
C H A P T E R  II  
L I T E R A T U R E  S U R V E Y

2 .1  C h it in - C h it o s a n

T he nam e ‘ ch itin ’ w as derived from  the G reek w ord ‘c h ito n ’, m eaning 
a co a t o f  m ail nam ed by O dier in 1823 (Shahidi e t  a l . ,  1999). D ue to the slow  
b iodegradation  o f  chitin in crustacean shell w aste and the accum ulation  o f 
large quantities o f discards from  processing o f crustaceans, m aking use o f 
ch itin -ch itosan  becom es a m ajor concern dem anded by the seafood processing  
industry . Its annual b iological production  is about 150 000 tons w orldw ide. 
T herefore, m uch attention has been paid  to converse the shell w aste or b y 
products value added products. C hitin-ch itosan has unique p roperties as 
b iopolym ers in term s o f b ioactivity , b iocom patib ility  and b iodegradability . 
S tructure o f ch itin -ch itosan  is concerned to be reactive m ore than cellu lose  
ow ing to its am ino, and the prim ary and secondary hydroxyl groups. 
T herefore, m uch attention has been paid to ch itin-ch itosan to m odify  either 
physical appearance to obtain  gel, pow der, film , liquid or chem ical 
m odification  to ob tain  unique derivatives and extend the applications.

2.1.1 T he Source and the S tructure
C hitin  is the second m ost abundant polysaccharides found m ainly  in the 

shells o f crustaceans such as lobster and crab w here the conten t o f chitin  is as 
m uch as 20 to 50%  (Rathke e t  a l . ,  1994). O ther sources o f ch itin -ch itosan  can 
be raised  as fungi, bacterial cell w alls and insect cuticles. C hitin has the sam e 
backbone as cellu lose bu t an acetam ide group is replaced the 2-hydroxy, 
(3-(l—>4)-2-am ino-2-deoxy-D -glucopyranose structural un it (G lcN A c).
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C hitosan  is the N -deacetylated  derivatives o f chitin, (3-(l—>4)-2-am ino-2- 
deoxy-D -glucopyranose  structural unit (G lcN A ), though this N -deacety lation  
is a lm ost never com plete (Schem e 2.1).

S c h e m e  2 .1  C hem ical structure o f (a) cellulose, (b) chitin, and (c) ch itosan

a) cellu lose

c) chitosan
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2.1 .2  Physical and Chem ical Properties
Since the source o f chitin-ch itosan is a m ain fac to r to m ake the 

variation  o f the properties. M oreover, the process to purify  ch itin -ch itosan  
from  the source effects the viscosity, degree o f deacety lation , m olecu lar 
w eight, and polym orphous structure. The productions o f ch itin -ch itosan  in lab 
scale and industrial scale still are the issues for discussion.
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K urita  e t  al.  (1977) found that the hom ogeneous hydro lysis process 
could  give a ch itosan  p roduct w ith a higher adsorption ability  for m etal ions 
than one prepared  by  a heterogeneous process w ith  the sam e degree of 
deacety lation .

B ough e t  a l .  (1978) found that the chitosan p roduct w ith  high v iscosity  
and high m olecu lar w eight could be prepared by grinding the dry  shrim p hulls 
to 1 m m  prio r to treatm ent, using alkali deproteination, purging n itrogen  into 
the reaction  vessel, and increasing the deacetylation  time.

2 . 1 . 2 . 1  P o l y m o r p h s
C hitin  has three know n polym orphs, i.e., a ,  (3, and y, in a 2] 

helica l conform ation  sim ilar to that o f cellulose. The oc-form is arranged in an 
an tiparalle l fashion , w hich found in crustaceans, insects, and fungi. W hile 
P -ch itin  is in parallel form  found in squid and m arine diatom s. T he y-chitin 
form  has no t been to tally  classified  bu t an arrangem ent o f  tw o parallel chains 
and one antiparalle l chain has been suggested (Figure 2.1). These polym orphs 
have the sam e helical conform ation bu t d ifferen t packing o f ad jacent chains 
(F igures 2 . 2 - 2 3 ) .

