
CHAPTER II

LITERATURE REVIEW

2.1 Edible film

2.1.1 Definition

E d ib le  f i lm s  a re  d e f in e d  as a th in  la y e r  o f  m a te r ia l w h ic h  c a n  be  

c o n s u m e d ,  c o a te d  o n  fo o d s  o r  p la c e d  as b a rr ie r  b e tw e e n  th e  fo o d  a n d  th e  

s u r ro u n d in g  e n v ir o n m e n t  (B o u r to o m , 2008). E d ib le  f i lm s  h a v e  b e e n  d e v e lo p e d  as 

fo o d  packag in g  m a te r ia ls  b e c a u s e  o f  th e ir  a b i l it ie s  to  s a fe ly  p ro te c t  fo o d  p ro d u c t s  b y  

p ro v id in g  b a rr ie r  p ro p e r t ie s ,  ca rry in g  fo o d  in g re d ie n ts , e n h a n c in g  m e c h a n ic a l in te g r ity  

o f  fo o d s  w h i le  re d u c in g  th e  e n v ir o n m e n ta l im p a c t .

Figure 2.1 E d ib le  f i lm s  (a) c o lo r f u l  fru it -  a n d  v e g e ta b le -b a s e d  e d ib le  f i lm s  a n d  (b) 

a n t im ic r o b ia l e d ib le  f i lm  

Source ะ U S D A  (2008)
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2.1.2 Film forming materials

2.1.2.1 Polysaccharides-based films and coating

P o ly s a c c h a r id e s  h a v e  b e e n  re g u la r ly  u s e d  t o  m a k e  e d ib le  f i lm  

b e c a u s e  th e y  a re  lo w  in c o s t , p le n t i fu l  a n d  r e la t iv e ly  e a s y  t o  h a n d le .  E x a m p le s  o f  

c o m m o n ly  u se d  p o ly s a c c h a r id e  as f i lm  fo rm in g  m a te r ia ls  in c lu d e  c e l lu lo s e  

d e r iv a t iv e s , s ta rch , c h ito s a n , p e c t in , a lg in a te , g lu c o m a n n a n  a n d  c a rra g e e n a n s  

(Ja n ja ra ssku l &  K ro ch ta , 2010). P o ly s a c c h a r id e  f i lm s  h a v e  g o o d  m e c h a n ic a l a n d  gas 

b a rr ie r  p ro p e r t ie s  b u t  t h e y  a re  g e n e ra lly  p o o r  w a te r  v a p o r  b a rr ie rs  (B a ld w in , N is p e ro s , 

&  Baker, 1995).

2.1.2.2 Protein-based films and coating

P ro te in  b a s e d  f i lm s  ca n  b e  m a d e  f r o m  p ro te in s  o f  b o th  a n im a l 

a n d  p la n t  o rig in s . C o m m o n  a n im a l p ro te in s  u s e d  fo r  m ak in g  p ro te in  f i lm s  a re  c a se in , 

w h e y  p ro te in ,  m e a t  p ro te in s , egg a lb u m in  a n d  fe a th e r  k e ra tin . F o r  p la n t  p ro te in s , 

w h e a t  p ro te in , s o y  p ro te in  a n d  c o rn  z e in  a re  re g u la r ly  u s e d  fo r  m ak in g  e d ib le  f i lm s . 

W a te r  a n d  e t h a n o l a re  f r e q u e n t ly  u s e d  s o lv e n ts  in t h e  f i lm  p re p a ra t io n  p ro c e s s  

b e c a u s e  th e y  a re  sa fe  fo r  c o n s u m p t io n .  M o s t  p ro te in  f i lm s  a re  s tro n g  b u t  b r it t le ,  

th e re fo re , p la s t ic iz e r s  a re  n e c e s sa ry  a d d e d  t o  c a s t in g  s o lu t io n  t o  im p ro v e  f le x ib i l i t y  o f  

f i lm s  (D anga ran , T o m a s u la ,  &  Q i, 2009). G e n e ra lly ,  p ro te in  f i lm s  h a v e  g o o d  

m e c h a n ic a l a n d  o p t ic a l p ro p e r t ie s .  เท a d d it io n , t h e y  a re  g o o d  b a rr ie r  t o  o x yg e n , 

c a rb o n  d io x id e  a n d  a ro m a . N e v e r th e le s s ,  th e s e  f i lm s  a re  h igh  in  w a te r  v a p o r  

p e rm e a b i l i t y  d u e  to  th e ir  h y d r o p h il ic  n a tu re  (Ja n ja ra ssku l &  K ro ch ta , 2010).

2.1.2.3 Lipid-based films and coating

L ip id s  a re  u s u a lly  a d d e d  t o  e d ib le  f i lm s  t o  e n h a n c e  w a te r  

v a p o r  ba rr ie r  b y  in c re a s in g  h y d ro p h o b ic  c o m p o n e n t  (B a ld w in  e t  a l., 1997). E d ib le
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l ip id  f i lm s  a re  frag ile . L ip id  m a te r ia ls  c a n  n o t  fo rm  c o h e s iv e ,  s e lf - s u p p o r t in g  f i lm  

s t ru c tu re  b e c a u s e  th e y  d o  n o t  h a v e  re p e a t in g  u n its  c o n n e c t e d  b y  c o v a le n t  b o n d s  to  

fo rm  a la rg e  m o le c u la r  s t ru c tu re  (Ja n ja ra ssku l &  K ro ch ta , 2010). T h e re fo re , t h e y  h a v e  

b e e n  in c o rp o ra te d  in to  c a rb o h y d ra te  o r  p ro te in  f i lm s  t o  im p ro v e  m o is tu re  b a rr ie r  

p ro p e r t ie s  (G re e n e r  &  F e n n e m a , 1989).

