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ABSTRACT

The present study aimed at the utlisation of microbial organisms for the

production of ~ood quality chitin and chitosan. The three strains used for the

study were Lactobacillus plantarum, Lactobacililus brevis and Bacillus subtilis.

These strains were selected on the basis of their acid producing ability to reduce

the pH of the fermenting substrates to prevent spoilage and thus caused

demineralisation of the shell. Besides, the proteolytic enzymes in these strains

acted on proteinaceous covering of shrimp and thus caused deprotenisation of

shrimp shell waste. Thus the two processes involved in chitin production can be

affected to certain extent using bacterial fermentation of shrimp shell.

Optimization parameters like fermentation period, quantity of inoculum,

type of sugar, concentration of sugar etc. for fermentation with three different

strains were studied. For these, parameters like pH, Total titrable acidity (TTA),

changes in sugar concentration, changes in microbial count, sensory changes

etc. were studied.

Fermentation study with Lactobacillus plantarum was continued with 20%

w/v jaggery broth for 15 days. The inoculum prepared yislded a cell

concentration of approximately 108 CFU/ml. In the present study, lactic acid and

dilute hydrochloric acid were used for initial pH adjustment because; without

adjusting the initial pH, it took more than 5 hours for the lactic acid bacteria to

convert glucose to lactic acid and during this delay spoilage occurred due to

putrefying enzymes active at neutral or higher pH. During the fermentation study,

pH first decreased in correspondence with increase in ITA values. This showed

a clear indication of acid production by the strain. This trend continued till their

proteolytic activity showed an increasing trend. When the available sugar source

started depleting, proteolytic activity also decreased and pH increased. This was

.clearly reflected in the sensory evaluation results. Lactic acid treated samples

showed greater extent of demineralization and deprotenisation at the end of

fermentation study than hydrochloric acid treated samples. It can be due to the

effect of strong hydrochloric acid on the initial microbial count, which directly

affects the fermentation process. At the end of fermentation, about 76.5% of ash



was removed in lactic acid treated samples and 71.8% in hydrochloric acid

treated samples; 72.8% of proteins in lactic acid treated samples and 70.6% in

hydrochloric acid treated samples.

The residual protein and ash in the fermented residue were reduced to

permissible limit by treatment with 0.8N HCI and 1M NaOH. Characteristics of

chitin like chitin content, ash content, protein content, % of N- acetylation etc.

were studied. Quality characteristics like viscosity, degree of deacetylation and

molecular weight of chitosan prepared were also compared. The chitosan

samples prepared from lactic acid treated showed high viscosity than HCI treated

samples. But degree of deacetylation is more in HCI treated samples than lactic

acid treated ones. Characteristics of protein liquor obtained like its biogenic

composition, amino acid composition, total volatile base nitrogen, alpha amino

nitrogen etc. also were studied to find out its suitability as animal feed

supplement.

Optimization of fermentation parameters for Lactobacillus brevis

fermentation study was also conducted and parameters were standardized. Then

detailed fermentation study was done in 20%wlv jaggery broth for 17 days. Also

the effect of two different acid treatments (mild HCI and lactic acid) used for initial

pH adjustment on chitin production were also studied. In this study also trend of

changes in pH. changes in sugar concentration ,microbial count changes were

similar to Lactobacillus plantarum studies. At the end of fermentation, residual

protein in the samples were only 32.48% in HCI treated samples and 31.85% in

lactic acid treated samples. The residual ash content was about 33.68% in HCI

treated ones and 32.52% in lactic acid treated ones. The fermented residue was

converted to chitin with good characteristics by treatment with 1.2MNaOH and

1NHCI.Characteristics of chitin samples prepared were studied and extent of N

acetylation was about 84% in HCI treated chitin and 85%in lactic acid treated

ones assessed from FTIR spectrum. Chitosan was prepared from these samples

by usual chemical method and its extent of solubility, degree of deacetylation,

viscosity and molecular weight etc were studied. The values of viscosity and

molecular weight of the samples prepared were comparatively less than the

chitosan prepared by Lactobacillus plantarum fermentation. Characteristics of

2



protein liquor obtained were analyzed to determine its quality and is suitability as

animal feed supplement.

Another strain used for the study was Bacillus subtili« and fermentation

was carried out in 20%w/v jaqqery broth for 15 days. It was found that Bacillus

subtilis was more efficient than other Lactobacillus species for deprotenisation

and demineralization. This was mainly due to the difference in the proteolytic

nature of the strains. About 84% of protein and 72% of ash were removed at the

end of fermentation. Considering the statistical significance (P<O.05) in the

extent of demineralization and deproteinisation, we have taken a.8N HCI for the

demineralization study and a.6M NaOH for deprotenisation study. Properties of

chitin and chitosan prepared were analyzed and studied.
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1. INTRODUCTION

Prevalence of fast food stuffs and ready to eat food products have

become a part of the swift running lifestyle. Eventhough these eatables are more

appealing in taste; they may lack essential nutrients. Here comes the beneficiary

of our traditional food habit. Seafood holds a very unique position in our

traditional menu. It is peculiar with high nutritional value and easy digestibility.

Export of processed and frozen shrimp products is the backbone of seafood

industries. Shrimp industry is a rapidly growing industry in India and all over the

world. But major curse of seafood industry is the large amount of waste

materials, which are highly perishable in nature as they are quickly colonised by

spoilage organism and can rapidly be transferred into a public health hazard

(Sini et al., 2005). In South East Asia, more than two million metric tonnes of

wastes was produced per year (Hussain, 2003). In India, Shrimp waste

constitutes more than one lakh tonnes per year (Philip & Nair, 2006). The shrimp

waste which is constituted by its head, thorax, claws and its shell contributes to

45% of its weight (Zakaria et al., 1998). Shrimp shell is a rich source of many

valuable products like protein, mucopolysaccharide, pigments, flavour

compounds etc. (Ornum, 1992). Effective utilisation of these products creates a

high economic value to waste substances. Shrimp waste contains about 10-20%

calcium, 30-40% protein and 8-10% chitin (Legarreta et al., 1996). Proteins, the

major component extracted from the shrimp shell can be used as an animal feed

supplement (Meyers and Benjamin, 1987). Astaxanthin is utilized as pigment in

salmonid feeds (Guillou et al., 1995). Chitin is the second most abundant

biopolymer next to cellulose (Yang et al., 2000). Chitin and its derivatives like

chitosan, carboxymethyl chitin etc. have found immense applications in

biomedical field, biotechnology, food industry, textiles, paper industry etc.

(Santhosh et aI., 2006). The variety in applications of these products in different

fields depends on its physicochemical properties like degree of deacetylation,

viscosity, molecular weight etc.
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Traditional methods for the commercial preparation of chitin from shrimp

shell involve alternate hydrochloric acid and sodium hydroxide treatment stages

to remove calcium carbonate and proteins, respectively, followed by a bleaching

stage with chemical reagents like hydrogen peroxide to obtain a colourless

product (Bautista et al., 2001). Disposal of the wastewater from these treatments

is a serious environmental problem. These chemical treatment may cause partial

deacetylation of chitin and hydrolysis of the polymer, leading to inconsistent

physiological properties in the end product (Brine and Austin, 1981).And the cost

of the process is also very high and protein liquor obtained cannot be used as

animal feed.

To overcome the problems of chemical treatment, studies have been

conducted with proteolytic enzymes like pepsin, chymotrypsin, trypsin, papain

etc to remove protein and thus to produce chitin (Gagne and Simpson 1993;

Broussignac, 1968). Many authors tried microorganisms to deprotenise and

demineralise the shell waste to produce chitin (Bustos and Micheal,1994a, Cira

et al., 2002; Shirai et al., 2001; Teng et al., 2001).

Lactic acid fermentation might well offer a commercial route for the

recovery of chitin and other products from shellfish wastes (Hall and Reid, 1994;

Hall and De Silva,1992). During fermentation with lactic acid bacteria, it produces

tactic acid and cause rapid acidification of the raw material (Caplice and

Fitzgerald, 1999; Ray, 1992. Wood 1997; Wood and Holzapfel, 1995). The acid

produced was responsible for the demineralization process. The proteins are

removed by the action of proteolytic enzymes of lactic acid bacteria (Law and

Haandrikman, 1997). Also their production of acetic acid, ethanol, aroma

compounds, bacteriocins and exopolysaccharides and several enzymes

enhance shelf life, improved texture and contribute to the pleasant sensory profit

of the end products (Champomier-Verges et al., 2002). As lactic acid bacteria

are considered as food grade organism, the protein liquor obtained by

fermentation can be effectively utilized as animal feed ingredient.

The most commonly used lactic acid bacteria are Lactobacillus plantarum,

Lactobacillus acidophilus ,Pedicoccus acidifactici ,Pedicoccus pentosus,

5



Lactobacillus peniosus. Lactobacillus paracasei etc.The protease enzymes of

Bacillus subtiiis. Bacillus firmus are by far the most important group of Bacillus

species exploited for degradation of proteinaeous waste into useful biomass

(Atalo and Gashe, 1993, Venugopal et al., 1989).

Several studies reported the production of chitin by lactic acid

fermentation of shrimp waste (Zakaria et al., 1998; Rao et al., 2000; Cira et aI.,

2002; Fagbenro and Bello-Olusoji, 1997). This method retains the

physicochemical properties of chitin to a greater extent since there is no drastic

acid or alkali treatment. Chitin is converted to chitosan by the N-deacetylation.

6



2. REVIEW OF LITERATURE

2.1. Seafood

Seafood is divinely rich by virtue of its high nutritional value. Export of

processed sea food items bags good revenue for the country. Seafood

processing industry in India is contributing tonnes and tonnes of waste materials

and amongst them shrimp waste contributes more than one lakh tonnes every

year (Philip and Nair, 2006). The discharge of these waste material is a serious

environmental problem, as they are quickly colonized by spoilage organisms

(Sini et al., 2005). The efficient utilization of these wastes yields high economic

value, as these wastes are rich in proteins, mucopolysaccharides like chitin,

pigments, flavour compunds etc. (Zakaria et al., 1998). Pollution created by high

volume shrimp production requires both the application of a traditional

preservation method, such as lactic ensilation, and the feasibility of by-products

recovery (Cira et ei., 2002).

2.1.1. Chitin and Chitosan

Chitin, the second most abundant biopolymer next to cellulose (Yang et

al., 2000) is present in the shell of crustaceans, the exoskeletons of insects and

cell walls of fungi and some algae (Fig. 2.1.). It is white, hard and inelastic in

nature. This compound was first isolated by Braconnot in 1811 from mushrooms

and was named "fungine" (Madhavan, 1992). The annual global yield of chitin is

assumed to be 1 to 100 billion metric tons, making chitin the second most

abundant polysaccharide on the earth. Chitinous substances, accounting for 10

55% in dry weight, are contained in shrimp, crab, cuttlefish, squid, oyster etc.

(Rattanakit et. al., 2002)

Chitin is a polymer of 13-(1-4) N-acetyl-D-glucosamine (Fig. 2.2.). Chitin

occurs in three polymorphic forms, which differ in the arrangement of molecular

chains within the crystal cell. a- chitin is the tightly compacted, most crystalline

7
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polymorphic form where the chains are arranged in an anti-parallel fashion. f3
chitin is the form where the chains are parallel and y-chitin is the form where two

chains are "up" to everyone "down" (Vaaje-Kolstad et al., 2005). Oeacetylation

of chitin with strong alkali yields chitosan (Fig. 2.3.), a po.y.ner of f3-(1-4) 0

glucosamine (Santhosh et aI., 2006).

Chitin is highly hydrophobic and is insoluble in water and most organic

solvents. It is soluble in hexafluoro isopropanol, hexafluoro acetone,

chloroalcohols in conjunction with aqueous solutions of mineral acids and

dimethyl acetamide containing 5% lithium chloride. The acetyl group connected

to an amine group in the C2 position on the glucan ring may be removed by

enzymatic or chemical hydrolysis in caustic soda at elevated temperatures,

producing a deacetylated form exposing free amino groups at some of the C2

positions. When the fraction of acetyJated amine groups (FA) is lower than 0.35

0.40, the co-polymer of O-glucosamine (GlcNH2) and N-acetyl-O·glucosamine

(GlcNAc) formed referred to as chitosan (Averbach, 1975). Chitosan is soluble in

weak acids and insoluble at neutral pH (Benjakul et al.. 2001). The chitin

polymers are embedded in a protein structure, which may be calcified with salts

forming a hard shell structure (Rao et al., 2000). Chitin and chitosan are now

produced commercially in Japan, U.S.A.. India. Poland, Norway and Australia.

Chitin and chitosan are of commercial interest due to their high percentage of

nitrogen (6.89%) compared to synthetically substituted cellulose (1.25%)

(Jayakumar et et., 2006).

Chitin and its derivatives hold great economic value because of their

versatile biological activities and chemical applications (Andrade et al., 2003).

The unique properties of chitin and its derivative. chitosan include solubility

behaviour in various media. solution Viscosity, pclyelectrolyte behaviour,

polyoxysalt formation, ability to form films, chelate metal ions, and optical and

structural characteristics (Madhavan, 1992). The ability of chitosan to wrap the

solid particles suspended i'n liquid and agglomerate makes it suitable in

clarification and purification application in waste water treatment plants and in

food industry (Prabaharan and Mano, 2006; Crini, '2006; Muzzarelli, 1996;

Dodane and Vilivalam, 1998). Chitosan is used in chromatography because of

8
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the presence of free amino and hydroxyl groups. Chitosan is used as good sizing

agent in textile industry. The chelating ability, adhesive property and ionic bond

forming characteristics of chitosan find potential application in textiles. Fabrics

sized witI') r.hitosan have good stiffness, improved dye uptake, added lusture and

improved laundering resistance. Its high molecular weight. polycationic nature,

film forming and hydrogen bonding ability make it suitable in paper industry.

Chitin and chitosan can be used for the production of fibers and films and chitin

films are stronger than chitosan films (Macleod et al., 1999). Chitosan has

important applications in photography due to its resistance to abrasion. optical

characteristics, film forming ability and behaviour with silver complexes. In food

industry, its main application is that it can be used as hyolipedemic and

hypocholersterolemic agent (Vaaje-Kolstad et et., 2005). Chitin and its

derivatives have potential application in agriculture for various uses, such as, in

germination and culturinq, to enhance self protection against pathogenic

organisms in plants and suppress them in soil, to induce chitinase activity and

proteinase inhibitor synthesis, for antivirous activity, in encapsulation of

fertilizers, in liquid fertilizers and in controlled release of herbicides. (Banos et et.,

2006; Hirano, 1996; Ilium, 1998).

Chitin and chitosan have got immense applications in medical field. It

helps in controlled release of drug, immobilization of enzymes, act as dialysis

membrane etc. It acts as bacteriostatic agent. haemostatic agent, spermicide.

anticholesterimic agent, anticoagulant, tissue regenerating agent and wound

healing agent (Jayakumar et et., 2006; Martino et al., 2005; Kweon et al., 2003;

Mi et al., 2003). It has got application in ophthalmology by making contact lens

and in dentistry as wound healing agent and promotes fibrin formation.

Protein extracted from the shrimp shell waste has been proved to be an

excellent animal feed supplement (Meyers and Benjamin, 1987). Shrimp waste

can be effectively converted into silage through an environment-friendly safe

technology by using organic acids alone and in combination with Lactobacillus

(Raa and Gildberg, 1982; Dapkevic us et al., 1998; Haard et al., 1985)
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The traditional methods of chitin production involve the use of strong

alkalis and acids, making this process ecologically aggressive and a source of

pollution (Bautista et aI., 2001). It also promoted a certain degree of

depolymerization, reducing chitin quality (Simpson et el., 1994; Healy et al.,

1994). The acid/alkali process renders the protein component useless, which

otherwise can be used as fish feed.

To tide over the shortcomings of chemical treatment. deproteinisation

trials using microorganisms (Shimahara and Takiguchi, 1988, Bustos and

Micheal, 1994; Wang and Chio, 1998; Cira et aI., 2002; Shirai et al., 2001) and

proteolytic enzymes (Gagne and Simpson,1993; Broussignac,1968) were

reported. Demineralisation also takes place during bacterial fermentation. During

fermentation with microbes, deprotenisation takes place by the activity of

proteases in the microorganisms and demineralization by the acid produced by

the microorganisms (Rao et el., 2000).

Broussignac (1968) demonstrated that the use of papain, trypsin, or

pepsin produced chitin with as little deacetylation as possible. Bustos and Healy

(1994) demonstrated that chitin obtained by the deproteinisation of shrimp shell

waste with various proteolytic microorganisms including Pseudomonas

maltophilia, Bacillus subtilis, Streptococcus faecium, Pediococcus pentosaseus

and Aspergillus oryzae had higher molecular weights compared to chemically

prepared shellfish chitin. Teng et al. (2001) produced chitin from shrimp shell

using fungal mycelia produced chitin with high molecular weight (105 dalton

range) and better degree of N-acetylation. Both deproteinisation and

demineralization of shrimp shell obtained on fermentation with Asperigillus niger.

Treatment of acid and alkali for the preparation of chitin cause the

depolymerisation of chitin and deacetylation of chitin (Simpson et al. 1994; Brine

and Austin, 1981). According to Coughlin (1990), there is great demand for

partially purified chitin, and in that case chitin prepared out of fermentation can

be used. Crayfish chitin was isolated by Bautista et al. (2001) by batch fed

fermentation using Lactobacillus pentosus. Many authors reported mild acid and

alkali treatment of raw chitin obtained by fermentation to produce purified chitin

(Bautista et al., 2001; Cira et al., 2002). They standardized different

10



concentrations of Hel and sodium hydroxide and the concentration depends on

the residual protein and ash content.

2. 2. Fermentation

Food biotechnology, as we know it today, is rooted in the development of

fermented foods during 6000 to 12000 years of man's cultural history.

Inhabitants of many tropical and subtropical regions rely on fermentation as a

mean of preserving and safeguarding their food and also for their typical sensory

characteristics (Holzapfel et al. 1995). Traditional fermentation depends on

naturally occurring microorganism in the substrate or materials involved in the

process such as tools, equipment or human handling (Steinkraus , 1992).

The earliest production of fermented foods was based on spontaneous

fermentation due to the development of the micro flora naturally present in the

raw material. Then, the quaiity of the end product was dependt It on the

microbial load and spectrum of the raw material. Spontaneous fermentation was

optimized through back slopping, i.e., inoculation of the raw material with a small

quantity of a previously performed successful fermentation. Today, the

production of fermented foods and beverages through spontaneous fermentation

and back slopping represents a cheap and reliable preservation method. The

direct addition of selected starter cultures to raw materials has been a

breakthrough in the processing of fermented foods, resulting in a high degree of

control over the fermentation process and standardization of the end product.

The fermentation of traditional fermented foods is frequently caused by

natural, wild-type LAB that originate from the raw material, the process

apparatus or the environment and that initiate the fermentation process in the

absence of an added commercial starter (Bocker et al., 1995; Weerkamp et et..

1996). Moreover, many traditional products obtain their flavour intensity from the

non-starter lactic acid bacteria (NSLAB), which are not part of the normal starter

flora but develop in the product, particularly during maturation, as a secondary

flora (Beresford et aI., 2001). Pure cultures isolated from complex ecosystems of

traditionally fermented foods exhibit a diversity of metabolic activities that diverge
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·strongly from the ones of comparable strains usec as industrial bulk starters

(Klijn et al., 1995). These include differences., in growth rate and competitive

growth behaviour in mixed cultures, adaptation to a particular substrate or raw

material, antimicrobial properties and flavour, aroma and quality attributes.

Fermentation is of two types, controlled and uncontrolled (traditional)

fermentation. In controlled fermentation, beneficial microorganisms were

favoured and deleterious organisms are avoided to produce good quality product

(Holzapfel et al., 1995). The enzymatic potential of bacteria has been exploited in

the production of !ermented foods by the inoculation of specific starter cultures.

Nowadays, lactic acid starter bacteria are widely used in combination with

probiotic (Bifidobacteriurn, Lactobacillus) bacteria to manufacture fermented

dairy products (Vinderola and Reinheimer, 2003). Lactic acid fermentation as a

means of food preservation is probably one of the oldest biotechnological

processes rooted in the cultural history of mankind (Tamang et al., 2005;

Holzapfel et al., 1995) converting biomass, specifically waste materials, into

industrial products. . The use of lactic acid fermentation in the preservation of

products such as food and feed is well known. Inoculative of suitable LAB

ensures rapid acidification and eventual predominance of desired microorganism

able to conduct ensilation. During lactic acid bacterial fermentation, it converts

the available sugar to acid and thus lowers the pH (Martin, 1996). The low pH

inhibits the growth of unwanted microorganisms (Brookes and Buckle, 1992).

The acid odour of fermented food products is due to acetic acid and lactic acid

produced by it (Bucharles et el., 1984).

Fermentation processes are used in the pharmaceutical industry for the

production of amino acids, antibiotics and other fine chemicals (Moueddeb et et.

1996). Montel et al. (1998) described the role of lactic acid bacteria and

Micrococcaceae in flavour development of fermented meat products. Lactic acid

fermentation of kitchen waste inhibits the growth of putrefactive bacteria and

f .iod poisoning bacteria which as a result enables the preservation and

deodorization of the kitchen waste (Wang et al., 2001)
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2.2.1. Fermented food products

The main microorganisms used for the production of fermented food

products are lactic acid bacteria, yeast and fungi. Lactic acid fermented products

are produced primarily on autolytic processes.

LAB have. a long and safe history of use as preservatives in dairy

fermentations where they are commonly employed as starter cultures, especially

in the manufacture of cheese. Flavour development in fermented diary products

involves a series of chemical and biochemical conversion of milk components by

the main microflora, lactic acid bacteria in these diary products (VoIIl? l(y.UI ~f1b1.traet

aI., 2002). Nisin produced by lactic acid bacteria in cheese products provided

protection from contamination with Listeria monocytogenes, which poses a

serious problem during cheese manufacture and ripening (5tl'i'lftb') (lh,I, 2002). Dako

et al. (1995) cited that lactic acid bacteria are major contributors to enzymatic

systems in cheese, they also create the conditions of pH and temperature

involved in the ripening process.

Commonly found Fermented fish products were fish sauces and pastes.

The low salt content in these lactic acid fermented products permits them to

consume as a main diet, when compared to high salt fish sauces and pastes.

Lactic acid bacteria play an essential role in the production of European type

fermented meat products (Hugas and Monfort, 1997). The lactic acid bacteria

was used as starter cultures in the preparation of fermented sausages

(Callewaert et al., 2000; Foegeding et al., 1992; Hugas et al., 1995; Vogel et al.,

1993), fermented vegetables and olives (Harris, 1998; Harris et al., 1992; Ruiz

Barba et el., 1994), and dairy products (Benkerroum et al., 2002; Buyong et al.,

~ 998; Giraffa, 1995; Roberts et al. 1992). The common lactic acid bacteria used

in the milk industry are Lactobacillus, Lactococcus and Streptococcus

(Champomier-Verges et et., 2002)
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2.2.2. Starter Cultures

Earliest production of fermented foods depends on the natural micro flora

in raw material and so the end products quality varies. The direct addition of

selected starter cultures to raw materials has been a breakthrough in the

processing of fermented foods. resulting in a high degree of control over the

fermentation process and standardization of the end product. The problems of

variable quality of the fermentation process can be minimized by the use of

starter cultures rather than relying on the natural microbial contaminants (Bacus

and Brown, 1985). The use of large number of cells as inoculum or as starter

culture helps to discourage the colonization of undesired organism by the

mechanism of antagonism (Holzapfel et al., 1995). Starter culture is defined as a

microbial preparation of large number of cells of atleast one micro organism to

be added to raw material to produce a fermented food by accelerating and

stirring its fermentation process (Weinberg and Muck, 1996). So the potential

microorganism must be competitive and grow vigorously in the silage, should be

homo fermentative and produce maximal amounts of lactic acid in short time,

should be acid-tolerant, and be able to grow in material of high dry matter and at

temperatures extending to 50°C (Tsigos and Bouriotis, 1995).

2.2.2.1. Selection of starter cultures

Strains with the proper physiological and metabolic features were isolated

from natural habitats or from successfully fermented products (Oberman and

Libudzisz, 1998). However, some disadvantages have to be considered. In

general, the initial selection of commercial starter cultures did not occur in a

rational way, but was based on rapid acidification and phage resistance. Thus it

can cause preservative effect and affects nutritional value of the product

(Weinberg and Muck, 1996). Starter cultures are applied to bring about beneficial

metabolic and sensory changes of a food generally accompanied by a

preservation effect. Holzapfel et al. (1995) tried to compare starter culture and

protective culture. For a starter culture, metabolic activity (eg; acid production)

has technological importance whilst antimicrobiological action may constitute a

secondary effect. But for protective culture, the functional objectives are the
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inverse. Originally, industrial starter cultures were maintained by daily

propagation. Later, they became available as frozen concentrates and dried or

lyophilized preparations, produced on an industrial scale, some of them allowing

direct vat inoculation (Sandine, 1996).

Hundreds of selected strains are used as starter cultures in industrial food

fermentations. Controlled starter cultures of lactic acid bacteria are of great

importance in agro food industry in respect of strain selection, product and

process development and characterization of lactic acid bacteria is a critical

point. Lactic acid bacteria are traditionally applied as starter cultures for the

production of fermented foods. In these products, LAB have two major functions

viz; (i) achievement of certain beneficial physicochemical changes in the food

ingredients, e.g; acidification, curdling and production of flavour compounds and

(ii) inhibition of the outgrowth of microbial pathogens and spoilage organisms

(Vereecken and Van Impe, 2002). The species of lactic acid bacteria occupies a

central role in these processes as they cause rapid acidification of the raw

material through the production of lactic acid. (Caplice and Fitzgerald, 1999; Ray,

1992. Wood 1997; Wood and Holzapfel, 1995). Also their production of acetic

acid, ethanol, aromatic compounds, bacteriocins and exopolysaccharides and

several enzymes enhance shelf life, improved texture and contribute to the

pleasant sensory profile of the end products (Champomier-Verges et al., 2002).

