itself was prepared

according to the formulation in Table 2.

Table 2 Formulation for fermentation media

Ingredient Amount (g/L)
Chitin 20.0
KH,PO4.3H,0 1.0
MgS04.7H,0O 0.5

NaNOs3 1.0

Glucose 20.0

Distilled water Until 1.0 L

Source: Saskiawan and Handayani (2011)

To adjust the pH, the fermentation
media were added with either | M NaOH or
1 M HCI along with buffer pH to achieve
the desired pH which were pH 5, 6, 7, 8 and
9. The media was then sterilised using an
autoclave at 121°C for 15 minutes. The
media was then inoculated with different
ratio of Providencia stuartii:Salmonella
enterica. which were 3:1, 1:1 and 1:3. the
media was then incubated at 37°C for 24
hours (Ulfa, 2016 with modification). This
fermentation time and temperature was
chosen because it is the optimum
fermentation temperature and incubation
time for Providencia stuartii and
Salmonella enterica (Keerthirathne et al.,
2016). Furthermore, the fermentation
results were then analyzed for its N-

acetylglucosamine content.

Determination of Optimum Incubation
Time and Temperature

The pH of media and bacterial ratio
in this stage were set according to the
optimum pH and the bacterial ratio

obtained from the previous stage of

research. Fermentation media was prepared
according to Table 2. The media was
incubated at different temperatures which
were 30, 37 and 40°C. Meanwhile,
incubation time was 1, 2, 3, and 4 days4,
(Ulfa, 2016 with modification). The sample
obtained which was N-acetylglucosamine
was measured using spectrophotometer at

324 nm.

Analysis of N-acetylglucosamine

The analysis of N-
acetylglucosamine was done according to
Ulfa (2016) and Halim ef al. (2018). There
were three steps done for measurement of
N-acetylglucosamine, consisting of
preparation of standard curve, extraction of
N-acetylglucosamine from the sample, and
quantification of N-acetylglucosamine.

The standard curve of N-
acetylglucosamine was prepared by
diluting
concentration 2000, 4000, 6000, 8000 and

N-acetylglucosamine to

10000 ppm. 4 mL of each concentration
added with 0.5 mL of 0.8% ninhydrin and
0.5 mL buffer phosphate pH 7. These
standard solutions were heated in water
bath for 15 minutes at 95°C and measured
using spectrophotometer at 324 nm.
Moreover, the blank used in this
measurement was distilled water added
with 0.5 mL of 0.8% ninhydrin and 0.5 mL
buffer phosphate pH 7.
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To extract the N-
acetylglucosamine, each fermentation
sample was heated in water bath at 75°C for
45 minutes, filtered using Buchner funnel
and centrifuged for 15 minutes at 5000 rpm.
The supernatant obtained was diluted 10x.

To quantify the concentration of N-
acetylglucosamine, 4 mL of diluted mixture
was added with 0.5 mL of ninhydrin and 0.5
mL of buffer phosphate pH 7. The mixture
was then heated for 15 minutes at 95°C in a
water bath and was measured with
spectrophotometer at 324 nm to obtain its
absorbance value. The concentration of N-
acetylglucosamine was then calculated

based on the standard curve.

Data Analysis

All data obtained in this research
were analyzed statistically using Univariate
Analysis and Duncan Test for Post Hoc
analysis. The software used for data

analysis was SPSS version 25.

RESULTS AND DISCUSSION

Characteristics of Shrimp Shells Powder

The chemical composition of the
shrimp shell powder obtained in this
research can be seen at Table 3. The
moisture content obtained was below 10%
and lower compared to previous research
by Halim et al. (2021), in which the
moisture content of shrimp shells powder

obtained was 9.99 + 0.18%. According to

Steele (2004), moisture content of dried
sample must be below 10% to increase shelf
life and to prevent microbiological
contamination. Furthermore, the lower
moisture content may be due to the longer
drying time applied in this research, which
was 2 days. This result also indicated that

the drying process was sufficient.