2.1.3 Plasticizers

P la s t ic iz e rs  a re  s m a ll  m o le c u la r  w e ig h t  c o m p o u n d s  w h ic h  c a n  b e  

a d d e d  t o  f i lm  c a s t in g  s o lu t io n s  to  e n h a n c e  f le x ib i l i t y  a n d  e lo n g a t io n ,  w h i le  d e c re a s e  

b r it t le n e s s  o f  p o ly m e r ic  f i lm s . P la s t ic iz e rs  r e d u c e  in te rm o le c u la r  fo rc e s  b e tw e e n  th e  

p o ly m e r  c h a in s , le a d in g  to  an  in c re a s e  in fre e  v o lu m e  a n d  im p ro v in g  f le x ib i l i t y  

(D anga ran  e t  a l., 2009). A lth o u g h  in c o rp o ra t io n  o f  p la s t ic iz e r  im p ro v e s  m e c h a n ic a l 

p ro p e r t ie s ,  b a rr ie r  p ro p e r t ie s  o f  f i lm  a re  t y p ic a l ly  s a c r if ic e d  (K ro ch ta  &  M c h u g h , 1994). 

C o m m o n  p la s t ic iz e r s  u se d  in e d ib le  f i lm s  a re  p o ly o ls  (e.g., g ly c e ro l,  p r o p y le n e  g ly c o l,  

p o ly p r o p y le n e  g ly c o l,  a n d  so rb ito l) ,  sugars (e.g., g lu c o s e  a n d  h o n e y ) , a n d  l ip id s  (e.g., 

m o n o g ly c e r id e s ,  p h o s p h o lip id s ,  a n d  su r fa c ta n ts )  (D anga ran  e t  a l., 2009). P la s t ic iz e r s  

a re  n o rm a l ly  h y g ro s c o p ic  a n d  a t t ra c t  w a te r  m o le c u le s .  W a te r  c a n  a ls o  b e  u s e d  as 

p la s t ic iz e rs ,  b u t  it is e a s ily  lo s t  d u e  to  d e h y d ra t io n  in lo w  re la t iv e  h u m id it y  

e n v iro n m e n ts  (G u ilb e r t  &  G o n ta rd , 1995). T h e  e f fe c t iv e n e s s  o f  a p la s t ic iz e r  d e p e n d s  

o n  s ize , s h a p e  a n d  c o m p a t ib i l i t y  w ith  t h e  f i lm  m a tr ix  (S o th o rn v it  &  K ro ch ta , 2001).

L a o h a k u n j it  a n d  N o o m h o rm  (2004) s tu d ie d  th e  in f lu e n c e  o f  p la s t ic iz e r  

t y p e  a n d  c o n c e n t ra t io n  o n  m e c h a n ic a l p ro p e r t ie s  o f  r ic e  s ta rch  f i lm . T h e  t e n s i le  

s tre n g th  o f  r ic e  s ta rch  f i lm  d e c re a s e d  w h e re a s  p e rc e n t  e lo n g a t io n  in c re a s e d  w ith  an  

in c re a s e d  g ly c e ro l o r  s o r b ito l c o n te n t .  T h is  r e s u lt  m ig h t  b e  a t t r ib u te d  t o  th e  

in te rfe r in g  o f  p la s t ic iz e r  to  t h e  a r ra n g e m e n t  o f  p o ly m e r  c h a in s  a n d  in t e rm o le c u la r  

h y d ro g e n  b o n d in g . P la s t ic iz e r  d e c re a s e d  p o ly m e r  in te r -c h a in  in te ra c t io n s , w h ic h  in 

tu rn  in d u c in g  th e  f le x ib i l i t y  o f  t h e  f ilm s .
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T h e  e f fe c t  o f  p la s t ic iz e r  o n  w a te r  v a p o r  p e rm e a b i l i t y  o f  t a p io c a  s ta rch  

b a s e d  e d ib le  f i lm  w a s  s tu d ie d  b y  C h i l lo  e t  a l. (2008). T h e  re s e a rc h e rs  fo u n d  th a t  t h e  

g ly c e ro l c o n c e n t r a t io n  s t ro n g ly  a f fe c te d  th e  p e rm e a b i l i t y  o f  t h e  s ta rch  f i lm . T h e  

w a te r  v a p o r  p e rm e a b il i t y  in c re a s e d  w ith  in c o rp o ra t in g  g ly c e ro l.  It w a s  d u e  t o  t h e  

r e d u c t io n  o f  p o ly m e r ic  d e n s ity . T h is  r e s u lt  is in a g re e m e n t  w ith  L a o h a k u n j it  a n d  

N o o m h o rm  (2004), w h o  fo u n d  th a t  t h e  o x y g e n  t ra n s m is s io n  ra te s  o f  g ly c e ro l a n d  

s o r b ito l  p la s t ic iz e d  r ice  s ta rch  f i lm s  w e re  s ig n if ic a n t ly  in c re a s e d  w ith  in c re a s in g  

g ly c e ro l a n d  s o r b ito l c o n te n t .  T h e s e  p la s t ic iz e r s  w e re  h y p o th e s iz e d  t o  in c re a s e  

m o b il i t y  o f  p o ly m e r  ch a in s .

