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C H A P T E R  I I  

T H E O R Y

2.1 Cellulose

C ellu lose is the m ost abundant biological m acrom olecu le on the p lanet Earth. 

It form s the basic structural m atrix  o f  the cell w alls o f  nearly  all plants, m any fungi 

and som e algae. Several bacteria are in conditions to produce cellu lose (Jonas and 

Farah., 1998). The cellu lose m olecules are com posed o f  longer slander bundles o f  

long chains o f  P-D -glucopyranose residues linked by 1-4 glucosidic bonds, called 

‘elem entary f ib rils ’ (Petre et al., 1999). C ellulose m olecule form s a straight, alm ost 

fully extended chain  as show n in Figure 2.1. The cellulose chains are organ ized in 

a crystalline o r sem i-crystalline lattice, thus giving rise to  m icrofibrils w ith a high 

tensile strength. T he chem ical form ula o f  cellu lose norm ally is (C6H io05)n. C ellulose 

is an insoluble structure. In general, the advantages o f  cellu lose include high specific 

strength and good therm al stability.

F ig u re  2.1 S tructure o f  C ellulose (G ardner and B lackw ell, 1974).

T he ce llu lo se ’s structure can be defined traditionally  as tw o m ajor types: 

cellu lose I and cellu lo se  II. B oth  o f  them  have a  d ifference in po larity  o f  the cellu lose
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chains. The backbone conform ations o f  the chains them selves are essentially  

identical. C ellu lose  I has parallel chains w hereas cellulose II has alternating  

antiparallel chains (G ardner and B lackw ell, 1974).

2.2 Bacterial Cellulose (BC)

B acterial cellu lose  (BC) has generally been ferm ented by A cetobacter xylinum  

(Schram m  e t al., 1957). A. xylinum  is a sim ple G ram -negative bacterium  w hich has 

an ability  to  syn thesize  a  large quantity o f  high-quality  cellulose organized as tw isting 

ribbons o f  m icrofibrillar bundles (C zaja e t al., 2006). It can be produced from  m any 

differen t substrates such as N at a  de p in a  and N at a de coco, synthesized by using 

A. xylinum  w ith  p ineapple  w ater and coconut w ater as m edium , respectively. 

M orphologically , the  reproducib le pellicle is obtained by controlling param eters o f  

bacterial grow th, for instance, the com position o f  the culture m edia, pH, tem perature, 

and oxygen tension .

G lucose is em ployed  as a com m on substrate. N onetheless, o ther sim ple 

carbohydrates, a lcohols, or po lyalcohols can be considered as carbon sources 

(B row n, 1991). D uring  the  process o f  actual biosynthesis, m any carbon  com pounds o f  

the nu trition  m edium  are u tilized  by the bacteria, then polym erized into single, linear 

f i - 1, 4-glucan chains and  finally  secreted outside the cells th rough  a  linear row  o f  

pores located  on  th e ir ou te r m em brane. B acteria  build bacterial cellu lose  (B C ) and 

confine them selves in it to  pro tect them selves from  enem ies and heavy-m etal ions 

w hile  nu trien ts can  be  supplied  by d iffusion (Sangrungraungroj, 2003).
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BC trad itionally  orig inates as a w hite gelatinous pellicle on the surface o f  

the liquid m edium  in a static culture. T hese bacteria produce cellu lose nanofibrils o f  

3-8 nm  diam eters. T ogether, the m esh o f  these fibrils form s a  gelatinous m em brane. 

The size o f  BC  fibrils is about 100 tim es sm aller than that o f  p lant cellu lose as shown 

in F igure 2.2 (C zaja et al., 2006). This unique nano-structure results in a larger 

surface area. C onsequently , BC has oustanding tensile  strength, high crystallinity , 

pure fiber netw ork  structure, and especially  rem arkable w ater ho ld ing capacity . It is 

extrem ely  hydrophilic , absorb ing 60 to  700 tim es its w eigh t in w ater (Suw anm ajo, 

2006).
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F ig u re  2.2 A  com parison o f  m icrofibrillar organ ization betw een BC (a) and
w ood pulp (b).
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M any kind o f  BC producers is presented in T able 2.1 The po lym er structure 

depends on the organism . A cetobacter xylinum  is the m ost represen tative BC 

producer.