Lactobacillus plantarum were tried for fermentation because this species meets

most of the criteria presented by Whittenbury ( 1961).

A starter culture of proper lactic acid bacteria has to be added for

fermentation because they are present in low number of units biomass in the

order 101
- 104/g. (Knachel, 1981). The use of large cell numbers as inoculum

enables successful competition of. a starter culture during fermentation.

Inoculation rates of starter cultures as stated by the manufacturers are usually

105-106 viable cells/g, which is often sufficient for the inoculant LAB to outgrow

the epiphytic LAB and become the predominant population in the silage. Pahlow

(1991) has suggested an inoculation factor (IF) of 2 (two-fold increase in LAB) in

order to achieve a consistent positive effect.
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Deproteinisation and demineralization of shrimp shells for the production

of chitin was done using different strains of Aspergillus niger by Teng et al.

(2001). He screened 34 fungal strains of deuteromycetes and zygomycetes

based on their protease activity. This was done in corn meal agar with gelatin as

the substrate and clearing in the agar medium indicate degradation. Knachel

(1981) tried three lactic starter Pediococcus pentosaccus, Staphylococcus

caenosus and another species identified as Lactobacillus isolated from tropical

water shrimp by Dr. Zainoha Zakaria, University of Loughborough for

fermentation of shrimp waste for astaxanthin extraction. The application of

bacteriocinogenic lactic strains as starter cultures in fermented products could

provide an additional tool for preventing the outgrowth of food pathogens in

sausages as well as enhancing the competitiveness of the starter organism

(Hugas and Monfort, 1997).

Weinberg and Muck (1996) suggested that mixed strain inoculants of

Lactobacillus plantarum with Lactobacillus acidophilus, Pedicoccus acidilactici

and Pedicoccus pentosaceus results better than with individual inoculum.

Fitzsimons et al., (1992) screened Pediococcus strain for potential use as

inoculants in grass ensilage. One strain (Pediococcus acidilactici G 24) was most

effective and stimulated the epiphytic Lactobacillus plantarum population in

ensiled grass with high carbohydrate content. Grant et al. (1994) isolated a strain

of Lactobacillus plantarum from pickle fermentation, which was found efficient in

producing grass legume silage. Mixed bacterial inoculants containing

Entreococcus faecum and Lactobacillus plantarum were used for fermenting

shrimp waste with dry molasses by Evers and Caroll (1996).

Fenlon et al. (1993) proved that Pediococcus acidilactici, which is used as

starter culture in grass silages, inhibits Listeria monocytogenens in the initial 14

days of fermentation. Protease producing Bacillus can be used for

deproteinisation of crustacean waste (Yang et al., 2000). Wang and Chio (1998)

used Pseudomonos aeruginosa K-187 for the deprotenisation of shrimp and crab

shell. Shimahara and Takiguchi (1988) studied the efficiency of Pseudomonos

maltophilia for deproteinization of demineralized shell chips from various

sources. Teniola and Odunfa (2001) used Saccharomyces cerevisiae and a
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heterofermentative Lactobacillus brevis as starter cultures in their fermentation

study of Ogi.

A lactobacillus spp strain 82 isolated from shell fish waste at an inoculum

level of 5% v/w was used by Cira et al. (2002) for fermentation of shrimp bio

waste for chitin recovery. He selected this strain based on their acidification rate

and fermentative nature. Shirai et al. (2001) optimized the inoculum levels of

lactic acid bacteria for shrimp ensilation. He found that acid production was not

significantly different when 5 and 10% inoculum levels were applied. Thus the

cost of the process can be reduced using less quantity of inoculum. Albrecht et

et. (1992) used combination of strains of lactic acid bacteria species isolated

from grass silages. Among the species tried,. are Lactobaciflus.delbrueckii,

Lactobacillus casei, Lactobacillus rhamnosus (Taxeca and Katsura, 1964). In
'.

addition to standard inoculant species such as Lactobacillus plantarum and

Pediococcus acidilactici. Fagbenro and Bel'o-Oluso]l (1997) used Lactobacillus

plantarum for fermentation of silver prawn, Macrobrachium vollenlovenii, waste

for silage preparation. Heterofermentative Lactobacillus buchneri was used as

starter culture in corn silage (Weinberg and Muck, 1996).

Hall and de Silva (1994) reported lactic acid bacteria in their fermentation

studies for the preparation of chitin. Bustos and Healy (1994) obtained chitin by

the deproteinization of shrimp shell waste with various proteolytic

microorganisms including Pseudomonas maltophilia, Bacillus subtilis,

Streptococcus teecium. Pediococcus pentosaseus and Aspergiflus oryzae.

Rattanakit et al. (2003) reported the utilization of shrimp shell waste as a

substrate of solid state cultivation of Aspergillus sp. Lactobacillus paracasei

strain A3 isolated from shell fish waste was used for fermentation of lobster

waste as reported by Zakaria et al. (1998).

Lactobacillus plantarum has been used as a starter culture for

fermentation of vegetables (Fleming et aI., 1985; Mac Kay and Baldwin, 1990)

and sausage pr~ducts (Bacus"and Brown, 1985; Hugas et al., 1993). Bacterial

components of starters consist of Staphylococci and lactic acid bacteria

(Lactobacillus and Pediococcus) and are well known for the acidification of the
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sausages (Hammes et al., 1990). Blanco (1986) used Lactobacillus pentosus for

batch-fed fermentation process for the production of lactic acid from whey

lactose. Combinations of different bacterial strains belonging to the genera

Lactobacillus, Streptococcus and Bifidobacterium, have been used traditionally in

the preparation of fermented dairy products (Prasad et al., 1998; Dunne et al.,

1999). Lactobacillus plantarum and other lactic acid bacteria (LAB) have been

reported as the prevalent microorganisms associated with the spontaneous

fermentation of cassava starch (Figueroa et al., 1995 & 1997; ben Omar et al.,

2000; Ampe et et., 2001). The a-amylase producing strain of Lactobacillus

plantarum was used by Pintado et al. (1999) for the utilization mussel processing

waste. From the studies of Idler et al. (1994), it was found that Lactobacillus

casei produced the highest levels of lactic acid and lowest pH than Lactobacillus

rhamnosus. Combination of starter cultures of Lactobacillus casei and

Lactobacillus rhamnosus improved the digestibilities of crude protein and crude

fiber.

2.2.3. Lactic acid Bacteria

The lactic acid bacteria (LAB) emerged around 3 billion years ago,

probably before the photosynthetic cyanobacteria. Their expansion has really

begun with the apparition of milk producing mammals, over 65 million years ago.

However, the first reqistered usage came from the discovery of small vases

punched by small holes, near the Neufchatel Lake, over BC 3000. Since these

days, humans were able to control milk curdling (Champomier-Verges et al.,

2J02). The genus Lactobacillus presently comprises more than 50 recognized

species of non pathogenic bacteria which are useful to human in several

respects: they are indispensable agents for the fermentation of foods and feed,

and they exert probiotic effects in human and animals.

Lactic acid bacteria (LAB) comprise a diverse group of Gram-positive,

nonsporeforming bacteria (Kandler and Weiss, 1986). They generally lack

catalase; although in rare cases pseudocatalase can be found. They occur as

cocci and rods and are chemoorganotrophic and grow only in complex media.
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LAB, which include the genera t.ectococcus, Streptococcus, Lactobacillus,

Pediococcus, Leuconostoc, Enterococcus, Carnobacterium and

Propionibacterium' (Sullivan et aI., 2002), play an essential role in food

fermentations given that a wide variety of strains were routinely employed as

starter cultures in the manufacture of dairy, meat and vegetable products. The

genera Lactobacillus, Leuconostoc and Pediococcus were traditionally treated
I

separately because of their different morphology. However, phylogenetically they

are intermixed. There is no good correlation between the phylogenetic

relatedness within the genus Lactobacillus and their biochemical and

physiological based subdivisions into the subgenera Tretmobectetium,

Streptobacterium and Betabacterium or homofermentatives and

heterofermentatives (Collins et al., 1991; Hammes et al., 1991; Schleifer and

Ludwig, 1994). After the morphological characteristics were known, the entire

group of LAB was split into 3 groups that were treated separately for

identification. Lactobacilli are rod shaped bacteria, and the group consisting of

Streptococcus, Lactococcus, Enterococcus and Leuconostoc from Cocci occur

as chains of pairs (Wijkzes et et., 1997).

Lactic acid bacteria is generally recognized as food grade organism and

involved in the production of various fermented milk products, vegetables and

meat products and the processing of other products like wine. It is generally

recognized as safe organism and there is no indication of a health risk of LAB

involved in food fermentations (Holzapfel et al., 1995). Lactic acid bacteria and

soecifically Lactobacilli are good candidates as probiotic strains because they

are normal components of the gut microflora (Hugas and Monfort, 1997) There is

some debate as to whether the concept of probiotic should include dead

microorganisms, or even bacterial fragments (Vinderola and Reinheimer, 2003).

Naidu et al. (1999) introduced the concept of 'Probiotic- Active Substance', as a

cellular complex of lactic acid bacteria that has a capacity to interact with the

host mucosa and may beneficially modulate the immune system independent of

viability of lactic acid bacteria. They have antagonistic properties towards

pathogenic bacteria either by antimicrobial substance production or competitive

exclusion. Because of Its probiotic nature, daily intake of lactic acid bacteria in

the diet is very necessary. So it is used in the development of wide range of
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fermented foods (Hugas and Monfort, 1997). Reports on the involvement of LAB

in human infections (Aguirre and Collins, 1993) indicate that some species may

act as opportunistic pathogens in rare cases.

A generic computerised system for the identification of bacteria was

developed by Wijtzes et al. (1997). The system was equipped with a key to the

identification of lactic acid bacteria. The identification was carried out in two

steps. The first step distinguished groups of bacteria by following a decision tree

with general identification tests. The second step in the identification was the

distinction of species within a group on the basis of biochemical fermentation

patterns. Another identification system was described by Cox and Thomsen

(1990) assess the entire group of lactic acid bacteria as a whole.

Fermentable carbohydrates were used as energy sources by LAB and

were degraded to lactate (homofermentatives) or to lactate and additional

products such as acetate, ethanol, carbon dioxide, formate or succinate

(heterofermentatives). They play an essential role in food technology. They could

improve the aroma and texture of food and inhibit the growth of spoilage

bacteria. However, not all of the LAB are useful, some of them are involved in

food spoilage or may even be pathogens (Schleifer et al., 1995). Lactic acid

bacteria act as natural food preservatives to improve food safety and stability.

The reduction of pH and the removal of large amounts of carbohydrate by

fermentation provide the major preservative effect in fermented foods (Daeschel,

1989).

Knowledge of the genetics and molecular biology of lactic acid bacteria

had been advanced rapidly during the last decade. Genetically modified M-LAB

for food fermentation have been constructed with improved technical properties

such as proteolytic activity, aroma production and carbohydrate fermentation

(Lindgren, 1999). Fourier transform mid-infrared (FT-MlR) spectroscopy was

used to determine the concentrations of substrate, major metabolites and lactic

acid bacteria in fermentation processes (Fayolle et al., 1997)
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2.2.3.1. Proteolytic System of Lactic Acid Bacteria

The lactic acid bacteria have a complex proteolytic system capable of

converting protein to the free amino acids and peptides necessary for growth and

acid production. The proteolytic system is composed of a proteinase, which is

involved in the initial cleavage of protein; peptidases, which hydrolyse the large

peptides thus formed and transport systems which are involved in the uptake of

small peptides and amino acids (Law and Haandrikman, 1997). The fraction of

nitrogen present as free amino acids increases and the fraction present as

polypeptides decrease as a result of the hydrolysis process.

The proteinase of lactococci has a cell-envelope location (Law and

Kolstad, 1983) and requires Ca2
+ for stable attachment to the cell envelope. So,

proteinase activity can be released by the removal of calcium (Mills and Thomas,

1978). It was shown that peptidases are in most cases intracellular enzymes

(Kamaly and Marth, 1989; Khalid and Marth, 1991; Pritchard and COOlbear,

1993; Visser, 1893), which indicate the importance of cellular lysis. Ble and

Sjostrom (1975) reported that sodium ions promote the autolytic properties of

lactic acid bacteria used in cheese making while calcium and magnesium retard

the process. Dako et aJ. (1995) in their study demonstrated that Lactobacillus

seemed to autolyse more rapidly than the other lactic acid bacteria tested and to

liberate their intracellular enzymes and proteins in the external environment.

According to Zakaria et al. (1998), the process of protein solubilisation is due to

the action of proteases released from the gastrointestinal tract of the lobster and

also of cathepsins from muscle tissue, both of which are active at acidic pHs.

2.2.3.2. Lactobacillus plantarum

Lactobacillus plantarum (Fig. 2.4) is a widespread member of the genus

Lactobacillus, commonly found in sauerkraut, pickles, brined olives, Korean

kimchi, Nigerian ogi, sourdough and other fermented plant rnaterialsand also in

some cheeses and fermented sausages. It is also present in saliva (from which it

was first isolated). This microorganism is Gram (+), grows at 15 but not at 45°C,

and produces both isomers of lactic acid (D and L). It has the ability to liquefy

21



Fig. 2.4. Lactobacillus plantarum



gelatin. L. plantarum has one of the largest genomes known among the lactic

acid bacteria and is a vmy flexible and versatile species.

L. plantarum and related lactobacilli are unusual in that they can respire

c.cyqen but have no respiratcry chain or cytochromes-the consumed oxygen

ultimately ends up as hydrogen peroxide. The peroxide probably acts as a

weapon to exclude competing bacteria from the food source. In place of the

protective enzyme superoxide dismutase present in almost all other oxygen

tolerant cells, this organism accumulates millimolar quantities of manganese

polyphosphate. Because the chemistry by which manganese complexes protect

the cells from oxygen damage is subverted by iron, these cells contain virtually

no iron atoms; in contrast, a cell of Escherichia coli of comparable volume

contains over one million iron atoms. L. plantarum is the most common

bacterium used in silage inoculants.

2.2.3.3. Lactobacillus brevis

Lactobacillus brevis (Fig. 2.5) is a heterofermentative bacterium that

utilizes hexoses by the 6-phosphogluconate pathway, producing lactic acid, CO2

and ethanol and/or acetic acid in equimolar amounts (Kandler, 1983). It can be

isolated from many different environments and it is frequently used as starter

culture in silage fermentation, sourdough and lactic-acid-fermented types of

beer. In beverages obtained by alcoholic fermentation, lactobacilli may contribute

to the quality of the product but may also cause spoilage. Certain L. brevis

strains are resistant to hop bittering substances such as isohumulone and are

able to grow in beer. Their growth changes the turbidity, flavor and aroma of the

beer (Richards and Macrae, 1964). L. brevis strains involved in wine

fermentation may produce biogenic amines by decarboxylation of the precursor

amino acids through the action of substrate-specific enzymes. The ingestion of

foods containing high levels of such amines, particularly histamine and tyramine,

can lead to several toxicological disturbances (ten Brink et aI., 1990; Marine-Font

et al., 1995).
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Fig. 2.5. Lactobacillus brevis



2.2.3.4. Metabolic Products of Lactic Acid Fermentation

Lactic acid bacteria is recognized as indust~i~lIly important organisms as

they are involved in the preservation of food and production of many fermented

food substances (ten Brink et al., 1994). Various metabolic products produced by

lactic acid bacteria are responsible for its preservative nature. Since food safety

has become an increasingly important international concern, the application of

anti microbial peptides from lactic acid bacteria that- target food pathogens

without toxic or other adverse effects has received great attention (Takeda and

Abe, 1962).

Lactic acid, the main product of lactic fermentation, predominates over

other antimicrobials produced by lactic acid bacteria. Various metabolic products

like organic acids. lactic acid and acetic acid, hydrogen peroxide, enzymes like

lactoperoxidase system with H202• lysozyme tow-molecular metabolites like

reuterin (3-hydroxy propionaldehyde), diacetyl and fatty acids and bacteriocins

like nisin and others are produced by lactic acid bacteria have antimicrobial

properties (Holzapfel et al., 1995).

Lactic acid is the most common fermenta'on product, which reduces the.'pH and inhibits many putrefactive bacteria and t~igenic bacteria. The produced

acid solubilises the fat and diffuses to the bacterial cell, reduces the intracellular
"

pH and thus slows down the metabolic acti;;ity 'of bacteria (Brown and Booth,
'1

1991), Because of the higher dissociation constant of acenc acid (pKa, 4.75), it

shows greater inhibition of putrefactive and toxigenic bacteria than lactic acid

produced (pKa-3.1) (Holzapfef et al.. 1995).

During lactic acid fermentation, it took more than 5 hours for the bacteria to

convert glucose to lactic acid and this delay leads to spoilage. So an initial pH

adjustment was required till the production of sufficient acid to lower the pH. Rao

et at. (2000) used acetic acid, citric acid, lactic acid and hydrochloric acid for

initial pH adjustment and to prevent spoilage in their fermentation study.
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Hugas and Monfort (1997) found that the strains of Lactobacillus

curvatus,. Lactobacillus sake, Lactobacillus bavaricus and Lactobacillus

pJantarum produce bacteriocins, which are antimicrobial compounds of a peptidic

nature, active against different indicator bacteria. Bacteriocins are proteinaceous

compounds produced by bacteria that exhibit a bactericidal or bacteriostatic

mode of action against sensitive bacterial species (Klaenhamrncr, 1988; Nettles

and Barefoot, 1993). Bacteriocins of LactobacilJus plantarum have a major

limitation because of their narrow inhibitory spectrum which does not include

various food borne pathogens (EnarPb et aI., 1996).

Huttunen et (//. (1995) reported that the production of a certain non-protein

amino acid (PGA) is also involved in the anti microbial action of lactic acid

bacteria. Among lactic acid bacteria, only Streptococcus bovis had been reported

to produce PCA by conversion of glutamine (Chen and Russell, 1989).

According to Holzapfel et al. (1995), heterofermentative LAB like

Leuconostoc spp. and some lactobacilli produce acetic acid also along with lactic

acid from hexoses. Kandler (1983) reported that under specific conditions of

hexose limitation and or availability of oxygen, homofermentative LAB (eg;

Pediococci. t.ectococci and most Lactobacillus spp.) may dissimilate lactic acid

to acetic acid, formic acid and or CO2. Some of the other products are H202,

enzymes, low molecular weight metabolites like diacetyl, 3-hydroxy

propenaldehyde etc. Fayolle et al. (1997) used Fourier transform mid infra red

spectroscopy to determine the concentrations of substrate, various metabolites,

lactic acid bacterial concentrations etc.

2.2.3.5. Carbohydrates as Substrates for Lactic Fermentation

Microbial processes generally require carbohydrates as sources of

energy, therefore the lactic fermentation would be retarded when food wastes of

animal origin was only used as substrate. Free sugar is an essential substrate

for the growth of lactic acid bacteria (Raa et al., 1983). The main source of sugar

for lactic acid bacteria in milk is lactose (Adamberg et al., 2003).
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Many studies have been presented regarding the use of substrates as

sources of energy for lactic acid fermentation (Martin, 1996 a, b). Martin and

Bemister (1994) used peat extract as carbohydrate source for lactic acid

fermentation in the production of fish. Molasses have been used as sugar source

for lactic acid fermentation of shrimp waste and crab waste for the preparation of

silage by Abazinge et al. (1986). Evers and Carroll (1996) in their study,

molasses was chosen because it assisted in the fermentation process, was

relatively inexpensive, had a high potential consumer acceptance by the seafood

and livestock industry, and was acceptable to animals. Hemicelllose rich wheat

was partially hydrolyzed to pentose sugar during ensilage preparation using

Lactobacillus pentcsus.lt is capable of converting these pentose sugar formed to

acetic acid and tactic acid during fermentation (Weinberg and Muck, 1996).

Fagbenro and Bello-Olusoji (1997) used molasses and cassava starch as

carbohydrate source for the fermentation of shrimp head using Lactobacillus

plantarum. Dominguez (1988) and Green et a/. (1983) suggested 20% and 30%

molasses respectively for lactic acid fermentation.' But if roots are using as

principal sources of carbohydrates, then the ratio' will differ. Roots 50-30%,

molasses 10% and fish wastes 40-60% was suggested by Dominguez (1988).

In some traditional lactic termented products, ,cooked rice, sacharifled rice,

or cassava flour were added as source of suqar, to promote a satisfactory

fermentation. LAB generally thought to be amylase negative and so glucose or, '

sucrose considered more suitable utilizable substiate than potato starch. Minced

lobster waste was thoroughly mixed with 10% w/w glucose and 10% v/w of the

prepared inoculum of LAB for fermentation (Zakaria et al., 1998). Bautista et al.

(2001) used 10% w/w glucose for lactic fermentation of shrimp waste for

astaxanthin extraction. Fresh crab waste has been successfully ensiled with

molasses and straw and fed to sheep (samuets et al. I 1991; Abazinge et al.,

1994). Martin and Bemister (1994) found that peat extract was appropriate

carbohydrate source for LAB. Glucose was used as source of carbohydrate by

many authors in their study (Zakaria et al., 1998; Rao et al. I 2000; Shirai et al.,

2001). Cira et al. (2002) tried sucrose, lactose or whey powder as carbohydrate

source in his studies of Lactobacillus fermentation of shrimp shell waste. From

his studies, he fixed the minimum carbohydrateconcentration at 10% wet weight
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basis. He found that sucrose and lactose were good sources of carbohydrate for

fermentation as they promoted high acidification. A pH drop from an initial pH 7.5

to 4.4-4.8 was achieved after 96 hr fermentation in both the cases. But whey

powder, which also contained lactose was not that much efficient in the

production of acid. Yang et al. (2000), in his experiments with Bacillus subtilis for

the production of protease, different carbon sources like glucose, lactose,

carboxymethyl cellulose, arabinose, xylose, cellulose, rice bran etc. were tried. It

was found that production of protease was greatly enhanced by the addition of

lactose or arabinose. And 1% arabinose was the most effective substrate and

was added to the media for the study.

2.2.4. Bacillus

Proteases produced by Bacillus species including Bacillus spp, Bacillus

subtilis, Bacillus firmus are by far the most important group of enzyme being

exploited for degradation of proteinaeous waste into useful biomass (Atalo and

Gashe, 1993, Venugopal et al. 1989). The enzyme protease in bacillus was most

active at pH-8 and 50°C. Most of the protease used in waste bioconversion are

alkaline proteases (Atalo and Gashe 1993; Venugopal et al. 1989).

According to Lauer et al. (2000) commercial bacterial proteases were

derived from Bacillus fermentation broth. Bacillus species generally synthesise a

variety of extracellular enzymes (e.g., proteinases and lipases), the maximum

synthesis of which normally occurs in the late exponential and early stationary

phases of growth, before sporulation (Priest, 1977).

Vachova and Kucerova (1998) studied the effect of calcium as regulator of

Bacillus megaterium cytoplasmic proteolytic activity. Bacillus cereus is also

involved in the fermentation of cassava starch. The presence of Bacillus cereus

in fermented cassava starch is important as this species produces toxins and

may be causing food poisoning when consumed in numbers greater than 5.0 log

CFU g.1. Payot et a/. (1999) standardized the conditions of fermentation with

Bacillus coagulans for the production of lactic acid.
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2.2.4.1. Bacillus subtilis

Bacillus subtilis (Fig. 2.6) is a Gram-positive, catalase-positive bacterium

commonly found in soil. A member of the genus Bacillus, B. subtilis has the

ability to form a tough, protective endospore, allowing the organism to tolerate

extreme environmental conditions. Unlike several other well-known species, B.

subtilis has historically been classified as an obligate aerobe, though recent

research has demonstrated that this is not strictly correct (Nakano and Zuber,

1998).

It has also been called Bacillus globigii, Hay bacillus or Grass bacillus. It is

bacillus because the bacterium is rod shaped or bacilli shaped. B. subtilis is not

considered a human pathogen; it may contaminate food but rarely causes food

poisoning. B. subtilis produces the proteolytic enzyme subtilisin. B. subtilis

spores can survive the extreme heating that is often used to cook food, and it is

responsible for causing ropiness - a sticky, stringy consistency caused by

bacterial production of long-chain polysaccharides - in spoiled bread dough.

B. subtilis can divide asymmetrically, producing an endospore that is

resistant to environmental factors such as heat, acid, and salt, and which can

persist in the environment for long periods of time. The endospore is formed at

times of nutritional stress, allowing the organism to persist in the environment

until conditions become favorable. Prior to the decision to produce the spore the

bacterium might become motile, through the production of flagella, and also take

up DNA from the environment.

Bacillus subtilis is a psychrotophic micro organism (Kohlmann et el., 1991)

and secrete a thermo resistant protease (Poffe and Mertens, 1988), which may

cause proteolysis in pasteurized or sterilized milk. Bacillus subti/is is an important

starter culture for Asia and African fermented soyabean like Japanese natto,

Thai Thua-nao, Indian kinema and West African dawadawa (Ohta and Natto,

1986; Steinkraus, 1995; Sarkar et al., 1993). But the protease produced by

Bacillus subtilis is a neutral protease as indicated by its pH activity and stability

at neutral range. These fermentation processes were characterized by
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conversion of legume proteins to amino acids and its utilisation led to the

production of ammonia and a rise of pH. Bacillus fermentation of legumes was

reported by many authors (Odunfa and Dawadawa, 1986, Sarkar and Tamang,

1995). Enzymes prepared from Bacillus subtilis were used for the proteolysis of

whey proteins (Castro et et.. 1996).