2.2 Konjac glucomannan

2.2.1 Chemistry

K o n ja c  g lu c o m a n n a n  (KGM ) is a h igh  m o le c u la r  w e ig h t  a n d  w a te r  

s o lu b le  lin e a r  p o ly s a c c h a r id e  e x t ra c te d  f ro m  th e  tu b e r  o f  Amorphophailus konjac 

p la n t . KG M  is a h y d r o c o l lo id  a n d  is s y n o n y m o u s  w ith  k o n ja c  g u m  a n d  k o n ja c  

m a n n a n . T h e  m a in  c h a in  c o m p r is e s  o f  (3-1, 4 l in k e d  D -m a n n o s e  a n d  D -g lu c o s e  w ith  a 

m o la r  ra t io  o f  1.6:1, w ith  a p p ro x im a te ly  1 a c e t y l g ro u p  a t C 6  p o s it io n  in e v e ry  17 -19  

suga r u n its  (L iu  &  X ia o , 2004). T h e  m o le c u la r  w e ig h t  o f  K G M  d e p e n d s  o n  t h e  s p e c ie s  

o f  Amorphophailus a n d  e x t ra c t io n  m e th o d  (M a rc e lia n o , 2009). Li e t  a l. (2006) 

re p o r te d  an  a ve ra g e  K G M ’ s m o le c u la r  w e ig h t  o f  1 .0 4 X 1 0 6 D a lto n s . If K G M  s o lu t io n  is 

h e a te d  a fte r  t r e a tm e n t  o r e x p o s u re  to  a lk a li,  it fo rm s  ge l. T h is  g e la t io n  o c c u rs  d u e  t o  

t h e  h y d ro ly s is  o f  a c e t y l g ro u p s  w h ic h  n o  lo n g e r  h in d e r  in t e rm o le c u la r  h y d ro g e n  

b o n d in g  o f  c h a in  (M a rc e lia n o , 2009).
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Figure 2.2 s t r u c tu r e  o f  k o n ja c  g lu c o m a n n a n  

Source ะ M a r c e l ia n o  (2009)

2.2.2 Konjac glucomannan film formation and properties

N o rm a lly ,  KG M  s o lu t io n  is e x t r e m e ly  v is c o u s . A  1% KG M  a q u e o u s  

s o lu t io n  g ives a v is c o s it y  as h igh  as 2 5 000  c P  (M a rc e lia n o , 2009). KG M  f i lm  is e a s y  to  

b e  p e e le d  f ro m  th e  ca s t in g  p la te .  T h e  re su lt in g  KG M  f i lm  is f le x ib le  d e s p it e  th e  

a b s e n c e  o f  s m a ll  m o le c u la r  m ass  p la s t ic iz e rs . KG M  w as  re p o r te d  t o  h a v e  e n h a n c e  

w a te r  v a p o r  b a rr ie r  c o m p a re d  t o  o th e r  p o ly s a c c h a r id e  f i lm s  (C h en g  e t  a l., 2002). KG M  

f i lm  is r e a d i ly  s o lu b le  in w a te r  w h ic h  le n d s  i t s e lf  t o  a p p lic a t io n  o f  w a te r  d is s o lv e  

e d ib le  f i lm . O n  th e  o th e r  h a n d , it is an  im p o r ta n t  o b s ta c le  fo r  e s ta b lis h in g  w a te r  

re s is ta n t  packag ing . KG M  f i lm  is t r a n s lu c e n t  a n d  lo w  in g lo ss , w h ic h  is t y p ic a l ly  

o p p o s it e  t o  p re fe r re d  v is u a l p ro p e r t ie s  b y  c o n su m e rs . F u r th e rm o re , o n e  o f  t h e  m a jo r  

d ra w b a c k s  o f  e d ib le  p o ly s a c c h a r id e  f i lm s  f ro m  c o m m e rc ia l  a p p lic a t io n s  is th a t  th e y  

d o  n o t  p o s se s s  t h e  a b i l it y  to  b e  h e a t  s e a le d .

Figure 2.3 K o n ja c  g lu c o m a n n a n  f i lm
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K G M  f i lm s  a n d  th e ir  a p p lic a t io n s  h a v e  b e e n  r e c e n t ly  e x p lo re d .  

S u p a p v a n ic h , P ra th a a n , a n d  T e p s o rn  (2012) s tu d ie d  th e  e f fe c t  o f  a n  e d ib le  c o a t in g  

f ro m  k o n ja c  g lu c o m a n n a n  in c o rp o ra te d  w ith  p in e a p p le  fru it  e x t ra c t  o n  b ro w n in g  

in h ib it io n  o f  fre sh  c u t  ro se  a p p le  fru it. T h e  re s e a rc h e rs  f o u n d  th a t  t h e  w e ig h t  lo s s  o f  

fre sh  c u t  ro s e  a p p le  fru it  c o a te d  w ith  k o n ja c  g lu c o m a n n a n  w a s  lo w e r  th a n  th a t  o f  

t h e  c o n t r o l.  T h e  in c o rp o ra t io n  o f  p in e a p p le  e x t ra c t io n  in k o n ja c  g lu c o m a n n a n  f i lm  

e n h a n c e d  th e  b ro w n in g  in h ib it io n  o f  fre sh  c u t  ro se  a p p le  fru it. W o n g n im itk u l e t  a l.

