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CHAPTER VII

7.1 Abstract

N a tu ra l d y ed  f i lm  w a s  prepared  and stu d ied  th e  fe a s ib il i ty  for  u s in g  as  
in d ica to r  for  fo o d  sp o ila g e . R ed  d y e  w a s  ex tra cted  fro m  m a n g o s te e n  p ericarp  u s in g  
c itr ic  ac id  an d  m ix e d  w ith  e th y le n e  v in y l aceta te  (E V A )  in  a tw in - s c r e w  ex tru d er  at 
120 °C to p r o d u c e  d y e  c o m p o u n d . T h e d y e  f ilm  w a s  p rep ared  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 , an d  6  w t% . It is  fo u n d  that th e  T V B N  v a lu e  o f  4 0 .3 2  
m g /1 0 0 g  o f  f is h  m ea t w a s  reach ed  a fter  ab 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 o t a c c e p ta b le  for  h u m a n  c o n su m p tio n . T h en , th e  c o lo r  o f  th e  4  
w t%  m a g o s te e n /E V A  f i lm  in  the f ish  sp o ila g e  te st  w a s  c h a n g e d  g ra d u a lly  w ith  th e  
lo w e r  C * th a n  th o se  in  th e  a m m o n ia  test . T h e re la tio n sh ip  b e tw e e n  th e  ch 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 e r e  t is  t im e  in  hrs. T h e  R 2  o f  
th e  lin ear f it t in g  o f  the d ata  is  0 .9 8 . T h e  se n s it iv ity  o f  th e  m a n g o s te e n /E V A  f ilm s  to  
d e te c t  th e  f is h  sp o ila g e  is  b etter  than th o se  in  the a m m o n ia  so lu t io n  te s t  d u e to  le s se r  
b a s ic  e n v ir o n m e n t.

7.2 Introduction

V o la t i le s  a m in e s , su ch  as tr im e th y la m in e  (T M A ), a m m o n ia  (N H 3 ) and  
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 itro g en  
(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 itia 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 resu 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 sp 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  
can  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 a ra cter is tic  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  fr e sh n e ss  in d ica to r . P a cq u it et. al. 
( 2 0 0 7 )  u se d  th e  B r o m o c r e so l green  or B C G  to b e p H  in d ica to r  d y e  for  f ish  sp o ila g e
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w ith  a p r e se n c e  o f  q u atern ary  a m m o n iu m  sa lt to  fo rm  an io n  pair. T h e y  rep orted  that 
th eir  in v e n te d  se n so r  r e sp o n se  w a s  fo u n d  to corre la te  w ith  b a c ter ia l gro w th  pattern s  
in  c o d  and  w h it in g  f is h  sa m p le s  th u s en a b lin g  th e “ r e a l- t im e ”  m o n ito r in g  o f  
sp o ila g e . T h e se  c o lo r im e tr ic  se n so r s  o ffe r s  th e  p o ten tia l o f  d e v e lo p in g  d y n a m ic  
“ b e s t -b e fo r e ”  d a tes  that m a y  lea d  to  im p ortan t and  e x c it in g  im p r o v e m e n ts  in  the  
q u a lity  a ssu ra n ce  sec to r .

M a n g o ste e n  (G arcinia m angostana  L in n ., G M L ) is  a fruit cu lt iv a te d  in  
trop ica l areas e s p e c ia l ly  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 ex tra c ts  o f  G M L  h a v e  a n tio x id a n t, 
an titu m o ra l, a n t ia lle r g ic , a n ti- in fla m m a to ry , a n tib acter ia l, an d  a n 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 e s  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 te d  from  G M L  h a v e  b e e n  e x t e n s iv e ly  stu d ied ; so m e  
m em b e r s  o f  th e se  c o m p o u n d s  p o s s e s s  a n 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 r y , a n tib a c ter ia l, a n 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  fro m  p ericarp , w h o le  fruit, h ea r tw o o d , and  le a v e s .