(a )  (b ) (c )

F ig u r e  2 .1  A rrangem ent o f 3 polym orphs (a) a -ch itin ,
(b) {3-chitin, and (c) y-chitin.
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F ig u r e  2.2  S tructure o f a -ch itin ; (a) b e  projection, (b) a b  p ro jection
(M inke and B alckw ell, 1978).
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b

F ig u r e  2 .3  Structure o f anhydrous (3-chitin ; (a) a b  projection, (b) a c  
projection, and (c) b c  projection (L otm ar and Picken, 
1950).

T he a -  and (3-chitin can be distinguished by infrared 
spectroscopy due to their hydrogen bonding netw orks. The a -ch itin  exhib its a 
doub le t at 1656 and 1621 cm '1 w hile the (3-chitin exhib its a sing let at 
1631 cm '1 (R udall, 1963).
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2 .1 .2 .2  D e g r e e  o f  D e a c e ty la t io n
T he solubility  o f chitin-ch itosan has been affected w ith  the 

degree o f deacety lation . T he solubility  w ill be im proved w hen the degree o f 
deacety lation  increases or chitosan units increase. D ue to the free am ino 
group on ch itosan  un it protonated  to form  cationic am ine group (-N H 3+), it can 
be d isso lved  in som e organic solvents such as acetic acid, form ic acid, and etc. 
C hitin -ch itosan  w ith  degree o f deacetylation (D D ) m ore than 70%  usually  
called  “ch itosan” .

C hen e t  a l. (1996) used chitin  w ith D D  40% to prepared  ch itosan  
in d iffe ren t degree o f  deacety lation  by 50% alkali treatm ent fo r tw ice tim es at 
110°c fo r 2 h to get D D  87%. Then, the deacetylation w as operated  at 140°c 
fo r 3 h to get D D  90% chitosan.

S iraleartm ukul e t  a l. (1999) prepared chitosan w ith  d ifferen t 
degree o f  deacety lation  from  crab shell. The deacetylation  w as operated  at 
am bien t tem perature  w ith d ifferen t tim e by using 50% (w /w ) N aO H  solution. 
The degree o f deacety lation  increased as the treatm ent tim e increased. 
C hitosan w ith  D D  70%  w as obtained by deacetylation  7 days.

2 .1 .2 .3  M o le c u la r  W e ig h t
T he m olecu lar w eight o f native chitin is usually  larger than one 

m illion  w hile that o f com m ercial chitosan product is betw een  100 000  and 
1 200 000 (G oosen  e t  a l ,  1997).

Several m ethods are used to determ ine m olecu lar w eight; for 
exam ple, light scattering, gel-perm eation chrom atography (G PC ), high 
perform ance liquid  chrom atography (H PLC), and v iscosity  m easurem ent. T he 
viscom etry  m ethod  is one o f  the sim plest and m ost rapid m ethods, w hich 
based on the w ell-know n M ark-H ouw ink equation.

W here; a and K  are the constants.
M w  is the w eight -  average m olecular w eight
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Since 1974 several reports have dealt w ith the determ ination  o f 
the values o f K  and a for the chitosan. H ow ever, each o f these resu lts w as 
d iffe ren t ฝ though the determ ining conditions, such as so lvents, and 
tem perature , w ere  very sim ilar.

W ang e t  a l. (1991) obtained the follow ing equation  to determ ine
a and K.

K  = 1 .6 9 x lO ”30 x D D 140 (r =  0 .996) 
a =  - 1 .0 2 x l 0 “2 x D D  + 1.82 (r = 0 .998)

2 .1 .2 .4  V is c o s i ty
T he viscosity  o f chitosan in so lution is in fluenced by  m any 

factors, such as the degree o f  deacetylation, m olecu lar w eight, concen tration , 
ionic strength, pH , and tem perature. In general, as the tem perature  o r ionic 
strength  rises, the viscosity  o f the po lym er solution decreases. O n the o ther 
hand, pH  changing in the polym er solution m ay give d ifferen t results 
depending  on the type o f  acids used. F or the degree o f deacety lation , it m ight 
give the high in trinsic viscosity  due to the coil expansion on d ilu te  acid 
aqueous so lu tion  (W ang e t  a l ,  1991).

