
CHAPTER III

MATERIALS AND METHODS

3.1 M a t e r ia ls

W h e y  p ro te in  is o la te  B iPRO ®  (97.0%  p ro te in  d ry  bas is ) w a s  s u p p lie d  b y  

D a v is c o  F o o d s  In te rn a t io n a l, Inc. (L e  S u e u r, M in n e so ta . ,  USA). K o n ja c  g lu c o m a n n a n , 

m o le c u la r  w e ig h t  range s  f ro m  2 0 0 ,0 0 0  to  2 ,000 ,0 00 , w a s  p u rc h a s e d  f r o m  Y u n n a n  

G e n g yu n  K o n ja c  R e so u rc e s  D e v e lo p in g  Co ., L td . (K u n m in g , t h e  P e o p le ’ s R e p u b lic  o f  

C h in a ). G ly c e r o l Q R eC ™  (99.5%  pu rity ), u s e d  as a p la s t ic iz e r  t o  im p ro v e  f i lm  f le x ib i l i t y  

a n d  M a g n e s iu m  N itra te  H e x a h y d ra te  Q R e C ™ ,u se d  fo r  s a tu ra te d  s a lt  s o lu t io n  to  

e q u il ib r a te  f i lm s  a t 50%  re la t iv e  h u m id it y  (RH) w e re  p u rc h a s e d  f ro m  Q R e C  C h e m ic a l 

C o ., L td . (C h o n b u r i,  T h a ila n d ) .

3 .2  M e t h o d s

3 .2 .1  E f f e c t  o f  in c o r p o r a t io n  o f  w h e y  p r o t e in  is o la t e  (W PI) o n  p r o p e r t ie s  

o f  k o n ja c  g lu c o m a n n a n  (K G M ) b a s e d  f i lm s

3 .2 .1 .1  F i lm  p r e p a r a t io n  a n d  f o r m a t io n

O n e  g K G M /  100 g s o lu t io n  a n d  4.2 g W P I/1 0 0  g s o lu t io n  w e re  

p re p a re d  b y  a d d in g  K G M  o r  WPI p o w d e r  s lo w ly  in to  d is t i l le d  w a te r . T h re e  m ix tu re  

s o lu t io n s  w e re  p re p a re d  b y  va ry in g  K G M  a t 0.8, 0 .6 a n d  0 .4  g a n d  W PI a t 3.4, 3 .6 a n d

3.8 g p e r  100 g s o lu t io n .  T h e  t o t a l  b io p o ly m e r  c o n te n t  o f  K G M  a n d  W PI in th e  

m ix tu re  s o lu t io n  is 4 .2 g b io p o ly m e r / 1 0 0  g s o lu t io n .  M ix tu re  s o lu t io n s  o f  K G M  a n d  

W PI w e re  p re p a re d  b y  s lo w ly  a d d in g  W PI a n d  K G M  p o w d e r , r e s p e c t iv e ly ,  u n d e r  

c o n s ta n t  stirr ing  u s ing  a m a g n e t ic  s t ir re r  a t ro o m  te m p e ra tu r e  fo r  75 m in  in o rd e r  to  

t o t a l ly  d is s o lv e  b o th  KG M  a n d  W PI, y ie ld in g  h o m o g e n e o u s  m ix tu re . T h e  ca s t in g
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s o lu t io n s  w e re  t h e n  d e n a tu re d  in a w a te r  b a th  (N e a la b  EX'10, T h e rm o  f is h e r  

S c ie n t if ic , W a lth a m , M a s s a c h u s e tts ,  U SA ) a t 90 °c fo r  30  m in  a n d  c o o le d  d o w n  

im m e d ia te ly  to  t h e  ro o m  te m p e ra tu re  in an  ic e  b a th . G ly c e r o l  w a s  la te r  a d d e d  to  

t h e  s o lu t io n s  as p la s t ic iz e r  a t  1.5 o r  1.8 §/ 100 g s o lu t io n .