(2009) s tu d ie d  th e  s h e lf  life  e x te n s io n  o f  fre sh  c u t  t o m a to  b y  u s ing  k o n ja c  

g lu c o m a n n a n  f i lm  in c o rp o ra te d  w ith  a n t im ic r o b ia l a g e n t  a n d  c lo v e  o il. T h e  

re se a rc h e rs  fo u n d  th a t  th e  k o n ja c  g lu c o m a n n a n  f i lm  w ith  c lo v e  o i l  c o u ld  e x te n d  th e  

s h e lf  life  o f  fre sh  c u t  t o m a to  f ro m  11 d a y s  t o  a t le a s t  23  d a y s .

2.3 Whey protein

2.3.1 Chemistry

W h e y  p ro te in  is a m ix tu re  o f  g lo b u la r  p ro te in s  th a t  re m a in  in  m i lk  

s e ru m  a fte r  pH  o r  re n n e t. T h e  f iv e  m a in  p ro te in s  in c lu d e  ( 3 - la c to g lo b u lin s ,  G- 
la c ta lb u m in s ,  b o v in e  s e ru m  a lb u m in ,  im m u n o g lo b u l in s  a n d  p r o te o s e -p e p to n e s .  T h e  

a p p ro x im a te  c o m p o s it io n  a n d  p h y s ic o c h e m ic a l c h a ra c te r is t ic s  o f  b o v in e  w h e y  

p ro te in  is s h o w n  in  T a b le  2.1 (P e re z -G a g o  &  K ro ch ta , 2002 ; W a lsh , 2002). T h e r e  a re  

tw o  c o m m e r c ia l  fo rm s  o f  w h e y  p ro te in  a v a ila b le  a c c o rd in g  t o  th e ir  p ro te in  c o n te n t ;  

w h e y  p ro te in  c o n c e n t r a t e  (W PC) c o n ta in s  25 -80%  p ro te in  a n d  w h e y  p ro te in  is o la te  

(WPI) is n e a r ly  a l l  p ro te in  (>90%). T h e s e  p ro te in s  a re  h e a t  la b i le .  D é n a tu ra t io n  a t 

t e m p e ra tu r e  a b o v e  65 °c t e n d  t o  u n fo ld  t h e  g lo b u la r  m o le c u le s  t o  a la rg e  e x te n t  

a n d  e x p o s e  th e ir  s u lfh y d r y l g ro u p s  w h ic h  a re  im p o r ta n t  fo r  f o o d  fu n c t io n a l p ro p e r t ie s  

(P e re z -G a g o  &  K ro ch ta , 2002).
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2.3.2 Whey protein film formation and properties

N a t iv e  w h e y  p ro te in s  a re  g lo b u la r  p ro te in s  c o n ta in in g  h id d e n  

h y d ro p h o b ic  a n d  SH g ro u p s  in t h e  in te r io r  o f  t h e  m o le c u le .  O n  th e  o th e r  h a n d , h e a t  

d e n a tu re d  w h e y  p ro te in s  e x p o s e  in te rn a l SH a n d  h y d ro p h o b ic  g ro u p s  w h ic h  p ro m o te  

in te rm o le c u la r  d is u lf id e  (ร -ร )  b o n d in g  a n d  h y d ro p h o b ic  in te ra c t io n  d u rin g  d ry in g  

(S h im a d a  &  C h e f te l,  1998) as s h o w n  in F igu re  2.4. B o th  n a t iv e  a n d  h e a t  d e n a tu re d  

w h e y  p ro te in  f i lm s  a re  t ra n s p a re n t , g lo ssy , c o lo r le s s ,  ta s te le s s ,  o d o r le s s ,  a n d  h av in g  

s im ila r  w a te r  v a p o r  p e rm e a b ili t y ,  h o w e v e r , th e y  h a v e  d if fe re n t  s o lu b i l i t y  a n d  

m e c h a n ic a l p ro p e rt ie s . H e a t d e n a tu re d  w h e y  p ro te in  f i lm s  a re  in s o lu b le  in w a te r  a n d  

s t ro n g e r  c o m p a re d  t o  n a t iv e  w h e y  p ro te in  f i lm s  d u e  to  th e  c o v a le n t  ร - ร  b o n d in g  

c re a te d  u p o n  d ry in g  (P e re z -G ago , N a d a u d , &  K ro ch ta , 1999). A d d it io n  o f  p la s t ic iz e r  is 

im p o r ta n t  t o  d e c re a s e  b r it t le n e s s  a n d  in c re a s e  f le x ib i l i t y  o f  w h e y  p ro te in  f i lm s . 

