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Abstract 

 

Generally, chitin is isolated chemically. An environmentally friendly alternative to chitin extraction is enzymatic extraction. The research 

aims to determine the effectiveness and optimum conditions for enzymatic chitin extraction of shrimp waste (heads, shells, and tails) using 

lactic acid bacteria (LAB) and proteolytic bacteria from the shrimp's digestive tract (faeces and intestines). The research stages were isolation, 

enrichment, and determining shrimp digestion's bacterial colonies, microscopic identification of shrimp digestive bacteria, and determining 

the effectiveness and optimal conditions for shrimp waste's chitin isolation. Aerobic and Anaerobic Total Plate Count (TPC), LAB, and 

proteolytic bacteria from shrimp's digestive tract per gram of sample were respectively 5.52 and 5.59 log CFU; 4.76 and 4.56 log CFU; 6.46 

and 6.20 log CFU. Microscopic morphology shows that LAB and proteolytic bacteria of shrimp digestive are gram-positive as cocci or rods. 

The deproteinization value of shrimp waste reached 31%, especially for treatment with a pH of 5.0–7.0 (during proteolytic bacteria 

fermentation) and pre-treatment of boiling, drying and coarse grinding of shrimp waste (PP2) before extraction. However, the 

demineralization value of shrimp waste is only 4.5% (PP1) and 3% (PP2), with LAB as the primary fermentation agent because proteolytic 

bacteria have been unable to reduce the mineral content in shrimp waste further. 
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INTRODUCTION 
 

Chitin, a copolymer composed of N-acetylglucosamine 

(GlcNAc) units (>50%) and glucosamine (GlcN), is the 

main component of crustacean (shrimp, crabs and 

lobsters) shells, insect skeletons, and cell walls of fungi, 

diatoms, bacteria, and algae with stiff and rigid 

characteristics as a protective function from the outside 

world (Bastiaens et al., 2020; Ehrlich, 2010; Zargar et al., 

2015). The application of chitin and its derivatives is 

widely used in various industries, including food, health, 

cosmetics, agriculture, paper, biotechnology, and others 

(Nainggolan, 2023; Perez & Wertz, 2022). The global 

market for chitin and its derivatives in 2020 reached 

106.9 thousand tons and is estimated to increase to 281.7 

thousand tons in 2027 with a monetary value of US$ 

2,900 million (Perez & Wertz, 2022). 

The inedible portion of the shrimp reaches 44-63%, 

including the head, skin and tail, which are considered 
waste (Adeyeye & Aremu, 2016). Those shrimp waste 

themselves contain chitin (15–40%), protein (20–40%), 

minerals (30–60%), and astaxanthin (reddish pigment-

carotenoid, a potent antioxidant) (Bastiaens et al., 2020; 

El-Bialy & Abd El-Khalek, 2020; Hu et al., 2019). 

Generally, chitin and its derivatives are isolated 

chemically with a concentrated strong acid (usually HCl) 

and a strong base (generally NaOH) to remove minerals 

and proteins in the chitin raw material (Bastiaens et al., 

2020; Kumari & Kishor, 2020). Besides removing the 

other essential ingredients in shrimp shells, chemical 

extraction also creates chemical residue pollution and 

affects the physico-chemical characteristics of the 

product (Duan et al., 2012; Kaur & Dhillon, 2015). 

Another alternative method is by isolating chitin using 

proteolytic enzymes or microbes and lactic acid bacteria 

to digest the protein and mineral content in the raw 

material, leaving chitin as the main product (Cahú et al., 

2012; Perez & Wertz, 2022). However, on the other 

hand, the price of enzymes is relatively high, and the low 

level of extraction efficacy is a challenge for the method 

(Kim & Park, 2015), so it is necessary to look for 
alternative enzymes or microbes that produce robust, 

stable and economical enzymes. 
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Research indicates that the shrimp digestive tract is a 

rich source of proteolytic bacteria and lactic acid bacteria 

(Holt et al., 2021; Kongnum & Hongpattarakere, 2012). 

Shrimp waste also harbours chitinolytic bacteria (Masri 

et al., 2021; Setia &  , 2015). These findings suggest that 

the bacteria naturally present in the raw material could be 

harnessed for enzymatic extraction of chitin, presenting a 

promising avenue for research. However, the 

effectiveness of chitin extraction from shrimp waste 

using these specific groups of bacteria still needs to be 

explored, underscoring the need for further investigation. 