Bacillus subtilis duplicates its single circular chromosome by initiating

DNA replication at a single locus, the origin (oriC). Replication proceeds

bidirectionally and two replication forks progress in the clockwise and

counterclockwise directions along the chromosome halves. Chromosome

replication is completed when the forks reach the terminus region, which is

positioned opposite to the origin on the chromosome map, and contains several

short DNA sequences (Ter sites) that promote replication arrest. Specific

proteins mediate all the steps in DNA replication. The comparison between the

sets of proteins involved in chromosomal DNA replication in B. subtilis and in

Escherichia coli reveals both similarities and differences. Although the basic

components promoting initiation, elongation, and termination of replication are

well conserved, some important differences can be found (such as one

bacterium missing proteins essential in the other). These differences underline

the diversity in the mechanisms and strategies that various bacterial species

have adopted to carry out the duplication of their genomes (Noirot, 2007).

B. subtilis has proven highly amenable to genetic manipulation, and has

therefore become widely adopted as a model organism for laboratory studies,

especially of sporulation, which is a simplified example of cellular differentiation.

It is also heavily flagellated, which gives B.subtilis the ability to move quite

quickly. In terms of popularity as a laboratory model organism B. subtilis is often

used as the Gram-positive equivalent of Escherichia coli, an extensively studied

Gram-negative rod.

B. subtilis is used as a soil inoculant in horticulture and agriculture. B.

subtilis has been used for a biowarfare simulant during Project SHAD (aka

Project 112) (Madigan and Martinko, 2005). B. subtilis hazard status is under

dispute (Nakano and Zuber, 1998). Enzymes produced by B. subtilis and B.
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licheniformis are widely used as additives in laundry detergents.lt is used as a

model organism for laboratory studies. A strain of B. subtilis formerly known as

Bacillus natto is used in the commercial production of the Japanese delicacy

natto as well as the similar Korean food cheonggukjang. B. subtilis strain QST

713 (marketed as QST 713 or Serenade TM) has a natural fungicidal activity, and

is employed as a biological control agent. It can convert explosives into harmless

compounds of nitrogen, carbon dioxide, and water. It plays a role in safe

radionuclide waste [e.g. Thorium (IV) and Plutonium (IV)] disposal with the

proton binding properties of its surfaces. Recombinants B. subtilis str. pBE2C1

and B. subtilis str. pBE2C1AB were used in production of polyhydroxyalkanoates

(PHA) and that they could use malt waste as carbon source for lower cost of

PHA production.

Kiers et al. (2000) reported the effect of fermentation of soyabean using

pure cultures of Bacillus sp on the solubilisation and degradation of soybean that

may result in increased invitro digestibility. It resulted in more or less complete

breakdown of storage proteins in soybean, which showed the proteolytic activity

of Bacillus sp (Sarkar et al., 1993; Sarkar and Tamang, 1995). Maximum

proteolytic activity was reached after 12-24 hours and it remained fairly constant

during prolonged fermentation (Allagheny et al., 1996; Sarkar et al., 1993).

Degradation of carbohydrate to low molecular weight compounds also occurred

due to fermentation. The major metabolic activity of Bacillus subtilis was the

proteolysis of proteins and utilization of released aminoacids and thus ammonia

was produced. (Allagheny et al., 1996). This was responsible for the pH rise and

for the unpleasant strong ammonia odour and spoilage of the fermented product

was occurred (Campbell-Platt, 1980; Odunfa and Dawadawa, 1986; Sarkar et

al., 1993). The production of ammonia is a consequence of the utilisation of

amino acids by the bacteria as sources of carbon and energy:

The ammonium production has to be controlled by restricting the growth

of bacteria and thus off odour can be regulated.
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Kim et al. (2002) studied and characterized the proteases produced by

Bacillus stearothermophilus and the enhancement of their activity by divalent

cations of calcium and iron. Serine proteases are excreted by this Bacillus

species. An optimum temperature of 75°C and pH of 7.5 were noticed for its

maximum activity.

Chen et al. (2004) isolated seven Bacillus strains from milk production

lines and found that these proteinase and lipase were likely to survive any heat

treatments. So, these enzymes remain active in milk powder during storage.

Different types of proteinases like extracellular serine proteinases and metallo

proteinases were produced by the Bacillus species (Egorov et al., 1982; Chopra

and Mathur, 1985). The synthesis of extracellular serine proteinase had been

associated with Bacillus sporulation (Egorov et al., 1982; Strongin and Stepanov,

1982).

Bacillus species have been successfully used in the degradation of

proteinaceous waste into useful biomass (Atalo and Gashe, 1993). The

application of Bacillus spp. for the deproteinisation of marine crustacean wastes

rarely seen. Yang et al. (2000) tried Bacillus subWis and Pseudomonas

maltophilia for the deproteinisat!on of crustacean wastes like shrimp shell, crab

shell and lobster shell for the production of chitin. Results showed that Bacillus

subtilis were more efficient than Pseudomonos maJtophila. Bustos and Healy

(1994) demonstrated that chitin obtained by the deproteinization of shrimp shell

waste with various proteolytic microorganisms including Pseudomonas

maltophilia, Bacillus subtilis, Streptococcus teecium, Pediococcus pentosaseus

and AspergillUS oryzae, had higher molecular weights compared to chemically

prepared shellfish chitin.

2.2.5. Degree of Deprotenisation and Demineralisation of Fermented

Residue

Chitin in the exoskeleton of shrimp shells IS associated intimately with

proteins; therefore, deproteinization in the chitin extraction process is crucial.

The use of microorganisms or proteolytic enzymes for deproteinization of marine
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crustacean wastes is a current trend in conversion of wastes into useful biomass.

It is a simple and inexpensive alternative to chemical methods employed in the

preparation of chitin (Yang et al., 2000). During fermentation, protein and calcium

removal is achieved by enzymatic action on the tissues and by solubilisation of

calcium by organic acids, respectively (Healy et al., 1994; Shirai et al., 1997).

About 55% of protein was removed from shrimp shell on fermentation with

Pseudomonos aeruginosa K-187 for 5 days (Wang and Chio, 1998). According

to Shimahara and Takiguchi (1988), treatment of shrimp shell with

Pseuodomonas maltoplila removed about 60% protein and from crab shell about

80% protein when fermented for eight days. An earlier study (Yang et al., 2000)

reported that about 88% of proteins were removed from shrimp shell on

fermentation with Bacillus subtilis and 73% with Pseudomonos maltoplila. But in

acid treated shrimp shell, protein removal was only 76% with Bacillus subtilis and

71 % with Pseudomonos maltoplila. Bustos and Michael (1994) have compared

the effects of microbial and enzymatic deproteinization and found that a

maximum value of 82% deproteinization was achieved with Pseudomonos

maltophilia after 6 days of incubation.

Hall and de Silva (1994) stated that the fermentation of crustacean shells

with lactic acid bacteria lowered the pH of the medium to approximately pH 4,

facilitating the hydrolysis of proteins while leaving the associated chitin intact.

About 82% of proteins were removed from cray fish waste when fermented with

Lactobacillus pentosus for the production of chitin. The proteolytic enzymes in

fungal strain released aminoacids and act as nitrogen source and anticipated to

deprotenise and demineralise the shrimp shell (Bautista et aI., 2001; Teng et al.,

2001). The residual protein in shrimp shell after fermentation was only about 5%.

About 72% of protein is removed form shrimp shell on fermentation with

lactobacillus parcasei according to Zakaria et al. (1998). Cira et al. (2002)

reported 87.6% of deprotenisation from shrimp shell in his fermentation study

using Lactobacillus spp.
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2.2.6. Demineralisation

About 61 % of calcium was solubilised from lobster shell on fermentation

with Lactobacillus paracasei according to the work of Zakaria et al. (1998).

Bautista et al., (2001) reported that approximately 90% of the mineral

(carbonates and phosphates) present at the start of fermentation in the crayfish

chitinous fraction was solubilized. In his study demineralization proceeded at a

relatively steady rate until 36 hour and then continued more slowly until the end

of fermentation. About 85% demineralization attained in shrimp shell fermented

with lactic acid bacteria (Cira et aI., 2002).

2.2.7. Changes in Glucose Concentration During Fermentation

About 88.7% of glucose has been utilized for fermentation as reported by

Zakaria et al. (1998) when Lactobacillus paracasei was used. This value together

with pH decline showed that glucose was converted to acidic end products.

Studies revealed that Lactobacillus paracasei was homofermentative with lactic

acid as major end product. Rao et at. (2000) reported an optimum glucose

concentration of 5% w/v required for lactic acid bacterial fermentation of shrimp

bio waste. Addition of glucose to fermenting lactobacillus led to a pH reduction

after 4-6 hours. According to Shirai et al. (2001), initial glucose concentration

was a critical factor of lactic acid fermentation and at concentration lower than

7.5% of glucose, pH did not reach values lower than 5.6. Cira et al. (2002)

carried out pilot scale lactic acid fermentation of shrimp waste for chitin recovery

with minimum 10% w/w glucose concentration. According to them, the total

soluble sugars decreased from concentration 80 mg/g to 15 mg/g after 6 days of

fermentation as a consequence of conversion to lactic acid and loss due to

solubilisation in the liquor.

2.3. Biogenic Amines

Biogenic amines are a group of biologically active organic compounds

normally produced by decarboxylation of free amino acids (den Brinker et al.,

1996). The presence of biogenic amines In these foods is an indication of food
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spoilage, which is dependent upon the availability of free amino acids, the

presence of decarboxylase positive microorganisms (bacteria containing

enzymes which can decarboxylate free amino acids) and conditions favouring

bacterial growth (Halasz et al., 1994). Beddows (1985) cited that during the

fermentation process, the content of free amino acids increased. This indicates

that the fermentation process has the potential to produce biogenic amines. In

order for biogenic amines to be produced, free amino acids and bacteria

containing decarboxylase enzymes need to be present together with suitable

temperatures and pH. Biogenic amines and their precursors in decarboxylation

reactions (Paterson et aI., 1990) were given in Table 2.1.

Table 2.1. Biogenic amines and their precursors in decarboxylation reactions.

! AMINO ACID
i

! Histidine
1
0

..I mithine
I

I Lysine

I Arginine

BIOGENIC AMINE

Histamine

Putrescine ~ Spermidine

Cadaverine

Agmatine ~ Putrescine

According to Australian Food Standards, the limit of histamine to be

present in fish sauces and other fermented products is 100mg/kg. The intestinal

.racts of humans contain the enzymes diamine oxidase (DAO) and histamine-N-
I

methyl transferase (HMT) which convert histamine to harmless degradation

products. For large doses of histamine, the capacity of DAD and HMT to detoxify

histamine is limited, resulting in toxic effects as histamine enters the bloodstream

(Taylor, 1986). Putrescine and cadaverine can inhibit these enzymic reactions

and therefore potentiate the toxicity of histamine (Eitenmiller et al. I 1980). No

limits have been set in the Australian Foods Standards Code for putrescine and
,

cadaverine. These amines may also be toxic in addition to their DAD and HMT

enzyme inhibiting effects, which potentiate the toxicity of histamine. Biogenic

amines have been implicated in food poisoning incidents, usually from the

consumption of fermented foods like cheese, meat, fish products and wine (Silla,
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1996). Bioqeruc amines in food are mainly formed by decarboxylation of the

corresponding amino acids by microorganisms (Moreno-Arribas et al., 2003).

Putrescine the biosynthetic precursor of polyamines is produced by two

pathways; one by the decarboxylation of ornithine and another by the

decarboxylation of arginine to agmatine (Morris and Jorstad, 1970; Moreno

Arribas et et., 2003).

The production of biogenic amines in fermented food products is due to the

activity of bacteria. Enterobacteriaceae can be involved in the production of

histamine, cadaverine and Pseudomonas in the production of putrescine

(Edwards et al., 1987). Tyramine and phenylethylamine can be produced by

Enterococcus, Carnobacterium divergens, Carnobacterium piscicola and some

strains of Lactobacillus curvatus (Straub et al., 1994; Masson et al., 1996; Roig

Sagues et el., 1996).

2.4. Silage

Ensilation is defined as a conservation process in which acids added or

produced inhibits pathogen growth (Shirai et al., 2001). Fish silage is a liquefied

fish biomass produced by mixing with acid. The chopped fish mass is mixed with

acid solution and stirred several times daily, until liquefied. The proteolytic

e .zymes present in the fish waste material break down the protein to liquid

Silage and the acid added reduce the pH to prevent microbial spoilage (Martin,

1996 c). It can be stored for several months. The best acids used in the study

were propionic acid and formic acid (Wiseman et al., 1982; Rattagool et et.,

1980; Green et et., 1983). Other mineral acids used were hydrochloric acid and

sulphuric acid (Cervantes, 1979; Alvarez, 1972). Extensive study has been

conducted by Raa and Gildberg (1982) in fish silage to increase productivity of

seafood industry.

Another biological method of ensilation is fermentation using

microorganisms. Bacterial silage making is based on natural fermentation by

lactic acid bacteria (LAB), which ferment water-soluble carbohydrates (WSC) to

organic acids, mainly lactic (LA). under anaerobic conditions. As a result, the pH
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decreases, inhibiting detrimental anaerobes and so the moist forage' is

preserved. The process can be divided into four phases with distinct

characteristics:

1. Aerobic, when air (oxygen) is still present between the plant particles and

the pH is 6.0-6.5. The-se conditions enable continuation of plant

respiration, 'protease activity and the activity of aerobic and facultative

aerobic microorganisms such as fungi. yeasts and enterobacteria.

2. Fermentation, lasting several days to several weeks after the silage

becomes anaerobic. LAB develop and become the predominant microbial

population. Lactic and other acids are produced, and the pH decreases to

3.8-5.0.

3. Stable, when relatively few changes occur if air is prevented from entering

the silo.

4. Feed out, when the silage is unloaded and then is exposed to air. This

allows re-activation of aerobic microorganisms, mainly yeasts, moulds,

bacilli and acetic acid bacteria, causing spoilage. (Weinberg and Muck.

1996).

During ensilation, lactic acid bacteria Will convert the carbohydrate to

lactic acid and lower the pH. The mixture will therefore be protected from

microbial degradation, allowing proteolytic enzymes (proteases), present in the

fish muscle or viscera, to break down protein tissues and produce a liquefied

(hydrolysed) product. Most of the proteins are hydrolysed to short peptides,

some of which may be further degraded to free amino acids (Martin. 1996 a).

H'e final product silage can be used as an animal feed and fertilizer (Haard et

et , 1985). Pathogenic bacteria such as coliforms and enterococci and spores

such as those of Clostridium botulinum will be destroyed during the ensiling

process (Raa et aI., 1983). The advantages in the use of lactic acid bacteria over

the use of the acid in silage preparation includes avoiding the need to work with

acids, simplicity of maintenance and reproduction of bacterial cultures, monetary

savings by not having to purchase acids and a lower moisture level in the
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product as a result of the lactic acid silage process, which facilitates drying of the

product (Dong et al. I 1993).

Each phase of the ensiling process should be controlled in oroer to

maintain silage C:!Jality. The sensitivity of the silage to spoilage at the various

stages depends on the crop ensiled, the ensiling technology and silo type

(Weinberg and Muck, 1996). Bacterial inoculants have advantages over

chemical additives because they are safe (non-hazardous). easy-to-use, non

corrosive to farm machinery, do not pollute the environment, and were regarded

as natural products. It is an essential component of feed ingredients especially in

many Scandinavian countries. Advantages of using fish silage include efficient

utilization of opportunity feedstuffs, decreased storage space and cost and good

storage durability. In addition, fish silage lowers the pH of the diet, thus

improving the hygienic quality of the feed. Low dietary pH will also reduce the pH

of the urine and prevent the formation of bladder and kidney stones. Moreover,

fish silage will affect feed consistency and reduce the need for added water in

the feed. It will thus increase dietary dry matter and energy density per kg fed,

which in return lowers feed consumption. The major drawback is low pH, which

causes acidosis and affects the palatability.
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3. MATERIALS AND METHODS

3.1. Raw Material- Shrimp Shell

Shrimp (Metapenaeopsis dobsom) shell was obtained from the peeling shed

of a shrimp processing plant located at Cochin, Kerala. The waste was brought

to the laboratory within 3 hours of peeling and was minced in a meat mincer.

3.2. Jaggery

Procured from the local market in Cochin, Kerala

3.3. Chemicals

Analytical grade reagents supplied by BOH, Poole, England and Sigma

chemical company, St.Louis, US.A. were used for the studies.

3.4. Starter Cultures

Lactobacillus plantarum, Lactobacillus brevis and Bacillus subtilis were

obtained from Institute of Microbi:::ll Technology (IMTECH), Chandigarh, India.

3.5. Analytical Equipment

• Balance: Sartorius Electronic Balance, Germany

• Hot air oven: Beston hot air oven

• Glasswares: Sorosil Glasswares

• pH meter: Cyberscan 510 pH meter. Euteoh Instruments, 3ingapore

• Spectrophotometer: Spectronic Genesys 5, Spectronic Instruments, Inc.,

USA

• Incubator: Thermo Scientific USA

• Autoclave: Obromax, India
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• Muffle Furnace: Shikovi heatgen Technologies Pvt. Ltd.

• Brookfield DV-E Viscometer with ULA spindle (SMC- 0.64)

• Shimadzu Amino acid analyzer

• Nicolet AVATAR 360ESP FTIR Spectrometer

• Varian SpectrAA 220 Atomic Absorption Spectrometer.

• Schott Gerate AVS 410 intrinsic viscosity meter.

3.6. Methods

3.6.1. Fermentation experiments using Lactobacillus plantarum

3.6.1.1. Optimization of fermentation parameters for fermentation of shrimp

shell using Lactobacillus plantarum.

3.6.1.1.1. Preparation of jaggery broth

The sucrose content of the jagqery was measured and accordingly

different concentrations of jaggery solution, (10%,

15%,20%,25%,30%w!v)prepared were sterilized in an autoclave at 10 psi for 15

minutes.

3.6.1.1.2. Inoculum preparation

Commercial starter of Lactobacillus plantarum was maintained in MRS

agar slopes at 4° C. The inoculum was prepared by adding a loopfull of cells to

10 ml MRS broth and incubated at 30°C for 24 hrs Then a.5rnl of this was

transferred to 100 ml of sterilized jaggery broth (10%,15%,20%,25%,300/0wlv)

prepared at different concentrations and incubated at 30°C for 24 hrs.

3.6.1.1.3. Flask fermentation

Shrimp waste mixed with jaggery broth (1:1) prepared at different sugar

concentrations (10%,15%,20%,25% and 30%w!v) were kept for fermentation for
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21 days. Treatments were kept in triplicate and samples were drawn in 48 hrs

interval for analysis. pH, Total titrable acidity, protein content, sugar

concentration,proteolytic activity and microbial count of the protein liquor was

measured. Ash and protein content of the fermented residue were

estimated.Odour evaluation of the treatments were done by three panelists.

3.6.1.2. Fermentation of shrimp shell using Lactobacillus plantarum

3.6.1.2.1. Inoculum preparation

Commercial starter of Lactobacillus plantarum was maintained in MRS

agar slopes at 4° C. The inoculum was prepared by adding a loopful! of cells to

10 ml MRS broth and incubated at 30°C for 24 hrs. Then 0.5ml of this was

transferred to 100 ml of sterilized 20% wly jaggery broth and incubated at 30° C

fer 24 h

3.6.1.2.2. Flask fermentation

Minced shrimp waste (200 g) was thoroughly mixed with 24 hour

incubated 20% w/v jaggery broth (200 ml) containing Lactobacillus plantarum.

The inoculum prepared yielded a cell concentration of approximately 108

CFU/ml. They were kept in 2X3 factorial arrangement. Samples were mixed

thoroughly and the initial pH was adjusted to 5.5, using acid, in the first 6 hours.

Lactic acid was used in one container and dilute hydrochloric acid in another one

and both were kept for fermentation for 15 days.

Liquor samples were taken at 48 hours intervals and analyzed for pH,

total titrable acidity (TTA), proteolytic activity, sugar concentration and total

lactobacillus count. After the completion of fermentation, sediments were

removed, washed and estimated its ash, chitin and protein content. Amino acid

composition, biogenic amines, alpha amino nitrogen content and total volatile

base nitrogen of the protein liquor obtained after fermentation were studied.
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3.6.1.3. Mild acid and alkali treatment of fermented residue to produce

chitin

Solid fractions obtained after fermentation were treated with different

concentrations of Hel (0.2, 0.5, 0.8 and 1 N) in 1:15 (solid: acid) ratio for 2 hours.

The samples were then washed thoroughly and treated with different

concentrations of NaOH (0.2, 0.4, 0.6, 0.8, 1 and 1.2 M) in 1:15 (solid: alkali)

ratio for deproteinisation. Protein, ash and chitin contents were estimated. FTIR

of the chitin samples were analysed. Mineral composition of chitin was also

determined.

3.6.1.4. Chitosan preparation (Madhavan, 1992)

The purified chitin was boiled with 40% (w/v) NaOH till it gets deacetylated

to chitosan. Chitosan formation was tested by its solubility in 1% acetic acid

solution. Moisture content, ash content, FTIR spectra, viscosity, molecular

weight, degree of deacetylation etc of the prepared chitosan were measured.

3.6.2. Fermentation experiments using Lactobacillus brevis

3.6.2.1. Optimization of fermentation parameters for fermentation of shrimp

shell using Lactobacillus brevis

3.6.2.1.1. Preparation of jaggery broth

Same as 3.6.1.1.1

3.6.2.1.2. Inoculum preparation- Inoculum preparation of lactobacillusbrevis

done as per the procedure 3.6.1.1.2.

Inoculum preparation was done by using commercial starter culture of

Lactobacillus brevis. Method of preparation was the same as used in section

3.6.1.1.2
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3.6.2.1.3. Flask fermentation

Flask fermentation of Lactobacillus brevis at different sugar

concentrations were done as per the procedure described in section 3.6.1.1.3.

3.6.2.2. Fermentation of shrimp shell using Lactobacillus brevis

3.6.2.2.1. Inoculum preparation

Inoculum preparation using the commercial starter culture of Lactobacillus

brevis was done adopting the procedure mentioned in section 3.6.1.2.1.

3.6.2.2.2. Flask fermentation

Minced shrimp waste (200 g) was thoroughly mixed with 24 hour

incubated 20% w/v jaggery broth (200 ml) containing Lactobacillus plantarum.

The inoculum prepared yielded a cell concentration of approximately 108

CFU/ml. They were kept in 2X3 factorial arrangement. Samples were mixed

thoroughly and the initial pH was adjusted to 5.5, using acid, in the first 6 hours.

Lactic acid was used in one container and dilute hydrochloric acid in another one

and both were kept for fermentation for 17 days.

Liquor samples were taken at 48 hours intervals and analyzed for pH,

proteolytic activity, sugar concentration and total lactobacillus count. After the

completion of fermentation, sediments were removed, washed and estimated its

ash, chitin and protein content. Amino acid composition, biogenic amines, alpha

amino nitrogen content and total volatile base nitrogen of the protein liquor
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obtained after fermentation were studied.

3.6.2.3. Mild acid and alkali treatment of fermented residue to produce

chitin

Solid fractions obtained after fermentation were treated with different

concentrations of HCI (0.2, 0.4, 0.6, 0.8, 1, 1.2 and 1 4 N) in '1 :15 (solid: acid)

ratio for 2 hours. The samples were then washed thoroughly and treated with

d:fferent concentrations of NaOH (0.2, 0.4, 0.6, 0.8, 1, 1.2 and 1.4 M) in 1:15

(solid: alkali) ratio for deproteinisation. Protein, ash and chitin contents were

estimated. FTIR of the chitin samples were analysed. Mineral composition of

chitin was also determined.

3.6.2.4. Chitosan preparation

Same as 3.6.1.4

3.6.3. Fermentation experiments using Bacillus subtilis

3.6.3.1. Optim ization of fermentation parameters for fermentation of shrim p

~helJ using Bacillus subtilis

3.6.3.1.1. Preparation of jaggery broth

Same as 3.6.1.1.1

3.6.3.1.2. Inoculum preparation

Commercial starter of Bacillus subtifis was maintained in Nutrient agar

slopes at 4°C. The inoculum was prepared by adding a loopfull of cells to 10 rnl

nutrient broth and incubated at 300C for 24 hrs. Then 0.5ml of this was

transferred to 100 ml of sterilized jaggery broth (10%, 15%,20%,25%,30% w/v)

prepared at different concentrations and incubated at 30°C for 24 hrs.
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3.6.3.1.3. Flask fermentation

Fermentation of Bacillus subtilis in different sugar concentrations were

done as per the procedure cited in section 3.6.1.1.3

3.6.3.2. Fermentation of shrimp shell using Bacillus subtilis

3.6.3.2.1. Inoculum preparation

Commercial starter of Bacillus subtilis was maintained in Nutrient agar

slopes at 4°C. The inoculum was prepared by adding a loopfull of cells to 10 ml

nutrient broth and incubated at 30°C for 24 hrs. Then 0.5ml of this was

transferred to 100 ml of sterilized 20% w/v jaggery broth and incubated at 30°C

for 24 h.

3.6.3.2.2. Flask fermentation

Minced shrimp waste (200 g) was thoroughly mixed with 24 hour

incubated 20% w/v jaggery broth (200 ml) containing Bacillus subtiJis. The

inoculum prepared yielded a cell concentration of approximately 108 CFU/ml.

They were kept in 2X3 factorial arrangement. Samples were mixed thoroughly

kept for fermentation for 15 days.

Liquor samples were taken at 48 hours intervals and analyzed for pH,

proteolytic activity and sugar concentration. After the completion of fermentation,

sediments were removed, washed and estimated its ash, chitin and protein

content.
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3.6.3.3. Mild acid and alkali treatment of fermented residue to produce

chitin.