T a b le  2.1 BC producers (Jonas and Farah, 1998).

G en u s C ellu lose  s tru c tu re

A cetobacter extracellu lar pellicle com posed o f  ribbons

A chrom obacter fibrils

A erobacter fibrils

A grobacterium short fibrils

A lcaligenes fibrils

P seudom onas no distinct fibrils

R hizobium short fibrils

Sarcina am orphous cellulose

Z oogloea not w ell defined

A ll strains o f  A cetobacter xylinum  produce cellu lose ex tracellu larly  in 

the  form  o f  flat, tw isting  ribbons. They have been used ordinarily  for the production  

o f  v inegar from  w ine, and utilized for the production o f  gluconic acid, ketog luconic 

acids and sorbose as w ell.

N ata  de coco  is one o f  the com m ercially  w ell know n products o f  BC. 

T here have been  a  w ide range o f  applications in num erous areas. For exam ple,
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in the acoustic  speaker diaphragm s, BC is used to create a sound transducing 

m em brane for m eeting  the strict requirem ents. In the field o f  paper, adding 

d isin tegrated  B C  to  paper pulp w as able to  create a stronger paper. In the  food 

industry, BC  is used as a  food additive for a chocolate drink in place o f  xan than gum. 

In d ialysis m em brane, BC show s a significantly higher perm eation rate and a greater 

m olecu lar w eigh t cu t-o ff  relative to a com m ercial dialysis m em brane (regenerated  

cellu lose m em brane) (Brow n, 1991; Y am anaka et al., 1994).

S vensson e t al. (2005) dem onstrates bacterial cellulose is a prom ising m aterial 

for tissue eng ineering  o f  cartilage and is looked up on as the biom edical applications. 

B iom edical app lications include a  bacterial cellulose skin substitute, the replacem ent 

o f  blood vessels, gingiva, and the dura m ater during in vivo  anim al testing . M oreover, 

the BC com posite  m aterial m ay be used as a biom aterial in orthopedic applications. 

For exam ple, osteob lasts  w ere used for the in vitro  evaluation o f  the com patib ility  o f  

the calc ium -defic ien t hydroxyapatite-B C  m atrix (Fontana et al., 1990).

2.3 Gelatin

G elatin  is a  p rotein  ob tained by partial hydrolysis o f  collagen, the c h ie f  protein 

com ponent in skin, bones, hides, and white connective tissues o f  the an im al body. 

T ype A  gelatin  is p roduced by acid processing o f  collagenous raw  m aterial, type B is 

produced by a lkaline  o r lim e processing. Because it is obtained from  collagen by 

a con tro lled  partial hydrolysis and does not exist in nature, gelatin  is c lassified  as 

a derived protein . A nim al glue and gelatin hydrolysate, som etim es referred to  as 

liquid protein , are  products ob tained by a m ore com plete hydrolysis o f  collagen and
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can thus be considered as containing low er m olecular-w eight fractions o f  gelatin 

(K eenan, 2003).

T he first step  in m anufacture is separation o f  the collagen as com pletely  as 

possib le from  o f  the other substances and w ith the least possib le injury to  the collagen 

itself. P roperly  conditioned collagen w hen heat w ith w ater slow ly changes to  gelatin, 

but un less th is p rocess is carry out carefully , the gelatin will be further hydrolyzed in 

the ho t solution , as show n below  (Tientanacom , 1979):

C 1 0 2 H 1 4 9N 3 1 O 3 8  + h 20 ----- > Cio2 Hi5iN3i039
C ollagen w ater gelatin

C 1 0 2 H 1 5 1N 3 1 O 3 9  + 2 H 20 ----- >  C 5 5 H 8 5 N 17 0 2 2  + C 4 7 H 7 0 N 1 4O 19
G elatin w ater Sem iglutin H em icollin

U ses o f  gelatin  are based on its com bination o f  properties: reversible gel-to-sol 

transition  o f  aqueous solution, viscosity o f  w arm  aqueous solutions, ability  to  ac t as 

a  protective collo id, w ater perm eability, and insolubility in co ld  w ater, but com plete 

so lub ility  in ho t w ater. It is also  nutritious. T hese properties are u tilized  in the food, 

pharm aceu tical, and  photographic industries. In addition, gelatin  form s strong, 

uniform , clear, m oderately  flexible coatings w hich readily sw ell and absorb  w ater and 

are ideal for the  m anufacture o f  photographic film s and pharm aceu tical capsu les 

(K eenan, 2003).