The main aim of this study is to determine the 

effectiveness and identify the optimum conditions for 

extracting chitin from shrimp waste using bacteria from 

shrimp digestion. This research is crucial in advancing 

our understanding of chitin extraction methods and could 

potentially contribute to the development of more 

efficient and sustainable processes in the future.  

 

 

MATERIALS AND METHODS 
 

Isolation, enrichment, and bacterial colonies 

determination of shrimp digestion   

Shrimp for digestive tract bacteria isolating were 

obtained from the Flamboyan market, Pontianak City, 

West Kalimantan Province, without selecting a particular 

type of shrimp, weighing around 20-30 per kg. The 

method for isolating microbes from the shrimp digestive 

tract (faeces and intestines) was adapted from the work 

of (Kongnum & Hongpattarakere, 2012) with several 

notable modifications. These included thoroughly 

washing the shrimp with distilled water, homogenising 

the intestines and faeces with sterile saline solution 

(NaCl 0.85% w/v), and diluting to 10⁻⁵. The incubation 

and colony counting was performed with Plate Count 

Agar (PCA) (temperature 30°C, 24–48 hours, aerobic 

and anaerobic conditions); De Man, Rogosa, and Sharpe 

(MRS) agar (lactic acid bacteria, temperature 30°C, 24–

48 h, aerobic and anaerobic conditions) (Kongnum & 

Hongpattarakere, 2012); and calcium M-Protein agar 

(proteolytic bacteria, temperature 30°C, five days), 

followed by a clear zone test with 5–10% acetic acid 

solution for 1 minute (Erkmen, 2021). 

The number of bacterial colonies was calculated 

using a formula based on SNI 2332.3:2015 (Badan 

Standardisasi Nasional, 2015a).  
 

𝑁 =  
∑𝐶

[(1 × 𝑛1) + (0,1 × 𝑛2)]  × (𝑑)
 

 

 

With N, ∑C, n1, n2, d, respectively, the number of 

sample colonies (CFU/mL or colonies/g), the number of 

colonies on all plates counted, the number of plates in the 

first and second dilution counted, and the first dilution 

calculated. 

Microscopic identification of shrimp digestive 

bacteria 

Shrimp digestive bacteria incubated on MRS agar and 

M-Protein calcium agar were subjected to gram staining. 

The successive gram staining process begins by taking 

one of the colonies from the agar medium using a sterile 

tube needle, placing it on a glass slide and then fixing it 

with methanol. Next, the colonies were given a solution 

of crystal violet for 1 minute, iodine for 1 minute, 90% 

ethanol for 30 seconds, and safranin for 1 minute. 

Rinsing with distilled water was carried out at each 

change of solution administration. Bacterial cell colonies 

morphology (colour and shape) was observed using a 

microscope. 
 

Determination of the effectiveness and optimum 

conditions for chitin isolation 

The raw materials for chitin extraction, namely shrimp 

head, shell, and tail waste, were sourced from the 

Flamboyan market in Pontianak City, West Kalimantan. 

The shrimp waste was obtained without any sorting 

based on the type and size of the shrimp. 

The preparation of the raw materials followed a 

modified version of the method outlined by (Hamdi et 

al., 2017). This method involved two treatment models. 

In the first treatment, the shrimp waste was thoroughly 

washed, cooked with distilled water (1:2 w/v) for 30 

minutes at 100°C, and then left to drain at room 

temperature for approximately 2 hours. It was then 

incubated with LAB from shrimp digestion. The second 

treatment was similar to the first, with the addition of a 

drying stage in an oven at 60⁰C for 48 hours. This was 

followed by coarse grinding of the shrimp shells with a 

blender before further treatment with LAB. 

Chitin extraction was carried out by incubating 250 g 

of chopped shrimp waste (in 750 mL of distilled water) 

with 25 ml of LAB inoculum (the number of colonies 

was counted turbidimetrically) plus 12.5 g of glucose at 

room temperature for 24 hours using an orbital shaker 

(speed 60 rpm) for the demineralization process. The 

reaction was stopped by increasing the fermentation 

temperature to 90°C for 20 minutes. Next, the solution 

was filtered, and the chitin solids were rinsed with 

distilled water and dried in an oven at 50°C for about one 

and a half days. The yield was calculated, followed by 

the analysis of proximate.  