Chitin production from the fermented residue was carried out as per the

method elaborated in section 3.6.1.3

3.6.3.4. Chitosan preparation

Same as 3.6.1.4

3.7. Analytical Methods

3.7.1. Determination of moisture (A.O.A.C., 1975)

5-10 g sample was weighed into pre-weighed clean petri dishes. Dishes were

placed in a hot air oven at 1oou'C for 6 hours. Dishes were cooled in a desiccator

and weighed to a constant weight. Moisture expressed as percentage.

% Moisture = Loss in weight x 100
Weight of the sample

3.7.2. Determination of crude protein (A.O.A.C., 1975)

0.3 to 0.5 g of the moisture free sample was transferred into a digestion flask of

50 ml capacity. A few glass beads, a pinch of digestion mixture (8 parts K2S04 & 1

part CUS04) and 20 ml concentrated sulphuric acid were added to the flask. It was

digested over a burner until the solution turns colourless. The digest was transferred

quantitatively into a 100 ml standard flask and made up to the mark. The 2 rnl of well

mixed made-up solution was transferred to the reaction chamber of the Micro-Kjeldahl

distillation apparatus, 2 drops of phenolphthalein indicator and 40% sodium hydroxide

44



were added till the indicator changes to pink. Distillation was done for 4 minutes and

ammonia liberated was absorbed into 2% boric acid containing a drop of Taschiro's

indicator. The amount of ammonia liberated was determined by titration with N/50

sulphuric acid. % Total nitrogen is calculated from the titre value.

Approximately 0.5 g of the sample is taken in digestion flask, add 10 ml 3%

NaOH solution and heated in water bath for 30 minutes. Cooled, filtered through

Whattmann 40 filter paper with sufficient washing with distilled water to get the

sample free of alkali. The precipitate obtained on the filter paper is collected in the

kjeldahl digestion flask, added a small amount of digestion mixture, 20 ml con.

H2SO•. put some glass beads and kept for digestion in the chamber till the sample

tu, ns colourless. The clear solution is transferred to 100rnl standard flask and

made up with distilled water. The 2 ml of the solution was transferred to the reaction

chamber of the Micro-Kjeldahl distillation apparatus, one or two drops of

phenolphthalein indicator and 40% sodium hydroxide were added till the indicator

changes to pink. Distillation was done for 4 minutes. The liberated ammonia was

absorbed into 2% boric acid containing a drop of Taschiro's indicator. The amount of

ammonia liberated was determined by titration with N/50 sulphuric acid. % Chitin

nitrogen is calculated from the titre value.

Crude protein was calculated according to the following formula. Crude protein

was expressed as percentage

% Crude protein =(Total Nitrogen- Chitin Nitrogen) X 6.25

3.7.3. Determination of ash content (A.O.A.C. 1975)

About 2-3 g of the moisture free sample was transferred into a previously

heated, cooled and weighed silica crucible. The sample was charred at low red heat.

Then the crucible was placed in a muffle furnace at 550" C for about 6 hours until a

white ash was obtained. Crucible was cooled in a desiccator end weighed. Ash content

expressed as percentage.

0/c A h - Weight of residue x 100
o s - Weight of the sample
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3.7.4. Measurement of pH (Adams et al., 1987)

pH of the liquor obtained during the fermentation was measured in 10 ml

of sample diluted 1.10 with distilled water and pH measured using Cyberscan pH

meter.

3.7.5. Measurement of Total Titrable Acidity (TTA) (Adams et al., 1987)

Using the same homogenate prepared for the pH, TTA was measured by

titrating against 0.1N NaOH to a final pH of 8.The percentage w/v lactic acid in

the sample was calculated by multiplying the volume of alkali (ml) by a factor of

0.09. This assumes that all the acid present in the sample is lactic acid.

3.7.6. Estimation of sugar content (Hodge and Hofreiter, 1962).

Serial dilutions of protein liquor were made up to 3ml USio1g distilled water

and add 6ml anthrone reagent. Boil the sample for 3 minutes and cool and read

the absorbance at 620nm keeping a blank. Absorbance of the standard glucose

solution also were measured. Anthrone reagent was prepared by dissolving

200mg anthrone in 5ml distilled water and 95 rnl concentrated SUlphuric acid.

Concentration of sugar was expressed as mg %

3.7.7. Estimation of protein content (Lowry et al., 1951)

Serial dilutions of the sample were prepared in different test tubes and

standard BSA in the ra:lge of 20-1OO~g added' and the total volume was made

up to 1.0ml with water. The blank is taken with 1.0ml of water. Pipette 4.5ml of

alkaline copper reagent was added to all the tubes and left at room temperature

fc. 10minutes after which was added 0.5ml Folin's phenol reagent. The blue

colour developed was read after 20 minutes at 640nm against the reagent blank,

in a spectronic genesys UV spectrophotometer.

Protein values are expressed as gm protein per ml of the liquor
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3.7.8. Determination of proteolytic activity (Wang and Chio, 1998)

The protein liquor was centrifuged at 10000 rpm for 20 min .0.2 ml of the

supernatant was mixed with 2.5 ml 1% casein in phosphate buffer pH 7 and

incubated for 10 minutes at 37° C. The reaction was stopped by adding 5 ml of

0.19 M TCA. The reaction mixture was centrifuged and the soluble peptide in the

supernatant fraction was measured with tyrosine as standard.

1.0 ml of supernatant was made alkaline by 5.0 ml of 0.55 M sodium

carbonate. Then pipette 0.5 ml of 1N Folin's reagent to the above solution in test

tube. The optical density was measured at 660 nm after 30 min. at room

temperature in Spectronic Genesys spectrophotometer.

Results were expressed as 9 Tyrosine/g protein.

3.7.9 Lactic acid bacterial count (de Man et al., 1960)

10 ml of the sample diluted with 90 ml of normal saline, shaken well.

Serial dilutions were made and poured 9 ml normal saline. Then pour plating

method was used. Pipette 1ml of the sample from each test tube to two petri

dishes and pour MRS agar over it. Then kept for incubation for 24 hours. Plates

with 30-300 colonies were counted and expressed as CFU/ml.

3.7.10. Viscosity

Viscosity of 1% of solution was measured using Brookfield DV-E

Viscometer with ULA spindle (SMC- 0.64) at 100 rpm. Viscosity was expressed

in m Pa.S

3.7.11. Degree of deacetylation (Muzzarelli and Rocchetty, 1973)

1% w/v of chitosan solution was prepared in 1% v/v acetic acid. From this,

1 9 of the solution was taken and made up to 100 ml with distilled water.

Absorbance of this solution was taken at 200, 201, 202 203 and 204

nanometers. Regression of these values was found out and from the b value
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obtained degree of deacetylation was calculated. Degree of deacetylation was

expressed in percentage (%)

3.7.12. Molecular weight (Rutherford and Austin, 1978)

For the determination of molecular weight, five dilutions of chitosan were

prepared in 1% acetic acid. These solutions were run in Schott Gerate AVS 410

intrinsic viscosity meter. From the values obtained, intrinsic viscosity (..,) was

calculated. The Mark-Houwink equation relating to intrinsic viscosity with

empirical viscometric constants K=1.81 X 10-3 cm3/g and a=0.93 for chitosan was

used to calculate the molecular weight (M) using the following equation:

[1l1=KMa.

Molecular weight was expressed in Daltons (Da)

3.7.13. FTIR spectrum

Samples were mixed well with KBr using a mortar and pestle. This whole

mixture was made into discs and FTIR spectra obtained with Nicolet AVATAR

360ESP FTIR Spectrometer. The average number of scans taken per samples

were 16 in the spectral region 400 and 4000 cm"

3.7.14. Percentage of N-acetylation (Teng et al., 2001)

From the PTIR spectra of the samples, absorbance at 1655 wavelength

and 3450 obtained.% of N-acetylation = (A1655/A3450) X 115. Here, A1655 and

A3450 were the absorbance at 1655 ern" of the arnide-l band as a measure of

the N-acetyl group content and 3450 ern" of the hydroxyl band as an internal

standard. The factor' 115' denoted the value of the ratio of A1655 / A3450 for

fully N-acetylated chitosan.
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3.7.15. Preparation of TCA extract

10 mI of the protein liquor was mixed with 10% trichloroacetic acid and

filtered the solution and made upto 100ml in standard flask.

3.7.16. Estimation of Alpha Amino Nitrogen (Pope and Stevens, 1939)

20ml of the TeA extract was taken and it was neutralized with 3Nsodium

hydroxide using thymolphthalein indicator.the end product is the disappearance

of the blue colour.30ml of the cupric phosphate suspension was added to this

and allowed to stand fro 30mts and filtered to iodine flask.20ml of the filtrate was

removed and 0.5ml of the glacial acetic acid and 2g of potassium iodide were

added to it.Then titrate with 0.01N sodium thiosulphate until the solutiuon was

pale yellow. then 1-2 ml of starch was added and titrated till it became colourless.

Blank was also done in the same way.

Alpha amino nitrogen expressed as mg%

3.7.17. Estimation of total volatile base nitrogen (Conway, 1950)

1ml of supernatant from the TeA extract was pipetted to the outer

chamber of Conway's microdiffusion unit.1ml of the standard sulphuric acid was

pipetted to the inner chamber of the unit and 1ml of saturated potassium

carbonate to the outer chamber and close the unit immediately.lt was kept

overnight.Acid in the central chamber was titrated against 0.01N Sodium

hydroxide using Taschiro indicator. Blank was also done.

Total volatile base nitrogen expressed as mg%

3.7.18. Amino acid composition (Rajendra, 1987)

To 0.2 ml liquor sample "m a heat stable test tube.,add 10ml 6N HCI and

heat seal the tube after filling with pure nitrogen gas. Keep it at 1100e for 24

hours for hydrolysis. When the hydrolysis completed, remove the contents

quantitatively. Then filter the sample to a round bottom flask through Whatmann
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filter paper No. 42 and wash the filter paper 2-3 times with distilled water. Flash

evaporate the contents of the flask and dissolve the residue and make up to 10

ml with 0.05 M HCI.

Filter the sample thus prepared again through a membrane filter of 0.45

urn and inject 20 \..11 of this to an amino acid analyzer (HPLC- LC 10 AS)

equipped with cation exchange column packed with -a strongly acidic cation

exchange resin i.e., styrene di vinyl benzene eo polymer with sulphinic group.

The column used was sodium type Le., ISC- 07/5 1504 Na having a length of 19

cm and diameter 5mm.

The instrument was equipped with Shimadzu FL 6A fluorescence detector

and Shimadzu CR 6A Chrompac recorder. The mobile phase of the system

consists of two buffers, Buffer A and buffer B. A gradient system can be followed

for the effective separation of amino acids. The oven temperature can be

maintained at 60° C. The total run was programmed for 62 minutes. The amino

acid analysis can be done with non-switching flow method and fluorescence

detection after post-column derivatization with o-phthalaldehyde. In the case of

proline and hydroxyl proline, imino group is converted to amino group with

h' pochlorite.

Amino acid standard (Sigma chemical Co., S1. Lousis, USA) is also

injected to HPLC to calculate the concentration of amino acids in the sample.

Calibration of equipment using standards needs to be done before the start of

analysis.

The standard and the sample were analyzed under identical conditions.

The elution time of the amino acids of the sample was compared and identified

with those of the standard.Quantification of amino acid was done by comparing

the respective peak areas I n the chromatogram of the sample and the standard.

The amino acid content was expressed as (g/100g crude protein).
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3.7.19. Estimation of Tryptophan (Sastry and Tummuru, 1985)

Sample was hydrolyzed with 10 ml of 5% NaOH at 11OOC for 24 hours in

a sealed tube with pure nitrogen. The hydrolysate was neutralized to pH 7.0 with

6 N HCI using phenolphthalein indicator. The volume was made up to 25 ml with

distilled water. The solution was then filtered through Whatman filter paper no.42

an j filtrate was used for estimation.

The test tube containing 4 ml of 50% H2S04, 0.1ml of 2.5% sucrose and

0.1ml of 0.6% thioglycolic acid were added. These tubes were kept for 5minutes

in water bath at 4S-50oC and cooled. The sample was then added to the test

tubes. Standard tryptophan (10j..!g/ ml solution) was run in a similar way. The

volume was made up to Sml with 0.1 N Hel and allowed to stand for 5 minutes for

the development of colour. The absorb1nce was measured against a reagent

blank at 500 nm in a spectrophotometer.

The tryptophan was expressed as (g/100g crude protein).

3.7.20. Estimation of minerals using Atomic Absorption Spectrophotometer

(AOAC ,1980)

To 1g of the sample containing flask, 7 ml of nitric acid and perchloric acid

(9:4) mixture was added, covered with a watch glass and left at room

temperature over night. The sample was then digested using a microwave

digester (Milestone ETHOS PLUS lab station Closed Vessel Microwave

Digestion System). The completely digested samples were allowed to cool at

room temperature. filtered (glass wool) carefully transferred into a clean 50 ml

volumetric standard flask and then diluted to the mark with ultra pure water (MiIIi

Q, Millpore). The digested samples were analyzed using Varian SpectrAA 220

Atomic Absorption Spectrameter equipped with a deuterium back ground

corrector, for the determination of minerals viz sodium, potassium, calcium and

magnesium.

Mineral content expressed in ppm.
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3.7.21. Bacillus subtilis count (Aoyama et al., 2005)

Sample was serially diluted in sterile saline (0.85% NaCI). Each diluted plate

was poured into duplicate plates of standard agar. After cultivating the plates 24 h at

35° C, the viable colonies were counted. Plates with 30-300 colonies were counted

and expressed as CFU/ml.

3.8. Statistical Analysis

Results were expressed as mean ± S.D. Univariate analysis of variance was

carried out and the statistical 'comparisons were done with Duncan's test using a

statistical package program (SPSS 10.0 for Windows). Five trials were done for each

parameter.
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4. RESULTS AND DISCUSSIONS

4.1. Fermentation studies with Lactobacillus plantarum

4.1.1. Optimisation of fermentation parameters

4.1.1.1. Inoculum quantity standardization

Type of the starter culture and its quantity is a very important factor that

affects the efficiency of fermentation. Inoculation of suitable lactic acid bacteria

ensures rapid acidification and eventual predominance of desired microflora,

which is able to conduct ensilation (Shirai et al., 2001). Lactobacillus plantarum

was used as the starter culture for the study because the species meet most of

the criteria presented by Whittenbury (1961). A starter culture of proper lactic

acid bacteria has to be added for fermentation because they are present in low

numbers in its biomass in the order 10-104
/ g (Knachel, 1981) and many reports

were available regarding the fermentation with lactic acid bacteria (Cira et al.,

2002, Shirai et al., 2001). Weinberg and Muck (1996) reported that minimum

inoculation rates of 105-106 viable cells Ig are required to outgrow the epiphytic

lactic acid bacteria and to become the predominant population in the ensilage.

The use of large number of cells as inoculum or as starter culture helps to

discourage the colonization of undesired organism by the mechanism of

antaqonism (Holzapfel et et., 1995).

In the present study, 0.5 ml of inoculum from MRS broth was inoculated to

different concentrations of jaggery broth prepared (10%. 15%, 20%. 25% and

30% w/v) and achieved an approximate growth of 108 CFU/g after 24 hrs of

incubation at 30° C. These broths were added to minced shrimp waste in 1:1

ratio for fermentation. So. the inoculum rate in this study was 1X108 CFU/g of

wet shrimp waste. This is in line with the report by Evers and Carol! (1996).

4.1.1.2. Optimisation of sugar concentration and fermentation period

4.1.1.2.1. Changes in pH and Total Titrable Acidity during fermentation

The changes in pH were closely reflected by changes in total titrable

acidity as shown in Table 41. The decrease in the concentration of sugar with
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fermentation together with declining trend of pH value have a clear indication of

conversion of added jaggery to acidic end products (Fig. 4.2). During

fermentation, the bacteria utilizes the available sugar and produces acid and

thereby the pH declined during the initial days. Microbial count was found to

increase with respect to the increment in concentration of sugar broth (Table

4.3). Accordingly, acid production and pH declination were also varied (Legaretta

et aI., 1996). When available sugar for microbial growth depleted, acid

production decreased. It has strong correlation with odour evaluation results also

(Fig. 4.1). In all the samples, pH first decreased and then started to increase.

The rise in pH in later stages was mainly due to the depletion of sugar for lactic

acid production. The buffering capacity of the calcium from the shell solubilised

into the media (Zakaria et al.,1998) and nitrogenous compounds released by the

proteolytic activity of the endogenous and microbial enzymes were also

responsible for the increase in pH values of the protein liquor (Shirai et al.,

2001). Lactobacillus plantarum, which is homofermentative in nature, convert the

sugar almost completely to lactic acid (Leroy and de Vuyst, 2003) and assuming

that all the acid produced in the sample as lactic acid, total titrable acidity was

measured (Adams et aI., 1987).

4.1.1.2.2. Odour Evaluation Results

The number of days the samples remained in good condition based on

odour evaluation results were presented in the Fig. 4.1.The pH decrease, which

is a clear indication of acid produced, helps in preventing the growth of spoilage

organisms (Zakaria et al., 1998) and also different antimicrobial compounds (de

Vuyst and Vandamme, 1994; Hugas and Monfort, 1997) like H20 2, acetoin and

bacteriocins inhibit spoilage microorganisms. The inhibitory activity of lactic acid

is higher at low pH values due to the diffusion through the membrane in a non

ionised form and subsequently dissociating within the cell causing the disruption

of some metabolic processes (Shirai et al., 2001, Silliker et al., 1980). During

fermentation, the break down of proteins to small units directly affected the water

activity essential for lactic acid bacteria growth (Shirai, 1999; Homer, 1997) and

this reduction in water activity was responsible for the signs of putrefaction

noticed in the samples (Shirai et al., 2001). The silage at pH 4.5 and above is

always susceptible to spoilage caused by Clostridium botulinum, Staphylococcus

aureas and fungus (Anon, 1971). In higher concentrated sugar broths there was

54



Fig. 4.1. Number of days the fermented samples. remained in acceptable

condition on Lactobacillus plantarum treatment.
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Fig. 4.2. The extent of utilisation ofJaggeryin fermentation trials in

Lactobacillus plantarum fermentation of shrimp shell
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no improvement in their shelf life, due to reduced water activity by the high

concentration of metabolisable sugar.

4.1.1.2.3. Changes in proteolytic activity

From Table 4.2, it was clear that, proteolytic activity showed an increasing

trend and thereafter it showed a declining trend in all the treatments. Proteolytic

activity of lactic acid bacteria is due to the endogenous and microbial enzymes

(Shirai et aI., 2001; van Kranenburg et aI., 2002). In lactic acid bacteria,

proteolytic enzymes like peptidases are intracellular enzymes (Kamaly and

Marth, 1989; Khalid and Marth, 1991; Pritchard & Coolbear, 1993; Visser, 1993)

and in the presence of calcium ions its activity is greatly affected (Dako et al.,

1995). That may be the reason for the decrease in its activity with fermentation

time when the calcium ion concentration increased by demineralization.

Demineralization was occurred due to the lactic acid produced. Number of

organisms was also declined when the carbohydrate source depleted and thus

the activity of microbial enzymes were reduced.

In higher concentrated sugar broth, 20%, 25% and 30%, it was found that

the activity was comparatively more or less same. It was in proportion with the

number of microorganisms in these treatments (Table 4.3). Even if sugar

concentration increased, microbial count remains almost the same. This is due to

decline in the growth of lactic acid bacteria by the reduced water activity.

4.1.1.2.4. Changes in microbial count.

The changes in bacterial count was depicted in the Table 4.3. Bacterial

count showed an increasing trend in all the samples. It utilised the available

sugar for its growth. It was clearly reflected in the changes of sugar

concentration in all treatments. When the sugar substrate declined, counts of

organisms were also decreased. When the metabolisable sugar concentration

increased more than 10%, water activity reduced and the lag phase of lactic acid

bacteria extended (Shirai et el., 2001). This may be the reason for not much
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Table 4.2. Changes in Proteolytic activity (g tyrosine/g protein) on treatment of

shrimp shell with Lactobacillus plantarum at different jaggery

concentrations with fermentation time

Days ! Jagaeryconcentration (%)

10
I

15 20 25 30

0 - I - - - -
r I

/2
i

i r
I

, 6.01±0.32 1 6.32±0.42 6.53±0.36 6.58±0.39 6.59±0.45

4 6.53±0.36 6.61±0.48 6.89±0.39 6.91±0.31 6.95±0.42

6 6.98±0.41 7.32±0.48 7.81±0.48 7.85±.0.45 7.86±0.49

8 6.42±0.46 7.12±0.51 8.91±0.48 8.95±0.46 8.96±0.35

10 6.01±0.38 6.09±0.38 10.49±0.41 10.53±0.45 10.53±0.47

12 5.82±0.32 5.89±0.48 9.41±0.40 9.52±0.54 9.54±0.39

14 5.69±0.35 5.78±0.42 7.72±0.52 7.86±0.51 7.99±0.41

16 5.42±0.46 5.58±0.38 6.71±0.39 6.78±0.39 6.82±0.48

18 5.33±0.45 5.48±0.29 5.95±0.45 5.96±0.45 5.98±0.42

20 5.28±0.41 5.33±0.26 5.63±0.25 5.62±0.42 5.64±0.46



Table 4.3. Changes in microbial count (CFU/ml) on treatment of shrimp shell wit

Lactobacillus plantarum at different jaggery concentrations wi1

fermentation time.

Days Jagg~ry concentration (%)

10 I 151 20 25 30
I !

0 i 1.96 X101l I 2. 11 X108 I 2.19 X108 2.20X108 2.20 X10l)

2.45 X10g-ti.K3X-16g---h.~.61X109 f---

2 2.63X109 2.68 X10':l
I I

4 2.55 X10':l 2.68X10~ 2.73 X10':l 2.75X109 2.76X10':l

1-
6 2.73 X10~ 2.96 X10s- 2.86X10':l 12.88X109 2.89X10\l

8 1.82X10~ 2.58 X10 8 2.93X10\l 2.96X10\,l 2.97 X10 9

10 0.95 X10 8 1.26 X10 8 2.98 X10':l 2.99X10':l 2.99X10\l

12 1.75X10f 2.74 X10f 2.84 X10~ 2.87 X101:1 2.89 X108

14 0.86 X10f 2.18X107 1.82X108 1.87X108 1.88 X10l)

16 0.35 X1Of 0.69X10 f 1.65 X10l:l -1.65X10~ 1.68X10~

18 2.10 X10b 2.80 X10b 2.46 X10f 2.48X10 f 2.47X10 7

20 1.72 X10b 2.40 X10b 1.12X10f 1.16X107 1.18X10'



variation found in the microbial count in the high concentrated sugar broth (20%,

25% and 30%).

4.1.1.2.5. Type of sugar

As shrimp waste is poor source of fermentable sugars, some sources of

sugars are to be added to it for bacterial fermentation. Different sources like

sucrose, lactose, whey powder, glucose, molasses and cassava starch at

different concentration were tried by many authors (Evers and Caroll, 1996; Cira

et el., 2002; Rao et aI., 2000; Oyedapo et al., 1997). In the present study,

jaggery was chosen as the carbohydrate source because it assisted the

fermentation process, relatively inexpensive and can be used as a good medium

for lactic acid bacteria growth, which will reduce the cost of the media and has

high potential consumer acceptance by the seafood and livestock industry.

From our studies it was found that jaggery can be used as a substitute for

MRS media to attain a growth of 108 CFU/g in 24 h incubation time and thus the

cost of media can be reduced. Jaggery is a cheap source of sucrose and

sucrose is reported to be an ideal carbohydrate source for lactic acid bacterial

fermentation (Cira et al., 2002)

4.1.1.2.6. Optimization of sugar concentration

Quantity of sugar influences directly the fermentation and earlier studies

showed that minimum amount of glucose for successful fermentation was 5%

w/v (Hassan and Heath, 1986; Van and Heydenrych, 1985). For the fermentation

of shrimp waste, when glucose concentration was lower than 7.5%, pH was not

reduced below 5.6 (Cira et al., 2002). In the present study it was found that

organism utilized about 45% of sucrose for inoculum development during its 24 h

incubation period and only remaining sucrose content was available for

fermentation experiment. Lactic acid bacteria utilise sugar and produces acid

during fermentation. This was clearly reflected in the figure (Fig. 4.2) showing

changes of sugar concentration during fermentation. At the end of fermentation,

in all the treatments it was found that about 86-95% of sucrose was utilized
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fermentation (Fig. 4.2). During the last spoilage days, the reduction in sugar

concentration may be its utilization by spoilage microorganisms..

The selection criterion to find optimum sugar concentration in the present

study was percentage of deprotenisation from shrimp shell (Table 4.4). By

carrying out the statistical tests with SPSS it was found that, there was significant

difference in the extent of deprotenisation of samples from 10%, 15% and 20%

jaggery broth (P<O.05). But in the samples obtained from 20%, 25% and 30%,

there were no significant difference in the percentage of deprotenisation. About

72.73% of protein was removed from shrimp shell at the end of fermentation. So,

20% wlv jaggery broth was selected for the study to reduce the cost.

4.1.1.2.6. Optimisation of fermentation period

For optimizing the fermentation period, odour evaluation results (Fig. 4.1)

a id other parameters like pH changes (Table 4.1), extent of utilization of sugar

(Fig. 4.2), changes in proteolytic activity (Table 4.2), extent of deprotenisation

(Table 4.4) etc. were considered.

According to odour evaluation results, the low concentrated sugar broth

(10% and 15%) showed signs of spoilage on 8th day and 10th day respectively

when the pH started rising. The high concentrated sugar broths 25% and 30%

showed spoilage signs on same day as that of 20% sugar broth. It may be due to

the reason that when the sugar concentration increased beyond 10% (amount of

sugar available for fermentation), water activity was reduced due to the large

water binding substance sucrose. The reduced water activity affected the growth

of lactic acid bacteria and spoilage bacteria started their activity (Shirai et al.,

2001 ).