2 .1 .2 .5  S o lu b il i ty
C hitin  and chitosan degrade before m elting, w hich is typ ical for 

po lysaccharides w ith  extensive hydrogen bonding. This physica l p roperty  
m akes it d ifficu lt to dissolve in w ater, d ilute acid, or alkali and o ther organic 
so lvents under m ild  conditions. C hitin is reported  to be so luble  in 
77,A -dim ethylform am ide (D M F) contain ing 5% lith ium  chloride bu t the ex ten t 
o f  so lubility  is dependent on the origins o f chitin  (R utherford  and A ustin, 
1978). In recen t years, it has been found that chitosan can be d isso lved  in 
fo rm ic  a c id , m e th a n e  su lfo n ic  ac id , h e x a f lu o ro is o p ro p y l a lc o h o l, 
hexafluoroacetone, and the m ixture o f 1 ,2-dichloroethane and trich loroacetic  
acid (35:65). C hitosan can be dissolved easier w hen the pH  o f  the so lu tion  is 
less than 6 such as in acetic acid and form ic acid. O ther organic acids can  be
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used as a so lvent such as adipic acid, citric acid, lactic acid, m alic acid, 
m alonic acid, oxalic  acid, propionic acid, succinic acid, and tartaric acid.

2.1 .3 C hem ical m odification
C hitin-ch itosan  has the specific properties as sam e as the cellu lose 

w hich  are b ioactiv ity , b iocom patibility , and b iodegradability . It also has the 
po ten tia l reactive groups w hich are am ino, prim ary, and secondary  hydroxyl 
groups. T herefore, m uch attention has been paid to chem ical m odifica tions o f 
ch itin -ch itosan  no t only to im prove the solubility  and overcom e the rigid 
structure  bu t also to obtain the property  that can never be achieved in natural 
ch itin -ch itosan . K urita e t  a l. (1992) prepared tosylchitin  by  in terfacial 
condensation  at low  tem perature. The heterogenous reaction is a resu lt in high 
m olecu lar w eight o f  chitosan. U p to now , less report concerned  abou t the 
hom ogeneous reaction  ow ing to the lack o f solubility.

2 .1 .3 .1  C h e m ic a l M o d if ic a tio n  o f  C h itin -C h ito sa n  a t  N -p o s i t io n
C hitosan is N -deacetylation  form  o f  chitin that acetam ide group 

is changed  to am ino group w ith  alkali treatm ent. M uch attention has been paid 
on m odification  o f  chitosan ow ing to the reactive am ino group. In general, 
am ino group can perform  nucleophilic  reaction , and react w ith  another 
functional group such as acid, anhydride, and ester to form  am ide. Thus, 
ch itosan  has received m uch in terest w ith these reactions.

H irano e t a l. (1976) studied the selective N -acylation  o f chitosan 
by treatm ent o f so lution in aqueous m ethanolic acetic acid w ith carboxylic 
anhydrides at room  tem perature. The obtained N -acylchitosan w as found  to 
be effective as a selective aggregation o f som e cancer cells.

K urita  e t  a l. (1988) reported that the N -acylation p lays a ro le to 
loose hydrogen bonding and im prove the properties, for exam ple, m etal 
absorp tion  by the in troduction o f long chain alkyl group into the chitosan 
chain.
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N ishim ura e t  a l. (1991) prepared the dissolvable chitosan 
derivatives, i.e ., N -phthaloylchitosan, by phthalic anhydride in 
A(./V-dimethylformamide (D M F) at 130°c. The obtained p rodu ct was 
im proved fo r the so lubility  in organic so lvent such as A(Af-dimethylformamide, 
pyrid ine, A(Af-dimethylsulfoxide.

K urita  e t a l. (1992) used tosylchitin  as a p recursor fo r fully 
acety lation  o f free am ino groups in tosylchitin  under m ild condition  by using 
acetic anhydride.