Dry filtrate (100 g) resulting from LAB extraction 

plus 10 g of glucose and 300 ml of buffer solution based 

on pH treatment was further incubated with proteolytic 

bacterial culture (taken from 2 culture Petri dishes). Four 

pH treatments were prepared (5.0, 6.0, 7.0, 8.0). For pH 

5.0, 0.1 M acetate buffer is used (5.772 g of sodium 

acetate and 1.778 g of concentrated acetic acid are mixed 

in 800 mL of distilled water, then the pH was adjusted 

with concentrated HCl, then distilled water was added to 

a volume of 1000 mL); pH 6.0 used 0.1 M citrate buffer 

(24.269 g of sodium citrate and 3.358 g of concentrated 

citric acid were mixed in 800 mL of distilled water, then 
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the pH was adjusted to 0.1 N HCl, then distilled water 

was added to a volume of 1000 mL); For pH 7.0 and 8.0, 

1 M Tris-HCl buffer was used (121.14 g of Tris base was 

mixed in 800 mL of distilled water, then the pH was 

adjusted with HCl, then distilled water was added to a 

volume of 1000 mL). Fermentation was carried out at 

room temperature for 6 hours using an orbital shaker 

(speed 60 rpm). Incubation was stopped again by 

increasing the fermentation temperature to 90°C for 20 

minutes. Afterwards, the fermentation solution was 

filtered, and the solids were washed with distilled water 

until neutral and dried in an oven at 50°C overnight. The 

extraction results were then calculated and tested 

proximately. 

Proximate tests include ash content-based on SNI 

2354.1.2010 (Badan Standardisasi Nasional, 2010), 

water-based on SNI 2354.2.2015 (Badan Standardisasi 

Nasional, 2015b), fat-based on SNI 01-2354.3-2006 

(Badan Standardisasi Nasional, 2006a), and protein-

based on SNI 01-2354.4-2006 (Badan Standardisasi 

Nasional, 2006b), which are all carried out in duplicate. 

 

Determination of LAB colonies turbidimetrically for 

chitin extraction 

Faeces and intestines from the shrimp digestive tract 

were taken sterilely and then enriched for bacteria using 

MRS agar and MRS broth at a dilution of 10⁰ to 10⁻⁷. 

They were then incubated at 30°C for 48 hours. Next, the 

number of colonies on the agar media was counted at 

each dilution. In contrast, the absorbance at each broth 

media dilution was measured by spectrophotometry at a 

wavelength of 600 nm (OD600). 

The number of colonies on the agar media and the 

absorbance value on the broth media were then compared 

to obtain a standard curve. The equation of the standard 

curve is then used to calculate the number of LAB 

colonies used for chitin extraction. 
 
 

RESULTS AND DISCUSSION 
 

Type and number of bacterial colonies in the shrimp 

digestive tract 

The total bacterial colonies (TPC), LAB, and proteolytic 

bacteria from the shrimp digestive tract, both aerobic and 

anaerobic, are depicted in Figure 1. 
 

 
Figure 1. Bacterial colonies from the digestive tract (faeces and intestines) of 

shrimp incubated aerobically and anaerobically. 

Figure 1 shows that aerobic and anaerobic TPC, LAB, 

and proteolytic bacteria from the shrimp digestive tract 

were 5.5 and 5.6 log CFU/g, 4.8 and 4.6 log CFU/g, and 

6.5 6.5 and 6.2 log CFU/g. The presence of LAB and 

proteolytic bacteria in the shrimp digestive tract is in line 

with the results of several other studies (Bhowmik et al., 

2015; Fitriadi et al., 2023; Holt et al., 2021; Kongnum & 

Hongpattarakere, 2012; Mulyati et al., 2023; Omont et 

al., 2020; Zhao et al., 2018). (Kongnum & 

Hongpattarakere, 2012) found that the digestion of some 

wild shrimp (including Metapenaeus brevicornis and 

Penaeus merguiensis) and cultivated shrimp 

(Litopenaeus vannamei) contained total bacteria ranging 

from 6.9–8.1 log CFU/g and LAB ranging from 3.2–4.1 

log CFU/g. Furthermore, (Mulyati et al., 2023) found 

that the population of several proteolytic bacterial 

isolates from the digestive tract of L. vannamei ranged 

from 5.7–7.4 log CFU/g. This value range is still in line 

with the results of this research. 