C a s t in g  s o lu t io n s ,  c o n ta in in g  6 g o f  t o t a l  s o lid s , in o rd e r  t o  m a in ta in  

f i lm  th ic k n e s s  as c o n s ta n t  as p o s s ib le ,  w e re  p o u re d  o n t o  a c ry l ic  p la te s  w ith  ca s t in g  

d im e n s io n  o f  15 c m  X 30 cm . C a s t  f i lm s  w e re  a l lo w e d  t o  c o m p le t e ly  d ry  in a t ra y  

d ry e r  (C o n th e rm  T h e rm o te c  2 0 00  o v e n , C o n th e rm  S c ie n t if ic  L td ., L o w e r  H u tt, N e w  

Z e a la n d )  a t 50 °c fo r  15 h. D ried  f i lm s  w e re  p e e le d  o f f  in ta c t  f r o m  t h e  su r fa c e  o f  t h e  

p la te s  b e fo re  c o n d it io n in g  a t 50% RH a n d  25 °c fo r  a t  le a s t  48 h p r io r  t o  te s ts .

3 .2 .1 .2  F i lm  p r o p e r t ie s  m e a s u r e m e n t s

T h ic k n e s s

T h ic k n e s s  o f  t h e  f i lm s  w a s  m e a s u re d  u s ing  a d ig ita l m ic ro m e te r  ( M o d e l 

ID -C112, M itu to y o  M F G  C o . L td ., K anagaw a , Ja p a n )  a t 10 r a n d o m  p o s it io n s  o f  e a c h  

te s t  f i lm . M e a n  v a lu e s  w e re  u se d  fo r  th e  c a lc u la t io n s  o f  t ra n s p a re n c y , m e c h a n ic a l 

a n d  b a rr ie r  p ro p e rt ie s .

C o lo r

T h e  c o lo r  o f  th e  f i lm s  w as  m e a s u re d  b y  a C h ro m a  m e te r  ( M o d e l CR - 

400 , M in o lta  Co ., L td ., T o k y o , Japan ). F ilm s  w e re  p la c e d  o n  a w h ite  s ta n d a rd  p la t e  

a n d  th e  H u n te r  c o lo r  s c a le  w as  u s e d  to  m e a su re  c o lo r :  L = 0 (b la ck ) t o  L = 100 

(w h ite ), -a (g re enness) to  +a (redness), a n d  - b  (b lu e n e s s )  to  +b (y e llo w n e s s ) .  T h re e  

m e a s u re m e n ts  w e re  m a d e  fo r  e a c h  f i lm  r e p lic a te . T h e  c h a n g e  o f  c o lo r  w a s
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d e te rm in e d  b y  t o t a l  c o lo r  d if fe re n c e s  b e tw e e n  f i lm s . T h e  t o t a l  c o lo r  d if fe r e n c e  (Ae) 
w a s  c a lc u la t e d  u s ing  th e  fo llo w in g  e q u a t io n  (1):

AE = V(L -  L 'Y  +  (a -  a ')2 +  (b -  b 'Y  (1)
W h e re  L, a, b v a lu e  a re  H u n te r  c o lo r  v a lu e s  o f  f i lm  s a m p le s  a n d  L\ ๙ , and b1 

v a lu e  a re  H u n te r  c o lo r  v a lu e s  o f  p o ly p r o p y le n e  (/_' -82.11, a' =-1.42, and b'=-0.4).

T r a n s p a r e n c y

T h e  t ra n s p a re n c y  o f  t h e  f i lm s  w a s  m e a s u re d  b y  a U V - v is ib le  

s p e c t r o p h o to m e te r  ( M o d e l G e n e s y s  10, R o c h e s te r , N e w  Y o rk , U SA ) a c c o rd in g  to  

A S T M  D1746: th e  s ta n d a rd  te s t  m e th o d  fo r  t r a n s p a re n c y  o f  p la s t ic  s h e e t in g  (ASTM , 

1997b). T h e  te s t  f i lm s  w e re  c u t  in to  re c ta n g u la r  s h a p e  o f  1 c m  X 4 c m , t h e n  a t ta c h e d  

o n to  t h e  su r fa c e  o f  a c u v e t te .  A n  e m p t y  c u v e t t e  w a s  u s e d  as a re fe re n c e . F iv e  

m e a s u re m e n ts  w e re  m a d e  fo r  e a c h  f i lm  r e p lic a te . T h e  t ra n s p a re n c y  o f  t h e  f i lm s  w as  

c a lc u la t e d  b y  t h e  fo l lo w in g  e q u a t io n  (2):

Transparency = — —  (2)

w h e re  T 560 is t h e  t ra n s m it t a n c e  a t 5 6 0  n m  a n d  X is t h e  f i lm  th ic k n e s s  (m m ).