Table 3 Chemical composition of shrimp shell

powder
Parameter Content (%)
Mo%sture content (wet 5.61 +0.49
basis)
Ash content (wet basis) 37.24+0.54
Protein content 11.60 +0.20

Based on Table 3, the ash content of
the shrimp shell powder was 37.24 +
0.54%. According to Sillanpaa and Ncibbi
(2017), ash content of shrimp shell waste is
around 30-50%, therefore the result
obtained was in accordance with previous
study. Moreover, the protein content of
shrimp shells powder obtained in this
research (11.60 + 0.20%) was also
comparable to previous research by

Hossain et al. (2014) which was 12.73%.

Characteristics of Isolated Chitin

The chitin was isolated from shrimp
shells powder through demineralization and
deproteinization process. The chemical
composition of isolated chitin can be seen
at Table 4. The result obtained was
compared to SNI 7948:2013.
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Table 4 Chemical composition of isolated chitin

SNI
Parameter Content (%) Requirement

(Y0)*
Moisture content (wet  6.45 +0.29 Max 12
basis)

Protein content 0.07 +0.02 Max 5
Ash content (wet basis) 0.24 +0.02 Max 5

Degree of 26.58 10-65
deacetylation
Yield (dry basis) 40.42 +1.01 -

Source: *BSN (2013)

Moisture content of chitin obtained
in this research was higher than Sanusi
(2014) which was 5.22%. This is because
Sanusi  (2014) used higher drying
temperature, ie., 80°C for 24 hours.
However, drying at lower temperature of
50°C for 24 hours that was done in this
research resulted in moisture content lower
than 12%. Therefore, the isolated chitin was
still in accordance with SNI requirements.

The protein content was measured
for isolated chitin to determine the efficacy
of deproteinization process. According to
Table 4, the protein content of isolated
chitin obtained in this research was lower
than Isa et al., (2012), Islam et al. (2016),
and Halim ef al. (2018) which were 4.16%,
3.33%, and 2.16%, respectively. This result
shows that the deproteinization process in
this research was more efficient to remove
to the protein from shrimp shells powder.

Furthermore, the ash content was
accounted for in order to see the effectivity
of the demineralization process that was
done on the shrimp powder. A lower ash
content indicates that the chitin contains

fewer minerals, showing a higher level of

purity. Based on Table 3, ash content
obtained in this research was lower
compared to previous research done by Isa
et al. (2012), which was about 5.6% and
comparable to Halim ef al. (2018), which
was about 0.67%. However, this result
shows that the demineralization process in
this research was more efficient to remove
to the protein from shrimp shells powder.

Degree of deacetylation (DD) is
measured to ensure that demineralization
and deproteinization process resulted in
chitin and not chitosan, which is the
deacetylated form of chitin. According to
Arbia et al. (2012), chitin had a DD value
of less than 50%, while chitosan had a DD
value of higher than 50%. According to
Table 3, DD value obtained in this research
was 26.58% which is within the range of
DD set by SNI (10-65%).

Furthermore, the yield of isolated
chitin obtained in this research (40.42 +
1.01%) was similar to the study done by
Alabaraoye et al. (2017), which was
40.89%. According to Kaimudin et al.
(2016), there are 40-60% chitin (dry basis)
found in the exoskeleton of shrimp.
Therefore, it can be stated that the result
obtained was in accordance with previous

study.

Chitinolytic Activity
Chitinolytic  index for  both

Providencia stuartii and  Salmonella
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enterica were measured to ensure that these
bacteria possess the chitinolytic activities.
The chitinolytic index of Providencia
stuartii and Salmonella enterica can be

seen at Table 5.

