
CHAPTER I 
INTRODUCTION

N e w  p a c k a g in g  te c h n o lo g ie s  h a v e  b e e n  c o n tin u a lly  d e v e lo p e d  to p ro lo n g  
and in d ica te  q u a lity  o f  fresh , refr igera ted , and  p r o c e sse d  fo o d s . E sp e c ia lly ,  
p a c k a g in g  m a y  b e  term ed  a c t iv e  w h e n  it p er fo rm s so m e  r o le s  in  th e  p reserv a tio n  o f  
fo o d s  o th er  than p r o v id in g  an inert barrier to ex tern a l c o n d it io n s . A c t iv e  P a c k a g in g  is  
an in n o v a tiv e  c o n c e p t  that can  b e  d e fin e d  as a m o d e  o f  p a c k a g in g  in  w h ic h  the  
p a c k a g e , th e  p rod u ct, and  th e en v ir o n m e n t in tera ct to  p r o lo n g  s h e l f  li fe  or  en h a n ce  
sa fe ty  or  s e n so r y  p ro p er tie s , w h ile  m a in ta in in g  th e q u a lity  o f  th e  p rod u ct. T h is  is  
p articu la r ly  im p ortan t in  th e  area o f  fresh  and  e x te n d e d  s h e lf - l i f e  fo o d s . T h e  a c tiv e  
sy s te m  can  b e  an in teg ra l part o f  the p a c k a g e  or  b e  a sep ara te  c o m p o n e n t  p la ced  
in s id e  th e  p a ck a g e . S u b sta n c e s  that can  e ith er  ab sorb  or r e le a se  a s p e c ia l g a s  w ill  
co n tro l th e  in tern al a tm o sp h ere  o f  th e  p a c k a g e . O ther a c t iv e  s y s te m s  slo w 'ly  r e lea se  
th e  a c t iv e  su b sta n c e s  o n to  th e  fo o d  su rfa ce . T h ere  are m a n y  e x a m p le s  o f  a c t iv e  
p a c k a g in g  te c h n o lo g ie s  in c lu d in g  a n tim icro b ia l and a n tio x id a n t f i lm s , o x y g e n  
s c a v e n g in g , e th y le n e  a b so rb in g , carb on  d io x id e  ab so rb in g  an d  e m ittin g , an d  eth a n o l 
r e le a s in g .

P o ly p r o p y le n e  (P P ) is  a  v ersa tile  th e r m o p la st ic  p o ly m e r  fro m  th e  m o n o m er  
p r o p y le n e . It ca n  b e  fab r ica ted  in to  p a c k a g in g  f i lm  that h as g o o d  c la r ity , r e s is ta n c e  to  
u v  l ig h t, e x c e lle n t  c h e m ic a l an d  ab rasion  r e s is ta n c e . P o ly p r o p y le n e  f i lm  h a s fa ir ly  
s c u f f  r e s is ta n c e , g o o d  ac id  res is ta n c e , and h a s a fair h ea t r e s is ta n c e . A lth o u g h  
p o ly p r o p y le n e  f ilm  h a s w id e ly  u se d  for fo o d  p a c k a g in g , b ut it d o e s  n o t h a v e  o x y g e n  
and  m o is tu r e  barrier p rop erty . T h is  lim its  u s in g  p o ly p r o p y le n e  f i lm  in  s o m e  fresh  
fo o d  p a c k a g in g  s in c e  it is  n o t b reath ab le . A d d in g  m icro  p er fo ra tio n  (a  se r ie s  o f  tin y  
h o le s  p u n ch ed  in  p la s t ic  f ilm ) in to  PP f ilm  is  p er fo rm ed  in  ord er to  u se  for  
b io c h e m ic a lly  a c t iv e  ag ricu ltu ra l p rod u cts  su c h  a s  fresh  fru its , fresh  v e g e ta b le s , fresh  
h erb s, and  f lo w e r s , and m o re  p articu lar ly  for  u s e  in  m o d ify in g  th e  f lo w  o f  o x y g e n  
and carb o n  d io x id e  in to  an d /o u t o f  a fresh  p r o d u ce  con ta in er .