Figure 1 also reveals an interesting observation. The 

total number of LAB and proteolytic bacteria exceeds the 

TPC value, indicating that the TPC content alone cannot 

fully capture the presence of these bacteria. This 

discrepancy is likely due to the different content of PCA 

media for TPC and selective media for LAB and 

proteolytic bacteria. 

PCA is a standard medium to estimate the bacterial 

population in a food or liquid sample. However, it cannot 

depict the entire bacterial population's presence or 

indicate differences in the various types of bacteria 

present in a sample (Mendonca et al., 2020). Meanwhile, 

selective media contains complete nutrients to support 

certain microbial groups' growth optimally. As a result, 

the population size in a sample can be estimated (Corry 

et al., 2011). 

The morphology of LAB and proteolytic bacteria 

from the shrimp digestive tract based on gram staining is 

shown in Figure 2. 

 

 
 

Figure 2. Microscope morphology of shrimp digestion (faeces and 
intestines) at 400x magnification: (A) LAB; (B) proteolytic bacteria 

 

 

Figure 2, illustrates that LAB and proteolytic bacteria 

in shrimp digestion are gram-positive bacteria, taking the 

form of cocci or rods. 

Morphologically, LAB emits a purplish colour, 

characteristic of the group of gram-positive bacteria, is in 
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the form of cocci or rods, does not form spores, and is 

very tolerant of low pH (Mokoena, 2017). Meanwhile, 

proteolytic bacteria produce proteases (protein-breaking 

down enzymes) with a broader morphological scope 

because there are groups of bacteria that belong to a 

gram-positive group (such as the Bacillus), whereas 

others are gram-negative (such as Pseudomonas) 

(Solanki et al., 2021). Furthermore, BAL can also digest 

protein to meet its amino acid needs for life (Hutkins, 

2019; M. Liu et al., 2010). One source of LAB protein is 

casein (Hutkins, 2019), which is available in calcium M-

Protein agar. The higher values of proteolytic bacterial 

colonies compared to the TPC and LAB (Figure 1) could 

be due to LAB and some other groups of bacteria having 

the ability to digest protein in calcium M-Protein agar. 

Some LAB genera found to be quite dominant in 

shrimp digestion are Lactobacillus and Streptococcus 

(Zhao et al., 2018). Gram-positive and negative bacteria 

in the cocci or rod shaping were found in proteolytic 

bacterial isolates from the intestines of tiger shrimp 

(Penaeus monodon) (Bhowmik et al., 2015). 

It's important to note that our study did not detect 

gram-negative bacteria. This could be because our 

microscopic analysis only involved one general colony, 

without examining and isolating each variant shape of 

proteolytic bacteria growing on selective agar media. 

Therefore, further analysis, such as PCR via the 16S 

rRNA gene sequencing method, is necessary to identify 

the specific types of LAB and proteolytic bacteria in the 

shrimp digestive tract. This method is widely used for 

identifying the genus and species of microbes in a sample 

(Johnson et al., 2019). 

 

Number of LAB colonies for chitin extraction 

The turbidimetric standard curve of BAL at a wavelength 

of 600 nm (OD600) for chitin extraction is depicted in 

Figure 3. 

 

 

 
 

Figure 3. Standard curve for LAB colony measurements at OD600. 

 
 

 

The number of LAB colonies used for chitin 

extraction based on the standard curve equation (figure 

3) is described in Table 1. 

 
Table 1. Number of LAB colonies for chitin extraction. 

 

Equation of 

standart curve 

Preliminary 

treatment 

Absorbance 

(x) 

BAL 

(CFU/ml) 

y = 3,5829x - 3,5279 
PP1 2,101 4x10⁴ 

PP2 1,891 3,2x10⁴ 

Note: y (bacterial colony); x (absorbance); PP1 (preliminary 

treatment of shrimp waste: washed, boiled for 30 minutes, 

drained); PP2 (PP1 followed by oven drying at 60⁰C 48 hours and 

coarse blending). 

