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8.1 Conclusions

C o p p e r  n a n o p a rtic le s  w e r e  sy n th e s iz e d  v ia  a o n e -s te p  c h e m ic a l m eth o d  in  
a q u e o u s  so lu t io n  u s in g  a sc o r b ic  acid  to be a red u c in g  a g en t and  p o ly v in y lp y r r o lid o n e  
as a d isp ersa n t w ith o u t  an y  in ert g a s  p ro tec tio n . F rom  T E M  im a g e s , it is  s e e n  that the  
C u N P s  w er e  n ea r ly  sp h er ica l w ith  sm a ll s iz e  in  n a n o sc a le  ran g e , h o w e v e r , co a ted  
la y er  o f  P V P  c o u ld  n o t b e  o b se r v e d . N a r r o w ly  d istr ib u ted  c o p p e r  n a n o p a r tic le s  w ith  
an a v era g e  d ia m eter  o f  ab o u t 6  n m  w a s  o b ta in ed  and c h a ra c ter ized  w ith  X R D  to  
c o n fir m  th e fo rm a tio n  o f  pure co p p er  n a n o p a rtic le s . M ix in g  s y n th e s iz e d  co p p er  
n a n o p a rtic le s  w ith  B e n to n ite  o r g a n o c la y  c h a n g e d  th e  X R D  p attern s o f  O B E N  
s lig h t ly  d u e  to a d so rp tio n  o f  C u N P  o n to  c la y  structure.

W ith  th e  p r esen ce  o f  O B E N -C u N P , p p  n a n o c o m p o s ite  b lo w n  f ilm s  w er e  
h a z e  and  had  h ig h er  y e l lo w is h  t in g e . A d d in g  O B E N  or O B E N -C u N P  in to  p p  f ilm s  
red u ced  th e  e lo n g a t io n  at b reak  o f  the f i lm s  d u e to  lo s s  o f  f ilm  h o m o g e n e ity . 
H o w e v e r , th e se  n a n o c o m p o s ite  f ilm s  sh o w e d  g o o d  e lo n g a t io n  at b reak  in  m a ch in e  
d ir e c tio n  o v e r  3 0 0 %  co m p a red  to  neat p p  w ith  e lo n g a tio n  at b reak  o f  4 0 0 % . A d d in g  
P V P -c o a te d  C u N P  in to  p p  f i lm s  sh o w e d  p o s it iv e  e f fe c t  o n  te n s i le  stren g th  o f  
n a n o c o m p o s ite  f ilm s . T h is  is  d u e to S u r ly n  io n o m e r  an d  n a n o p a r tic le s  acted  as  
n u c le a t in g  s ite s  to  in crea se  c r y s ta llin ity  o f  p p  n a n o c o m p o s ite  f ilm s . T h erm a l s ta b ility  
o f  P P  n a n o c o m p o s ite  f ilm s  w a s  im p ro v ed  w ith  th e p r e se n c e  o f  n a n o p a r tic le s . F rom  
th e  o v e r a ll m e c h a n ic a l p ro p er tie s  and c la r ity , it in d ic a te s  that th e  p p  n a n o c o m p o s ite  
f i lm s  w o u ld  b e  c a p a b le  to b e  u sed  in p rep a ck ed  c h il le d  f is h  p a c k a g in g  s in c e  th e se  
f i lm s  c o u ld  b e  u se d  to w rap  around  c h il le d  f ish  w ith  e a se  and c o u ld  p resen t th e  
p ro d u cts  p ro p er ly .

H a v in g  io n ic  a g g r e g a te s , the p p  f i lm  w a s  le s s  w a ter  v a p o r  p e r m e a te  d u e to  
in c r e a s in g  in  c r y sta llin ity . O r g a n o c la y  c a u se d  f lo w  p ath  o f  w a ter  v a p o r  to  b e  m o re  
ta c tto id s  and  th u s  red u ced  w a ter  vap or  f lo w  rate co m p a r e d  to  h o m o g e n e o u s  p p  
m atrix . T h e  d e c r e a se  in  w a ter  v a p o r  p er m e a b ility  in  p p  n a n o c o m p o s ite  f i lm s  is favor  
for th e  p rep a ck ed  c h il le d  f is h  s in c e  it w o u ld  p reven t it d ry in g . H o w e v e r , ad d in g
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O B E N -C u N P  w ith  C u N P  m o re  than 10 w t%  in to  p p  f i lm s  in cr e a se d  w a ter  v a p o r  
p er m e a b ility  s l ig h t ly  d u e  to  h y d r o p h ilic ity  o f  P V P  c o a ted  o n  C u N P . In con trast, all 
PP f ilm s  a d d in g  S u rlyn  or n a n o p a rtic le s  in crea sed  o x y g e n  p e r m e a b ility  b e c a u se  there  
w ere f lo w  c h a n n e ls  at th e  in ter fa ces  b e tw e e n  S u r ly n  and p p  m atr ix . T h is  w o u ld  
a l lo w  o x y g e n  to f lo w  in an d  ou t from  th e p rep ack ed  c h ille d  f ish  p a c k a g e s  e a s ie r  and  
p reven t bad  o d o r  trapped in  th e  p a ck a g es .