N o v e l  and  e f f ic ie n t  p o ly m e r  m a ter ia ls  for fo o d  p a c k a g in g  b ased  on  
n a n o te c h n o lo g y  c a n  p r o v id e  in n o v a tiv e  s o lu t io n s  to  in crea se  th e  p e r fo rm a n ce  o f  the  
p o ly m e r s  further a d d in g  sa fe ty , e c o n o m ic a l an d  en v ir o n m e n ta l a d v a n ta g e s , su ch  as
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red u ctio n  to  z e r o  o f  any cr itica l in tera ctio n  w ith  fo o d  m a tr ices  and w ith  h u m an  
h ea lth , red u ctio n  o f  th e  e n e r g y -in p u ts  for  p ro d u ctio n , tran sp ort and  sto r a g e , in crea se  
o f  b io d e g r a d a b ility  and  barrier p ro tec tio n  to  g a se s  and lig h t, red u ctio n  o f  v o lu m e  o f  
w a ste  m ater ia l to  b e  d isp o se d  o f  in lan d  f i l ls ,  co n tr ib u tio n  to  d e c r e a se  carb o n  d io x id e  
g a s  e m is s io n s . A lth o u g h  th e la rge  am o u n t o f  re sea rch es  b e in g  u n d ertak en  in  industry  
and a ca d em ia , p o ly m e r  n a n o te c h n o lo g y  for  fo o d  p a c k a g in g  is  s till in  a d e v e lo p m e n t  
sta g e . T h ere  h a v e  b e e n  m a n y  resea rch es  u s in g  n a n o c la y s  to  m o d ify  barrier p rop erty  
o f  th e  p o ly m e r  m ater ia l to  g a s  and w a ter . T h e n a n o c la y  g e n e r a lly  u se d  is the  
m o n tm o r illo n ite  (M M T ), w h ic h  m o d if ie d  m o n tm o r illo n ite  h as b e e n  ob ta in ed  b y  
su b stitu tin g  in o r g a n ic  c a t io n s  o f  M M T  w ith  org a n ic  a m m o n iu m  io n s  in  order to  
im p r o v e  d is tr ib u tio n  in p o ly m e r  m atrix .

M ic r o s c a le  in o rg a n ic  m ater ia ls  w ith  w e ll-d e f in e d  m o r p h o lo g y  h a v e  attracted  
c o n s id e r a b le  a tte n tio n  for th eir  structure c h a r a c ter is tic s  e n d o w in g  th em  w ith  a w id e  
ran g e  o f  p o ten tia l a p p lic a tio n s . A m o n g  all m e ta ls , co p p er  is  th e  m o st  c o m m o n ly  u sed  
as an  in te r c o n n e c t  d u e  to its h ig h  e lec tr ic a l c o n d u c tiv ity . C o p p er  n a n o p a rtic le s  h a v e  
e x h ib ite d  ex trao rd in ary  p ro p erties  and h a v e  p o ten tia l a p p lic a t io n s  in  sev era l f ie ld s  
su c h  as lu b r ica n ts , c a ta ly s ts , th erm al tran sfer  n a n o flu id s , e le c tr o n ic  m a ter ia ls , op tica l 
d e v ic e s ,  and a n tifu n g a l-a n tib a c te r ia l a c t iv it ie s . T h ere h a s a lso  b e e n  e v a lu a t io n  to u se  
lo w -c o p p e r  lo a d in g  in fo o d  p a c k a g in g  for an tib acter ia l fu n c tio n . C o p p er  
n a n o p a rtic le s  h a v e  b e e n  p rep ared  b y  w e t  c h e m ic a l red u c tio n , e le c tr o d e  d isch a rg e , 
p h o to c h e m is tr y , so n o c h e m ic a l red u ctio n , m ic r o w a v e  irrad ia tion , and g a m m a  
r a d io ly s is . T o  a v o id  o x id a t io n , th ese  m e th o d s  u su a lly  w e r e  p erfo rm ed  in n o n -  
a q u e o u s  m e d ia , at lo w  p recu rsor  co n ce n tr a tio n  and u n der p r o te c tio n  o f  inert g a s. พ น  
et al. rep orted  a  o n e -s te p  sy n th e s is  o f  p ure co p p e r  n a n o p a rtic le s  in  a q u e o u s  so lu tio n  
w ith  a sco r b ic  a c id  as a r e d u ctio n  ag en t and an tio x id a n t as w e l l .  P o ly v in y lp y r r o lid o n e  
(P V P ) w a s  u sed  to  h e lp  d isp e r s io n  o f  c o l lo id a l so lu t io n  and  fo u n d  that th e  ratio o f  
[P V P ]/[C u 2+] p la y e d  an im p ortan t ro le  in  c o n tr o llin g  th e s iz e ,  s iz e  d istr ib u tio n  and  
m o r p h o lo g y  o f  th e  n a n o p a rtic le s .