 

The calculation based on the standard curve implies 

that the number of LAB colonies used for fermentation in 

PP1 was 4x10⁴ CFU/ml (OD₆₀₀ 2.1), while in PP2, it was 

3.2x10⁴ CFU/ml (OD₆₀₀ 1.9). The value is much smaller 

compared to (Ruangwicha et al., 2024), which found five 

LAB strains (four Lactobacillus sp. and Streptococcus 

thermophilus) with OD₆₀₀ 0.8–1.0 equivalent to 10⁸ 

CFU/ml. On the other hand, (Lu et al., 2023) used 

Streptomyces sp. SCUT-3 strain to extract amino acids, 

oligopeptides, calcium and chitin from L. vannamei 

shrimp shell waste with an inoculum size of OD₆₀₀ 9.0. 

However, there is no information on the estimated 

colonies amount of Streptomyces sp. at the OD₆₀₀ value. 

 
Changes in shrimp shells' chemical composition 

during the extraction with LAB and proteolytic 

bacteria 

The shrimp shells' chemical composition changes during 

extraction with LAB and proteolytic bacteria can be seen 

in Figure 4. 

y = 3,5829x - 3,5279
R² = 0,8269
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Figure 4. Changes in the chemical composition of shrimp waste (skin and head) during fermentation with LAB and proteolytic bacteria of shrimp digestion 
(faeces and intestines). Extraction stage: M (raw shrimp waste); R (shrimp waste with PP1); RL (PP1 after fermented with BAL); RK (shrimp waste with 

PP2); RKL (PP2 after fermented with BAL). Pretreatment: PP1 (shrimp waste washed, boiled, drained); PP2 (PP1 followed by oven drying and coarse 

blending). P5–P8: treatment of pH (5.0–8.0) during proteolytic bacteria fermentation. Proximate analysis was carried out in duplicate. 
 

 

Figure 4 presents a detail breakdown of the 

composition of shrimp waste during fermentation 

process. It reveals that shrimp waste primarily comprises 

10.9% water, 4.8% fat, 29.0% ash, and 32.8% protein. 

The remaining 22.5% is suspected of chitin and other 

compounds such as astaxanthin. Further data 

demonstrates that LAB and proteolytic bacteria, through 

fermentation, can reduce the fat and protein content of 

shrimp waste. Notably, the percentage reduction of 

proximate content in PP2 was higher than in PP1, with 

the most significant decline observed in PP2 protein 

levels, reaching 31% (pH treatment of 5.0–7.0). 

However, it is essential to note that the ash content of 

PP1 and PP2 increased after extraction with proteolytic 

bacteria.  

Available studies indicate variations in the shrimp 

waste content. The waste (head, shell, tail) of five shrimp 

species (L. vannamei, Macrobrachium rosenbergii, P. 

monodon, Fenneropenaeus chinensis, Penaeus 
japonicus) is reported to consist of 66.2–73.9% water, 

1.8–5.7% fat, 5.0–8.5% ash, 6.8–10.1% protein (Z. Liu et 

al., 2021). Another study states that the waste of 

Pandalus borealis shrimp from the Lagos Atlantic Sea 

comprises 4.2% water, 0.8% fat, 29.5% ash, and 19.1% 

protein (Adeyeye & Aremu, 2016). In contrast, the shell 

of P. borealis from the Barents Sea (Norway) with a dry 

matter of 22±2% consists of 0.3–0.5% fat, 32–38% ash, 

and 33–40% protein. The rest is chitin (17–20%) and 

astaxanthin (wet weight 14–39 mg.kg⁻¹) (Rødde et al., 

2008). Moreover, data on L. vannamei shrimp shells 

(dried basis) has 4.0% of fat and astaxanthin, 21.7% 

minerals, 54.6% protein, and 19.7% chitin (Lu et al., 

2023). These data imply that regardless of water content, 

the most significant composition of shrimp waste is 

protein and minerals, followed by chitin. 

The pretreatment of washing and boiling, followed by 

oven drying and coarse grinding of PP2, influences the 

effectiveness of deproteinization. It is reported that the 

boiling of shrimp waste itself at 80⁰C for an hour can 

dissolve the fat, ash, and protein content of shrimp waste 

respectively 0.1–0.5%, 0.3–0.6%, 2.0–2.2% (Fadhallah et 

al., 2023). Although the numbers are different, a decrease 

in the fat, ash and protein content of shrimp waste after 

pretreatment (PP1 and PP2) can be seen in Figure 4, even 

if there are some distinction data (see R in PP1). 

Pretreatment and BAL fermentation can decrease 

shrimp waste's fat, ash, and protein content in PP1 by 

around 1%, 4.5%, and 3.5% (note that protein content 

increases by around 5.9% after PP1 pretreatment). 