2.3.1 C h e m ic a l C o m p o sitio n  a n d  S tru c tu re

G elatin  is no t a  single chem ical substance. T he m ain constituen ts o f  gelatin are 

large and com plex  po lypeptide m olecules o f  the same am ino acid com position  as
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the parent collagen (Bailey and Light, 1989; Bailey and Paul, 1998; K eenan, 2003; 

B asavaraju e t al., 2006), covering a broad m olecular w eigh t d istribution range. 

In the parent collagen, the 18 different am ino acids are arranged  in ordered, long 

chains, each hav ing -9 5 ,0 0 0  m ol wt. These chains are arranged  in a  rod-like, trip le­

helix  structure consisting  o f  tw o identical chains, called a l ,  and  one slightly d ifferen t 

chain called a2 . T hese chains are partially separated and broken, i.e., hydrolyzed, 

in the gelatin  m anufacturing process. D ifferent grades o f  gelatin have average 

m olecu lar w eigh t ranging from  -2 0 ,0 0 0  to  250,000. M olecu lar w eight d istribu tion  

studies have been carried out by fractional precip itation w ith  ethanol o r 2-propanol 

and by com plex ing  w ith  anionic detergent m olecules. T he coacervates are isolated 

and recovered as gelatin  fractions. Analysis show s the presence o f  am ino acids from

0.2%  tyrosine to  30 .5%  glycine. The five m ost com m on am ino acids are glycine, 

2 6 .4 -30 .5% , p ro line  5 14.8-18% ; hydroxyproline, 13 .3-14 .5% , glutam ic acid, 1 T i ­

l l . 7%  and  alanine, 8 .6 -11 .3% . The rem aining am ino acids in decreasing o rder are 

argin ine, aspartic  acid, lysine, serine, leucine, valine, phenylalan ine, th reonine, 

iso leucine, hydroxylysine , histidine, m ethionine, and tyrosine.

ch2 choh
C j4VCHa CH2 CH2

CH N— CH NH ych\  N— CH
CO— M l/ CO7 \ o  XÇH—  CO—  NH CO XÇH-----CO CO

RR = glycin-X-Y triplet
X and  Y are  frequently proline and  hydroxy proline

F ig u re  2 .3  S tructure o f  gelatin. (Tom ihata e t al., 1994; L ee e t al., 2003)
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2.3.2 P h y s ic a l a n d  C hem ical P ro p e r tie s  (K eenan, 2003)

M ost physical and chem ical properties o f  gelatin are m easured on aqueous 

solutions and are functions o f  the source o f  collagen, m ethod o f  m anufacture, 

conditions during  extraction and concentration, therm al history, pH , and chem ical 

nature o f  im purities or additives.

G e la tio n  Perhaps the m ost useful property o f  gelatin  solution is its capability  

to  form  heat reversib le gel-so ls. W hen an aqueous solution o f  gelatin  w ith 

a  concentration  g reater than about 0.5%  is cooled to about 35^10oC, it first increases 

in viscosity , and  then  form s a  gel. The gelation process is thought to  proceed through 

three stages:

(7) R earrangem ent o f  individual m olecular chains into ordered, helical 

arrangem ent, or collagen fold.

(2) A ssocia tion  o f  tw o or three ordered segm ents to  create crystallites.

(3) S tab ilization  o f  the structure by lateral in ter-chain hydrogen bonding 

w ith in  the  helical regions.

The rig id ity  or je lly  strength o f  the gel depends on the  concentration , 

the in trinsic strength  o f  the gelatin sam ple, pH, tem perature, and additives. B ecause 

the econom ic value o f  gelatin  is com m only determ ined by je lly  strength, the  test 

procedure for its determ ination  is o f  great im portance. The conversion tem peratu re  for 

gelatin  is determ ined  as setting point, i.e., sol to gel, o r m elting  point, i.e., gel to  sol.
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C om m ercial gelatins m elt betw een 23 and 30°c, w ith  the setting po in t being low er by 

2-5°C .