M e c h a n ic a l  p r o p e r t ie s

A n  In stron  u n iv e rs a l te s t in g  m a c h in e  ( M o d e l 5565 , In s tron , N o rw o o d , 

M a s s a c h u s e tts ,  U SA ) w a s  u s e d  to  m e a su re  t e n s i le  s tre n g th  (TS), p e r c e n t  e lo n g a t io n  

(%E) a n d  e la s t ic  m o d u lu s  (EM ) a c c o rd in g  t o  A S T M  D882: t h e  s ta n d a rd  te s t  m e th o d  fo r  

t e n s i le  p ro p e r t ie s  o f  th in  p la s t ic  sh e e t in g  (A STM , 1997a). T h e  te s t  f i lm s  w e re  c u t  in to  

30  m m  w id e  a n d  120 m m  lo n g  str ip s . T h e  in it ia l d is t a n c e  b e tw e e n  th e  g rips w a s  50  

m m . T h e  c ro s s -h e a d  s p e e d  w a s  5 .0 m m / s e c  a n d  th e  lo a d  c e l l  w a s  5 kg. T e n s i le  

s tre n g th  w as  c a lc u la t e d  b y  d iv id in g  th e  m a x im u m  lo a d  b y  t h e  o r ig in a l c r o s s - s e c t io n a l 

a rea  o f  t h e  te s t  f i lm . T h e  re s u lt  w a s  e x p re s s e d  in M Pa . E la s t ic  m o d u lu s  w as
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c a lc u la t e d  f ro m  t h e  s lo p e  o f  t h e  in it ia l l in e a r  p o r t io n  o f  t h e  s t re s s -s t ra in  cu rv e . T h e  

r e s u lt  w a s  e x p re s s e d  in M Pa . P e r c e n t  e lo n g a t io n  w a s  c a lc u la t e d  b y  d iv id in g  th e  

e lo n g a t io n  a t t h e  m o m e n t  o f  ru p tu re  o f  th e  te s t  f i lm  b y  th e  in it ia l g au ge  le n g th  a n d  

m u lt ip ly in g  b y  100. T h e  r e s u lt  w a s  e x p re s s e d  in p e rc e n t . A  t o t a l  o f  5 m e a s u re m e n ts  

w e re  m a d e  fo r  e a c h  f i lm  re p lic a te .

S o lu b i l i t y

T h e  s o lu b i l i t y  o f  f i lm s  w a s  d e te rm in e d  a c c o rd in g  t o  t h e  m o d if ie d  

m e th o d  o f  A n d re u c c e t t i e t  a l. (2001). A  2 c m  X 2 c m  te s t  f i lm s  w e re  im m e rs e d  in  25 

m l o f  d is t i l le d  w a te r  fo r  24 h w ith  s lo w  m e c h a n ic a l s tirr in g  a t ro o m  te m p e ra tu re .  T h e  

f i lt r a te d  f i lm  re s id u e s  w e re  d r ie d  in  a fo r c e d  a ir o v e n  (M e m m e r t  m o d e l  600 , 

M e m rn e r t  G m b h  &  C o . KG, S c h w a b a c h , G e rm a n y )  a t 105 °c fo r  24 h t o  c o n s ta n t  

w e igh t. T h e  in it ia l d ry  w e ig h t  w a s  d e te rm in e d  fro m  th e  s a m p le  m o is tu re  c o n te n t .  

P e r c e n t  t o t a l  s o lu b le  m a t te r  w a s  c a lc u la t e d  f ro m  th e  in it ia l a n d  f in a l d ry  w e ig h t  o f  

f i lm s  as s h o w n  in e q u a t io n  (6). A  t o t a l  o f  3 m e a s u re m e n ts  w e re  d o n e  fo r  e a c h  f i lm  

r e p lic a t io n .