4.1.2. Fermentation of shrimp shell using Lactobacillus plantarum for the

production of chitin and chitosan

4.1.2.1. A comparative study· The initial pH of the shrimp shell adjusted

with an organic acid (Lactic acid) and inorganic acid (Hel).

57



Table 4.4. Percentage of deprotenisation of shrimp shell on fermentation with

Lactobacillus plantarum at differentiaqqerjconcentrations.

Jaggery concentration (%)

Days 10 15 20 25 30

0
.•.

2 17.52±1.12a 19.62±1.25a 22.19±1.39 a 22.51±1.69 22.92±1.25

4 24.63±1.62a 28.77±1.52a 34.35±1.75 a 34.60±1.48 34.92±1.63

6 37.81±1.69a 40.34±2.61 a 44.09±2.14a 44.13±2.10 44.42±2.15

8 51.46±2.24a 53.52±2.84a 62.7±3.51 a 62.91±3.81 63.00±5.81

10 62.98±2.21 a 64.63±3.12a 67.69±4.11 a 67.82±5.32 68.83±5.01

12 63.24±2.86a 65.12±2.59a 70.36±5.84 a 70.61±4.18 70.96±4.52

14 63.37±2.91 a 65.65±2.87a 72.66±5.98 a 72.84±4.52 72.66±4.12

16 63.64±2.54a 65.83±1.69a 72.69±4.62 a 72.72±5.02 72.80±4.82

18 63.81±3.30a 65.92±3.29a 72.68±3.96 a 72.73±4.22 72.81±5.36

20 63.96±3.52a 66.26±3.12a 72.83±2.85 a 72.93±4.15 72.93±4.59

a P<0.05 significantly different compared with different jaggery concentrations



4,1.2.1.1. Changes in pH and Total titrable acidity (TTA)

Changes in pH and TTA 'values were shown in Table 4.5. In lactic acid

treated samples, reduction in pH an'd TTA increment were found more as

compared to samples treated with HCI. It was found that pH first declined and

then started increasing as fermentation proceeded supported by the decrease in

residual carbohydrate (Fig. 4.3) in the fermenting media for bacterial growth.

During termentatlon of shrimp shell waste, a general decrease in pH and

increase in total titrable acidity with a later rise in pH and reduction in total acidity

were noticed (Teniola and Odunfa, 2001). Fermentative bacteria produce acid,

utilizing the available carbohydrate source and thus reduce the pH, which

prevents the spoilage microorganism (Legaretta et et., 1996) and that acid

causes the demineralization of shellfish waste to produce chitin.

Homofermentative lactic acid bacteria convert the available sugar source almost

completely to lactic acid via pyruvate to produce energy (Leroy and de Vuyst,

2003).

Total titrable acidity was measured on the assumption that all the acid

produced in the sample as lactic acid (Adams et al., 1987). When the available

sugar substrate for bacterial growth depleted, pH value increases and total

titrable acidity value started to decrease. The increase in pH might be explained

by the glucose depletion preventing lactic acid production, buffering capacity of

the solubilised calcium and also due to the nitrogenous compounds produced by

the proteolytic activity of endogenous and microbial enzymes (Shirai et et.,

2001). Prolonged low pH values can be maintained if continuous calcium

removal is practiced (Cira et aI., 2002). The silage at pH 4.5 and above is always

susceptible to spoilage caused by Clostridium botulinum, Staphylococcus aureas

and fungus (Anon, 1971).

4.1.2.1.2. Changes in sugar concentration

About 92% of glucose was utilized in lactic acid treated samples and only

87% was used In Hel treated samples at the end of the fermentation (Fig. 4.3).



Table 4.5. Changes in pH and Total Titrable Acidity-TTA (% w/v) of the hydrochloric

acid and lactic acid treated ensilage of Lactobacillus plantarum fermentation study

" I
--

I Lactic acid
____,.1

TTA !pH TTA
I -

- - -

19~±O~8 ~.39±O.32 211±O 17

1
1.97±O.09 4.18±O.2612.32±O.18

........- -,--~
1 6 -I 43±O.31 +U±O.11 . 4.1±O.26j2.4±O.19

ra-- 4.15±O.22 2.35±0.12 4±0.24 l2.5±O.21
I

!DAYS: HC
I I

I +PH·-~---T

L I .
----t- f

1
0 I - I

i2~±021-t
I i I

rA I· ~

I
I 4 i 4.47±O.24 I

I !

·--1
10 j4.26±O.27 2.24±O.11 4.14±O.25 2.34±O.17

12 14.25±O.26 2.25±O.12 4.21±O.27 2.29±O.13

h4" I . ~L. L6±o.35 1.34±O.081 5.1±O.36 1.6±O.08



Fig. 4.3. Changes injaqqeryconcentration of the hydrochloric acid and lactic acid

treated ensilage of Lactobacillus plantarum fermentation study
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The rate of utilization of sugar in lactic acid treated samples was more than
I

hydrochloric acid treated samples in proportion with the microbial count.

4.1.2.1.3. Changes in bacterial count

Table 4.6. depicts the changes in bacteri~l 'count. It was found that

bacterial count first increased and then decreased as fermentation time

proceeded. In organic acid treated samples, rate of;growth of bacteria was found

to be more than HCI treated samples. It was found that changes in bacterial

count have good correlation with changes in sugar concentration (Fig. 4.3).

When the available sugar concentration for the bacterial growth decreased,

microbial count also declined.

4.1.2.1.4. Changes in proteolytic activity

There was a steep increase in proteolytic activity upto 8 days and then

started decreasing (Table 4.7). These results were in line with the degree of

deproteinisation (Table 4.8). In lactic acid treated samples, comparative activity

is found to be more than HCI treated one. Thi.! was in relation with the number of

microorganisms (Table 4.6). Deprotenisation of shellfish waste also occurs

dl Ting fermentation. It can be due to proteolytic activity of endogenous and

rricrobial enzymes (van Kranenburg et al., 2002). Lactic acid bacteria have a

complex proteolytic system capable of converting protein to the free amino acids

and peptides necessary for growth and acid production (Law and Haandrikman,

1997). We found that proteolytic activity of lactic acid bacteria showed an

increasing trend up to ~ih day of fermentation and there after it decreased. It was

clearly supported by the trend of bacterial count and change in glucose

concentration. Peptidases of lactic acid bacteria are mostly intracellular

enzymes. (Kamaly and Marth, 1989; Khalid and Marth, 1991; Pritchard and

Coolbear, 1993; Visser, 1993) When demineralization takes place, the amount of

calcium ions in the ensilage increases and activity of peptidases decreases.

(Dako et al., 1995) That may be one of the reasons for the decrease in

proteolytic activity after 91h day of fermentation. After fermentation of shell waste,

the shell residue can be effectively converted to chitin and the protein liquor
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Table 4.6. Changes in bacterial count (CFU/ml) of the HCI treated and lactic acid

treated ensilage of Lactobacillus plantarum fermentation study

Days HCI Lactic acid

0 2.13X101l 2.18 X106

2 1.94X109 2.67 X10lT

4 1.56 X109 2.54 X109

6 1.14 X109 2.1 X10
g

8 2.57 X108 2.86 X10-s-

10 2.40 X1 all 2.65 X10 8

12 2.12 X101l 2.44 X10 8

14 1.8'1 X108 1.99 X108



Table 4.7. Changes in proteolytic activity (g tyrosine/g protein) of the HCI treated

and lactic acid treated ensilage of Lactobacillus plantarum fermentation

trials.

I

Days IHel Lactic acid
I

0 . -

2 5.43±0.29 6.83±O.42

~._-------_ .. . ._. -I'- . -- .. ----- -----t---------4 6.38±0.35 17.79±0.48
I

6 \6.99±0.38 8.99:t0.56

.. !
8 7.78±0.46 10.63±0.75

10 6.59±0.41 9.31±0.59

12 6.06±0.42 7.71±0.42

14 5.86±0.39 6.32±0.42



Table 4.8. Percentage of protein and ash removed from the shell during
fermentation with Lactobacillus plantarum

Hel treated Lactic acid treated
Days

%of protein %of ash %of protein %of ash
removed removed removed removed

10 - 15.2±0.82 - 7.5±0.53
1
i

2 18.5±0.86 23.2±1.53 22.6±1.39 21.6±1.28

4 28.4±1.24 34.9±1.82 34.1±1.75 33.5±1.78

6 39.1±1.95 47.6±2.15 43.8±2.14 50.8±2.54

8 57.7±3.45 64.2±4.62 62.9±3.51 65.9±4.13

10 63.3±3.96 67.3±4.23 67.2±4.11 69.3±4.58

12 67.1±4.13a 69.7±5.31 b 70.8±5.84a 73.8±6.14b

14 70.6±5.82a 71.8±5.94b 72.8±5.98a 76.5±6.47b :

a P<0.05 significantly different in comparison of different acid treatments

bp<O.01 significantly different in comparison of different acid treatments



obtained can be used as an ingredient in animal feed (Meyers and Benjamin,

1987).

4.1.2.1.5. Percentage of deprotenisation and demineralisation

Percentage of protein removed showed a steep increase upto s" day and

thereafter slow trend of increment was noticed in all the samples (Table 4.8).

This was well in coincidence with their trend in proteolytic activity. In Hel treated

samples, about 70.6% of protein and in lactic acid treated samples 72.8% of

protein was removed at the end of fermentation. There was a greater extent of

demineralization noticed in HCI treated samples on the first day; but at the

end of fermentation. about 76.5% of ash was removed in lactic acid treated

samples and 71.8% in HCI treated samples (Table 4.8). It was found that there

was a steep increase in percentage of demineralization upto 9th day of

fermentation and thereafter it was slow down.

In the present study, lactic acid and dilute HCI were used for initial pH

adjustment because without adjusting the initial pH, it took more than 5 hours for

the lactic acid bacteria to convert glucose to lactic acid and during this delay

spoilage occurred due to putrefying enzymes active at neutral or higher pH (Rao

et et., 2000). In HCI treated samples, a greater extent of demineralization was

observed on the zeroth day and in the following days its value is less compared

to lactic acid treated samples. It can be due to the greater strength of Hel than

lactic acid by which it efficiently removed minerals on the zeroth day. But on

following days, lactic acid treated samples showed greater degree of

demineralization because number of colonies of lactic acid bacteria and

simultaneously acid production was found to be more in this than Hel treated

one. This is because when HCI is used for initial pH adjustment, it causes the

decline in the number of organisms and is clearly supported by the data of

microbial count (Table 4.6). As fermentation proceeds, pH reduction, total titrable

acidity value and decrease in sugar concentration were dependant on the

bacterial count.

Out of two different acids used, lactic acid treated samples achieved the
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Out of two different acids used, lactic acid treated samples achieved the

highest deproteinisation than hydrochloric acid treated samples (P<0.05). The

difference is due to the number of microorganisms (Table 4.6) and its proteolytic

activity. The less bacterial deproteinisation of shrimp shell, when treated with

HC!, may be due to the destruction of protein that is required to induce protease

enzyme, which is line with a previous study (Inayara et al., 2005). Earlier studies

also confirm the deprotenisation of shell fish waste by fermentation with lactic

acid bacteria (Shirai et al., 1997; Cira et al., 2002). Differences in the extent of

deprotenisation can be due to the method used, geographic source, species of

shrimp waste, source of carbohydrate etc.

4.1.2.2. Mild acid and alkali treatment of the fermented residue to produce

chitin.

A comparison of protein and ash content in the raw material and

fermented shell residue is given in Table 4.9. In our study, maximum amount of

minerals and protein were removed from lactic acid treated samples than HCI

treated samples at the end of the fermentation.

The shrimp waste residue obtained after fermentation can be converted to

chitin. The optimal concentrations of acid and alkali required to covert chitin

depends on the residual protein and ash content which in turn dependent on the

nature of fermentation, type of inoculum, starter culture, carbohydrate source,

fermentation time etc (Shahidi and Synowiecki, 1991; No et al., 1989; Cira et al.,

2002). Chitin was prepared from the fermented residue by chemical method.

Considering the residual protein and ash content in fermented residues, different

trials of chemical treatment were carried out to bring the protein and ash content

within the permissible limit.

Percentage of ash content in the residue after chemical treatment is

depicted in Fig. 4.4. From the figure it is clear that treatment with 0.8 N HCI

produces chitin with ash content less than 1%, which is the permissible limit for

good quality chitin (Tolaimate et al., 2003), in both HCI treated and lactic acid

treated samples. So, 0.8 N HC] was used for chitin preparation.
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Table 4.9. Comparison of protein and ash content in the raw material and fermented

shell residue of Lactobacillus plantarum fermentation

Particulars % of protein content % of ash content

Raw material 37.63±2.13 18.62±O.98

Hel treated 11.06±O.95 5.25±O.49

Lactic acid treated 10.23±O.86 4.37±O.36



Fig. 4.4. Percentage of ash content in the fermented residue on treatment with

different concentrations of acid.
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Fig. 4.5 shows the percentage of protein content in the fermented residue

after chemical treatment. When the residue was treated with 1 M NaOH, protein

content of the residue was reduced to less than 1%, which is the permissible

protein content of standard chitin. So, derroteinisation was conducted with 1 M

NaOH for the conversion of residue to chitin. Chitosan was prepared from this

chitin as per the method described by Madhavan (1992).

4.1.2.3. Characteristics of the chitin and chitosan samples

In the present study. the shell residue was treated with 0.8 N Hel and 1 M

sodium hydroxide for the removal of residual proteins and mineral content

because when these concentrations of acid and alkali used the amounts of

protein and minerals were reduced to permissible limit for good quality chitin

(Shahidi and Synowiecki 1991; No and Meyers 1989; Cira et al., 2002).

Characteristics of the chitin prepared were presented in Table 4.10.

Mineral contents of the chitin prepared from the shell residue were given

in Fig. 4.9. Here, Ca, Na, K and Mg contents of chitin prepared with lactic acid

treated shell residue was found to be less than that of the HCI treated one. This

may be because of the high ionization value of lactic acid. Thus, chitin prepared

from the lactic acid treated residue was good in quality. Lesser the mineral

content, better the quality of chitin (Tolaimate et al., 2003).

FT1R spectra of the chitin prepared from HCI treated fermented residue

(Fig. 4.6) and lactic acid treated fermented residue (Fig. 4.7) were compared with

tt at of commercial chitin (Fig. 4.8). The spectra of prepared chitin by

ferrnentation were found to be spectroscopically similar to the FTIR spectra of

commercial chitin. The percentage of N-acetylation calculated by the spectra of

the prepared chitin was (84.21 and 85.23) also found to be very close to that of

commercial chitin (85.86%)

Chitosan was produced from the chitin isolated from fermented residue.

Properties of chitosan prepared were given in Table 4.11. Molecular weight and

viscosity of chitosan prepared from lactic acid treated samples were found to be
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Table 4.10. Characteristics of chitin prepared from the shell residue of Lactobacillus

plantarum fermentation.

HCI Lactic acid

Moisture 6.52±O.25% 6.54±O.41%

Ash O,76±O.O3% O.52±O,O3%

i Protein O,81±O,O6% O.68±O.O5%

I Chitin 95.41 ±O.62% 96.52±O.51%

Appearance White flakes White flakes

% of N-acetylation 84.21±4,36 85.23±3.18

L......- ___.__ ~~_ _.____~,__~._L



Table 4.11. Properties of chitosan prepared from hydrochloric acid and lactic acid

treated fermented residues of Lactobacillus plantarum fermentation

IProperties IHel treated Lactic acid treated
-

I 1865±120I Viscosity (m Pa.S) 2100±149
I

i Molecular weight (X105
) (Da) 2.75±0.16 3.45±O.18

Degree of deacetylaton (%)' 95±7 88±6



Fig. 4.5. Protein content in the fermented residue of Lactobacillus plantarum

after treatment with different alkali concentrations
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Fig. 4.9. Mineral status of the chitin prepared from the Lactobacillus plantarum

treated fermented residue
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higher than HCI treated ones. Good degree of deacetylation was also noticed in

lactic acid treated samples.

Molecular weight and viscosity of chitosan, prepared from the chitin

obtained from shell residue, was found to be higher in lactic acid treated samples

than HCI treated ones. It can be due to the greater degradation occurred to the

HCI treated samples during pH adjustment as it is a strong acid.

4.1.3. Characteristics of protein liquor obtained after fermentation

4.1.3.1. Biogenic amine composition

During fermentation process, an environment of suitable temperatures, pH

and high levels of free amino acids over an extended period of time for the

production of biogenic amines were created. The presence of biogenic amines in

large quantities is an indication of its spoilage which is dependent upon the

availability of free amino acids, the presence of decarboxylase positive

microorganisms (bacteria containing enzymes which can decarboxylate free

amino acids) and conditions favouring bacterial growth (Halasz :.>t al., 1994).

The biogenic composition of the protein liquor obtained after fermentation

was studied. Putrescine and spermidine were found to be present in both the

HCI treated and lactic acid treated samples. The amino acids, ornitihine and

arginine are precursors of putrescine and spermidine is produced from

putrescine. (Paterson et et., 1990).

lactic acid treated protein liquor, contains 0.2388 ppm putrescine and

0.3975ppm spermidine. Hel treated sample contains 0.2050 ppm putrescine

and 0.3667ppm of spermidine. During lactic acid fermentation, acidic condition

produced favours action of biodegradative decarboxylase and acts on amino

acid precursor to produce biogenic amines (Tabor and Tabor, 1985).

,.1.3.2. Aminoacid composition

Amino acid composition of the protein liquor obtained from the two

treatments were also studied and was presented in the Table 4.12. Protein liquor



Table 4.12. Amino acid composition of the protein liquor (g/100g crude protein)

obtained by Lactobacillus plantarum treatment of shrimp shell

Amino acids Hel Lactic acid

f--._-- ....,,_.--- .._--_.-.~
~--_. ~'-- -------

Histidine 4.09 4.34
I

Lysine 16.21 6.48
I

Valine 5.25 5.36

Methionine 4.62 4.88
I

I Leucine [ 6.85 6.93

I Isoleucine

!

4.62 4.85

Phenylalanine 3.22 3.58

Arginine 0.98 0.92

Threonine 4.14 4.25

Tryptophan 0.75 0.74

I



obtained from fermentation with lactic acid treated shell has found better

proportion of essential amino acids as compared to that HCI treated shell. This

renders this protein liquor for its incorporation in to cattle feed as a protein

supplement. From the results, it was found that there was no deterioration of

amino acids by the action of lactic acid. But, in HCI treated samples, the amount

of amino acids was a little retarded because of the inorganic acid with high pKa

value.

4.1.3.3. Volatile base nitrogen

Total volatile base nitrogen and alpha amino nitrogen of the samples at

the end of fermentation were analysed and presented in the Table 4.13.

Both the spoilage parameters were found to be less in lactic acid treated

broth than HCI treated broth. This can be due to low pH in lactic acid treated

samples than HCI treated ones and which in turn depends on the number of

lactic acid bacteria. TVBN and a-amino nitrogen were present in minute

quantities and well below than permissible limit. According to Connel (1980),

TVBN 100 mg'100g- 1 on dry weight basis of salted dried fish could indicate

spoilage.

4.2. Fermentation studies with Lactobacillus brevis

4.2.1. Optimisation of fermentation parameters

4.2.1.1. Inoculum quantity standardization

0.5 ml of commercial culture of Lactobacillus brevis from MRS broth

transferred to different concentrations of jaggery solution (10%, 15%, 20%,25%

and 30%w/v)produced 108CFU/ml after 24 hrs of incubation at 30°C. So

inoculum rate of 108 CFU/ml was used for the study.

Lactic acid bacteria are normally present in very low numbers in its

biomass and so a suitable starter culture has to be added to the fermenting

media to produce sufficient acid and to compete with other flora of the media

64



Table 4.13. TVBN (Total volatile base nitrogen) and AAN (alpha amino nitrogen) of

protein liquor obtained by Lactobacillus plantarum treatment of shrimp

shell

Hel Lactic acid

TVBN(mg%) 37.82±2.36 36.45±2.54

a-amino nitrogen (mg %) O.56±O.18 O.42±O.17
I



(Knachel, 1981). According to Weinberg and Muck (1996), minimum inoculum

rate of 105-1 06cells/gm was required by the lactic acid bacteria to become the

dominant flora of the fermenting media. And sufficient acid has to be produced

by the added lactic acid bacteria to prevent spoilage and for that also good

inoculum rate is necessary. This factor is very important especially in shrimp

waste fermentation, as it is a highly perishable commodity.

4.2.2. Optimisation of sugar concentration and fermentation period

4.2.2.1. Changes in pH

The changes in pH was shown in the Table 4.14. In all the treatments, pH

showed a first declining trend and thereafter it started increasing. Bacteria

utilizes the available sugar and produces acid and low pH was produced during

initial days. As fermentation proceeded, available sugar depleted ,so less acid

produced and thus pH showed increasing trend at later stages.The changes in

available sugar concentration (Table 4.17) and spoilage signs were shown in all

the samples when the pH started increasing.

The trend of pH changes was found to be same in all fermentation

experiments and it was supported by the work of many authors (Teniola and

Odunfa, 2001; Shirai et aI., 2001; Cira et aI., 2002). The low pH produced at the

start of fermentation is due to the acid produced by lactic acid bacteria utilsing

the sugar (Rao et al., 2000). Later rise in pH was mainly due to the depletion of

sugar for bacterial growth. Calcium solubilised to the media from the shrimp shell

by the action of acid produced, acts as a buffer and was also responsible for the

rise in pH (Zakaria et al., 1998; Shirai et al., 2001). By the action of proteolytic

enzymes in lactic acid bacteria, proteolysis takes place and free amino acids are

produced. And the pH rises due to the release of ammonia, when they started

utilizing free amino acids as sources of carbon and energy (Shirai et al., 2001).

As Lactobacillus brevis is hetero fermentative in nature, pH reduction is due to

different types of acid produced (Loner and Preve-Akesson, 1988)

4.2.2.2. Changes in microbial count

The changes in microbial count was shown in Table 4.15. From the

studies, it was clear that microbial count declined when the available sugar
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Table 4.14. Changes in pH on treatment of shrimp shell with Lactobacillus brevis

at differentjaggeryconcentrations with fermentation time

i Days Jagg.!3ry concentration

I
10% 15% I 20% 25% 30%,

10 - - - - -i

!2 -!4.23±O.21 14.21±O.26!4.20±O.15 4.19±O.25 4.16±0.22
i
!

, 4 14.18±O.1814.13±O.25 4.15±0.16 4.15±O.26 4.13±0.21

:6 4.36±O.1~ 4.28±O.17 4.06±0.21 4.04±O.32 4.01±O.18

! 8 I 4.49±O.21 !4.38±O.24j4.01±0.22 4.02±0.18 4.00±O.15
, I I.---'-------r' ""------T:-

4.20±O.22 4.11±O.25: 10 4.62±O.23 4.53±O.28 14.21±O.14
i

1

12 4.81±O.32 4.61±O.32 4.44±O.36 4.43±O.24 4.45±O.35

1

14 5.09±O.45 4.86±O.33 4.58±O.34 4.55±0.29 4.53±O.32

16 5.14±O.46 5.20±O.28 4.68±O.34 4.62±0.31 4.68±0.38

18 5.35±O.51 5.38±O.25 4.93±O.28 4.92±0.29 4.97±0.39

20 6.52±O.55 5.49±O.22 5.22±0.26 5.28±0.35 5.23±0.41
,



substrate depleted. Initially lactic acid bacteria showed a tremendous growth

utilizing the carbohydrate source for its energy.

4.2.2.3. Changes in proteolytic activity

The changes in proteolytic activity was given in the Table 4.16. Proteolytic

activity first showed an increasing trend in all the treatments and then declined.

Deprotenisation from shrimp shell takes place by the proteolytic activity of

endogenous and microbial enzymes (Shirai et al., 2001; van Kranenburg et al.,

2002). Thus the proteolytic activity is related to number of lactic acid bacteria .In

all the treatments it showed maximum activity when maximum concentration of

lactic acid bacteria present utilizing the available sugar substrate. According to

Dako et al. (1995), proteolytic activity decreased in the presence of calcium ions.

The decline in the number of microorganisms and the presence of calcium

released to the fermenting medium were found to be responsible for the decline

in proteolytic activity. In lower concentration jaggery broth, 10% and 15%, it

showed maximum activity on 4th and 6th day respectively. In 20%, 25% and 30%

fermented broth, it showed maximum activity on the 10th day and after that

started decreasing.

4.2.2.4. Changes in sugar concentration

In the present study, jaggery was used as carbohydrate source for the

growth of lactic acid bacteria. So the broth of jaggery prepared at different

concentrations was used for the inoculum preparation and for fermentation

study. Sucrose is the sugar component in jaggery.