Table 5 Chitinolytic index

Chitinolytic Index
Day 1 Day 2 Day 3
Providenci 1.77 + 217 + 143 +

Bacteria

a stuartii 0.03 0.09 0.12
Salmonella 1.52 + 1.89 + 1.36 +
enterica 0.15 0.16 0.02

According to Table 5, Providencia
stuartii had higher chitinolytic index
compared to Salmonella enterica, with the
highest activity was observed after 2 days
of fermentation. This result is in accordance
with the result obtained by Hardoko et al.
(2020) which stated that Providencia
stuartii had the highest chitinolytic index
(4.46) out of all the bacteria isolated from
shrimp shell powder. The bacteria with the
highest chitinolytic index were Providencia
stuartii because have chitinase enzyme type
A, CI1 and chitobiase which makes them
able to break down chitin (Hardoko et al.,
2020).

On the other hand, Salmonella

enterica is categorised as lysozyme-like

domain when it comes to their chitinase
enzyme (Frederiksen et al, 2013). This
means that S.enterica does not actually
have chitinase but instead have lysozymes
or bifunctional chitinases. Therefore, the
breakdown of chitin by lysozymes becomes

less efficient.

Effect of Different pH and Bacterial
Ratio of Providencia stuartii and
Salmonella enterica on N-
acetylglucosamine Production

The result of fermentation using
different pH and bacterial ratio of
Providencia  stuartii  and  Salmonella
enterica can be seen in Figure 1. Statistical
analysis using Univariate analysis showed
that different pH and bacterial ratio
significantly affected the concentration of
N-acetylglucosamine  produced  from
fermentation (p<0.05) Moreover, the
interactions between pH and bacterial ratio
also significantly affected the concentration

of N-acetylglucosamine produced from

fermentation (p<0.05).

182



FaST- Jurnal Sains dan Teknologi
Vol .10, No.2, November 2025

e-ISSN 2598-9596

100,000
90,000
80,000
70,000

60,000

48,214.33 +2,157.364

50,000

653.33 + 545.34¢

468.00 + 855.19°
442.00 +427.87°

40,000

34,

160.67 + 678.432
28,

4 28,

30,000

659.33 + 855.402

18,
{ 20,

20,000

Concentration of N-acetylglucosamine (ppm)

10,000

0

50,967.00 +2,119.534

67,572.67 +3,099.90f

a B
5 @2 3
>N L) ] ) <
N =) N [>o] )
on X wv — < [}
Vo) - ) < I\ Q
0 - n S o 2
— +I +1 N} el <t
S o O
+1 S o~ — o
& s 2 0° SNV
= o SR S =« H
N} g o - )
N chl < > 0 hos N
=N I fm S o = N
~ o] — py )}
+I ~ < v Z
o ~ o~ -
< (=]
< =
O
.
=N
e

m3:] Ol:1 @13

Figure 1. The effect of bacterial ratio and fermentation pH on production of N-acetylglucosamine
Note: The different notations (letters) indicating a significant difference (p<0.05)

Figure 1 shows that the lowest N-

acetylglucosamine  production is at
fermentation pH of 5 with bacterial ratio of
1:1, which was 34,653.33 + 545.34 ppm,
meanwhile the highest N-
acetylglucosamine produced was obtained
at pH 8 with bacterial ratio of 1:1, i.e.,
86,361.67 + 1,905.30 ppm. Figure 1 also
shows that the N-acetylglucosamine
production increases as the pH increases
until reaches the highest point of pH 8 and
then decreases at pH 9. According to
Podolak et al. (2010), Salmonella enterica
can grow at a wide range of pH from 5.2 to
9.5. Meanwhile, Providencia stuartii can
grow at pH ranging 6-9 (Khatib et al,