%ร (I n i t i a l  d r y  W e i g h t - F i n a l  d r y  w e i g h t ) 

I n i t i a l  d r y  w e i g h t
X  1 0 0 (3)

W a te r  v a p o r  p e r m e a b i l i t y

W a te r  v a p o r  p e rm e a b i l i t y  (W VP) w a s  d e te rm in e d  a c c o rd in g  t o  t h e  W V P  

m e th o d  as d e s c r ib e d  b y  M cH u g h , A v e n a -B u s t il lo s ,  a n d  K ro ch ta  (1993), a m o d if ic a t io n  

o f  A S T M  E96: t h e  s ta n d a rd  te s t  m e th o d  fo r  w a te r  v a p o r  t ra n s m is s io n  o f  m a te r ia ls  

(A STM , 1989). F ilm s  w e re  c u t  a n d  m o u n te d  o n  te s t  c u p s  c o n ta in in g  6 m l  o f  w a te r . 

T h e  c u p s  w e re  p la c e d  in d e s ic c a to r  c a b in e t s  c o n ta in in g  fa n s  a n d  h e ld  a t 0%  RH us ing  

s il ic a  ge l. W e ig h t  w a s  ta k e n  a fte r  s te a d y  s ta te  w as  a c h ie v e d . C h a n g e s  in w e ig h t  o f  th e  

c e l l  w e re  p lo t t e d  as a fu n c t io n  o f  t im e . T h e  w a te r  v a p o r  t ra n s m is s io n  ra te  (W VTR) 

w as  c a lc u la t e d  f r o m  th e  s lo p e  o f  th e  c o n s ta n t  ra te  o f  w e ig h t  lo s s  d iv id e d  b y  f i lm
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a rea . A  t o t a l  o f  5 m e a s u re m e n ts  w e re  d o n e  fo r  e a c h  f i lm  re p l ic a t io n .  พ V P  w as  

c a lc u la t e d  f ro m  t h e  fo llo w in g  e q u a t io n  (7):

พ VP = W V T R  ( ig / i - 1 m - 2 )  x t h i c k n e s s  ( m m )  

P 1 - P 2 (kPa)
(7)

w h e re  P ! is w a te r  v a p o r  p a r t ia l p re s su re  a t t h e  f i lm  in n e r  s u r fa c e  (kPa), a n d  p 2 

is w a te r  v a p o r  p a r t ia l p re s su re  a t  t h e  f i lm  o u te r  s u r fa c e  (kPa).

T h e r m a l  t r a n s it io n s

T h e rm a l t ra n s it io n s  w e re  d e te rm in e d  u s ing  a d if fe r e n t ia l s c a n n in g  

c a lo r im e te r  (DSC) (D ia m o n d , P e rk in E lm e r  Inc., W a lth a m , M a s s a c h u s e t t s ,  U SA ) 

e q u ip p e d  w ith  an  In tra c o o le r  2P  (P e rk in E lm e r  Inc., W a lth a m , M a s s a c h u s e tts ,  U SA ) a n d  

n itro g e n  gas pu rge . T h e  f i lm  w as  c u t  t o  th e  d is c  o f  a p p ro x im a te ly  0.5 c m  d ia m e te r .  

E ach  d is c  w e ig h e d  5 -1 0  mg. T h e  d is c  s a m p le s  w e re  h e rm e t ic a l ly  s e a le d  in a la rg e  

v o lu m e  s ta in le s s  s t e e l p an  (60 j j บ . T h e  s a m p le s  w e re  h e a te d  f r o m  30  °c t o  2 0 0  °c 
a t a ra te  o f  10 °c /  m in . A n  e m p t y  s ta in le s s  s t e e l p a n  w a s  u s e d  as a re fe re n c e . T h e  

o n s e t  (T0), p e a k  t e m p e ra tu re  (Tp) a n d  e n th a lp y  (API) o f  t h e  e n d o th e rm  w e re  

d e te rm in e d  v ia  P y r is™  v e rs io n  8 s o ftw a re  (P e rk in E lm e r  Inc., W a lth a m , M a s s a c h u s e tts ,  

USA).