Free sugar is an essential substrate for the growth of lactic acid bacteria

(Raa et aI., 1983) and if shrimp waste alone was added, microbial process will be

retarded. So jaggery an easy available carbohydrate source was used for the

study. Many authors reported the inoculum preparation using MRS media

(Zakaria et aI., 1998; Cira et al., 2002) and produced 10 8 CFU/ml in 24 hrs

incubation time. But in the present study it was found that it attained 108 CFU/ml

in jaggery broth also in 24 h time. Thus by using jaggery as media for inoculum
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Table 4.16. Changes in proteolytic activity (g tyrosine/g protein) of fermented

samples at differentjaggeryconcentrations with respect to fermentation

time

Days Jaggeryconcentration ('J/~)

10 I 15 -----ro 25 30
I

0 -
1

- - - ~

12 6.35±0.42 1 6.58±0.45 ! 6.53±0.42 6.58±0.39 6.58±O.41
I I I

1

4
-i-·------ .~~---------

7.63±0.527.58±0.31 17.64±0.3817.52±0.58 7.63±0.44

f-6
..--------------..---j----- .. -.---- -1-----ti9

9.92±0.845.62±0.41 17.8510.42 9.92±O.65 9.92±0.56

; I .2±Q81t1(8 5.28±0.42--!6.42±0.41 : 10.52±0:81 10.53±0.85 10.56±0.75

15.12±o.~.38 10.85±O.89 10.88±O.8410 10.88±0.76

12 5.00±O.45 5.42±O.32 9.52±0.53 9.53±O.74 9.55±O.71

14 4.92±0.25 5.38±O.38 8.75±O.51 8.79±O.71 8.79±O.68

16 4.81±0.38 5.02±O.36 6.54±0.48 6.55±O.52 6.52±0.61

-
18 4.71±O.35 4.92±0.41 6.42±O.44 5.42±0.45 5.42±O.41

20 4.65±O.35 4.74±.32 15.22±O.45 5.24±O.38 5.27±0.'~5

-___1___
I



Table 4.17. The changes in sugar content (mg %) in fermented samples at different

jaggery concentrations with respect to fermentation time

Days Jaggery concentration

10%
I

15% 20% 25% 30%

0 4.68±0.38 6.32±0.54 12.54±0.89 15.54±1.24 18.50±1.17

19.27±0.652 2.90±0.25 4.08±0.38 11.09±0.98 13.69±0.97, ,

4 2.03±0.22 3.23±0.25 6.32±0.48 7.65±0.61 9.10 ±0.74
--_._--------

6 1.53±0.14 2.03±0.19 4.27±0.36 5.12±0.42 6.06±0.58

8 1.32 ±0.13· 1.85±0.14 3.23±0.27 4.47±0.35 5.26±0.45

10 1.11±0.08 1.13±0.09 2.36±0.21 3.02±0.19 3.49±0.28

12 0.98±0.07 1.01±0.08 2.02±0.21 2.52±0.19 2.99±0.18

14 0.75±0.05 0.97±0.08 1.46±0.19 2.14±0.18 2.02±0.16

16 0.62±0.04 0.82±0.06 1.18±0.08 1.69±0.09 1.72±0.15

18 0.42±0.03 0.62±0.05 1.14±0.09 1.19±0.08 1.43±0.11

20 0.21±0.01 0.43±0.03 0.84±0.07 0.98:+-0.06 1.18±0.09



development, the cost of the MRS media reduced from the total process cost.

During fermentation, lactic acid bacteria utilize sugar and acid was produced as

end product (Legaretta et at., 1996). So not only the type of sugar but quantity of

sugar is also important for fermentation. According to the amount of sugar

available for fermentation, amount of acid was produced. This was clearly

evident from the experiment that when sugar substrate depleted, acid production

reduced and pH started rising. Many authors reported the utilization of different

sources of sugar for fermentation studies (Wang et el., 1997; Zakaria et a/.•

1998: Rao et aI., 2000: Shirai et et.. 2001: Evers and Carroll, 1996). According to

Cir J et al. (2002), the pH was not reduced below 5.6 if glucose concentration

less than 7.5% was used for the fermentation study. So the minimum

concentration of jaggery for the study was taken as 10%w/v. In all the five

treatments, about 45-55% of sugar was utilized for the inoculum development in

the first 24 hours of incubation. And only remaining sugar was available for the

fermentation studies. In all the treatments it was found that sugar concentration

depleted with fermentation time.

4.2.2.5. Optimisation of sugar concentration

To optimize the sugar concentration, different parameters like pH, total

titrable acidity, extent of utilization of sugar, proteolytic activity, percentage of

deprotenisation etc were studied. And extent of protein removed from the shell

was taken as dependent variable to optimize the sugar concentration. The extent

of protein removed from shrimp shell was clearly depicted in the Table 4.18.

There was significant difference in the extent of deprotenisation in samples taken

from 10%,15% and 20%w/v sugar broths (P< 0.05). But in 20%, 25% and 30%

broth, there were no significant difference in percentage of deprotenisation. A

maximum of 67.5% of protein were removed from shrimp shell at the end of

fermentation. It was found that, by increasing the sugar concentration above

10% (amount of jaggery available for fermentation study after the inoculum

growth), water activity was reduced due to the large water binding substance,

sucrose. Thus the la9 phase of lactic acid bacteria extended (Shirai et et., 2001)

and its activity reduced. That may be reason for the decreased proteolytic activity

of lactic acid bacteria even if sugar concentration increased. So for fermentation
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Table 4.18. Percentage of deprotenisation in fermented samples at different jaggery
concentrations with respect to fermentation time.

Jaggery Concentration

Days 10% 15%

-I
20% 25% 30%

0 - - - - -

2 13.82±1.123 13.93±1.083 15.22±1.16 3 15.23±1.36 15.25±1.54

4 21.64±1.823 22.92±1.123 23.52±1.52 3 23.56±1.45 23.59±1.84

6 36.42±2.103 36.17±2.51 3 33.64±1.85 3 33.68±2.14 33.69±2.87

8 43.67±2.51 3 44.92±3.223 48.91±2.69 3 48.96±3.84 48.99±2.96

10 43.85±2.563 49.71±3.623 61.25±3.85 3 61.27±4.21 61.25±3.56

12 48.89±3.21 a 56.86±4.153 62.83±3.95 a 64.87±4.12 64.89±3.87

14 59.96±3.253 61.89±4.21 a 63.32±4.26 3 64.33±4.52 65.33±3.96

16 61.01±4.25a 65.92±3.653 66.33±4.51 3 67.33±4.86 67.34±3.84

18 61.26±3.873 67.11±3.97 3 67.34±4.56 3 67.34±5.64 67.35±4.65

20 62.35±3.963 67.26±3.983 67.34±4.84 a 67.35±5.26 67.35±4.21

a P<0.05 significantly different compared with differentjaggeryconcentrations



process using Lactobacillus brevis for the production of chitin, 20%w/v jaggery

broth was selected for the study.

4.2.2.6. Optimisation of fermentation time

To optimize the fermentation period, spoilage of the sample and

percentage of deprotenisation were considered. The number of days the

samples in different sugar broths remained in acceptable condition was shown in

the Fig. 4.10.

At 10% jaggery broth, signs of spoilage like off odour, presence of mould

on the surface etc was observed on the 8th day, well in correlation with pH rise

and sugar depletion and it remained in acceptable condition till 10th day

according to odour evaluation done by the panelists. Acceptable conditions were

observed in 15% jaggery broth on 1z" day and 20%, 25% and 30% jaggery

broth on 16th day.

During fermentation, the low pH and different antimicrobial compounds

released by lactic acid bacteria like H20 2 , acetoin and bacteriocins prevents

spoilage bacteria (Zakaria et al., 1998; Raa et al., 1983; Hugas and Monfort,

1997). But as fermentation proceeds, due to the proteolytic activity of lactic acid

bacteria, proteins are break down to small peptides and this reduced the water

activity during fermentation (Shirai, 1999, Homer, 1997). Thus the reduction in

water activity affects the growth of lactic acid bacteria and spoilage bacteria

startedtl1t''ifactivity. That may be the reason for signs of spoilage found in all the

treatments. And in higher sugar concentrated broth, water activity reduced due to

the presence of water binding sugar, and the lag phase of lactic acid bacteria

extended (Shirai et et., 2(01) And spoilage bacteria compete with lactic acid

bacteria for the metabolizable sugar and putrefaction occurs.

And there were no significant ditterence in the extent of deprotenisatiun

on 16th
, 18th and ?Oth day. So by'considering the percentage of deprotenisation

and spoilage factor, 16 days of incubation was taken for the study.
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4.2.3. Fermentation of shrimp shell using Lactobacillus brevis for the

production of chitin and chitosan

4.2.3.1. A comparitive study -The initial pH of the shrimp shell adjusted

with an organic acid (Lactic acid) and inorganic acid (Hel)

4.2.3.1.1. Changes in pH

The changes in pH was given in the Table 4.19. The changes in pH was

found to be similar to that observed in fermentation using Lactobacillus

plantarum. Lactobacillus brevis is a hetero fermentative in nature,and so pH

reduction is not only due to lactic acid (TenioJa and Odunfa, 2001).

Fermentative bacteria first utilizes the metabolisable sugar available in the

substrate for its energy and carbon source.lt converts the sugar to acidic end

products via pyruvate to produce energy (Leroy and de Vuyst, 2003). Thus the

pH decreased in accordance with the acid production. Later when the sugar

source depleted, it started utilizing the proteinaceous matter in the shell and

produced small peptides and aminoacids. Ammonia is produced by the utilization

of aminoacids by the microorganism (Allagheny et al., 1996). Thus the pH

started rising. Acid produced caused the deminerlisation of shrimp shell and

calcium solubilised from the shell also responsible for the hike in pH (Shirai et al.,

2001 ).

The pH reduction and the quantity of acid produced was found to be

more in the lactic acid treated samples than HCI treated samples. This difference

may be due to the destruction of quantity of starter culture by Hel when it was

utilized for initial pH adjustment.

4.2.3.1.2. Changes in microbial count and sugar concentration

The changes in microbial count was shown in the Table 4.20. 0.5 ml of

inoculum inoculated into the jaggery broth produced 108 CFU/ml and it utilizes

about 45% of jaggery in the first 24 hrs of incubation (Fig. 4.11).The microbial

count increased in both Hel and lactic acid treated samples utilizing the sugar

source and when the sugar source depleted ,a general decrease in count was
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Table 4.19. Changes in pH during fermentation samples treated with

Lactobacillus brevis where the initial pH was adjusted with Hel and

lactic acid.

DAYS I HCI Lactic acid

_.--L.
a - -

2 4.36±O.26 1 4.24±0.31

4 4.47±0.22 P·18±O.34

6 4.18±0.36 4.1±O.26

8 4.06±O.31 4.0±0.21
I

10 4.04±0.27 4.01±O.28

12 4.14±O.24 4.11±O.31

14 4.62±O.35 4.48±O.36

16 4.79±O.39 4.67±O.39



Table 4.20. Changes in bacterial count (CFU/ml) of the ensilage produced by the

fermentation with Lactobacillus brevis

Days Hel Lactic acid

0 2.13X108 2.20X108

I
2 I 2.20X10~ 2.43X109

i i

I 4
1 2.46X10

9 2.58X109

I

i
6 2.73X108 2.81X108

~

I 8 2.89X109 ,2.96X109

I
I 0;

I
I 10 2.92X108 2.97X10!:i

12 2.56 X10ti 2.65X10ti

14 2.14 X10ti 2.38X10B

16 1.98 X108 1.99 X108



Fig 4.11. Changes in jaggery concentration of fermenting samples during

ensilation with Lactobacillus brevis
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noticed. The extent of utilization of sugar was given in Fig. 4.11. At the end of

fermentation about 95% of sugar was utilised by the lactic acid bacteria. When

the sugar source depleted, it depends on protein matter for its energy. Spoilage

and off odour was noticed in both the samples when they started utilizing the

amino acids and ammonia was released (Shirai et al., 2001).

The number of microbial organisms was found to be more in lactic acid

treated samples than Hel treated samples. Accordingly the utilization of sugar

was found to be more in lactic acid treated samples.

4.2.3.1.3. Deprotenisation and demineralisation

The extent of deprotenisation with fermentation time was given in the

Table 4.22. The proteins are removed from the shell with the help of proteolytic

enzymes present in lactic acid bacteria (Shirai et al., 2001). The trend of activity

of proteolytic enzymes was shown in the Table 4.21. It showed an increasing

trend upto io" day and thereafter it started decreasing. This has good

correlation with the number of lactic acid bacteria (Table 4.20). When the count

started reducing with sugar depletion, its activity also declined. And the calcium

ions solubilised from shrimp shell due to the action of acid produced also

inversely affected the proteolytic activity (Dako et al., 1995). About 67.5% and

68.1% of proteins were removed from the shrimp shell treated with HCI and lactic

acid respectively.

In lactic acid treated samples, deprotenisation was found to be more than

HCI treated samples. This was due to the fact that proteolytic activity is directly

proportional to the number of microorganisms.

The acid used for the initial pH adjustment affected the percentage of

demineralization. Its trend was shown in the Table 4.22. In the initial days, HCI

treated samples showed greater demineralization than lactic acid treated

samples. This difference may be due to the difference in strength of the two

acids. In the following days, demineralization was brought by the acid produced

by the lactic acid bacteria. At the end of fermentation, 66.3% and 67.4% of ash
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Table 4.21. Changes in proteolytic activity (g tyrosinel g protein) of Lactobacillus

brevis during fermentation.

Days HCt Lactic acid
!

I0 ! - -r

I--- - II ------
2 6.2111 ±O. 34 6.7241±0.36

!

4 +-= 7.6892±0.41I7.2619±0.42
I r·6584±0.566 19.2521±0.54
I

8 I 10.0143±0.43 ! 10.6347±0.51
I i
I ----l

10 ! 10.4589±0.42 10.8756±0.49

12 9.3596±0.52 9.7216±0.48

14 8.3452±0.38 8.9689±0.42

16 6.5296±0.39 6.8875-1;0.42



Table 4.22. Percentage of protein and ash removed from the shell during

fermentation with Lactobacillus brevis

Days Hel treated Lactic acid treated

o

2

%of protein

removed

15.92±O.81

%of ash

removed

15.62±O.68

22.85±1.78

%of protein

removed

16.62±1.34

%of ash

removed

7.92±O.62

16.65±1.38

4 25.33±1.76 23.53±1.76

6

8

10

12

14

30.74±1.85

38.51±3.46

47.35±3.66

54.32±4.11

60.91±5.22

67.52±3.26

34.54±2.32

40.24±3.65

48.92±4.23

56.44±4.58

61.65±5.26

66.32±4.29

32.62±2.33

40.48±3.48

48.62±4.12

56.64±5.42

62.26±5.44

68.15±4.83

29.84±3.54

36.91±3.13

49.25±4.58

56.96±4.14

62.04±5.47

67.48±4.12
~_--....l- I -----L. ....L.- -J



was removed from HCI treated and lactic acid treated samples respectively. In

the following days of fermentation, in HCI treated samples acid production was

less and that was reflected in the extent of demineralization. It may be due to the

destruction of inoculum quantity when HCI was used for initial pH adjustment.

4.2.3.2. Mild chemical treatments of fermented residue to produce chitin

Table 4.23 compares protein and ash contents of the fermented residue

with that of the raw material

Fig. 4.12 shows the percentage of protein content in the fermented

residue treated with different concentrations of sodium hydroxide.

Different concentrations of sodium hydroxide treated with fermented

residue removed the residual protein and it was found that 1.2 M and 1.4M

NaOH treatments were most efficient in reducing the residual protein level less

than 1%. So we have chosen less strength 1.2 M NaOH for the production of

chitin.

Fig. 4.13. shows the percentage of ash content in the fermented residue

treated with different concentrations of hydrochloric acid. Among the different

concentrations of acid treatment to remove the residual ash content, 1N, 1.2 N

and 1.4N HCI treatments reduced the ash content to less than 1% in the

fermented residue. So, the minimum concentrated HCI (1N) was chosen for the

study.

Chitosan was prepared from the chitin.

4.2.3.3. Properties of chitin and chitosan prepared

The properties of chitin prepared were presented in the Table 4.24. Chitin

prepared from HCI treated and lactic acid treated fermented residue showed

almost similar properties.

Mineral content of the chitin samples were presented in the Fig. 4.14.

Calcium content was found to be more in both the samples. This was due to the
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Table 4.23. Comparison of protein ana- ash content of the Lactobacillus brevis

fermented residue with the raw material

I Particulars % of protein content % of ash content

Raw material 35.96±3.15 19.25±1.12

Hel treated 11.68±1.16 6.49±O.15

Lactic acid treated 11.47±1.01 6.27±O.26

I



Table 4.24. Properties of chitin prepared from the shell residue obtained by

Lactobacillus brevis fermentation

Hel Lactic acid

Moisture : 6.81±O.3% 6.84±O.4%

IO.751±O.O4%Ash O.729±O.O3%

IO.815±O.O5%Protein O.802±O.O4%

Chitin i 94.6±O.6% 94.9±O.5%

I
Appearance I White flakes White flakes

I
%of N-acetylation I 84.4t5.3 85.6±5.1

I



Fig. 4.12. Percentage of protein content in fermented residue subjected to

different NaOH concentrations
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F ~ 4. 13. Percentage of ash content in the fermented residue subjected to

different HCI concentrations .
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Fig. 4.14. Mineral content of chitin prepared from the fermented residue

obtained after the treatment with Lactobacillus brevis
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fact that the main constituent of shrimp shell is calcium carbonate (Legarreta et

el., 1996).

FTIR spectra of chitin prepared from Lactobacillus brevis fermented

residue were shown in Figs 4.15 and 4.16. There was not much difference found

in the spectra of HCI and lactic acid treated chitin samples. Percentage of N

acetylation values calculated from the spectra were 84.4 and 85.6 for Hel and

lactic acid treated samples respectively. These values were

margjna~ifferent

Properties nf chitosan prepared from the two chitin samples were

presented in the Table 4.25.

Viscosity and molecular weight were found more in chitosan prepared

from lactic acid treated samples than HCI treated samples (Table 4.25). This can

be due to greater degradation that happened in HCI treated samples during pH

adjustment.

From the studies it was found that lactic acid was better than Hel for initial

pH adjustment.

4.2.4. Characteristics of protein liquor obtained after fermentation

4.2.4.1. Biogenic amine composition

The biogenic amine composition of the protein liquor obtained after

fermentation was studied. It was found that putrescine was present in both the

samples in minute quantities. Lactic acid treated broth, contained 0.1655 ppm

and HCI treated broth contained 0.1357 ppm putrescine. Putrescine, the

biosynthetic precursor of polyamines, was produced by two pathways. One by

the decarboxylation of ornithine and another by the decarboxylation of arginine to

ag natine (Morris and .lorstad, 1970: Moreno-Arribas et al., 2003). In shrimp

waste ensilage, biodegradatlve decarboxylase were produced, when cells were



Table 4. 25. Properties of chitosan prepared with the chitin obtained from

Lactobacillus brevis treated fermented residue.

I Properties Hel Lactic acid

IMoisture (%) 7.7±O.5 7.8±O.3

! Appearance Off white flakes Off white flakes

i Acid Insoluble ash Nil Nil
i
I Solubility (10%) in 1%acetic acid 95% 93%

, Viscosity (m Pa.S) 1680±138 1742±124,

I
,
!

I Molecular weight (XW) (Da) 2.56±O.15 2.81±O.12

I Degree of deacetylaton (%) /84±6 81±7
I
I
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grown in an acidic enriched medium containing the corresponding amino acid

precursor produced by the break down of proteins (Tabor and Tabor, 1985).

4.2.4.2. Amino acid composition

Amino acid composition of the protein liquor obtained from the two

treatments were also studied and was presented in the Table 4.26. Here also, it

is well clear that the protein liquor obtained from lactic acid treated shell reside,

has more quantity of amino acid than in HCI treated one.

This may be because of the less dissociation property of lactic acid.

4.2.4.3. Volatile base nitrogen

Total volatile base nitrogen and alpha amino nitrogen of the samples at

the end of fermentation were analysed and presented in the Table 4.27.

Both the spoilage parameters were found to be less in lactic acid treated

broth than HCI treated broth. This can be due to low pH in lactic acid treated

samples than HCI treated ones and which in turn depends on the number of

lactic acid bacteria.

4.3. Fermentation experiments using Bacillus subtilis

4.3.1. Optirnisation of fermentation parameters

4.3.1.1. Type and Quantity of inoculum

Bacillus subtilis neutral protease was commonly used as the commercial

starting material for fermentation (Lauer et al., 2000). Besides neutral protease, it

has amylases also to act on carbohydrates. Calcium is required for the structural

stability of the protease enzyme. And amylases of Bacillus species are believed

to be metallo enzymes having calcium as the cofactor (Fisher and Stein, 1960).

When combined with calcium ions, these amylases are resistant to proteolysis

(Fisher et al., 1958) and also it prevents neutral protease autolysis (Tsuru et al.,

1964). So for the present study Bacillus subtilis was selected because of its
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Table 4.26. Amino acid composition (g/100g crude protein) of the protein liquor

obtained by Lactobacillus brevis fermentation

Amino acids F' Lactic acid
I

Histidine 1 4.21 4.72

1
-~Lysine 1 6.01

I

I I
Valine ! 5.32 [5.49

!

I Methionine ;4.68 ~

._~--_.-.--------+
Leucine ,7.62 16.86

!

Isoleucine 4.53 4.62

Phenylalanine 3.86 3.98

Arginine 1.14 1.23

Threonine 4.25 4.37

Tryptophan 0.64 0.69 I

I



Table 4.27. Total volatile base nitrogen (TVBN) and a-amino nitrogen contents of

the protein liquor obtained after fermentation with Lactobacillus brevis

! Hel I Lactic acid

-------+----1-~~---i
I 43.42±2.15 I 28.08±1.42TVBN (mg%)

a-amino nitrogen(mg %) 0.87±0.12 0.68±0.15



proteolytic nature and calcium is present in the substrate for its stability. And also

optimum activity of Bacillus is around neutral pH and shrimp shell was found to

be good substrate for its activity. Because of its amylase activity, it produces acid

by its action on the sugar source provided for its growth and thus prevents the

action of spoilage bacteria.

0.5 ml of commercial culture of Bacillus subtilis from nutrient broth

transferred to different concentrations of jaggery solution (10%, 15%,20%,25%

and 30%w/v)produced 108CFU/ml after 24 h of incubation at 30° C. So inoculum

rate of 108 CFU/ml was used for the study. The growth of bacillus species was

rapid during the first 18-24h time and it produces more than 108 CFU/ml of cells

(Kiers et et., 2000).

4.3.1.2. Optimisation of sugar concentration

Based on the extent of demineralization and deprotenisation, sugar

concentration for the present study was standardized.

The extent of protein and ash removed from the shell were shown in the

Tables 4.28 and 4.29. The neutral protease in Bacillus subtilis was responsible

for the proteolysis of the shrimp shell (Bustos and Healy, 1994; Lauer et al.,

2000). It was found that their activity was more in the first 48hrs of fermentation,

when they attained a pH around 6. According to Yang et al. (2000). they require

an optimum pH of 6 and optimum temperature of 30° C for their maximum

proteolytic activity. There was significant difference in the extent of

deprotenisation between samples from "10%, 15% and 20% sugar broth

(P<0.05).But there 'was no significant difference in the percentage of protein

removed in the samples taken from 20%, 25% and 30%. A maximum of 84 % of

protein was removed from the shrimp shell at the end of fermentation.

Demineralisation also occurred to the shrimp shell due to the acid produced by

the Bacillis species. Sarkar et al. (1993) earlier reported about their acid

production potential utilizing sugars as substrates for their growth. Acid produced

reacts with calcium carbonate present in the shrimp shell and solubilised as its

salt. This demineralization percentage was also higher in the initial fermentation
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Table 4.28. Percentage of deprotenisation of fermented samples at different jaggery
concentrations with respect to fermentation time.

Days jaggery concentration

10 15 20 25 30

0 - - - - -

2 32.51 ±2.61 a 32.47±2.45a 33.42±1.89 a 34.25±2.41 34.96±2.14

4 38.42±2.45 a 39.02±2.20a 41.64±2.69 a 41.98±2.36 42.26±2.58

6 50.25±3.85 a 51.45±2.96a 53.89±3.12 a 54.21±3.56 54.69±3.47

8 53.59±2.96 3 62.00±3.853 64.10±4.09 a 64.56±3.95 64.98±4.56

10 57.89±3.54 a 69.23±3.69a 72.85±3.25 a 73.24±4.51 73.59±4.98

12 60.08±4.31 a 72.85±3.48a 79.56±3.48 a 79.97±4.15 80.09±5.87

14 63.33±4.08a 74.94±4.368 84.31±3.963 84.33±5.84 84.33±5.69

16 65.56±4.698 75.21±4.85a 84.33±4.81 8 84.33±5.45 84.36±6.28

18 66.05±5.483 75.54±4.968 84.34±4.458 84.35±5.84 84.36±6.48

20 66.25±5.298 76.26±5.288 84.34±4.698 84.36±5.62 84.37±6.96

a P<0.05 significantly different compared with different jaggery concentrations



Table 4.29. Percentage of demineralisation of fermented samples at different jaggery

concentrations with respect to fermentation time

Days jaggery concentration

10 15 20 25 30

0 15.42±1.523 15.87±1.943 16.15±1.92 a 16.85±1.87 16.83±1.94

2 34.52±1.85a 34.98±2.543 35.61±2.41 a 35.9±1.96 36.01±2.65

4 44.87±2.15a 44.92±2.58a 46.23±2.56 a 46.87±3.14 46.98±2.54

6 50.25±3.85a 53.82±2.963 56.84±2.85 a 56.93±4.52 56.99±2.87

8 52.47±3.963 54.69±2.98a 63.78±2.74 3 63.82±4.63 63.97±3.68

10 52.68±3.483 55.94±3.09a 67.25±3.56 a 67.82±4.68 68.12±3.69

12 52.72±3.953 56.05±3.853 70.69±4.18 a 70.82±5.85 71.05±4.18

14 52.84±3.873 56.24±3.953 72.56±4.19 a 72.63±5.46 72.95±4.29

16 52.96±4.21 a 56.43±3.453 72.69±5.47 a 72.70±5.63 72.95±4.58

18 53.12±4.20a 56.68±4.52a 72.85±5.85 3 72.86±6.25 72.96±4.96

20 53.34±3.98a 56.81±4.693 72.86±5.63 a 72.87±6.85 72.97±4.98

a P<0.05 significantly different compared with differentjagger,concentrations



days due to the greater acid production. Subsequently when tbe sugar

concentration in the fermenting broth depleted, acid production also declined. In

the experiments it was found that there were significant difference in the extent

of demineralization in samples taken from 10%, 15% and 20% sugar broth

(P<0.05). But significant difference in the percentage of demineralization was

found in the samples taken from 20%, 25% and 30% sugar broths. About 72% of

minerals were removed from the shrimp shell at the end of fermentation.