Solubility In m ost com m ercial applications, gelatin  is used as 

a  solution. G elatin is soluble in w ater and in aqueous solutions o f  po lyhydric alcohols 

such as glycerol and propylene glycol. Exam ples o f  h igh ly polar, hydrogen-bonding 

organic solvents in w hich gelatin dissolves are acetic acid, trifluoroethanol, and 

form am id. G elatin  is practically  insoluble in less po lar o rgan ic solvents such as 

acetone, carbon tetrachloride, ethanol, ether, benzene, d im ethylform am ide, and m ost 

o ther nonpolar organ ic solvents. M any w ater-soluble organic so lven ts are com patib le  

w ith gelatin, but interfere with gelling properties. D ry gelatin  absorbs w ater 

exotherm ally. The rate and degree o f  sw elling is a  characteristic  o f  the particu lar 

gelatin . Sw elled gelatin granules dissolve rapidly in w ater above 35°c. T he cross- 

linking o f  gelatin  m atrix  by chem ical m eans is used extensively  in photograph ic 

products, and th is so-called hardening perm anently reduces the solub ility  o f  gelatin .

Amphoteric Character The am photeric character o f  gelatin is due to 

the functional groups o f  the am ino acids and the term inal am ino and carboxyl groups 

created during hydrolysis. In strongly acidic solution the gelatin  is positively charged 

and m igrates as a  cation in an electric field. In strongly  alkaline solution , it is 

negatively charged and m igrates as an anion. The in term ediate  point, w here net 

charge is zero and no m igration occurs, is know n as the isoelectric  po in t and 

is designated in pH  units. A  related property, the isoionic point, can be determ ined  by 

utilizing a  m ixed-bed ion-exchange resin to rem ove all nongelatin  cations and anions. 

T he resu lting  pH  o f  the gelatin  solution is the isoionic po in t and  is expressed in pH 

units. The iso ionic point is reproducible, w hereas the isoelectric  po in t depends on
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the salts present. T ype A gelatin has a broad isoionic region betw een pH 7 and pH 10, 

type B is in a  lower, m ore reproducible region, reaching an isoionic point o f  5.2 after 

4 w eeks o f  lim ing, w hich drops to 4.8 after prolonged or m ore v igorous lim ing 

processes. T he isoelectric point can also be estim ated by determ in ing a pH value at 

w hich a gelatin  solution exhibits m axim um  turbidity. M any iso ionic point references 

are recorded as  isoelectric points even though the latter is defined as a pH at w hich 

gelatin has net charge o f  zero and thus show s no m ovem ent in the electric  field.

Viscosity T he viscosity o f  gelatin solutions is affected  by gelatin  

concentration , tem perature, m olecular w eight o f  the gelatin sam ple, pH , additives, and 

im purities. In aqueous solution above 4 0 °c , gelatin exhibits N ew tonian  behavior. 

Standard testing  m ethods em ploy use o f  a  capillary v iscom eter at 60°c and gelatin 

solutions at 6.67 or 12.5%  solids. The viscosity o f  gelatin  so lu tions increases with 

increasing gelatin  concentration  and w ith decreasing tem perature. F or a given gelatin , 

v iscosity  is at a m inim um  at the isoionic point and reaches m axim a at pH  values near 

3 and 10.5. A t tem peratures betw een 30 and 4 0 °c , non-N ew tonian  behavior is 

observed, probably due to  linking together o f  gelatin  m olecules to  form  aggregates. 

A ddition o f  salts decreases the viscosity o f  gelatin  solutions. T his effect is m ost 

eviden t for concentrated  gelatin solutions.

Colloid and Emulsifying Properties G elatin is an effective pro tective  collo id  

that can preven t crystal, o r particle, aggregation, thereby stab ilizing  a  heterogeneous 

suspension. It acts as an em ulsifying agent in cosm etics and  pharm aceu ticals 

involving o il-in -w ater dispersions. T he anionic o r cation ic behavior o f  gelatin  is 

im portant w hen used in conjunction w ith o ther ionic m aterials. T he pro tective  collo id 

property is im portant in photographic applications w here it stab ilizes and protects
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silver halide crystals w hile still allow ing for their norm al grow th and sensitization 

during physical and chem ical ripening processes.