2 .1 .3 .2  C h e m ic a l  M o d if ic a tio n  o f  C h itin -C h ito s a n  a t  O -p o s i t io n
Sim ilar to the N -position, prim ary and secondary  hydroxyl 

groups at C-2, 3 and C-6 positions, respectively . The hydroxyl group can 
reac t w ith  acid, anhydride, am ide, acid halide, and ester to form  ester bond. 
Thus, m uch attention has been focused on chitosan chain at hydroxyl group.

T okura  e t  a l. (1983) studied the properties o f w ater so luble chitin  
derivatives by m odifying chitin into carboxym ethyl-ch itin  (C M -chitin ) and 
d ihydroxypropy l-ch itin  (D H P-chitin). T hese derivatives w ere prepared 
successfu lly  by sim ple procedures involving freezing and the addition o f a 
detergen t such as sodium  dodecylsulfate (SDS).

N ish im ura e t  a l. (1986) reported  the im m unological o f  6 -0 -  
carboxym ethyl-ch itin  w hich could induce the cytotoxic m acrophage and 
enhance the accessib ity  to lysozym e in m ouse.

Several 6 -0 -sub stitu ted  derivatives are prepared by using 
phthaloy lch itosan  as a starting m aterial to reac t w ith  som e bulky groups, such 
as triphenylm ethyl (trity l) and /7-tolylsulfonyloxy (tosyloxy) groups in 
hom ogeneous solution under m ild conditions. The obtained p roducts are 
reg ioselectively  reacted  3 -0 -ace ty la tion  to give better so lubility  (N ish im ura 
e t  a l ., 1991).
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T he in terfacial reaction has been done successfully  by K urita  
(1992) to p repare  6-O -tosylchitin . It was used to be p recursor for iod ination  to 
give m ore so luble  in organic solvent.

2 .1 .4  C hitin-C hitosan for D rug D elivery System
O w ing to its unique properties, i.e., b ioactivity, b iocom patib ility , and 

b iodegradab ility , chitin-ch itosan has becom e an alternative po lym er m aterial 
fo r applica tion  on biosystem s. C ontrolled release system  or drug delivery 
system  and the related  prodrug by using ch itin -ch itosan  derivatives have 
received  m uch attention in recent years.

Sugano e t  a l. (1980) found the hypocholesterolm ic activity o f  ch itosan  
by oral adm inistration  in rats. The safe oral dosage o f ch itosan  as an additive 
fo r hens and bro iler w as < 1 .4  g/kg of body w eight per day, and < 0.8 g/kg o f 
body w eigh t per day in rabbits. In 1983, the U nited S tates Food and Drug 
A dm inistra tion  (U SFD A ) approved chitosan as a feed additive because o f its 
hypocholestero lem ic effect.

H irano e t  a l. (1990) reported that the serum  cholesterol and trig lycerol 
in rabbits, hens, and broilers was decreased by feeding 2%  chitosan, w hile  the 
feed ing  at 1% chitosan and 2% chitin didn 't show the effect.

C hitosan form s m icelles w ith cholesterol inside the d igestive tract. 
B acteria  from  the large intestines can digest these m icelles and then excre te  as 
free form s into faces w ithout absorption in biosystem . D euchi e t  a l. (1994) 
p roposed  the solubilization  o f chitosan in the sm all in testine at pH  6-6.5. W ith 
the aggregation o f  polysaccharide chains, the oil droplets are en trapped  in their 
m atrices thereby passing through the lum en. R ecently , Y oshioka e t  a l. (1995) 
studied  m icelle  properties of chitosan derivatives, su lfated N -acyl-ch itosan  
(S -C n-chitosan), to find the higher length o f chains above Cio show ing  the 
m icelle  form .