F rom  th e agar d if fu s io n  te sts , it is  fou n d  that there w e r e  in h ib it io n  z o n e s  
su rrou n d in g  O B E N -C u N P  p a stes . T h is  in d ica tes  that O B E N -C u N P  h as an tib acteria l 
a c t iv ity  a g a in st  the b acter ia . H o w e v e r , the c lea r  z o n e  w a s  n ot o b se r v e d  w h e n  u s in g  
f ilm  sa m p le s  w h ic h  w o u ld  b e resu lt from  very  lo w  d if fu s iv ity  o f  c o p p e r  io n  from  th e  
f ilm  sa m p le s  in to  agar. T h is  is favor for the p rep ack ed  c h ille d  f is h  p a c k a g in g  s in c e  
the f ilm s  c o u ld  p rev en t th e  gro w th  o f  b acter ia  that m ig h t c o m e  a lo n g  th e  in - f lo w  o f  
o x y g e n  that w o u ld  carry ou t b acteria  from  ou ter a tm o sp h ere  to c a u s e  sp o ila g e  o f  the  
fresh  fish .

N a tu ra l d y ed  f ilm  w a s  prepared  and stu d ied  the fe a s ib il ity  fo r  u s in g  as a 
in d ica to r  for fo o d  s p o ila g e . R ed  d y e  w a s  ex tracted  from  M a n g o ste e n  p ericarp  u s in g  
c itr ic  a c id  and  m ix e d  w ith  E V A  in a tw in -sc r e w  ex tru d er  at 120  °c to p rod u ce  d y e  
c o m p o u n d . T h e  d y e  f ilm  w a s  prepared  b y  u s in g  m a n g o s te e n  ex tra cted  s o lu t io n  2 , 4 , 
and 6 w t% . In th e  a m m o n ia  se n s in g  test , the s tee p er  s lo p e  in th e  4  w t%  d y e  E V A  
f ilm  in d ic a te s  b etter s e n s it iv ity  to d e te c t  ch a n g e  in a m m o n ia  co n c e n tr a tio n . T h e  
T V B N  v a lu e  o f  4 0 .3 2  m g /1 0 0 g  o f  f ish  m ea t w a s  rea ch ed  after a b o u t 9  hr o f  s to ra g e  
in d ic a tin g  that th e  sp o ila g e  f ish  w a s  n ot a c c e p ta b le  for h u m an  c o n su m p tio n .

In th e  f ish  s p o ila g e  test, it is  se e n  that the c o lo r  o f  th e  4  w t%  M G T -E V A  
f ilm  w a s  c h a n g e d  g ra d u a lly  w ith  the lo w e r  c* than  th o se  in  th e  a m m o n ia  test. T h e  
r e la tio n sh ip  b e tw e e n  th e  c h a n g e  in c o lo r  and t im e  is  eq u a l to  
c* =  0 . 0 1 7 6 7 t  +  0 .0 1 0 4  w h ere  t is t im e  in  hrs. T h e  R 2 o f  the lin ear  f it t in g  o f  th e  data  
is  0 .9 8 . T h e  s e n s it iv ity  o f  th e  M G T /E V A  f ilm s  to d e tec t  th e  f is h  s p o ila g e  is  b etter  
than th o se  in  th e  a m m o n ia  so lu tio n  test d u e  to le sse r  b a s ic  e n v ir o n m e n t. T h e  gradual 
ch a n g e  in  c o lo r  is d e te c te d  w ith  the c o lo r  reader; h o w e v e r , th e y  w e r e  n ot e a sy  to  
d iffe r e n tia te  w ith  n ak ed  e y e s .
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8.2 Recommendation

B a se d  on  w h a t h av e  b een  d isc o v e r e d  in  th is  s tu d y , th e  fo llo w in g  
r e c o m m e n d a tio n  is  su g g e s te d .

F urther s tu d ie s  o n  the o p tim u m  w e ig h t  ratio  o f  S u r ly n  to  n a n o p a rtic le s  
ad d ed  in to  p p  n a n o c o m p o s ite  f ilm s  sh o u ld  b e in v e s tig a te d  b e c a u s e  th e  w e ig h t  ratio  
a ffe c ts  th e  p rop erties  o f  th e  film s  d irectly . A d d in g  S u rlyn  in  to o  h ig h  c o n ten t  
in c r e a se s  v o id s  in s id e  p p  n a n o c o m p o s ite  f ilm s , c a u s in g  in  d e c r e a se  o f  m ech a n ica l 
p ro p erties  and  in crea se  o f  w ater  v a p or  p erm ea b ility  w h ic h  is n o t fa v o r  for  c h ille d  f ish  
p a ck a g in g .
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