In higher concentrated sugar broths, water activity was greatly affected by

the rnetabolisable sugar and thus it reduced the microbial count. This was clearly

reflected in the extent of deprotenisation and demineralisation. So, low

concentrated sugar broth 20% w/v was.selected for the study.

4.3.1.3. Optimisation of Fermentation Period

For optimizing the fermentation period, odour evaluation results, pH

changes, extent of demineralization and deprotenisation wee studied.

Based on the odour evaluation done by the panelists, spoilage of sample

in different sugar broths was studied. The number of days the sample remained

in acceptable condition was represented in the Fig. 4.17. Spoilage of the sample

was indicated by the off odour and presence of mould on the surface of the

broth. With fermentation time, due to the break down of proteins to amino acids,

water activity of the media was reduced and thus spoilage bacteria started their

activity. The rise in pH also favours their activity.

In 10% sugar broth showed spoilage signs on 6th day and it remained in

acceptable condition till ro" day. Similarly 15% remained in acceptable condition

till 1~th day and 20%, 25% and 30% remained for 16 days. In low concentrated

sugar broths (10% and 15%), when the available sugar source depleted it started

using the proteins and showed early spoilage signs of putrefaction. And in high

concentrated sugar broth (20%, 25% and 30%), showed spoilage signs on the

same day. Reduced water activity due to high sugar content affected the

microbial count Studies found that there was no significant difference in the
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Fig. 4.17. The number of days samples remained in acceptable condition during

fermentation with Bacillus subtilis at differentfaggery:oncentration.
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extent of deprotenisation and demineralisation in the samples taken on 14th
, 16th

,

18111 and zo" day. But significant difference was found between 2nd
, 4th

, 6th
, 8th

,

to". 1ih and 14th day (P<0.05).

Thus considering the spoilage and degree of deprotenisation and

demineralisation, 15 days of fermentation study using 20% w/v sugar broth was

selected.

4.3.2. Fermentation of shrimp shell using Bacillus subtilis for the

production of chitin and chitosan (Sini et al., 2007)

4.3.2.1. Changes in pH

During fermentation. pH of the liquor samples first showed decreasing

trend upto 8th day, thereafter it started rising (Fig. 4.18). An initial decrease in pH

was noticed in samples and that could be due to the ability of the strain Bacillus

suotii!s to initially use sugars as substrates for their growth (Sarkar et al., 1g93)

and simultaneously they produce acid via pyruvate (Leroy and de Vuyst, 2003).

Low pH condition prevents the decay of shrimp shell, which are colonized by the

spoilage and pathogenic organisms (Zakaria et al., 1998). By 8th day, about 87%

of sugar in the jaggery broth was utilized by the organism. So, when the sugar

substrate was depleted, acid production decreased and pH started increasing

(Legarreta et et., 1996). The acid produced was responsible for the extent of

demineralization noticed in the samples at the end of fermentation (Rao et al.,

2000). During fermentation, proteolysis occurs and ammonia is released due to

utilization of amino acids for the growth of the bacteria (Sarkar et al., 1993; Kiers

et ei., 2000; Ohta, 1986; Steinkraus, 1992; AlIagheny et et., 1996).This also may

cause the hike in pH.

4.3.2.2. Extent of deprotenisation and demineralization

Deprotenisation from shrimp shell was brought about by the activity of

neutral protease of Bacillus subtilis (Lauer et aI., 2090; Bustos and Healy, 1994).

Yang et al. (2000) found that optimum activity of protease produced by Bacillus
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Fig. 4.18. Changes in pH during fermentation of shrimp shell using Bacillus

subtliis
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subtilis takes place at 30° C and pH of 6. In the present work also, it showed

maximum proteolytic activity of 10.6875 g tyrosine/g protein after 48 hrs of

fermentation when the pH of the liquor was 5.9. The proteolytic activity remained

fa;rly constant for 5-6 days during fermentation (Fig. 4.19). These changes were

clearly supported by the reports of Allagheny et al. (1996) and Sarkar et al.

(1993).

During fermentation, when the available carbohydrate source was utilized

by the microorganisms for their growth, acid was released and this was

responsible for calcium solubilisation from the shrimp shell (Rao, 2000). As the

calcium ion concentration increased in the fermenting media, proteolytic activity

showed a decreasing trend. Tsuru et al. (1964) reported that calcium is

recognized to prevent protease autolysis.

Table 4.30 shows the protein and ash content of the fermented residue.

About 84% of protein and 72% of minerals were removed from the shrimp shell

at the end of fermentation.

4.3.2.3. Mild chemical treatment of fermented residue for the production of

chitin.

To produce chitin of standard qualities, residual protein and ash content of

the fermented residue has to be removed by mild acid and alkali treatments.

Different concentrations of hydrochloric acid and sodium hydroxide were tried to

remove ash and protein respectively (Figs 4.20 and 4.21)

Considering the statistical significance (P<O.05) in the extent of

demineralization trials, we have taken 0.8N HCI for the demineralization study.

Similarly, among different alkali concentrations tried, 0.6M NaOH was used for

the deproteinisation (P<0.05).

Many previous works reported the chemical treatment of the fermented

residue to remove the residual protein and ash (Cira et al., 2002; Shahidi and

Synowiecki, 19~1: No et et., 1989). The optimal concentrations of the acid and
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Table 4.30. Protein and ash content of the shell residue obtained after Bacillus

subti/is fermentation

I Particulars I% of protein content % of ash content
I

Raw material : 38.1 O±2.15 18.53±O.89
I

Fermented residue 6.09±O.42 5.19±O.36



Fig. 4.19. Changes in proteolytic activity during fermentation with Bacillus

subtilis.
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Fig. 4.20. Percentage of ash content in the fermented residue treated with

different concentrations of Hel.
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Fig. 4.21. Percentage of protein content in fermented residue treated with

different concentrations of alkali
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alkali required depends on the residual protein and ash contents. This was

dependent on the type of the raw material, type of the starter culture, fermentation

time etc.

Chitosan was prepared from the chitin produced.

4.3.2.4. Characteristics of chitin and chitosan prepared from the fermented

residue

Table 4.31 presents the characteristics of the chitin prepared. The chitin

content of the product was found to be 94.6%. Mineral content (calcium, sodium,

potassium and magnesium) in the chitin prepared from the shrimp shell is shown in

Fig. 4.22. From the figure, it is clear that calcium content is more than other minerals

in chitin. This is due to the fact that the main constituent of minerals in shrimp shell

is calcium carbonate (Legarreta et aI., 1996). Mild acid treatment after fermentation,

reduced the mineral content to permissible limit in chitin prepared. One of the

factors determining the good quality of chitin is low mineral content (Tolaimate et

al., 2003).

FTIR spectra of chitin prepared is depicted in the Fig. 4.23. The spectrum

was found to be similar to the commercial chitin (Fig. 4.8). There are no noises of

impurities found. Since, it is having better percentage of individual functional groups,

the chitin prepared by the bacillus fermentation shoulders with the chitin availed

commercially in purity aspect. The percentage of N-acetylation, calculated from the

FTIR spectrum, was also found to be remarkable, Le; 84.4%.

Characteristics of chitosan prepared were given In Table 4.32. Chitosan

prepared was found to have good viscosity and high molecular weight. FTIR

spectrum of the prepared chitosan was presented in Fig. 4.24 and it was observed

to be similar to that of commercial chitosan (Fig. 4.25).

4.3.2.4. Comparison between different microorganisms on the extent of

deprotenisation and demineralization

It was found that there was significant difference (P<O.05) in the extent of

protein removed in samples fermented with Lactobacillus plantarum and Bacillus

subtilis and between Lactobacillus brevis and Bacillus subtilis (Table 4.33). About

84% protein were removed in samples fermented with Bacillus subtilis. Significant

analyses were carried out for the extent of demineralization also (Table 4.33). It was

found that there was not much significant difference in the extent of demineralization
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Table 4.31. Properties of chitin prepared from the fermented residue obtained by

Bacillus subiilis fermentation

17.82± 0.20

~:~stur~____._ !7.12± 0.4%
I
Ir0.85± 0.04%

I

I
Protein 0.81± 0.05%

Chitin 94.61± 0.60%

I Appearance White flakes
I I

I % .of N-acetylation I 84.42± 5.30
I
rH



Table 4.32. Characteristics of chitosan prepared.

Moisture (%) 7.62±O.53

Ash (%) O.83±O.O6

Appearance Off white flakes
I

Acid Insoluble ash Nil

Solubility (10%) in 1%acetic acid 95%

Viscosity (m Pa.S) 1685±138

Molecular weight (X1O:J) (Da) 2.62±O.15

Degree of deacetylaton (%) 83±7



f:ig. 4.22. Mineral content of the chitin prepared from the shell residue of

Bacillus subtilis fermentation
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Table 4.33. Comparison of extent of deproteinisation and demineralization of shell

fish waste after fermentation with different microorganisms.

I Extent of Extent of,
deproteinisatio n demineralisation

Microorganism (%) (%)

Bacillus subtilis 84.02±O.2 a,b 71.99±O.63

Lactobacillus plantarum 72.8±5.98 a 76.5±6.47
Lactobacillus brevis 68.15±4.83 b 67.48±4.12

a P<O.05 significantly different compared with different microorganisms

b P<O.05 significantly different compared with different microorganisms



with three different microorganisms. In fermentation trials with Lactobacillus

plantarum and Lactobacillus brevis, initial pH adjustment were done with HCI and

lactic acid during the first 5-6 hrs of fermentation to avoid spoilage. So this acid

treatment also influenced the demineralization process during fermentation with the

two Lactobacillus species. But with Bacillus species, demineralization effected only

due to the acid produced by the organism during fermentation.

5. SUMMARY AND CONCLUSION

Since, chemical method, which is used conventionally nowadays,

deteriorates the properties of the chitin prepared, biological method of

deproteinisation and demineralization for chitin preparation can be adopted as an

alternative. This study is an attempt to go deeper to the beneficiaries of fermentation

techniques for the preparation of chitin from shrimp shell waste. Efficiency of three

different strains of bacteria for the removal of proteins and minerals from the shrimp

shell was studied. Lactobacillus plantarum, Lactobacillus brevis and Bacillus subtilis

were used for the study.

Fermentation parameters were optimized for the fermentation with all the

three strains. Type and quantity of the sugar, quantity of the inoculum, fermentation period

etc. were standardized by studying different fermentation parameters like changes in pH,

total titrable acidity, changes in proteolytic activity, changes in microbial count, sensory

evaluation for spoilage, extent of deproteinisation and extent of demineralization.

In all the studies, it was found that pH first started decreasing with fermentation time

accordingly total titrable acidity was increased. This was in line with the increase of

proteolytic activity. After reaching the optimum level, proteolytic activity showed a declining

trend and parallely pH started increasing as the acid production yielded to low. During

fermentation, the bacterial strains utilized the sugar available in the fermenting

media and at the end of fermentation; about 87% of the sugar was utilized. From the

optimization studies, 20% w/v jaggery broth containing 108 CFU/ml Lactobacillus

plantarum was used for fermentation studies for 15 days. To adjust initial pH

adjustment, mild HCI and lactic acid were used for the study. Lactic acid treated

samples showed greater extent of demineralization and deprotenisation at the end of

fermentation study than hydrochloric acid treated samples. It can be due to the effect of

strong hydrochloric acid on the initial microbial count, which directly affects the

fermentation process. At the end of fermentation, about 76.5% of ash was

removed in lactic acid treated samples and 71.8% in hydrochloric acid treated

samples; 72.8% of proteins in lactic acid treated samples and 70.6% in
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hydrochloric acid treated samples. Lactic acid treated samples showed greater

extent of demineralization and deprotenisation at the end of fermentation study

than hydrochloric acid treated samples. The residual protein and ash in the

fermented residue were reduced to permissible limit by treatment with 0.8N HCI

and 1M NaOH to produce chitin. The properties of chitin and chitosan were

studied.

Detailed fermentation study with Lactobacillus brevis, was done with 20%

w/v jaggery broth for 17 days. All the parameters affecting the fermentation like

pH changes, changes in microbial count, changes in proteolytic activity, sensory

changes etc were studied. At the end of fermentation, protein remaining in the

samples were only 32.48% in Hel treated samples and 31.85% in lactic acid

treated samples. About 33.68% of residual ash was present in HCI treated

samples and 32.52% in lactic acid treated ones. For conversion to chitin, mild

acid and alkali treatments were standardized. The fermented residue was

converted to chitin with good characteristics by treatment with 1.2M NaOH and

1N HCI in both HCI treated and lactic acid treated samples. Chitosan prepared

from the chitin prepared from the fermented residue was with high molecular

weight and high viscosity.

Fermentation with Bacillus subtilis was done for 15 days with 20%w/v

jaggery broth. From the studies it was found that the proteolytic activity of

Bacillus was more compared to Lactobacillus strains. The residual protein

content was only 16% and residual ash content was about 28% in the fermented

residue. Different trials of mild acid and alkali treatment done to standardize the

chemical treatment concentration for the preparation of chitin. a.8N HCI and

a.6M NaOH was used for the preparation of chitin.

From the studies It was found that Bacillus subtilis strain was the most

efficient for removing the proteins from the shrimp shell than Lactic acid bacteria.

But the extent of demineralization obtained was almost similar in fermentation

trials with LactobaciJIus plantarum and Bacillus subtilis. Protein liquor obtained

from Lactic acid fermentation was also studied to study the extent of spoilage.
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Chitosan with highest viscosity and molecular weight was obtained in

Lactobacillus plantarum fermentation.
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Fermentation of shrimp shell in jaggery broth using Bacillus subtihs for the production of chitin and chitosan was inves
Itwas found that B. subtilis produced sufficient quantities of acid to remove the minerals from the shell and to prevent spoil
nisms. The protease enzyme in Bacillus species was responsible for the deprotenisation of the shell. The pH, proteolytic

,extent of demineralization and deprotenisation were studied during fermentation. About 84'1.) of the protein and 72% of
rals were removed from the shrimp shell after fermentation. Mild acid and alkali treatments were given to produce ehar

. chitin and their concentrations were standardized. Chit in was converted to chitosan by N-deacetylation and the properties
and chitosan were studied. FTIR spectral analysis of chitin and chitosan prepared by the process was carried out and com-
ith spectra of commercially available samples.
Elsevier Ltd. All rights reserved.

: Bacillus subtilis; Metapenaeopsis dobsoni; Shrimp shell: Chitin; Chitosan

1. Introduction

the second most abundant biopolymer next to
and its derivatives like chitosan, carboxymethyl

etc., are widely recognized to have immense
tions in many fields. I They are widely used in

industry, medicinal fields, chemical industries,
water treatment plants, etc.v Glucosamine is
value-added product prepared from chitin by

sis and it has versatile applications in pharma
.4 The prerequisites for the greater use of these
~ers in various industries are cost of the manu
ring process and the technical grade with specific
lties. 5 The commercial method of preparation of
Ifrom shrimp shell involves strong acid and alkali
lent to remove the minerals and proteins, respec
.6However, the use of these chemicals causes dcpo
isation of the product and therefore affects
nies such as molecular weight, viscosity and de-
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gree of deacetylation. These chemical treatment methods
bring about hazardous environmental problems like
disposal of wastewater. The cost of the chemicals is
another drawback of this approach.

To overcome the problems of chemical treatments,
different microorganisms7

9 and proteolytic enzymes 10,11

were used to remove the proteins and mineral content.
During fermentation with microbes, deprotenisation
takes place by the activity of proteases in the micro
organisms and demineralization by the acid produced
by the microorganisms during fermentation. 12

Commercial bacterial pro teases are derived from
Bacillus broth. 13 B. sub Iilis, the commercial starting
material, contains a neutral protease, that is, character
ized by its pH activity and neutral stability.!" Zinc is
essential for catalytic activity and calcium is required
to maintain the structural rigidity of the enzyme. Many
reports have demonstrated the application of proteases
for the degradation of proteinaceous waste to useful bio
mass. I S

17 B. subtilis and B. firmus are the most common
exploited species. Many authors l4

.
18 reported the appli

cation of B. subtilis for deprotenisation of crustacean
waste to produce chitin.



2.3. Chemical treatment of fermented residue

for calcium solubilization from the shrimp shell. 12 As
the calcium ion concentration increased in the ferment
ing media, proteolytic activity showed a decreasing
trend. Tsuru et al. 27 reported that calcium is recognized
to prevent protease autolysis.

Table 1 shows the protein and ash content of the fer
mented residue. About 84'% of the protein and 72"/" of
the minerals were removed from the shrimp shell at
the end of fermentation. To produce chitin of standard
quality, residual protein and ash content of the
fermented residue have to be removed by mild acid
and alkali treatments. Different concentrations of
hydrochloric acid and sodium hydroxide were tried to
remove ash and protein, respectively (Figs. 3 and 4).
Considering the statistical significance (P < 0.05) in the
extent of demineralization trials, we have used 0.8 N
~Cl for the ~emineralization study. Similarly, among
different alkali concentrations tried, 0.6 M NaOH was
used for the deprotenisation (P < 0.05).

Many previous papers reported the chemical treat
ment of the fermented residue to remove the residual
protein and 3sh 8 .

28
,29 The optimum concentrations of

th.e acid and alkali required depend on the residual pro
tern and ash content. This was dependent on the type of
the raw material, type of the starter culture, fermenta
tion time, etc.
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Figure 2. Changes III proteolytic activity.

~ Changes in pH

2. Results and discussions

In the present work, an attempt was made to produce
iin by fermentation using B subtilis and to study its
ious properties. Chitosan was also prepared from
Ichitin and its properties were analyzcd.

ring fermentation, the pH of the liquor samples first
Dwed a decreasing trend up to the eighth day and
reafter started rising (Fig. 1). An initial decrease in
Iwas noticed in samples and that could be due to
rability of the strain B. subtilis to initially use sugar
b f 1 · 19ru strates or t ieir growth and simultaneously they

duce acid via pyruvatc.i" Low pH condition prevents
.decay of shrimp shell, which are colonized by spoil
t and pathogenic organisms.f ' By the eighth day,
out 87'% of the sugar in the jaggery broth was utilized
[the organism. Therefore, when the sugar substrate
~ depleted, acid production decreased and pH started

. 2~ Th ideeasmg. - e acr produced was responsible for the
~nt of demineralization noticed in the samples at the

f

Of fermentation: 12 ~uring fermentation, proteolysis
rs and ammonia IS released due to utilization of

'no acids for the growth of the bacteria. 19
.
23

26 This
might have caused the increase in pH.

fExtent of deprot..isation and d,mID,,.Ii"".D

~
deprotenisation of the shrimp shells was brought

ut by the activity of the neutral protease of B. sub-
D,18 Y t I 14 r d h he onti ... ang ea. roun t at t e optimum activity

Ithe protease produced by Bacillus subtilis took place
110 QC and pH of 6. In the present work also the pro
ISe showed maximum proteolytic activity of 10.6875 g
rosinc/g protein after 48 h of fermentation when the
~ of the liquor was 5.9. The proteolytic activity re
ained fairly constant for 5-6 days during fermentation
:~. 2). These changes are clearly supported by the
ports of Allagheny et al 2 6 and Sarkar et a1. 19

During fermentation, when the available carbo
dratc source was utilized by the microorganisms for
tir growth, acid was released and this was responsible

l-e I. Changes in pH of the protein liquor.

18.538 ± 0.89
5.191±0.3

38.10±2.15
6.096 ± 0.4

Raw material
Fermented residue

Particulars 'y., of protein content % of ash content

Table I. Protein and ash content of the fermented residue

2.4. Characteristics of chitin prepared from shrimp shell

Table 2 presents the characteristics of the chitin pre
pared by this treatment. The chitin obtained is o-chitin
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Figure S. Mineral content of the chitin.

From this study it was found that B. subtilis was found
to be an efficient starter culture for fermentation of
shrimp shells. About 84'1., of the protein and 72'1,. of
the minerals were removed from the fermented residue
at the end of fermentation. Chitin and chitosan were
prepared from the fermented residue and the physio
chemical properties of these products were found to be
similar to commercial grades of these materials.

3. Conclusion

tors determining the good quality of chitin is the low
mineral contentr'"

The FTIR spectrum of the chitin prepared by this
method is shown in Figure 6. The spectrum was found
to be similar to that of the commercial chitin (Fig. 7).
There are no impurities found. Because, it has a better
percentage of individual functional groups, the chitin
prepared by the Bacillus fermentation compares favor
ably with the commercial chitin, with regard to purity.
The percentage of N-acetylation, calculated from the
FTIR spectrum, was remarkable, 84.4'X•. Other charac
teristics of the chitosan prepared are given in Table 3.
The FTIR spectrum of the prepared chitosan is pre
sented in Figure 8 and is similar to that of commercial
chitosan (Fig. 9).

5.1 ± 0,4%,
0.854 ± O.04'X,
0.815 ± 0.5%

93.2 ± 0.6%
White flakes
84.4 ± 5.3

7.8 ± 0.2

0.80.60.4

Concentration of NaOH (M)

0.2o

ranee
N·acetylation

4, Percentage of protein content in fermented residue treated

erent concentrations of alkali.

l Properties of chitin prepared

the chitin content of the product was found to be
D. Mineral content (calcium, sodium, potassium
magnesium) in the chitin prepared from the shrimp
is shown in Figure 5. From the figure, it is clear
calcium content is more than other minerals in chi
This is due to the fact that the main constituent of
rals in shrimp shell is calcium carbonate.v' Mild
treatment after fermentation, reduced the mineral
~nt to permissible limits in the chitin. One of the fac-

4. Materials and methods

4.1. Shrimp shell

The shrimp i Metapenaeopsis dobsonii shells used for the
experiment were procured in fresh condition from the
shrimp processing plant located at Cochin, Kerala,
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3. Charactenstics of chitosan prepared

oisture ('~I,,)

h ('Yo)
ppearance
id insoluble ash
lubility (1'1'0 of chitosan solution)
in 1% acetic acid

Viscosity (m Pa S)
Molecular weight (x 105

) (Da)
Degree of deacctylation eX,}

7.6 ± 0.5

0.832 ± 0.06
Off white flakes

Nil
9SIY;.J

1680 + 138
2.56 ± 0.15

81 ± 7

India. The shell waste brought to the laboratory was
minced in a meat mincer and used for the study.

4.2. Jagger)'

Jaggery was used for the preparation of media for Bacil
lus growth and was obtained from the local market at
Cochin. Its sucrose content was estimated and about



r. I\. Sill; c'l al. I Carhohvdrotc Rcsrarrt! 34:' ':'(1(1; j :'423 1nl) 1427

1.1

1.0

0.9

08

07..
u 06
t:

'"e 0.5
0
rII

,D. 0.4
<I:

0.3

02

0.1

00
3500

8. FTIR spectrum of chitosan.

3000 2500 2000

Wavenumbers (cm")
1500 1000 500

1.1

(
- ,

\..
1.0 \

0.9 / \ ~f\
0.8 V\ r~

j \0.7
CIl

! \u
c:

0,6'".Q \

i ' ; \
...

\0 I
'" 0.5

j
.c
<I:

0.4 j I ~ ~0.3 l) \---0.2 / ''\ .

0.1 '\,.",,/ \
\

0.0 1
3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm")

19. FTlR spectrum of commercial chitosan.

w/w broth prepared for the study was sterilized at
iifor 15 min.

Inoculum preparation

eze-dried culture of B. subtilis (ACC No. *121) was
ned from the Institute of Microbial Technology
'ECH), Chandigarh, India. The B. subtilis strain
maintained in nutrient agar slopes at 4°C. The
[urn was prepared by adding a loop full of cells
)mL nutrient broth and incubated at 30°C for
Then, 0.5 mL from this inoculum was transferred

to 100 mL of sterilized 20'Y<, w/v jaggery broth and incu
bated at 30 "C for 24 h. The prepared inoculum yielded
a cell concentration of approximately 108 CFU/mL.

4.4. Fermentation

Thoroughly minced shrimp waste (200 g) was mixed
with 24 h incubated 20'1<, w/w jaggery broth (200 mL)
containing 108 CFU/mL of B. subtilis. The flask was
tightly closed and kept for fermentation for 15 days. Li
quor samples were taken at 48 h intervals and analyzed
for pH, proteolytic activity and sugar concentration.
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~r the completion of fermentation, sedimcnts were
ro:ed, washed and estimated for its ash, chitin and
~te1ll contents.

. Preparation of chitin

id fractions obtained after fermentation were treated
different concentrations of HCI (0.2, 0.5, 0.8 and

) in 1:15 (solid-acid) ratio for 2 h at room tempera
(30 ± 2°C). The samples were then washed well
treated with different concentrations of NaOH

,004, 0.6, 0.8, I and 1.2 M) in I: I 5 (solid:alkali) ratio
deprotenisation. Protein, ash and chitin contents
e estimated. The FTlR spectra of the chitin samples
e also measured and compared with that of the corn
cial chitin.

Preparation of chitosan

purified chit in was boiled with 40':1., ('1'.'/'1'.') NaOH
til it gets deacetylated to chitosan. Chitosan forma-

was tested by its solubility in 1°/., acetic acid solu
n. Moisture, ash, acid insoluble ash, viscosity,
lecular weight and degree of deacetylation were mea
d. The FTIR spectra of the ehitosan samples were
measured and they are compared with the spectrum

commercially available chitosan. Commercial chitin
dchitosan were obtained from Mls India Sea foods
., Cochin, Kerala, India.