T h e  reta il fo o d  m ark et in  T h a ila n d  is  c h a n g in g  rap id ly; th e  n u m b er  o f  sh o p s  
h a n d lin g  a n arro w  ran g e  o f  fo o d s  is  d e c r e a s in g , w h ile  su p erm a rk ets  and  large s e l f  
se r v ic e  s to res  are in c r e a s in g  in  n u m b er and  s iz e . T h ere  is  c o n s id e r a b le  sc o p e  for  
e x p a n d in g  the m ark et for f ish  th rou gh  th e se  m o d ern  o u tle ts , p ro v id e d  a g o o d  q u a lity
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p rod u ct is  a ttr a c tiv e ly  p resen ted  for sa le  in  a su ita b le  p a ck a g e . S o m e  la rge  s to res  are  
s e ll in g  w e t  f is h  fro m  a trad ition a l s la b , w ith  a f ish m o n g e r  in  a tte n d a n ce , but th is  
m eth o d  h a s a n u m b er o f  d isa d v a n ta g es; a large sp a c e  is  n e e d e d , th e  sla b  h as to  b e  
m an n ed  c o n t in u o u s ly , th e  p rod u cts are in c o n v e n ie n t  to  h a n d le  an d  there m a y  b e  
so m e  sm e ll  an d  p o s s ib ly  co n ta m in a tio n . In con trast, p ro p er ly  p a c k a g e d  f ish  p ro d u cts  
ca n  b e e a s i ly  h a n d led  b y  n o n sp e c ia lis t  sta ff, e x a m in e d  b y  th e  sh o p p er  for  ty p e , 
q u an tity  and  p r ice , p u rch a sed  and carried  h o m e  in  th e  sh o p p in g  b a sk e t  w ith  o th er  
fo o d s . P rep a ck ed  c h il le d  f ish  h av e  b e e n  so ld  for  m a n y  y ea rs fro m  fr o z e n  fo o d  
c a b in e ts  c o n ta in in g  o th er  fo o d s . P rep a ck in g  is m a in ly  a  m eth o d  o f  p resen ta tio n , n o t  
o f  p reserv a tio n ; th e  s h e l f  l i fe  o f  a  w ra p p ed  w e t  f ish  p ro d u ct is  v ir tu a lly  th e  sa m e  as  
that o f  an u n w ra p p ed  o n e . T h ere is s o m e t im e s  a sm a ll in crea se  in  s h e l f  life , but n ot  
en o u g h  to  ju s t i f y  k e e p in g  p rep ack ed  f ish  lo n g er  in  th e  sh o p . T h e  m o st  u se fu l  
m a teria ls  for  m a k in g  sm a ll p a ck a g es  o f  ch ille d  f is h  are th e  th in  f le x ib le  f i lm s  
p rod u ced  m a in ly  fro m  p la st ic s  su ch  as p o ly e th y le n e , p o ly p r o p y le n e , and p o ly v in y l  
ch lo r id e . C h ille d  fresh  f is h  req u ires th e  p ro tec tio n  o f  a r e a so n a b ly  g o o d  barrier to  
w a ter  v a p o u r  to  p rev en t it d ry in g . W ater  vap ou r can  p a ss  th ro u gh  a  f i lm  in  tw o  w a y s ;  
th e  f ilm  m a y  b e  p o ro u s  so  that vap ou r p a sse s  th rou gh  h o le s  in  th e  m a ter ia l, or th e  
f ilm  m a y  b e  p e r m e a b le , that is  w a ter  v a p o u r  d if fu se s  th ro u g h  it b y  d is s o lv in g  in  th e  
m ateria l. T h in  f i lm s  are o fte n  p o ro u s, but p o ro s ity  ca n  b e  o v e r c o m e  b y  u s in g  a  
th ick er  film ; h o w e v e r , a p erm ea b le  f ilm  can n o t b e  m a d e  im p e r m e a b le  in  th is  w a y .  
G a se s  lik e  o x y g e n  or  carb o n  d io x id e  fo r  e x a m p le  are tra n sm itted  th ro u gh  a f i lm  in  
m u ch  th e  sa m e  w a y  a s  w a ter  vapour.