S e a l  s t r e n g th

F ilm  s a m p le s  w e re  c u t  in to  s tr ip s  o f  7 .62  X 2 .54  cm . T w o  f i lm s  s tr ip s  

w e re  p la c e d  o n  t o p  o f  o n e  a n o th e r , a n d  an  a rea  o f  2 .54  X 1.5 c m  (at t h e  e d g e  o f  th e  

f ilm )  w a s  h e a t - s e a le d  b y  M U LT IV A C  V a c u u m  p a c k e r  ( M o d e l C 35 0 , M U L T IV A C  

S e p p E la g g e n m ü lle r  G m b E i &  C o . KG, W o lfe r t s c h w e n d e n ,  G e rm a n y )  a t 175 °c w ith  

h e a t in g  t im e  o f  2 .7 ร a n d  d w e l l  t im e  o f  5 ร a l lo w in g  se a lin g  a re a  t o  c o o l  d o w n  

c o m p le t e ly .  A l l  s e a le d  f i lm  s a m p le s  w e re  c o n d it io n e d  a t 50%  RH, 48  h p r io r  to  

d e te rm in in g  s e a l s tre n g th . T h e  s e a l s tre n g th  w as  m e a su re d  u s ing  an  In s tron  u n iv e rs a l
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te s t in g  m a c h in e  a c c o rd in g  t o  A S T M  F88: t h e  s ta n d a rd  t e s t  m e th o d  fo r  s e a l s tre n g th  

o f  f le x ib le  b a rr ie r  m a te r ia l (ASTM , 2005). E a ch  le g  o f  t h e  s e a le d  f i lm  w a s  c la m p e d  to  

t h e  m a c h in e , w ith  e a c h  e n d  o f  th e  s e a le d  f i lm  h e ld  p e rp e n d ic u la r ly  t o  t h e  d ir e c t io n  

o f  t h e  p u ll .  S e a l s tre n g th  (N /m ) w a s  c a lc u la t e d  u s ing  th e  fo l lo w in g  e q u a t io n  (8):

Seal strength = P e a k  f o r c e  

F i l m  w i d t h
( 8)

T r in o c u la r  p h a s e  c o n t r a s t  m ic r o s c o p e

C o o m a s s ie  B r i l l ia n t  B lu e  s o lu t io n  w a s  p re p a re d  b y  m ix in g  t h e  10 m l o f  

s to c k  s o lu t io n  o f  C o o m a s s ie  B r i l l ia n t  B lu e  (d is s o lv e  350  m g  o f  C o o m a s s ie  B r i l l ia n t  

B lu e  G -2 5 0  (F luka™ , S ig m a -A ld r ic h  C o . LLC ., B u ch s , S w it z e r la n d )  in  s o lv e n t  c o n ta in in g  

100 m l o f  95%  e t h a n o l (Q ReC™ , Q R e C  C h e m ic a l C o ., L td ., C h o n b u r i,  T h a ila n d )  a n d  

20 0  m l o f  88%  p h o s p h o r ic  a c id  (Q R eC™ , Q R e C  C h e m ic a l C o ., L td ., C h o n b u r i,  

T h a ila n d ) , r e s p e c t iv e ly ) ,  10 m l o f  85%  p h o s p h o r ic  a c id , 5 m l o f  95%  e t h a n o l a n d  150 

m l o f  d is t i l le d  w a te r.

F ilm  s a m p le s  w e re  c u t  in to  s m a ll  p ie c e s  a n d  d ip p e d  in C o o m a s s ie  

B r i l l ia n t  B lu e  s o lu t io n .  A fte r  th a t, p la c e d  it o n  s l id e  w ith  c o v e r  s lip . T r in o c u la r  p h a se  

c o n t r a s t  m ic ro s c o p e  u s ing  1 0 0 0 X  m a g n if ic a t io n  (1 0X  e y e p ie c e  le n s  a n d  100X  

o b je c t iv e  le n s )  (O ly m p u s  BX51 , O ly m p u s  O p t ic a l Co ., L td ., T o k y o , Ja p a n )  u n d e r  o i l  

im m e rs io n  w a s  u se d  t o  v is u a liz e  t h e  s lid e s .