P la s t ic iz e d  w h e y  p ro te in  f i lm s  a re  t ra n s p a re n t , b la n d , a n d  f le x ib le .  W h e y  p ro te in  

f i lm s  h a v e  g o o d  o xyg en , a ro m a  a n d  o il  b a rr ie r  p ro p e r t ie s , b u t  p o o r  m o is tu re  b a rr ie r  

p ro p e r t ie s  d u e  to  th e ir  h y d r o p h il ic  g ro u p  (P e re z -G a g o  & K ro ch ta , 2002).

Figure 2.4 H e a t d e n a tu re d  w h e y  p ro te in  

Source ะ K ro ch ta  a n d  M ch u g h  (1994)
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Table 2.1 P h y s ic o c h e m ic a l c h a ra c te r is t ic s  o f  t h e  m a jo r  (b o v in e )  w h e y  p ro te in s

p-
lactoglobulin

a-
lactalbumin

serum
albumin

Immunoglobulin
-G

proteose-
peptones

Approximately
composition

57% 19% 7% 13% 4%

Molecular 
weight (Da)

18,300 14,200 66,300 150,000-
1,000,000

4,100-
22,000

Disulfide bond 2 4 17 nv 0
Sulfhydryl

groups
1 0 1 nv 0

No. amino acid 
residues

162 123 582 1,360

No. cysteine 
residues

5 8 35 16

Isoelectric 
point (pi)

5.2 4.2-4.8 4.7-4.9 5.5-8.3

n v  = n u m e ro u s  v a r ia b le

Source : P e re z -G a g o  a n d  K ro ch ta  (2002); W a ls h  (2002)

W PI d is p la y s  t h e rm o p la s t ic  b e h a v io r  a t  lo w  m o is tu re  le v e l  (H e rn a n d e z  

&  K ro ch ta , 2008). W PI h a v e  b e e n  s u c c e s s fu l ly  fo rm e d  in to  f i lm s  a n d  sh e e ts  us ing  

t h e rm o p la s t ic  p ro c e s s e s  s u ch  as c o m p re s s io n  m o ld in g  a n d  e x t ru s io n  (S o th o rn v it ,  

O ls e n , &  K ro ch ta , 2007 ) as w e l l  as re p o r te d  t o  b e  h e a t  s e a la b le  (K im  &  U s tu n o l,  

2001).
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Figure 2.5 W h e y  p ro te in  is o la te  f i lm

2.4 Composite edible films

C o m p o s it e  e d ib le  f i lm s  a re  th e  c o m b in a t io n  b e tw e e n  b io p o ly m e r s  to  fo rm  

f i lm s  s u ch  as p ro te in s  a n d  c a rb o h y d ra te s  a n d  / o r  b io m a te r ia ls  s u ch  as lip id s . T h e  

m a in  o b je c t iv e  o f  p ro d u c in g  c o m p o s it e  f i lm s  is t o  ta k e  th e  a d v a n ta g e s  o f  e a ch  

b io p o ly m e r  c o m p o s it io n .  P ro te in s  a n d  p o ly s a c c h a r id e s  c o m m o n ly  p ro v id e  th e  

s u p p o r t in g  m a tr ix  a n d  e n h a n c e  b a rr ie r  t o  gases. T h e  p o la r  h y d ro g e n -b o n d in g  

c h a ra c te r  o f  p o ly s a c c h a r id e s  a n d  p ro te in s  p ro d u c e s  f i lm s  th a t  h a v e  h igh  w a te r  

p e rm e a b ili t y ,  lo w  o x yg e n  p e rm e a b il i t ie s  a t lo w e r  r e la t iv e  h u m id it ie s  a n d  

c o m p ro m is e d  b a rr ie r  a n d  m e c h a n ic a l p ro p e r t ie s  a t  h ig h e r r e la t iv e  h u m id it ie s .  L ip id s  

a re  n o t  p o ly m e rs ;  th e re fo re , t h e y  d o  n o t  fo rm  c o h e r e n t  s ta n d -a lo n e  f i lm s . H o w e v e r , 

t h e y  c a n  p ro v id e  g lo ss  a n d /o r  m o is tu re -b a r r ie r  c o a t in g s  o n  fo o d  su rfa ce s . M o re o v e r ,  

t h e y  c a n  c o n s t it u t e  t h e  m o is tu re -b a r r ie r  c o m p o n e n t  o f  a c o m p o s it e  f i lm  (G a rc ia  e t  

a l., 2009). T h e re fo re , c o m p o s it e  f i lm s  w e re  e s ta b lis h e d  fo r  s p e c if ic  a p p lic a t io n s ,  

a im in g  to  ta k e  a d v a n ta g e s  o f  c o m p le m e n ta r y  fu n c t io n a l p ro p e r t ie s  o r  to  o v e r c o m e  

f la w s  o f  e a c h  c o m p o n e n t  (Ja n ja ra ssku l &  K ro ch ta , 2010). B io p o ly m e r  c o m p o s it e  ca n  

m o d ify  f i lm  p ro p e r t ie s  a n d  c re a te  d e s ir a b le  f i lm  s t ru c tu re  fo r  s p e c if ic  a p p lic a t io n s .  