2017). Therefore, the decrease of N-

acetylglucosamine production at pH 9 may
be due to partial deacetylation of chitin to
chitosan (Younes and Rinaudo, 2014).
Partial deacetylation of chitin can occur at
high pH (>9) and exposure to heat (>70°C)
for a long time (>24 hours) (Cleo et al.,
2013). In this research, the exposure to heat
might happen during sterilization of media
prior to fermentation process. Therefore,
less chitin in the fermentation medium
means fewer resources for the bacteria to
degrade, resulting in reduced N-
acetylglucosamine production at pH 9.
Furthermore, the bacterial ratio that
obtained the highest N-acetylglucosamine
production was ratio 1:1 (Providencia
These

stuartii:Salmonella  enterica).
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findings indicate a potential synergistic
interaction between Providencia stuartii
and Salmonella enterica. However,
Salmonella  enterica replicates faster
compared to Providencia stuartii because
Salmonella enterica reaches optimum cell
growth after 8 hours compared to
Providencia stuartii after 18 hours (Nguyen
et al., 2016). However, the plausible reason
for bacterial ratio 1:1 (Providencia
stuartii:Salmonella enterica) to produce the
highest N-acetylglucosamine may be
because although Salmonella enterica
replicates faster, they possess lower
chitinolytic

activity ~ compared  to

Providencia stuartii as can be seen on Table

5.

Effect of Different Fermentation Time
and Temperature on N-
acetylglucosamine Production

The production of N-
acetylglucosamine using different
fermentation time and temperature was
performed using fermentation media with
pH 8 and ratio between Providencia stuartii
and Salmonella enterica of 1:1. The result
of fermentation using different incubation
time and temperature can be seen in Figure
2.

Statistical analysis using Univariate
analysis shows that different fermentation
time and temperature significantly affected

the production of N-acetylglucosamine (p<

0.05). Moreover, the interactions between
fermentation time and temperature also
significantly affected the N-
acetylglucosamine production.

Figure 2 shows that the highest N-
acetylglucosamine production was
obtained at fermentation temperature of
37°C for 3 days which was 87,707.04 +
906.54 ppm. This is because according to
Oscar  (2008), Salmonella  enterica
optimum incubation temperature is at 37°C.
Salmonella enterica can still grow at
temperature 40°C but with a longer lag time
and will die when the temperature exceeds
50°C (Hudson et al., 2011). Meanwhile,
Providencia stuartii optimum incubation
temperature is also at 37°C (Khatib et al.,
2017). Furthermore, the growth of
Providencia  stuartii  increases when
temperature increases up until the optimum
temperature (37°C) and decreases when
temperature i1s  higher than 37°C
(Ayangbenro, 2017).

Figure 2 also shows that the
production of N-acetylglucosamine was the
highest at day 3. It is because both bacteria
have a stationary phase up to three days
(Rychlik et al., 2002; Kurmasheva et al.,
2018). Therefore, the production of N-
acetylglucosamine decreased after 4 days of
fermentation because both bacteria have
undergone the death phase. Another

possible reason is the limited availability of

chitin substrate after 4 days of fermentation.
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Furthermore, the N-
acetylglucosamine produced in this study
was higher than that reported by Michelle
(2019), who used Salmonella enterica in
the fermentation and obtained 73,184.74 +
752.02 ppm of N-acetylglucosamine after 3
days of incubation, but lower than that

reported by Halim ef al. (2023), who used
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suggest that combined fermentaion using
both bacteria was more effective in
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from shrimp shells’ chitin.
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Figure 2. The effect of fermentation time and temperature on production of N-acetylglucosamine
Note: The different notations (letters) indicating a significant difference (p<0.05)

CONCLUSION
The optimum condition for N-
acetylglucosamine production from shrimp

shells’ chitin  through combined

fermentation using Providencia stuartii and
Salmonella enterica was achieved in a
fermentation medium with pH 8, using ratio
stuartii  and

between  Providencia

of

fermentation temperature of 37°C for 3

Salmonella  enterica 1:1, with
days. These fermentation condition co

yielded N-acetylglucosamine at the

concentration of 87,707.04 + 906.54 ppm.
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