S t a t is t ic a l  a n a ly s is

A l l  p ro p e r ty  te s t s  w e re  r e p l ic a te d  th re e  t im e s . C o m p le t e ly  

r a n d o m iz e d  d e s ig n  {CRD) w a s  u s e d  in t h e  e x p e r im e n t .  A n a ly s is  o f  v a r ia n c e  (A N O V A ) 

w a s  p e r fo rm e d . M e a n  c o m p a r is o n  te s t  w a s  d o n e  u s ing  D u n ca n 's  N e w  M u lt ip le  Range  

T e s t  (D N M RT) a t a c o n f id e n c e  le v e l  o f  95% .
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3 .2 .1 .3  C r it e r ia  f o r  s e le c t in g  t h e  c o m p o s i t e  f i lm  f o r  t h e  n e x t  s t e p

T h e  ra tio  o f  b le n d  f i lm  w h ic h  gave  th e  h ig h e s t  t ra n s p a re n c y , lo w e r  

w a te r  s o lu b i l i t y  a n d  c o u ld  b e  h e a t  s e a le d  w a s  s e le c t e d  t o  u se  in t h e  n e x t  s te p  o f  

e x p e r im e n t .

3 .2 .2  E f f e c t  o f  d r y in g  r a te  o n  m e c h a n ic a l  a n d  p h y s ic a l  p r o p e r t ie s  o f  

k o n ja c  g lu c o m a n n a n - w h e y  p r o t e in  is o la t e  b le n d  f i lm s

3 .2 .2 .1  F i lm  p r e p a r a t io n  a n d  f o r m a t io n

C a s t in g  s o lu t io n  w a s  p re p a re d  b y  a d d in g  W P i a n d  K G M  p o w d e rs  a t 

th e ir  o p t im iz e d  c o n c e n t ra t io n s ,  3 .8%  a n d  0 .4%  (w t/w t), r e s p e c t iv e ly  ( s e le c te d  f ro m  

s e c t io n  3.2.1) u n d e r  c o n s ta n t  stirr ing  u s ing  a m a g n e t ic  s t ir re r  a t r o o m  te m p e ra tu r e  fo r  

75 m in . T h e  c a s t in g  s o lu t io n s  w e re  th e n  d e n a tu re d  in a w a te r  b a th  (N e a la b  EX10 , 

T h e rm o  f is h e r  S c ie n t if ic , W a lth a m , M a s s a c h u s e tts ,  USA) a t 90  °c fo r  30  m in  a n d  

c o o le d  d o w n  im m e d ia te ly  t o  t h e  ro o m  te m p e ra tu r e  in an  ic e  b a th . G ly c e r o l  w a s  

la te r  a d d e d  t o  t h e  s o lu t io n s  as p la s t ic iz e r  a t  1.5 g/ 100 g s o lu t io n .

T h e n , ca s t in g  s o lu t io n  w a s  p o u re d  o n t o  a c ry l ic  p la t e s  a n d  a l lo w e d  to  

c o m p le t e ly  d ry  b y  e ith e r  fa s t  o r  s lo w  d ry in g  ra te s  u t il iz in g  t ra y  d ry e rs  (C o n th e rm  

T h e rm o te c  2 0 00  o v e n , C o n th e rm  S c ie n t if ic  L td ., L o w e r  IHutt, N e w  Z e a la n d  a n d  U M - 

O v e n  95 0L , U m a c  S c ie n t if ic  C o ., L td ., K h o n k a e n , T h a ila n d , re s p e c t iv e ly )  u n t i l  t h e  f i lm  

w e ig h t  re a ch  c o n s ta n t  w e igh t. เท th e  c a se  o f  fa s t  d ry in g  ra te  u s ing  in le t  a ir 

t e m p e ra tu r e  50  °c, a ir v e lo c i t y  3 .04  ± 0 .67  m /s  a n d  19%  RH, f i lm s  w e re  c o m p le t e ly  

d r ie d  a n d  a b le  t o  b e  p e e le d  in ta c t  o f f  a c ry l ic  p la te s  w ith in  3 h. F o r  s lo w  d ry in g  ra te  