T h e s e  c o m p o s it e  f i lm s  a re  a p p lie d  e ith e r  in t h e  fo rm  o f  an  e m u ls io n ,  s u s p e n s io n , o r 

d is p e r s io n  o f  th e  n o n -m is c ib le  c o n s t it u e n ts  in a p o ly s a c c h a r id e  o r  p ro te in  m a tr ix , o r
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in s u c c e s s iv e  la y e rs  (m u lt i la y e r  c o a t in g  o r  f ilm s ), o r  in t h e  fo rm  o f  a s o lu t io n  in a 

c o m m o n  s o lv e n t  (B o u r to o m , 2008)

B le n d in g  o f  K G M -b a se d  f i lm s  w ith  o th e r  b io p o ly m e r s  s u ch  as s ta rch  (C h e n  e t 

a l., 2008), g e lla n  g u m  (X u  e t  a l., 2007), c h ito s a n  (X ia o  e t  a l., 2 000 ) a n d  g e la t in  (Li e t  

a l., 2006 ) h a v e  b e e n  re p o r te d . C h e n  e t  a l. (2008) fo u n d  th a t  t h e re  w a s  a g o o d  

m is c ib i l i t y  b e tw e e n  K G M  a n d  s ta rch  d u e  to  h y d ro g e n  b o n d in g . T h e  % e lo n g a t io n  o f  

S ta rch /K G M  b le n d  f i lm s  w a s  h ig h e r th a n  th e  K G M  f ilm . T e n s i le  s tre n g th  o f  b le n d  f i lm s  

d e c re a s e d  as s ta rch  c o n te n t  in c re a s e d .

Li e t  a l. (2006) fo u n d  th a t  th e  b le n d  s y s te m  o f  K G M  a n d  g e la t in  h a d  a g o o d  

m is c ib il ity .  T h e  a d d it io n  o f  g e la t in  in KG M  f i lm  im p ro v e d  h e a t  s e a la b il it y ,  w a te r  

s o lu b i l i t y  a n d  o p t ic a l t ra n s p a re n c e  c o m p a re d  t o  t h e  K G M  f ilm . T h e  b le n d  f i lm s  c o u ld  

b e  h e a t  s e a le d  a t 140 °c a n d  d is s o lv e d  in t h e  c o o l  w a te r  in 30 ร. M o re o v e r ,  t e n s i le  

s tre n g th  o f  b le n d  f i lm s  w a s  h ig h e r th a n  p u re  K G M  o r  g e la t in  f i lm s  b e c a u s e  o f  

in te rm o le c u la r  in te ra c t io n s  b e tw e e n  K G M  a n d  g e la t in  m o le c u le s  in  f i lm  m a tr ix .

X ia o  e t  a l. (2000) fo u n d  th a t  th e re  w a s  a s m o o th  su r fa c e  b e tw e e n  c h ito s a n  

a n d  KG M , h o w e v e r ,  t h e  m is c ib i l i t y  a ls o  d e c re a s e d  w ith  an  in c re a s e  o f  KG M . T h e  

m e c h a n ic a l p ro p e r t ie s  o f  b le n d  f i lm s  d e p e n d e d  o n  th e  c o n c e n t r a t io n  o f  KG M . T h e  

b le n d  f i lm  o f  c h ito s a n  a n d  K G M  e n h a n c e d  th e  t e n s i le  s tre n g th  d u e  t o  t h e  h y d ro g e n  

b o n d in g  b e tw e e n  c h ito s a n  a n d  KGM .

B le n d in g  o f  W P i-b a s e d  f i lm s  w ith  p o ly s a c c h a r id e  su ch  as m e t h y lc e l lu lo s e  

(M C), h y d r o x y p r o p y lm e t h y lc e l lu lo s e  (H PM C), s o d iu m  a lg in a te , a n d  s ta rch  h a v e  b e e n  

s tu d ie d  (Y o o  &  K ro ch ta , 2011). T h e  re s e a rc h e rs  f o u n d  th a t  W PI f i lm s  h a d  t h e  h ig h e s t  

t ra n s p a re n c y . T h e  b le n d  f i lm s  m a d e  o f  a n y  p o ly s a c c h a r id e s  w ith  W PI h a d  lo w e r  

t ra n s p a re n c y  th a n  th e  p u re  p o ly s a c c h a r id e s  f i lm s  b e c a u s e  o f  h e te ro g e n e o u s  f i lm  

s t ru c tu re s . M C  a n d  H P M C  b le n d e d  w ith  W PI g ave  th e  h ig h e s t  t e n s i le  s treng th ; 

h o w e v e r , s ta rch -W P I b le n d  f i lm s  w e re  t h e  w e a k e s t  f i lm s . W a te r  v a p o r  p e rm e a b i l i t y  o f  

a l l  f i lm s  h a d  s im ila r  v a lu e s . เท 2012 , t h e  sa m e  g ro u p  o f  re s e a rc h e rs  s tu d ie d  p ro p e r t ie s
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o f  c o m  s ta rch  (CS)-M C-W PI b le n d e d  f i lm s  (Y o o  &  K ro ch ta , 2012). T h e y  fo u n d  th a t  C S - 

M C -W PI b le n d  f i lm s  w e re  s t ro n g e r  c o m p a re d  to  CS-W PI f i lm s  a n d  h a d  lo w e r  o x yg e n  

p e rm e a b i l i t y  th a n  M C -W PI b le n d  f ilm s .