A lthough chitin-chitosan is know n to have a significant 
hypocholestero lm ic activity in various experim ent anim als, its highly viscosity
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restric ts the use as a constituent o f physio logically  functional foods. The high 
m olecu lar w eigh t o f  chitin-ch itosan and the high crystallin ity  lead  to the low  
so lubility  in m ost organic solvents. The im provem ent o f so lubility , even it has 
been  chem ical m odified  into various derivatives, are still no t satisfied. 
T herefore , m any researchers proposed an alternative w ay to degrade the chain 
o f  po lym er to be  the oligom er by oligom erization  v ia chem ical treatm ent, 
pho to irrad iation , and enzym atic hydrolysis. C hem ical treatm ent can  be done 
by acid or base  (D efaye e t  a l ,  1989, and A llan e t  a l ,  1997) to ob tain  d im er to 
decam er, w hile pho to irrad iation  was achieved by using y-ray, and uv 
(U lanski e t  a l. 1992, and A ndrady e t  a l ,  1996). T he enzym atic hydro lysis 
(H irano  e t  a l ,  1989, and A iba e t  a l ,  1994) was done by using ch itinase from  
S tr e p m y c e s  g r is e u s  o r chitosanase from  B a c il lu s  sp. No. 7-M  to obtain  d im er 
to heptam er. A m ong these m ethods, enzym atic hydro lysis is the effective 
m ethod  under m ild  condition and does no harm  to the environm ent. 
M oreover, it is m ore in teresting pathw ay to m aintain  the structure o f chitin- 
chitosan.

2 .2  C h it in a s e  E n z y m e

A  chitinase (EC  3.2 .1 .14) was described for the first tim e in 1911 by 
B ernard  w ho found  a therm osensitive and diffusable antifungal fac to r in 
orch id  bulbs. In 1929, a sim ilar factor from  snails w as reported  by K arrer and 
H offm an. C hitinases, an enzym e cleaving a bound betw een (3-(l,4) g lycosid ic 
linkage o f  N -acetylg lucosam ine, are classified into 2 types based on the 
d igestion  at d ifferen t position  in the chitin chain, endochitinase and 
exoch itinase  (Flach e t  a l ,  1992). Endochitinase is an enzym e cleaving (3-(l,4) 
g lycosid ic linkage o f  N -acetylg lucosam ine w ithin  the chitin po lym er w hereas 
exochitinase is an enzym e cleaving at the end o f chitin  chain (F igure 2.4).
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Figure 2.4 A ction o f enzym e (a) exochitinase, and (b) endochitinase.

C hitinases are produced by a variety of m icroorganism s such as yeast, 
fungi, bacteria , and also plants. In m icroorganism s, these enzym es are critical 
fo r the norm al life cycle functions o f m olting and cell d ivision. In addition, 
p lan ts p roduce ch itinases as a defense against fungal pathogens (Felse e t  a l . ,  
1999).

C hitinases w ere classified  into 5 classes and grouped in to 2 fam ilies 
d iffe ren t in structure and enzym atic degradation m echanism  (B ram eld  e t  a l .,
1998). F am ily  19 chitinases consisting o f class I, II, and IV found only  in 
p lants w hich has m echanism  like hen-egg w hite lysozym e (H E W L ) 
(Schem e 2.2).

T he m echanism  o f fam ily 19 has been proposed by H art (1995). In this 
m echanism , it requires tw o acidic residues to process hydro lysis w hile  the 
p roduct w ill be retained  the initial anom eric configuration (equatoria l form ).

In contrast, fam ily  18 chitinases have been isolated from  a w ide range 
o f organism s including bacteria, fungi and anim als consisting  o f class III 
and V. T he m echanism s are believed to occur through anchim eric assistance 
by n ieghboring  N -acetyl group form ing on oxazoline ion in term ed ia te  and 
substrate  d istortion  into boat conform ation (Schem e 2.3).
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S c h e m e  2.2 D ouble-d isplacem ent hydro lysis m echanism

S c h e m e  2.3 A nchim eric stabilization hydro lysis m echanism
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T he chitinase  activity from  organism s can be determ ined by various 
m ethods such as viscosim etric assay, turbidim etric assay, and colorim etric  
assay (A iba e t  a l ,  1992). A lthough, chitinase can degrade chitin  bu t chitin  is 
no t good substrate  for m easuring activity because o f low surface area and 
so lubility  problem . G lycol-chitin , colloidal chitin and carboxym ethylch itin  aie 
good substrates because they are soluble in solvents and have m ore surface 
area  to be degraded.