Meanwhile, in PP2, the reduction is around 3% for fat 

and ash content and 17% for protein content. The low 

reduction content of ash was not expected because the 

preliminary hypothesis that lactic acid from LAB would 

effectively bind calcium in shrimp waste, which then 

sharply reduced the mineral content of shrimp waste as 

reported in several studies (Rao et al., 2000; Sixto-

Berrocal et al., 2023; Xu et al., 2008). Furthermore, the 

shrink of protein level implies the role of LAB in 

digesting the shrimp waste's protein.  

As information, after the 24-hour PP1 extraction 

process with BAL, there was a change in the aroma and 

condition of the shrimp waste, leading to a putrefaction 

process. Then, the shrimp waste was immediately 

washed thoroughly, filtered, and dried in an oven at 50°C 

for about one and a half days to ensure the extracted 

shrimp waste was dry enough. The process continues 

with coarse grinding of the shrimp waste extract before 

extraction with proteolytic bacteria. Next, a sterilisation 

process was carried out (121⁰C, 15 minutes) on the PP1 

medium before incubating proteolytic bacterial inoculum 

in the shrimp waste medium. For PP2, sterilisation was 

applied before each fermentation step. Signs of shrimp 

waste spoilage after 24 hours of fermentation with 

Lactobacillus plantarum were also reported (Rao et al., 

2000). Sterilisation of the fermentation medium before 

inoculum incubation to shrimp waste has been mentioned 

in several studies (Lu et al., 2023; Ruangwicha et al., 

2024). 
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The further fermentation process with proteolytic 

bacteria did not affect the fat content of PP1 shrimp 

waste (still at 3–4%). Additionally, the protein content of 

PP1 shrimp waste only decreased by around 0.1-3%. The 

relatively similar result also occurred in the fat content of 

PP2 shrimp waste. On the contrary, the protein content of 

PP2 shrimp waste decline up to around 14% (except for 

pH treatment of 8.0). While for ash content as states 

before, it increases for both pretreatments, after the 

proteolytic bacteria fermentation. 

Proteolytic bacteria are suspected to be less able to 

digest minerals in shrimp waste. In addition, a decrease 

in water content and other compounds after fermentation 

causes mineral levels to appear increases. (Huang et al., 

2022) reports increased mineral levels after fermentation 

of shrimp waste with a mixture of LAB, proteolytic, and 

chitinolytic bacteria. The lack of proteolytic bacteria 

effectiveness in digesting minerals is implied in some 

research (Lu et al., 2023; Waldeck et al., 2006). 

However, the preliminary deproteinized process 

increases shrimp waste's demineralisation degree (Lu et 

al., 2023). 

The overall protein content decrease of 19 and 31% 

(PP2) and 4–6% (PP1) is relatively low compared to 

other studies (Lu et al., 2023; Ruangwicha et al., 2024; 

Sixto-Berrocal et al., 2023). However, all of these studies 

were carried out with a reasonably long fermentation 

time (3–5 days) and a relatively high substrate-to-

solution ratio (1:10 to 1:20). In this study, the ratio of 

substrate-to-solution was only 1:3. Interestingly, there is 

a report of quite intense enzyme activity of the gram-

positive proteolytic bacteria from the digestion of tiger 

shrimp (P. Monodon) at pH 5–7 (Bhowmik et al., 2015), 

which is in line with the result of PP2. Unfortunately, 

PP1 does not confirm the data. 

 

Yield changes during chitin isolation from shrimp 

waste 

Figure 5 describes the yield of chitin from shrimp waste 

during the extraction process with LAB and proteolytic 

bacteria from shrimp digestion. 

 

 

 

 
 

Figure 5. Yield changes during chitin isolation from shrimp waste with shrimp digestion bacteria. Extraction stage: M (raw shrimp waste); R/RK (after 

pretreatment); R(K)L (after BAL fermentation); R(K)LP (5–8) (after proteolytic bacteria fermentation at pH of 5.0–8.0). 
 

 

 

As shown in Figure 5, the initial drying process 

removes more than eighty per cent of the shrimp waste 

weight, which contrasts with the low water content of 

raw shrimp waste (only 10.9%). It is suspected that the 

actual water content is much higher than the data. It is 

assumed that before proximate analysis, the water in the 

shrimp waste evaporates because of the relatively high 

room temperature, and there is a humidity difference 

between the shrimp waste and the surrounding air. 