2 .5  D ry in g  r a te  e f f e c t

D ry ing  is a p ro c e s s  u se d  fo r  r e m o v in g  w a te r  o r  s o lv e n t  b y  e v a p o r a t io n  f ro m  

th e  s o l id  m a te r ia l.  D ry ing  ra te  is d e f in e d  b y  t h e  lo s s  o f  m o is tu re  f r o m  th e  w e t  s o l id  

p e r  e a c h  u n it  o f  t im e . O v e r a ll  d ry in g  p ro c e s s  ca n  b e  d iv id e d  in to  th re e  p a rts  (C h en ,

2008):

i. W a rm -u p  p e r io d

M a te r ia l s ta rts  t o  b e  h e a te d  f ro m  in it ia l t e m p e ra tu r e  t o  t h e  w e t  b u lb  

te m p e ra tu re .  T h e  m o is tu re  s ta rts  t o  e v a p o ra te  f ro m  th e  su rfa ce . M a ss  a n d  h e a t  

t ra n s fe r  d r iv in g  fo rc e s  a re  n o n -z e ro . C o n c e n t r a t io n  o f  w a te r  d e c re a s e s  o v e r t im e . 

D ry ing  p ro c e s s  is ru n n in g  o n  d ry in g  c u rv e  f ro m  p o in t  A  to  p o in t  B in d ry in g  ra te  cu rv e , 

s h o w n  in F igu re  2.6.

II. F irs t d ry in g  p e r io d  ( c o n s ta n t - ra te  p e r io d  o f  d ry ing )

T h is  p e r io d  b eg in s  a t p o in t  B in F igu re  2.6. A t  th is  p o in t  t e m p e ra tu r e  o f  

t h e  m a te r ia l is e q u a l t o  t h e  w e t  t h e rm o m e te r  t e m p e ra tu r e  a n d  s ta y s  c o n s ta n t .  V a p o r  

p re s su re  o n  th e  su r fa c e  o f  m a te r ia l d u r in g  c o n s ta n t - ra te  p e r io d  is e q u a l  t o  v a p o r  

p re s su re  o f  w a te r  o n  th e  c le a n  w a te r  in th e  s a m e  te m p e ra tu re .  เท p o in t  c m o is tu re  

c o n te n t  is e q u a l to  th e  c r it ic a l m o is tu re  c o n te n t .  D u ring  c o n s ta n t - ra te  p e r io d  th e  

d ry in g  ra te  d e p e n d s  o n  te m p e ra tu re ,  m o is tu re  c o n te n t  a n d  m a ss  f lo w  o f  air.
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III. S e c o n d  d ry in g  p e r io d  ( fa llin g -ra te  p e r io d )

เท p o in t  c, t h e  su r fa c e  o f  t h e  m a te r ia l d r ie s  up . T h e  d ry in g  ra te  

d e c re a s e s . T e m p e ra tu r e  o f  t h e  m a te r ia l is in c rea s in g , a n d  c a u se s  d e c re a s in g  o f  th e  

m a ss  a n d  h e a t  t ra n s fe r  d r iv in g  fo rc e s . เท p o in t  E, m a te r ia l t e m p e ra tu r e  is n e a r ly  e q u a l 

t o  air t e m p e ra tu r e  a n d  m o is tu re  c o n te n t  is e q u a l t o  t h e  e q u il ib r iu m  m o is tu re  

c o n te n t .  T h e  m a ss  a n d  h e a t  t ra n s fe r  s to p  a t th is  p o in t  a n d  it is n o t  p o s s ib le  u n d e r  

a c tu a l c o n d it io n s  t o  d ry  m a te r ia l m o re .

F ig u re  2 .6  D ry ing  ra te  c u rv e

S o u r c e  ะ C h e n  (2008)

C o m m o n  p ra c t ic e  in e d ib le  f i lm  fo rm a t io n  has b e e n  t o  d ry  f i lm  a t  a m b ie n t  

t e m p e ra tu r e  a n d  < 50  % RH. H o w e v e r , s u ch  d ry in g  c o n d it io n  ta k e s  lo n g  t im e  w h ic h  is 

t h e  o b s ta c le  fo r  in d u s try  s c a le  d u e  t o  lo w  c a p a b il it y .  T h e re fo re , r a p id ly  d ry in g  

m e th o d  is r e q u ire d  fo r  in d u s tr ia l re a so n s .

A lc a n ta ra , R u m se y , a n d  K ro ch ta  (1998) s tu d ie d  th e  e f fe c t  o f  d ry in g  ra te  o n  th e  

p ro p e r t ie s  o f  w h e y  p ro te in  f i lm s . T h e  re s e a rc h e rs  fo u n d  th a t  d ry in g  ra te s  s ig n if ic a n t ly  

a f fe c te d  f i lm s  th ic k n e s s , W V P  a n d  m e c h a n ic a l p ro p e r t ie s .  R ap id  d ry in g  r e s u lt e d  in le s s
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f le x ib le  a n d  s t if fe r  f i lm s  w h e re a s  t h e y  h a d  b e t te r  m o is tu re  b a rr ie r  a n d  th in n e r  in 

th ic k n e s s .

