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CHAPTER I 

INTRODUCTION 

 

1.1 Background 

Indonesia as a maritime country is one of the biggest producers of seafood 

commodities. One of those commodities is shrimp. Shrimp production in 

Indonesia only utilizes the meat section of the shrimp therefore shrimp production 

also produces high number shrimp wastes. The wastes of shrimp products come 

from shrimp shell, shrimp head and shrimp tail. These parts of shrimp consist up 

to 30-75% of the total weight. The utilization of shrimp wastes in Indonesia is to 

be used as raw material in producing animal feed, shrimp paste, petis and shrimp 

crackers (Marganof, 2003). The wastes of shrimp products contain bioactive 

compounds such as chitin, amino acids, fatty acids and pigments which are 

potential to be utilized on medical and therapeutic fields (Kandra, et al., 2011). 

Shrimp shell contains around 25-40% crude protein, 45-50% calcium 

carbonate and 15-20% chitin (Muzarelli and Joles, 2000). Chitin is a non-toxic 

biodegradable polysaccharide that commonly found shrimp shells. Chitin is hard 

to be absorbed by human body because chitin has low solubility and large 

molecular size. Thus, it is commonly further processed into its derivatives, such as 

glucosamine and chitosan (Haliza and Suhartono, 2012). Glucosamine is an amino 

sugar that can also be found naturally in the human body and is a precursor for the 

biochemical synthesis of glycosaminoglycans found in cartilage, so it is 
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extensively used in dietary supplements for the treatment of osteoarthritis, knee 

pain and back pain (Benavente, et al., 2015). 

Glucosamine is a derived chitin monomer and is an important precursor in 

the biosynthesis of glycolipids, glycoproteins and proteoglycans proven to be 

involved in maintaining joint health (Kardiman, 2013). For each chitin polymer 

chain, there are 2,000-5,000 units of N-acetylglucosamine monomer connected 

via β-(1-4) glycoside bonds (Cahyono, 2015). Glucosamine can be obtained 

through the degradation of chitin polymers using chitinase enzyme and living 

microorganisms such as fungi, bacteria and mold (Ulfa, 2016).  

Glucosamine can be found naturally in human body mainly in cartilage 

and present in 3 forms, which are D-glucosamine, N-acetylglucosamine and 

glucosamine hydrochloride. Three forms of glucosamine differ the production 

process of glucosamine. Glucosamine hydrochloride produced from chemical 

reaction of acid hydrolysis of chitin while D-glucosamine and N-

acetylglucosamine are produced by the help of microorganisms, whether it is 

DNA recombinant or by using fermentation process (Mojarrad, et al., 2007). The 

conventional production of glucosamine using chemical treatment has many 

disadvantages as it is not environment friendly due to acidic wastes, the yield is 

low and hard to control (Sashiwa, et al., 2002). Enzymatic hydrolysis method as 

an alternative treatment using chitin directly from crab or shrimp shell is faster, 

simpler and more environmentally friendly compared to chemical treatment 

(Krokeide, et al., 2007). Glucosamine produced by enzymatic hydrolysis in the 

form of N-acetylglucosamine.  
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The production of glucosamine based on purified chitinase enzyme from 

the microorganisms has the potential to be an alternative for glucosamine 

production. The study of production of glucosamine using chitinase from fungi is 

few and especially using Mucor circinelloides is yet to be studied. For this 

research, chitin degradation into glucosamine is done by fermentation method 

using semi pure extracellular chitinase enzyme produced and collected from 

Mucor circinelloides because the ability of Mucor circinelloides to secrete 

chitinase enzyme extracellularly (Luong, et al., 2010) and higher purity of enzyme 

increases the chitinase enzyme activity (Suryadi, et al., 2013a). Determination of 

optimum pH and optimum temperature are done as both pH and temperature can 

affect the chitinase enzyme activity (Pratiwi, et al., 2015). Mucor circinelloides is 

one of the filamentous fungi that produce chitinase enzyme to degrade chitin into 

glucosamine (Shubakov and Kucheryavykh, 2004). 

 

1.2 Research Problem 

Shrimp is one of the largest fishery commodities in Indonesia, however 

seafood processing industry uses only shrimp meat section and leaves a large 

amount of skin shell and other wastes. Whereas the waste of shrimp shell with 

chitin content have a potential to be further processed into glucosamine so it has a 

higher economic value. The production of glucosamine using chitinase enzyme 

from chitinase producing microorganism can be used as possible alternative. 

Temperature and pH condition are factors that affect the activity of enzyme. 

Enzyme activity will rise until the optimum temperature and the optimum pH 



4 

 

reached because of increasing kinetic energy which accelerates the enzyme then 

the activity will slowly decrease because of enzyme denaturation (Purkan, et al., 

2014). Glucosamine production from chitin using extracellular chitinase enzyme 

from Mucor circinelloides fungi is never done before. Therefore, in this research 

the optimum pH, temperature, substrate concentration and fermentation in 

glucosamine production using extracellular semi pure chitinase enzyme were 

determined. 

 

1.3 Objectives 

1.3.1 General Objective 

The general objective of this research was to utilize tiger shrimp (Penaeus 

monodon) shell wastes to produce glucosamine enzymatically using extracellular 

semi pure chitinase enzyme from Mucor circinelloides. 

1.3.2 Specific Objectives 

The specific objectives from this research were: 

1. To determine effect of pH and temperature on chitinase enzyme activity, and 

then to select the optimum pH and temperature of the chitinase enzyme 

activity. 

2. To determine effect of substrate concentration and fermentation time on N-

acetylglucosamine production, and then to select the optimum substrate 

concentration and fermentation time exhibiting the highest N-

acetylglucosamine concentration. 