T here are reports described the effect o f the degree o f A -acety lation  o f 
ch itosan  substrates on the chitinase activities. O htakara e t  a l. (1988) studied 
the action  o f  m icrobial chitinases on m oderately  N -deacety lated  chitosan 
(M D C ) w ith  d ifferen t degree o f N -acetylation in the hom ogenous solution 
state. It is c larified  that all o f chitinases hydrolyse M D C  at faster rates as 
increasing  the degree o f iV-acetylation. This indicates that chitinase  has a 
specific ity  tow ards N -acetyl-D -glucosam inidic linkages in the ch itosan  chain. 
H irano  e t  a l. (1989) reported that partially  N -acetylated  chitosans (PA C -H ) 
w ith  40-80%  acetyl content w ere hydrolyzed m ore than 100% N -acety lated  
ch itosan  by ch itinases from  ร. g r is e u s ,  ร. sp . ,  and ร. a n t ib io t ic u s  in the 
suspension  state at pH  6.8. N eugebauer e t  a l. (1991) reported that partia lly  N -  
acety lated  ch itosans w ith  50-95%  acetyl conten t w ere digested m ore effic ien t 
than co llo idal chitin  in the suspension state at pH  4 by S tr e p to m y c e s  l iv id a n s  
chitinase.

A iba e t  a l. (1993) studied on the difference in substrate recogn ition  by 
chitinase. It is reported  that chitinase has higher activity than lysozym e on 
ch itosan  chain. T he chitinases recognize only a G lcN A c residue in a chitosan 
chain  w hile lysozym e recognizes G lcN A c sequences (m ore than 3 G lcN A c 
residues).
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2 .3  O l ig o c h it in - C h io t s a n

R ecen tly , o ligochitin-chitosan has received m uch in terest in agricu lture 
and m edicine  because its low m olecular w eight induces, high b iodegradability , 
and high so lubility  in m ost organic solvent and w ater. M uch atten tion  has 
been  paid  on oligochitin-chitosan for practical applications in v iv o  system . 
O ligoch itin -ch itosan  w as reported for activities as e lic itors, antibacteria l 
agents, im m uno-enhancers, and lysozym e inducers.

H irano e t  a l. (1992) reported about the e ffec t o f  chitosan 
(M W  250 000) and its oligosaccharides (M W  304-1  306) on serum  lysozym e 
activ ity  by in travenous and oral adm inistration in rabbits. It w as found that 
ch itosan  o ligosaccharides m ake the serum  lysozym e activity enhanced  abou t 3 
tim es that o f  the control.

O ligosaccharides over the hexam er show high activity even at very low 
concen tration . R oby e t a l. (1987) reported that hexam er to nanom er are the 
m ost e ffic ien t elicitors in m elon plants to stim ulate chitinase  activ ity  for 
defense fungal pathogen. K endra e t  a l. (1984) studied on ch itosan  oligom er 
fo r antifungal to F u sa r iu m  so la n i, w hich elicits p isatin  form ation  in P isu m  
s a t iv u m  and found that the heptam er unit w as m axim al in bo th  antifungal 
activ ity  and form ation o f pisatin.

U p to now , less report deals on the hypochloestero lm ic activ ity  of 
o ligochitosan. Sugano e t  a l. (1992) reported that the o ligom er w ith  m olecular 
w eigh t 6.0x1 o 2 did  not have a hypocholesterolm ic effect. T hey  concluded  that 
the cholestero lm ic activity show ed w hen the m olecular w eight o f ch itosan  was 
at least 7x1 o 3.
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2.4 The Potential of the Present Work

T he enzym atic m ethod by using chitinase from  soil bacteria  is an 
in teresting  w ay to prepare the oligom er. O w ing to the w arm  clim ate  of 
T hailand , there are m any types o f soil bacteria  that can be easily  ob tained  in 
nature. T he p resen t w ork proposed the use o f S ta p h y lo c o c c u s  s p e c ie s  strain 
T U 005 (E) to d igest chitosan oligochitin-chitosan. It is our in terest to focus on 
the chem ical m odification  of the oligochitosan, to get the reactive precursor 
o ligochitosan . T he present w ork w ill be the basic research  fo r the 
o ligoch itosan  derivatives designed for the hydrophobic m icelle structured  
chitosan.
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