V o la t i le s  a m in e s , su ch  as tr im eth y la m in e  (T M A ), a m m o n ia  (N H 3 ) an d  
d im e th y la m in e  (D M A )  co n tr ib u te  to a  q u an tity  k n o w n  as to ta l v o la t i le  b a s ic  n itr o g e n  
(T V B -N ) , are th e  ch a ra c ter is tic  su b sta n c e s  r e sp o n s ib le  for  th e  f is h y  o d o u r  and  
f la v o u r  e n c o u n te r e d  in  f is h  a fter h a v in g  p ast th e  in it ia l p h a se  o f  fr e sh n e ss . T V B -N  
le v e ls  in c r e a se  as a re su lt  o f  b acteria l m e ta b o lism . In an  e n c lo s e d  fo o d  p a c k a g e , as  
th e  f ish  p ro d u ct s p o ils , a p H  in crea se  o c c u r s  o v e r  t im e  w ith in  th e  h e a d sp a c e  w h ic h  
c a n  b e  d e te c te d  w ith  an  ap p ropriate p H  in d ic a tin g  sen so r . T h e  fu n d a m en ta l 
ch ara cter istic  o f  p H  in d ica to r  d y e s  that c h a n g e  c o lo r  w h e n  p la c e d  in  an  a c id ic  or  
b a s ic  e n v ir o n m e n t is  th e  k e y  e le m e n t o f  th is  fre sh n e ss  in d ica to r .
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M a n g o ste e n  (G arcinia m angostana  L in n ., G M L ) is  a fruit c u lt iv a te d  in  
trop ica l areas e s p e c ia lly  in  T h a ila n d , M a la y s ia , th e  P h ilip p in e s  and In d o n esia . 
E x p e r im en ta l s tu d ie s  h a v e  d em o n stra ted  that e x tra c ts  o f  G M L  h a v e  a n tio x id a n t, 
a n titu m o ra l, a n tia lle r g ic , an ti- in fla m m a to ry , an tib acter ia l, an d  an tiv ira l a c t iv it ie s . 
T h e p ericarp  o f  G M L  is  a so u rce  o f  x a n th o n es  and  o th er  b io a c t iv e  su b sta n ces . 
P ren y la ted  x a n th o n e s  iso la ted  from  G M L  h a v e  b e e n  e x t e n s iv e ly  s tu d ied ; so m e  
m em b ers  o f  th e se  c o m p o u n d s  p o s s e s s  an tio x id a n t, an titu m o ra l, a n tia lle r g ic , a n ti
in fla m m a to ry , an tib acter ia l, an tifu n g a l and an tiv ira l p rop erties . X a n th o n e s  h a v e  b e e n  
iso la te d  from  p ericarp , w h o le  fru it, h ea rtw o o d , an d  le a v e s . T h e  m o st  s tu d ied  
x a n th o n e s  are a-, P-, and y -m a n g o s tin s  (C20H22O5), g a r c in o n e  E , 8 -d e o x y g a r ta n in , 
and gartan in . M o r e o v e r , a  su b stan tia l am o u n t o f  red  p ig m e n t, m a in ly  are c y a n id in -3 -  
so p h o r o s id e  and  c y a n id in -3 -g lu c o s id e  can  b e iso la te d  fro m  th e  fruit p er icarp  o f  
m a n g o ste e n . T h e ir  c o lo r  can  c h a n g e  w ith  pH; s o lu t io n s  o f  th e  c o m p o u n d  are red  at 
pH  <  3 , v io le t  at p H  7 -8 , and b lu e  at pH  >  11. T h e  red  p ig m e n t  from  th e fruit 
p ericarp s o f  m a n g o s te e n  can  b e  u se d  as a natural d y e  so u r c e  for d y e in g , w ith  
a sso c ia te d  b e n e fits  in  u se  w ith  resp e c t  to  red u ced  h ea lth  h aza rd s, lo w e r  to x ic ity  and  
a lle r g ic  r e a c tio n s . T h ere  h a v e  b e e n  a f e w  reports a tte m p tin g  to  u s e  m a n g o s te e n  d y e  
ex tra c tio n  in  fo o d  p a ck a g in g .

T h is  research  is  a im ed  to  d e v e lo p  an a c t iv e  p a c k a g in g  f ilm  m a d e  o f  
p o ly p r o p y le n e  c o n ta in in g  a n tim icro b ia l su b sta n ces  and  fe a s ib ly  d e te c ts  s p o ila g e  in  
fresh  fish . B e n to n ite  o r g a n o c la y  and  co p p er  n a n o p a r tic le s  w e r e  a d d ed  in to  
p o ly p r o p y le n e  for barrier p rop erties  and  a n tim icro b ia l a c t iv it ie s . T h e  im p a ct o f  th e se  
n a n o p a rtic le s  o n  c la r ity , m e c h a n ic a l and th erm al p ro p erties  o f  th e  n a n o c o m p o s ite  
b lo w n  f ilm s  w a s  in v e stig a te d . N a tu ra l d y e  (dark  red ) from  m a n g o s te e n  p er ica rp s  
ex tra cted  in  a q u e o u s  a c id ic  so lu t io n  w a s  a lso  s tu d ie d  its f e a s ib il ity  to  b e  u se d  as  
in d ica to r  d y e  for s e n s in g  a m m o n ia  g a s  and f ish  sp o ila g e .
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