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CHAPTER I 

INTRODUCTION 

 

 Background 

Indonesia is commonly called as a maritime country since water embodies most 

of its area. As a maritime country, Indonesia has a wide variety of aquatic resources, 

including shrimp which is expected to improve the export value of Indonesia’s 

fishery products. Indonesia is now exporting both wild-caught and pond-raised 

shrimp (KKP, 2018) which are mostly exported as frozen or processed shrimps. 

Shrimps processing discards 30-75% of the shrimp’s mass as waste in the form of 

head, shell and tails (Swastawati et al., 2008).   

The huge amount of shrimp waste generation has become an important 

environmental concern due to its slow degradation rate per processing operation. 

The decay of waste accumulation leads to undesirable smell which attracts 

pathogenic pests (Kandra et al., 2012; Tarafdar and Biswas, 2013). Therefore, in 

order to handle this ecological impact and to increase the shrimp value, it is 

important to find a useful treatment for the shrimp waste. 

Currently, the shrimp waste can be used as animal feed, fish meal replacement 

as well as soup preparation. However, this shrimp waste, specifically the shrimp 

shells waste can be further used for other applications (Kandra et al., 2012). Shrimp 

shells waste comprises of 30-40% protein, 30-50% calcium carbonate and 20-30% 

chitin, depend on the type of the shrimp. Chitin is a linear polysaccharide consists 
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of β-(1,4)-linked 2-acetamido-2-deoxy-D-glucose units which may be de-N-

acetylated to some extent (Arbia et al., 2013). Chitin is biocompatible, 

biodegradable, bioabsorbable and has antibacterial as well as wound-healing ability 

(Kandra et al., 2012). The monomeric unit of chitin includes N-acetylglucosamine 

which is an amino sugar, playing role in stimulating joint functions and forming the 

structure of cartilage (Chen et al., 2010). The lack of glucosamine might lead to the 

symptoms of osteoarthritis which is often developed by 90% of people above 40 

years old (Miller, 2016). The prevalence of osteoarthritis development in Indonesia 

reaches 65% for people over age 61 (Depkes RI, 2007). Hence, it is important to 

find a treatment for lowering the osteoarthritis prevalence in Indonesia.  

As a chitin monomer, N-acetylglucosamine production can be done through 

chemical synthesis, enzymatic process, or microbial fermentation. The drawbacks 

of the chemically synthesized N-acetylglucosamine are its lower yield, toxicity and 

risks regarding environmental pollution during the synthesis process. Meanwhile, 

the enzymatic production of glucosamine is still a big challenge due to its higher 

cost and enzyme stability. Thus, an alternative to these methods is by using the 

fermentation-based method which can result in relatively higher yield with less 

environmental issues (Zhang et al., 2013).  

The microorganisms which can be used to produce N-acetylglucosamine are 

those that can produce chitinolytic enzyme to break down chitin into glucosamine. 

Providencia stuartii is one of the chitinolytic microorganisms which belongs to the 

Enterobacteriaceae family. These bacteria can be found in water, soil, as well as 
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animal reservoirs (Wie, 2015). It is found that Providencia stuartii grows well at 

the temperature of 37oC (Manos and Belas, 2006).  

Providencia stuartii can be used in the form of immobilized cells. Cell 

immobilization refers to a technique to fix the cells onto a solid support system, into 

a solid support matrix or retained by a membrane to keep the cell stability and 

enables repeated or continued utilization (Saxena, 2015). Immobilization also 

results in high concentration of cells. Immobilization of bacteria cells can be done 

on a solid, porous matrix through entrapment method which is relatively rapid and 

simple (Yilmaz et al., 2015).  

One of the solid, mineral porous carriers for immobilization includes the pumice 

stone which is a volcanic rock with sufficient mechanical strength (Kowalska et al., 

2017). Pumice stone is also inert, stable, and free from any toxic materials (Raviv 

et al., 2019).  Several researches have studied the production of N-

acetylglucosamine through fermentation-based method with various 

microorganisms. However, the research of N-acetylglucosamine fermentation-

based production by using Providencia stuartii cells which are immobilized using 

pumice stone has not been discussed deliberately.  

  

 Research Problem 

The enormous amount of shrimp shells waste as a result of shrimps processing 

has become a serious environmental concern due to its slow degradation. The 

shrimp shells waste contains chitin which can be further processed into N-

acetylglucosamine with various applications in medical field. N-acetylglucosamine 
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can be produced through chemical synthesis, enzymatic process, or microbial 

fermentation method. The chemical synthesis is not necessarily preferred due to its 

lower yield and environmental issues while enzymatic process poses a great 

challenge with its great cost and enzyme stability issues. Hence, a microbial 

fermentation method is more preferred for the N-acetylglucosamine production.  

The chitinolytic Providencia stuartii can be used to hydrolyze chitin into N-

acetylglucosamine. Immobilization of Providencia stuartii allows the cells to be 

repeatedly used for the N-acetylglucosamine production. According to Kowalska 

et al. (2007), cell immobilization using pumice stones is relatively fast and simple. 

It is found that the productivity of immobilized cells in pumice stones is two-folds 

higher than the suspended cell system (Gonen et al., 2012). However, the study on 

the optimum size of pumice stone, optimum ratio of pumice stone and growth 

medium (w/v), as well as the optimum fermentation cycle of immobilized cells used 

in the fermentation-based production of N-acetylglucosamine by immobilized 

Providencia stuartii has not yet been thoroughly researched.  

 

 Objectives 

The objectives of this research can be categorized into two, which were general 

objective and specific objectives.  

1.3.1 General Objective 

The general objective of this research was to immobilize Providencia stuartii 

cells using pumice stone and to apply it in N-acetylglucosamine production from 

shrimp shells powder.  
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1.3.2 Specific Objectives 

The specific objectives of this research were: 

1. To determine the optimum size of pumice stone as a medium for Providencia 

stuartii cells immobilization in the production of N-acetylglucosamine through 

submerged fermentation of Penaeus vannamei shrimp shells powder. 

2. To determine the optimum ratio of pumice stone and growth medium (w/v) in 

Providencia stuartii cells immobilization for the production of N-

acetylglucosamine through submerged fermentation of Penaeus vannamei 

shrimp shells powder. 

3. To determine the optimum fermentation cycle of immobilized cells used in the 

submerged fermentation production of N-acetylglucosamine from Penaeus 

vannamei shrimp shells powder.  

 

 

 

 

 

 

 

 

 