K aya  a n d  Kaya  (2000) s tu d ie d  th e  e f fe c ts  o f  m ic ro w a v e  d ry in g  o n  p r o p e r t ie s  o f  

W PI f ilm s . T h e  re se a rc h e rs  fo u n d  th a t  t h e  d ry in g  t im e  re q u ire d  5 m in  in m ic ro w a v e  

w h i le  18 h a t ro o m  te m p e ra tu re .  T h e  f i lm s  d r ie d  b y  m ic ro w a v e  o v e n  h a d  h ig h e r 

e lo n g a t io n  a n d  t e n s i le  s tre n g th  w h i le  w a te r  v a p o r  p e rm e a b i l i t y  w a s  s im ila r  c o m p a re d  

t o  t h e  W PI f i lm s  d r ie d  a t r o o m  te m p e ra tu re .

M a y a c h ie w  a n d  D e va h a s t in  (2008) fo u n d  th a t  d ry in g  t e m p e ra tu r e  a n d  d ry in g  

m e th o d  a f fe c te d  th e  o v e r a l l  c h a n g e s  o f  c o lo r  (AE) in c h ito s a n  f i lm s . H ig h e r d ry in g  

te m p e ra tu r e  gave  la rg e r c h a n g e s  o f  A E  d u e  t o  h ig h e r le v e ls  o f  M a il la r d  b ro w n in g  

re a c t io n s .

2 .6  S to ra g e  s t a b i l i t y

D uring  s to rag e , th e  p ro p e r t ie s  o f  e d ib le  f i lm s  c h a n g e  d u e  t o  t h e  e f fe c t  o f  

t e m p e ra tu re ,  % RH a n d  t im e . T h e  s ta b i l i t y  o f  s e v e ra l e d ib le  c o a t in g s  d u r in g  s to ra g e  

h a v e  b e e n  in v e s t ig a te d  b y  T re z z a  a n d  K ro ch ta  (2000). T h e  re s e a rc h e rs  s tu d ie d  th e  

c o lo r  s ta b i l i t y  o f  W PI, w h e y  p ro te in  c o n c e n t r a t e  (W PC), z e in , H P M C  a n d  s h e l la c  

s to re d  a t d if fe re n t  te m p e ra tu re s  (23, 40  a n d  55  °c). T h e y  fo u n d  th a t  H P M C  c o a t in g s  

h ad  th e  lo w e s t  y e llo w in g  ra tes . WPI c o a t in g s  h ad  lo w e r  y e llo w in g  ra te s  th a n  W P C  

a n d  h a d  s im ila r  ra te  t o  s h e l la c  c o a tin g s . Z e in  c o a t in g s  b e c a m e  le s s  y e l lo w  d u r in g  

s to rag e , h o w e v e r , th e ir  c o lo r  w a s  s t i l l  p r o n o u n c e d .

B u t le r  e t  a l. (1996) s tu d ie d  th e  e f fe c t  o f  s to ra g e  t im e  o n  p r o p e r t ie s  o f  

c h ito s a n  f ilm s . T h e  re se a rc h e rs  re p o r te d  th a t  o x yg e n  p e rm e a b i l i t y  o f  t h e  c h ito s a n  

f i lm s  in c re a s e d  w h i le  % e lo n g a t io n  d e c re a s e d  o v e r  s to ra g e  t im e  a t 23 °c a n d  50% 

RH. T h o s e  w e re  t h e  sign o f  f i lm  d e te r io ra t io n . C a n e r, V e rg a n o , a n d  W ile s  (1998) a ls o
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fo u n d  th a t  % e lo n g a t io n  o f  t h e  c h ito s a n  f i lm s  d e c re a s e d  w ith  t h e  s to ra g e  t im e  

in c re a s e d  a t 22  °c a n d  40 -60%  RH.

H e a t  cu r in g  o f  p ro te in  b a s e d  f i lm s  d u r in g  s to ra g e  has b e e n  s tu d ie d  b y  s e v e ra l 

re se a rc h  g roup s. K im  e t  a l. (2002a) r e p o r te d  th a t  h e a t  c u re d  f i lm s  s to re d  a t 60 , 72 .5  

a n d  85  ° c  fo r  2 4  h w e re  m o re  y e l lo w is h  th a n  u n h e a te d  s o y  p ro te in  is o la te  f i lm s . 

H e a t  c u re d  f i lm  h ad  lo w e r  W V P  v a lu e s  th a n  th a t  o f  t h e  c o n t r o l f i lm  d u e  t o  fo rm a t io n  

o f  in tra -  a n d  in te rm o le c u la r  c ro s s - lin k s . C o n t r o l f i lm s  h a d  lo w e r  e lo n g a t io n  a n d  

s o lu b i l i t y  c o m p a re d  to  h e a t  c u re d  f ilm s . T h is  r e s u lt  is in a g re e m e n t  w ith  A m in  a n d  

U s t u n o l (2007). T h e  re s e a rc h e rs  fo u n d  th a t  an  in c re a s in g  o f  h e a t - c u re d  te m p e ra tu r e  

(80, 90  a n d  100 °c) a n d  t im e  (12, 24, 48  a n d  72  h) c a u s e d  in c re a s e d  t e n s i le  s tre n g th  

b u t  d e c re a s e d  s o lu b i l i t y  d u e  t o  t h e  a d d it io n a l c o v a le n t  b o n d s  fo rm e d  d u r in g  th e  

h e a t-c u r in g  p ro ce ss .
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