u s ing  in le t  a ir t e m p e ra tu r e  50  °c, a ir v e lo c i t y  0 .92  ± 0.15 m /s  a n d  18%  RH, t h e  d ry in g  

t o o k  15 h. D ried  f i lm s  w e re  p e e le d  o f f  f r o m  th e  su r fa c e  o f  t h e  p la te s ,  b e fo re  

c o n d it io n in g  a t 50%  RH a n d  25 °c fo r  a t le a s t  48  h p r io r  to  te s ts .
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3 .2 .2 .2  F i lm  p r o p e r t ie s  m e a s u r e m e n t s

T h e  f i lm  s a m p le s  w e re  m e a su re d  fo r  th ic k n e s s , c o lo r  (fo r A E  

c a lc u la t io n ,  L', a', a n d  b 1 v a lu e  in e q u a t io n  (1) a re  H u n te r  c o lo r  v a lu e s  o f  t h e  f i lm  

d r ie d  b y  s lo w  d ry in g  rate), t ra n s p a re n c y , m e c h a n ic a l p ro p e r t ie s ,  s o lu b il it y ,  w a te r  

v a p o r  p e rm e a b ili t y ,  t h e rm a l t ra n s it io n s  a n d  t r in o c u la r  p h a s e  c o n t r a s t  m ic ro s c o p e  as 

in s e c t io n  3.2.1. A l l  p ro p e r ty  te s ts  w e re  r e p l ic a te d  th re e  t im e s . O n e -w a y  A N O V A  w as  

p e r fo rm e d . M e a n  c o m p a r is o n  te s t  w a s  d o n e  u s ing  D M N R T  te s t  a t  a c o n f id e n c e  le v e l  

o f  95% .

3 .2 .3  E f f e c t  o f  s to ra g e  t e m p e r a t u r e s  o n  p r o p e r t ie s  o f  k o n ja c  

g lu c o m a n n a n - w h e y  p r o t e in  is o la t e  b le n d  f i lm s

3 .2 .3 .1  F i lm  p r e p a r a t io n  a n d  f o r m a t io n

C a s t in g  s o lu t io n  w a s  p re p a re d  w ith  t h e  s a m e  fo rm u la t io n  a n d  m e th o d  

as l is te d  in s e c t io n  3.2.2.1 . T h e n , ca s t in g  s o lu t io n  w a s  p o u re d  o n to  a c ry l ic  p la te s  a n d  

a l lo w e d  t o  c o m p le t e ly  d ry  in a t ra y  d ry e r  (U M -O v e n  95 0L , U m a c  S c ie n t if ic  C o ., L td ., 

K h o n k a e n , T h a ila n d )  a t 50  ๐c  fo r  3 h. D ried  f i lm s  w e re  p e e le d  o f f  in ta c t  f ro m  th e  

su r fa c e  o f  t h e  p la te s  a n d  s to re d  a t 50%  RH in th re e  d if fe re n t  te m p e ra tu r e s  (4, 25  a n d  

35  °c) fo r  2 4  days .

3 .2 .3 .2  F i lm  p r o p e r t ie s  m e a s u r e m e n t s

T h e  f i lm  s a m p le s  w e re  m e a su re d  fo r  c o lo r  (fo r A E  c a lc u la t io n ,  L', a', 

a n d  b 1 v a lu e  in e q u a t io n  (1) a re  H u n te r  c o lo r  v a lu e s  o f  t h e  f i lm  s to re d  fo r  3 days), 

t ra n s p a re n c y , m e c h a n ic a l p ro p e r t ie s , s o lu b il it y ,  w a te r  v a p o r  p e rm e a b i l i t y  a n d  

t r in o c u la r  p h a se  c o n t ra s t  m ic ro s c o p e  as in s e c t io n  3.2.1. A l l  p r o p e r t y  te s t s  w e re  

re p l ic a te d  th re e  t im e s . O n e -w a y  A N O V A  w as  p e r fo rm e d . M e a n  c o m p a r is o n  t e s t  w a s  

d o n e  us ing  D M N R T  te s t  a t a c o n f id e n c e  le v e l  o f  95% .
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