Coacervation A phenom enon associated with collo ids w herein dispersed 

particles separate from  solution to  form  a second liquid phase is term ed coacervation. 

G elatin  solutions form  coacervates w ith the addition o f  salt such as sodium  sulfate, 

especially  at pH  below  the isoionic point. In addition, gelatin  solutions coacervate 

w ith  solutions o f  oppositely  charged polym ers or m acrom olecu les such as acacia. 

T his property is useful for m icroencapsulation and photographic applications.

Swelling T he sw elling property o f  gelatin  is not only im portan t in its solvation 

bu t also in photographic film  processing and the dissolu tion o f  pharm aceutical 

capsules. T hat pH  and electrolyte content affect sw elling has been exp lained  by 

the  sim ple D onnan equilibrium  theory, treating  gelatin as a sem iperm eable m em brane. 

T his explains w hy gelatin exhibits the low est sw elling at its isoelectric pH. A t pH 

below  the isoelectric point, proper choice o f  anions can control sw elling, w hereas 

above the  isoelectric point, cations prim arily  affect sw elling. T hese effects probably  

involve breaking hydrogen bonds, resulting in increased sw elling. T he rate o f  

sw elling follow s approxim ately a  second-order equation. In photograph ic products, 

the sw elling o f  the gelatin  layer is controlled by coating conditions, drying conditions, 

chem ical cross-linking, and the com position o f  the processing solutions. C ond itioning 

at 90% R H  and 20°c for 24 h greatly reduces sw elling o f  ho t dried film  coatings. 

T he ratio o f  lateral to  vertical sw elling is o f  great concern in the photographic industry 

since it can  cause curling  o f  photographic papers or film s w hen changes in hum idity  

or general m oisture content take place.
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2.3.3 Uses

The industry recognized four different k inds o f  gelatin . (T ientanacom , 1979)

Edible G elatin  is used extensively in food form ula as a gelling agent, as 

a w ipping agent in foam s, as a clearing agent in fruit ju ices , w ines, and beer, 

to  increase v iscosity  and to  prevent ice-crystal grow th in frozen dessert.

Technical G elatin  is quite an arbitrary nam e applied to  sm all am ount used for 

m iscellaneous purpose such for sizing paper, textiles and straw  hats.

Pharmaceutical G elatin is used by pharm aceutical houses for m aking  

capsules and as an em ulsifier.

Photographic G elatin  has played an im portant part in the rapid developm ent 

o f  the m otion-picture and photograph industries. It is coated  on the film  base, 

constituting the sensitized em ulsion o f  the light-sensitive silver salts.

G elatin has been w idely also  used in m edicine as a  w ound dressing, and as 

an adhesive and  absorbent pad for surgical use. G elatin  does not show  any 

antigenicity, exh ib its an activation  o f  m acrophages, and has a  h igh hem ostatic e ffect 

(Lee e t a l ,  2003). M oreover gelatin  based biom aterials have been  applied  to  artificial 

skin, bone grafts and  scaffolds for tissue engineering (L ien e t al., 2009).

For arresting  hem orrhage during surgery, a  special sterile gelatin sponge 

know n as absorbable gelatin  sponge o r gel foam  is used. T he gelatin  is partially  

insolubilized by  a  cross-link ing process. W hen m oistened w ith  a  th rom bin o r sterile 

physiological sa lt solution, the gelatin  sponge, left in place after bleeding stops, 

is slow ly dissolved by tissue enzym es. Special fractionated  and prepared type  B 

gelatin  can be used as a  p lasm a expander (K eenan, 2003).
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G elatin can be a source o f  essential am ino acids w hen used as a  diet 

supplem ent and therapeutic agent. As such, it has been w idely  used in m uscular 

disorders, peptic ulcers, and infant feeding, and to  spur nail grow th. G elatin  is not 

a com plete p rotein  for m am m alian nutrition, since it is lacking in the essential am ino 

acid tryp tophan and is deficient in sulfur-contain ing am ino acids (K eenan, 2003).


	CHAPTER II THEORY
	2.1 Cellulose
	2.2 Bacterial Cellulose (BC)
	2.3 Gelatin