Moreover, some of the filtrate is accidentally thrown 

away during the washing process, reducing the yield. 

Overall, the final yield of shrimp waste filtrate after 

the isolation process was 10.7–11.3% (PP1) and 9.2–
9.6% (PP2). It's worth noting that some research reports 

higher chitin yield from shrimp waste isolated 

enzymatically, ranging from 17-46% (Ghorbel-Bellaaj et 

al., 2013; Lu et al., 2023; Rødde et al., 2008; 

Ruangwicha et al., 2024; Xu et al., 2008). However, the 

yields still contain some other impurities.  

 

Discussion and future recommendation 

Although the results of this research do not meet initial 

expectations regarding deproteinization and 

demineralization, the potential of shrimp digestion 

bacteria to isolate chitin from shrimp waste can be 

noticed. Generally, some studies show high 

deproteinization and demineralization results are 

obtained using one or several specific microbes. 

Furthermore, fermentation conditions (amount of 

inoculum, pH, temperature, time, sugar sources and 
concentrations, substrate-to-liquid ratio, and process 

stages) (Lu et al., 2023; Rao et al., 2000; Ruangwicha et 

al., 2024; Sixto-Berrocal et al., 2023) also influence 

fermentation effectiveness. Several studies have even 
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succeeded in isolating several other compounds besides 

chitin, such as proteins or peptides and free amino acids, 

calcium and pigments through fermentation (Lu et al., 

2023; Ruangwicha et al., 2024). 

Further analysis needs to be conducted to determine 

the quality of chitin produced through fermentation. 

FTIR (Fourier-transform infrared spectroscopy), XRD 

(X-ray diffraction) and SEM (Scanning electron 

microscope), which can detect the purity and structural 

morphology of chitin, can support the analysis 

(Ruangwicha et al., 2024; Triunfo et al., 2022).  

This study fermented using free bacterial cells. Free 

microbial cells tend to be vulnerable to environmental 

pressures (Mehrotra et al., 2021), which decreases their 

numbers due to their inability to survive in certain 

conditions. One possible development of a fermentation 

method is by using immobilised microbial cells. The 

cells of the microbe are immobilised by binding/trapping 

them to a specific carrier/support.  

Some studies say immobilised cells have several 

advantages over free cells. The immobilised cells have 

higher metabolic activity and cell density, so the cells are 

more productive compared to free cells. Moreover, 

immobilisation provides the cells better protection 

against surrounding environmental conditions, improving 

the cells' survival ability. Then, immobilised cells can be 

reused without losing their activity. Besides, separating 

immobilised cells from extracts is easier (Mehrotra et al., 

2021; Zur et al., 2016). Compared to using pure 

enzymes, applying immobilised cells can be cheaper 

because there is no need for enzyme isolation and 

purification stages. Moreover, microbial cells generally 

produce more than one type of enzyme, which can lead 

to a series of chemical reaction catalysation, not just one 

type of chemical reaction like pure enzymes (Lu et al., 

2023). 

The immobilized whole-cell biocatalysts have been 

used to produce fine chemicals, biofuels (Polakovič et 

al., 2017), biosurfactants (Subsanguan et al., 2020), 

therapeutic drugs (Anteneh & Franco, 2019), 

winemaking (Genisheva et al., 2014), and wastewater 

treatments (An et al., 2008). However, no information is 

available about the production of chitin and its 

derivatives using these biocatalysts. 

 

 

CONCLUSIONS 
 

The number of bacterial colonies shows that proteolytic 

bacteria dominate the shrimp digestive tract. Microscopic 

morphology shows that LAB and proteolytic bacteria are 

gram-positive as cocci or rods. Furthermore, LAB and 

proteolytic bacteria from shrimp digestion can reduce the 

protein content (deproteinization) of shrimp waste by up 
to 31%, especially for treatment with a pH of 5.0–7.0 

(during fermentation with proteolytic bacteria) and pre-

treatment of boiling, drying and coarse grinding of 

shrimp waste. However, the reduction in mineral content 

(demineralization) of shrimp waste was only 4.5% (PP1) 

and 3% (PP2), with LAB as the main contributor because 

proteolytic bacteria were not able to further reduce the 

mineral content in shrimp waste. 
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