, Analytical methods

was measured using Cyberscan pH meterv" Sugar
tent was estimated by the method of Hodge and
freiter. 32 The amount of protein was measured by
method of Lowry et a1.33 Proteolytic activity was
Iyzed with tyrosine as the standard cornpound.i Vis
ity was measured using Brookfield DV-E Viscometer
hULA spindle (SMC-{).64) at 100 rpm. Molecular
ight was determined by the method of Rutherford
dAustin " and degree of dcacetylation as per the pro
ure of Muzzarelli and Rocchetty.f The FTIR spec
I analysis was carried out with a Nicolet AVATAR
ESP FTIR Spectrometer. The average number of
ns taken per sample was 16 in the spectral region be
en 400 and 4000 cm -I. The degree of N-acetylation
the samples was calculated using the following

uation:

'Y.,N-acetylation = (A 1655/A3450) x 115.36

Calcium, sodium, potassium and magnesium were
alyzed for chitin using Varian SpectrAA 220 Atomic
Ibsorption Spectrometer. Moisture, ash and acid in
~Iuble ash contents were also estimated for chit in and
~itosan samples as per AOAC.37 Total nitrogen and
utin nitrogen were estimated by the Kjeldahl method.

Corrected protein was obtained by subtracting CN from
TN and multiplying by 6.25, the Kjeldahl conversion
factor for meat protein, assuming that protein has 16%
nitrogen."

4.8. Statistical analysis

Results were expressed as mean ± S.D. Univariate anal
ysis of variance was carried out and the statistical com
parisons were done with Duncan's test using a statistical
package program (SPSS 10.0 for Windows).
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tract

Carboxymethylchitin was prepared at different reaction temperatures and from alkali chitin with different concentrations of alkali.

pertiesof the product were studied. Alkali chitin were prepared using freshly prepared sodium hydroxide of 45.50.55.60 and 65<k (w/w)

centration and carboxymethylatcd using monochloroacetic acid at controlled (35-40°C) and uncontrolled (30-80°C) temperature

ditions. Molecular weight. viscosity. degree of deacetylation, etc. of the resultant product, l.e. carboxymethylchitin were determined. It
sfound that the reaction temperature has a profound influence on the property of the product than alkali concentration. A hygroscopic and
pletely water-soluble product was formed. Optimum conditions for the production of carboxyrncthylchitin were found to be 60% NaOH

centration and at 35-40 °C reaction temperature. At these conditions, it was obtained with a molecular weight of 4. I 1 X 106 Da, viscosity
6 eP and degree of deacetylation 45.02%.

2005 Elsevier Ltd. All rights reserved.

words: Chitin; Carboxymcthylchitin: Purapenaeopsis stylifera

Introduction

Aquatic organisms like shrimp, crab, etc. contribute a
ry good participation in our foods. Processing of these
anisms gives head, shell, etc as waste materials. They

illbe easily spoiled and arises threats to the public health.
nversion of waste materials into useful products is one of
e solutions of environmental pollution, nowadays.
imp shell contains 8-10% chitin (7), which is the most

undant biopolymer after cellulose [6J. SO, shrimp shell
n be converted to chitin, a nitrogen containing
lysaccharide.
Polysaccharides and their derivatives hold a major part in
r lives as medicines, cosmetics, textiles, paper, food and
er branches of industry because of their unique nature in
perties such as low toxicity. biocompatibility, hydro
bicity, etc. [12l. In the midst of these polysaccharidcs,

'Corrcsponding author.
I-mail addre ....: santhoshsethuesrediffrnail.com (5. Santhosh).

32-3861/$ - see front matter © 200S Elscvier Ltd. All rights reserved.
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people show growing interest in chitin, since, it is widely
distributed in nature [8,9]. The most commonly prepared
derivative of chitin is chitosan by partial deacetylation of
chitin [8]. The importance of chitin and chitosan has
grown partly because they are renewable and biodegradable
source of materials and partly because of the recent
increased applications in biology, biotechnology and
medicine. Carboxyrnethylchitin is another value shot
derivative of chitin, The conversion of chitin into carboxy
methylchitin came into practice by carboxymethylation
reaction [2,9,13].

Carboxymethylchitin has successfully proven its use in
the field of cosmetics as moisturizer, srnoothener, cell
activator and a cleaner for face skin conditioning.
Carboxymethylchitin is widely used in food products also.
Another innovative use of Carboxymethylchitin is in wound
dressing, due to its hydrophobicity.

When, molecular characteristics of carboxymethyJchitin
are concerned the information available is very poor [3,5J.
Here. comes the importance of the present work. This effort
puts light on the preparation of carboxymethylchitin at
different alkali concentrations and temperatures and thc
study of its properties.
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Fig. I. Structure of carhoxymethylated monomer.

Experimental

Preparation of carboxymethylchitin

3. Results and discussion

The carboxymethylchitin (Fig. I) was prepared with
alkali chitin using different concentrations of NaOH viz. 45,
50,55,60 and 65% (w/w). When 45, 50, 55 and 60% NaOH

were used for alkali chitin preparation and when it was

subjected to carboxymethylation. temperature was raised
from 30 to 80°C as more and more monochloroacetic acid
was added to it and finally a neutral viscous milky solution
was obtained. which was water soluble. This water-soluble
product was carboxymethylchitin. Carboxymethylation was

a highly exothermic reaction and so only the temperature
was raised. It was found that when alkali chitin prepared

with NaOH, having concentration above 60%, was used for
carboxyrnethylation, the whole mass turned to a colloidal

elastic material as the reaction proceeded, which did not
show characteristic reactions of carboxymethylchitin. It
implied that at higher alkali concentration of alkali chitin.

carboxymethylation may not be possible.
In another set of experiment, with the same as above

concentrations of alkali chitin (45, 50, 55 and 60%), reaction

temperature was maintained at 35-40°C and the reaction
was slow compared to the other set, where, temperature
remained uncontrolled. It was also found that carboxy

methylation reaction was not possible at low temperatures
below 35°C.

Yields of carboxymethylchitin obtained at different

experimental conditions were given in Table I. Maximum

2.2.2. Carboxymetliylchitin
To the alkali chitin prepared. poured 200 ml isopropanol

and monochloroaeetic acid added, at intervals, with
continuous stirring. Addition of monochloracctic acid was
stopped, when the whole mixture became neutral. When

monochloroacctic acid was added to the mixture, reaction
temperature went on increasing. For each concentration of

alkali used. onc set of carboxyrnethylation was allowed to
take place at room temperature and in another set of

experiment, reaction temperature maintained at 35-40°C
by using ice bath.

Resulting viscous solution was dissolved in I I of

distilled water and then precipitated using 5 1 of acetone.
The precipitated mass was carboxyrnethylchitin and it was
rcdissolvcd in distilled water. The solution was then
dialysed for 24 h in running water, using a dialysis

membrane. for the removal of salts and then freeze dried
and stored.

Important quality parameters of carboxymethylchitin
like molecular weight, degree of deacetylation, viscosity,

yield, etc. were estimated. Molecular weight was
determined by using Schott Gerate AVS 410 equipment
[14]. By applying Schrodinger equation, degree of
deacetylation was measured [Ill using Spectronic Genysis

spectrophotometer. Fungilab viscometer was used for
viscosity determination.

temperature

37A±lA
44.7 ± 1.2

52.0± 1.6
65.&± 1.&5

o

Uncontrolled Controlled

Yie Id in percentage

temperature

36.7 ± 1.5
49.8±2J2
56.5 ± 1.7
69.6±2.2

tntage of NaOH for the
nation of alkali chitin

e1
I of carboxymcrhytchitin prepared at different alkali concentrations
emperature

:arboxymethylchitin was obtained by the treatment of
lli chitin with monochloroacetic acid.
resh alkali chitin was prepared with different concen
ions of alkali viz. 45, 50, 55, 60 and 65% (w/w) NaOH.

OH NHCOCH
3

n

I. Alkali chitin
~bout 10 g of chitin was mixed well with 40 ml

ective alkali prepared and kept in ice for J h. Then, it
;kept overnight at - 20°C.

Preparation of chitin [/Of

rile fresh shell waste was washed in water and heated to
ling with 0.5% aqueous NaOH in the ratio of 2:3 for
nin. Alkali was drained off and the shell was washed free

dkali. The residue was demineralised by immersing in
IN HC\. at room temperature for I h with intermittent

ing. The residue was filtered, washed repeatedly with
tr to make it acid free. Then the product, chitin obtained

idried and pulverized.

Raw material-Parapellaeopsis stylifera procured from
rcssing plant near Cochin, Kerala, India.
mchemicals were of analytical grade and were obtained

n BOB (India).
~ialysis membrane obtained from Sigma chemicals
(), which can retain material of molecular weight

lOO or greater. Capacity-MO rul/feet.
:reeze drier-Hero drywinner(Oenmark).
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'able ~

:iscosilyof 1'!c solution or carboxymetnylchitin in water

ield was obtained when 60% NaOH was used for the
reparation of alkali chitin. which was used for carbox
methylation. Under controlled temperature, carboxy

nethylation was very slow and the reaction would not
ccur completely. As a result. we got comparatively less
ield at controlled temperature than uncontrolled tempera

urc condition.
Viscosity of the samples prepared at controlled and

~ncontrolled temperatures using different concentrations of

'~kali were given in Table 2. It is well clear from the table
bl there was remarkable difference in viscosity of the

arnples prepared at controlled and uncontrolled tempera
nes. Thus, it was found that the temperature of the reaction

ad a great influence on the viscosity of the product as was
pthe case of the production of chitosan [81. There was a

tUc tio n in the viscosity of the final product with

reasing alkali concentration for the preparation of alkali
itin. Carboxymethylchitin with good viscosity was
rained at controlled temperature, since, the operating
mperature was around 35 cc. But, at uncontrolled

mperature condition, temperature was increased to a

ge extent and as a result thermal degradation occurred [I.
Iand viscosity decreased.

Molecular weight of the samples prepared was given in
able 3. Considerable difference was noticed in the case of

itolecular weight when the samples were prepared under
~ntrolled and uncontrolled conditions. It was found that
~gradation of the compound had taken place at high
~mperatures. Due to degradation of the product, depoly

nerisation of chains occurred and as a result molecular

reight was decreased. The effect of alkali concentration on

he molecular weight of the product under the same
tmperature conditions was negligible.
\ The degree of deacetylation of the product prepared

Viscosity of J% solution (eP)

60

--Controlled
condition

_.._- Uncontrolled
condition

50 55
% of NaOH

DEGREE OF DEACETYLA liON

45

85

l:: 75
0
:;;

'">.;; 65u

'".,
0

'0 55.,
Cll

t;,
Cll
0 45
~

35

Graph-I Degree of deacctytation of carbox yrnethylchitin.
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under different conditions were shown in Graph-I. Degree of

deacctylation up to 75% was reported in products obtained
hy carboxyrncthylation at uncontrolled temperature con
dition. But in the controlled condition, degree of deacetyla

tion was in the range of 40-45% depending on the alkali
concentration.

Thus, a 65.8o/c yield of good quality carboxyrnethylchitin
with high viscosity and high molecular weight was obtained
when alkali chitin prepared at 60% NaOH was used for

carboxymethylation and the reaction temperature was
controlled at 35-40°C. It is a hygroscopic product, which
contains 10-12% moisture. From the experiment, it is well

understood that the reaction temperature and alkali
concentration had a great influence on its properties like

viscosity, molecular weight and degree of deacetylation,
Product prepared at controlled temperature condition had
better properties than that obtained at uncontrolled
conditions.

21 14± IS
~OIO± 10
19211±7
1926± 12

Controlled
tcmpenHllr~

Uncontrolled

temperature

36±~

30± 1
~8± I
22±2

erccntnge of NaOH for the
reparation of alkal i chitin

table 3
~olecular weight of carboxyrnerhylchiun prepared from alkali chitin of
.lferent alkali concentrations
;
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Effect of Different Organic Acids in Silage
Preparation from Shrimp Shell Waste
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The comparative effect uf thrl'e' cornmonlv u",:d nrg,lIllC acids in the production of silage from

shrimp shell waste is hereby nportcd. lorrnic .icid. j,Klic acid and citric acid were used at 5%, 6%,
and 9':" concentrations n>}'l'c: ivi-lv. S,l111 [,1,,,, \\('n' K"I'( f,»)" 16 doys and ,1 t an interval of three days,

ch'lngl'S in pH, viscositv. !'I,'kll1 cllnlL'nl ,111<1 111111('[",,1 cllnll'nl were analyzed. Formic acid silage

had the highest liquefaction ,111.1 mi Il,'r"l «)Illvnl, Am ill,' ,ICld profile showed highest proportion of

l'ss('nli,l! amino ,)cids in f(irrn i. ,:Clt1 ~il.,,'·"" 111 ~I 1.1,;1' f'rl'f ',I led with bellC acid and citric acid, protein

conte-nt .md rnmer.i! l'tlllll'1l1 \'.,'rl' \vl \' Ill", ( h i t i n 1'!('I',11'L',1 lrorn the shell residue of formic acid

sil.lh" h.id good qu"lity lll:ni',lli'd tll ,>lI1t'r~ ,1" "ltl'I'''II,',f by FTll{ ~f)l'(lrum ;ll~d mineral status,

Key words: Shrimp waste, Mid SiJ.l,L'.l', J.1C[;C ar id , formic acid, citric acid

Seafood holds a very unique position in
nir daily menu. But, the main curse of seafood
. dustrv is the large leaps of waste materials
e1ivered by the processing plants. Amongst
em, shrimp waste constitutes about more than
ne lakh tonnes per year in India (Philip & Nair,
006), They are highly putrescible and quickly
ccorne colonized by spoilage microorganisms
-ith the result of becoming a public health

hazard (Sini et. al., 2005). The best V,'<1)' to
minimize environmental pollution is the
ronversion of waste materials 10 beneficial
products. Shrimp waste contains about 1O-2()'l;,
ralciurn, 30-40% protein a nd 8-1 ()% chitin
ILegarreta d. al., 1996). Chi tin. ,1 nitrouen

,~

ontaining polysaccharide, is the most \',1111,1blc
omponent in shrimp shell with nu mcrnus
ntcntial applications (Mcihorn d, {(I"~ 2()().+),
hilin can be converted into chito-au, wh ich h,1s
rnfou nd a pp lica t ions in v.i r i o u s fields

Smthosh d. 111., 2006). Protein l''\tt",lCtl'd (1'0111

hL' shrimp shell waste has lx-cn I\J"\)\'l'd to bl' an
'\l'l'lknl animal Iced sUJll'lvl11l'l\l (\!c"\'t"s {(
'ni,lInin, 1987).

Shrimp waste can be effectively converted
into silage through an environment-friendly safe
technology by using organic acids alone and in
combination with Lactobacillus (Raa & Gildberg,
1982; Dapkevicius et.al., 1998; Haard et.al., 1985)

For the preparation of acid silage, choice
of acid is very important. This work aims to
study the effect of three most commonly used
organic acids in the preparation of acid
preserved shrimp silage and consequent
prod uction of chitin from the residual shell
W,1StC,

Materials and methods

Shrimp heads and shells of Parapenaeopsis
~lylUi'lIl was obtained in fresh condition from a
1(\(".11 f)]'oce:-;sing unit in Cochin, Kerala. The
'\',1sIL' brought to the laboratory was thoroughly
w.ishc-d and minced in cl Sumeet SP-16 electronic
(\Iod preparation machine,

Formic acid, lactic acid and citric acid used
\\'l'l't' (If ,1ll,1Iylic1] grade and procured from
'-i1.~;I11,1 chcmic.ils (USA).Potassium sorbate of

( I'lr"'f"'lldll1g ,Hlth"r: ~, :'dnlhll,h, "c"11'1""'" ~,: \'1' ,:,',11" ( ":,, ',:,' ,I' (1, \; 1\ ,1 kll,!,·, :,\,'1111",11,1. J',ll,lkk,ld· 678 ~Os. Kl'r,ll,l,lndi,l,
iIl"d ',\I1l!H"hsdhu0~It'd itlrnar].« 'Ill
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food quality grade was obtained from SRI.,
Mumbai.

Silage preparation:

Formic acid silage:

About SOOg of the shrimp waste was mixed
well with lOOmlwater in glass container, To this,
30 ml (5 % of the total weight) formic acid was
added gradually with constant stirring to kCl'P
the pH at 4 -4.2. It was kept for 16 days; sarnplc-,
were taken at intervals for analvsis.

Lactic acid silage:

About 36 ml (6 % of the total wcight) belie
acid was added to 500g shrimp waqe, which \\',IS

mixed with 100ml water ,md 1)11 vv.i-: ru.iint.iin«, I
.it ..j ·,1.2, ,,~~ pOI,lSSiulll sorh,lll' \\'.1:-- ,lddl'c1 .i-.

t'rcscf\'"tive. The sibgc IIHlS prt'polrl'd '.\,lS

<tored for 16 days and samples were ta kun at
intervals for analysis.

('itric acid silage:

A mixture of SOOg shrimp waste and lOOml
water was taken, 54 ml (9 '}';) of the total weight)
of citric acid was added with stirr;ng and cl I'll
in the range of 4-4.2 was maintained, Sg
potassium sorbate was added for preservation.

Preparation ofchitin

Shell residue obtained hy the preparation
of silage was converted into chi tin. Residue w.is
washed well with water and treated with 0,5 :\!
I-ICl for 1 h at room temperature. Dcmineraliscd
rcsiduc was washed free of acid and then h(li II'd
with 1.5 % (v /v) aqueous N,lOl1 in lhl' ratio Ill'
2:~, Alka li was drained off, vv ,1shed the rcsid uv
with w aiel' till alkali free and d ril.'d,

(] 963) using Shimadzu Amino acid analyzer.
Tryptophan was determined colorimetrically
(Fischl,1960).

FTIR spectral analysis of the chitin
prepared from shell residue of the three silages
were carried out using Nicolet AVATAR360ESP
FTIR Spectrometer.

Calcium, Sodirm, Potassium and
Magnesium were analyzed for chitin using
Var i a n SpectrAA 220 Atomic Absorption
Spcctromcter.

Results and Discussion

TI1e proximate composition of shell waste
IN'd Ior silage preparation is given in Table 1.

The changes in the protein content of
diffcrcnt sibges prepared is indicated in Fig.I.
It was observed that protein solubilisation was
maximum during the initial 3-4 days in all the
three sildges and afterwards it remained almost
co ns t a n l. Maximum protein content was
obtained in formic acid silage. About 45%
protein of the raw material was liquefied in
silage prepared using formic acid. But only 27%
and 15% of the protein of the raw material were
solubilised in lactic acid and citric add used
silages respectively.

The liquefaction of the protein is effected
by means of the autolytic enzymes present in
the shell. During the formation of silage,
autolysis takes place and shrimp shell waste
g"<1dually liquefies as the protein matrix partially
solubilizes due to its break down by endogenous

T,lld,' l. l'roxim.uc composition ofshrimpshellwaste

Percentage(wet weightbasis)

74,07± 2.10

11.481 J.02

13.91±1,11

05hO,01

~\_\i1lt'0sill,o__n __~__:....:.:..:..:..:..:..:=.:........:.....---=::...:..:.=__
\ !ohlurt'

cnzvrncs (R'1a & Gildberg, 1982). Since formic
,hid h,1S highl'l' pK() value (3.75) than the other
I \\l) .'l ids, it I.icilitatcs greater enzyme action and
,h ,i ft <ult more, irutcin is leached into the silage.

t\clds used in the silage show their
1)ll'SI.'I'\'dtiVl' action by the passage of

.:'.mino (Kid compo-ut 111I\ \\.1:-- ,11l,lI\/('d

.i llc r trt',1Iing the hvdrolv-ot.-. \\',111 1\:\ Ill'! till

,:,1 h at IIOIIC as descrihed 1>\ .\llIllIl' ,\: ;'''';1\

Moisture, ash and crude proruin \\'CH'

determined as per AOAC (200()), For the
determination of pH values. ~ml of [he S,llllr"e
was taken and p lI was me,lSUII.·d using
Cybcrscan 510 plI meter.

Viscosity of the s.unpk-. \\',1S l1il',iSlIrl'd

using Brookfield DV-E ViSUlIlll'ter wilh l'[\
-pindl« (SMC 0,(4) i11 WO 1'1)11\
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removed from the shell with lactic acid and citric
acid respectively. Lesser mineral content is more
beneficial when silages are used for feed
purpose. Here, citric acid silage has
comparatively less mineral content than the
other two silages. Changes in ash content of the
silage is shown in Fig.2

Initial pH was adjusted to 4 - 4.2 in all the
samples with gradual addition of respective
acids. In the case of silage prepared using lactic
acid, there was a reduction in pH from 4.1 to
3.67 in the first 3 days and thereafter pH
rcma incd more or less constant. This may be due

4 7 10 13 16

DAYS

It~ 1 Changes inprotein COntent ofthethree Glffl'r,'nt tyl'(" Pt 'tl.l hl'

undissociated acid molecule into the bacterial
ccll where it dissociates and lowers the pl 1 to
kill the cell (Raghunath & Copakumar, 2002).
Because of higher pKa value of formic acid, a
greater proportion of the acid molecules are
und issociated at higher pH and thus storage life
.of formic acid preserved silage is more than the
other two types of silage.

To preserve the quality of the lactic acid
sila ge and ci Lric acid silage th roughcu t the
duration of the experiment, potassium sorbatc
was added to them.
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lo lilt' .ulivitv of the native lactic acid bacteria
!'I'l'st'n{ in the 1',1\\' shell waste, But in formic acid
,1I1d Citric ,Kid treated samples, there was no
"i)',llil"iLIJ)[ Ch,li1gl' in pi I during storage. pl l
l'h,lnt:l'~ arc shown in Fig.3.

Visco~;ilil'S of the samples were also
Jl)l'cbllred, but it was found below 10 ep,

-,--------------r--"-.-------.

Ash content of shrimp sibges were vcrj
high. This was due to the high inincral content
of the shrimp shell waste mainly in the form of
calcium carbonate. Demineralisation of Ilu- shell
waste takes place when organic acids are added
to it during silage preparation. The extent of
demineralization depends on the type nr tl1L'

, organic acids and its concentration. Formic acid
ic. .... trongcr than lactic acid ,lnd citric arid. So,
Iorrnic acid reacts strongly with llw miru-ral«.
\'I"l'"cnt in the shell w.ist«. th,1I1 till' ol lu-r t\\O

,1( ids ,1nd .1S a result grl',llt'!" cx l rn I III

dVl1\ilwr,tli/'llion W<1S ohl.lill\'d \'\' llll' u:«: pi

I,'!"mic acid From the eX]1t'ril11t'1l1, it \\',lS fplIlld

lh.rt 75% demineralization of llu- ..,hl'IIIPllk !1!.lCl'
\I" h l' n for In ic acid W ,1s U.., l' d fill " i 1,1 \' I',)

!'reparation. About 72(1., ilnL! h7";, rnincr.i l... \\'el\'

92
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Amino acid compositions of the three
types of silage were given in Table 2. Compared
with the other two acid silages. formic acid silage
11,1S good composition tlf essl'nli,ll .rruino .Kids,

Rcd uct ion in the levels of a m i n o .ic id
components in lactic acid Si1.1~~l' ,111d l'i Iric .JCid
silage may be due to the chemical reactions
between a-amino and aldehyde groups present
in them (Johnson et al., 1985).

Shell residue obtained a fter protein
removal was also analyzed. The shell residue
was generally found to be suitable for chitin
l'rcpar,ltion. In formic acid ~i1.1t~l·, sl1('11 \\',lSI\'
I\'sidul' h.id 25':{, ash ,111d :;:;". Il<dll.,1 pIPll·lll.

In lactic acid treated one, shell waste contained
28% ash and 73% protein. Hut in citric ,lcid
t I c a led s ill gc. 3.1% ,1~ h ,11\t I ~;'1" " Ill' '.1: l' i 11

:cmaincd in the shell residue.

FTIR spectrum of chitin prod uccd from the
<hell rcsidues of the thnx- Sil.l)~l'S .11'l' givl'1l ill

ligs Sal Sb & Se.

Chitin prepared from the shell residue of
formic acid silage showed Cl better spectrum them
that from other two acid treated residucs. In
lactic acid and citric acid trca tcd chitins, the
peaks (2361 cm'! and 2365 cm') responsible for
hydroxyl groups, which determine the
functional quality of chitin showed a grad ual
depletion.

Calcium, Sodium, Potassium a n d

SANTHOSH, SINI AND MATHEW

Magnesium were analyzed for chitin made from
shell residue. Mineral composition of the chitin
is given in Fig.4.

Chitin prepared with formic acid treated
shell residue has less mineral content than the
other two acids treated chitins. This is may be
because of the high ionization value of formic
acid. Chitin from citric acid has profound
minerals because of the weak strength of citric
acid. Lesser the mineral content, better the
quality of chitin (Tolaimate et. al., 2003).

Formic acid has the highest liquefaction
dkd i1l1d d~·l1lilwr'1Iizalioneffect than lactic acid
and citric acid. It has more antimicrobial activity
so preservative effect is also more in the case of
formic acid. More over, formic acid silage has
good essential amino acid composition also.
W<Isle residue obtained with silage can be
economically utilized by its conversion into good

L1Ulc 2. Aminoacid composition (g/100g crude protein)of three
lypL'S ofsilage.

Amino acids Formic Lactic Citric
acidsilage acidsilage acidsilage

Histidine 5.80 4.75 4.72
LYSine 7.18 6.96 6.98
Valine 5.72 5.56 5.49
Methionine 5.98 4.95 4.86
Leucine 7.95 7.80 6.89
ls.ilcucine 5.00 4.86 4.82
Phenylalanine 4.27 3.98 4.10
Arginiru: 2.14 1.93 1.56
Threonine 4.92 4.53 4.49
Tryptophan 0.74 0.72 0.69
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Cl uality chitin and chitosan. Chitin prq'i'l red with
(he shell residue of formic acid silage has good
quality as supported by FTIR spectra and
mineral status,

We <H~ grateful to Dr.K.DL'\·.l(i<l~M\, Di rcct or,
('c'ntral Institute of Fisheries Technologv. t ochin (llf

"~'<1vidinbus facilities to carry out thi: \\'lll'k.
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