T h e  m o st  s tu d ie d  x a n th o n e s  are a - , (3-, and  y -m a n g o s t in s  (C 2 0 H 2 2 O 5 , 
F ig .7 .1 ) , g a r c in o n e  E , 8 -d e o x y g a r ta n in , and ga rta n in (P ed ra za -C h a v err i, 2 0 0 8 ) .  
M o r e o v e r , a  su b sta n tia l a m 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 -s o p h o r o s id e  
and c y a n id in -3 -g lu c o s id e  as sh o w n  in  F ig .7 .2  ca n  b e  iso la te d  fr o m  th e fruit p ericarp  
o f  m a n g o s te e n  (P a la p o l, 2 0 0 8 ) . T h eir  c o lo r  can  c h a n g e  w ith  p H ; so lu t io n s  o f  the  
c o m p o u n d  are red  at p H  <  3 , v io le t  at p H  7 -8 , and b lu e  at p H  > 1 1 .  T h e  red p ig m e n t  
from  th e  fruit p er ica rp s o f  m a n g o s te e n  can  b e u se d  as a n atu ral d y e  so u r c e  for  
d y e in g , w ith  a s so c ia te d  b e n e fits  in  u se  w ith  resp e c t  to  red u ced  h e a lth  h azard s, lo w e r  
to x ic ity  an d  a lle r g ic  rea c tio n s . C h airat et al. ( 2 0 0 7 )  ex tra cted  th e  fruit p er icarp  o f  
m a n g o s te e n  in  a q u e o u s  a c id ic  so lu t io n  (1 5 %  พ เพ c itr ic  a c id , d r ied  w e ig h t  1 g  in  5 m l 
so lu t io n )  and  o b ta in e d  dark red d y e  s o lu t io n  for d y e in g  o f  c o tto n  an d  s ilk . (C h a ira t et 
a l ,  2 0 0 7 ) .  H o w e v e r , th ere  h as b e e n  n o  report fo r  a ttem p t to  u s e  m a n g o s te e n  d y e  
ex tr a c tio n  in  fo o d  p a c k a g in g .



97

o OH

Til ttS
■x "'O'''KJ-

OH

Figure 7.1 C h e m ic a l stru ctu re o f  x a n th o n e s  in  
m a n g o ste e n  pericarp . 
a -M a n g o s t in  ( a M ) R 1 =  M e , R 2 =  R 3 =  H  

(3-M an gostin  (P M )R 1 =  R 3 =  M e , R 2 =  H  

y -M a n g o s t in  (y M )R 1 =  R 2 =  R 3 =  H

Figure 7.2 C h e m ic a l stru ctu re o f  
c y a n id in -3 -g lu c o s id e  ( R i= R 2 = R 3 = H )  and  
c y a n id in -3 -s o p h o r o s id e  ( R i= R 2 :=H  and  
R 3 = g lu c o s y l)

iS 4000 .ว 3600 3200 2800 2400 :000 1800 1600 u o c  1200 1000 800 600 450.0
cm-l

Figure 7 .3  F T IR  sp ec tru m  o f  m a n g o s te e n  sh e ll  b e fo re  (a ) an d  a fter  (b ) d y e s  
ex tracted .
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T h is  ch ap ter  w a s  s tu d ied  the fe a s ib il ity  for  u s in g  m a n g o s te e n  d y e  ex tracted  
from  m a n g o s te e n  p ericarp  in  a q u eo u s  a c id ic  so lu t io n  a s  th e  in d ica to r  fo r  a m m o n ia  
s e n s in g  d u rin g  fo o d  sp o ila g e  in  e th y le n e  v in y l a ce ta te  f ilm .

7.3 Experimental

7 .3 .1  M ateria ls
E th y len e  v in y l a ce ta te  (E V A ) w a s  p u rch a sed  from  D u p o n t. F resh  

m a n g o s te e n  fru its  (G a rc in ia  m a n g o sta n a  L in n ) w er e  p u rch a sed  fro m  lo c a l fresh  fo o d  
m ark ets  in  B a n g k o k  or S am u t Sakorn. A m m o n ia  3 0  w t%  (a s  N H 3 ) w a s  p u rch ased  
fro m  P anreac. T h e  d en sity  o f  th e  a m m o n ia  co n ce n tr a tio n  is  0 .8 9 2 -0 .8 9 8 .

7 .3 .2  E x tra ction  o f  M a n g o ste e n  P ericarp  D y e  in  A c id ic  S o lu t io n
F resh  m a n g o s te e n  fruits w e r e  w a sh e d  w ith  tap  w a ter  s e v e r a l t im e s  to  

r e m o v e  im p u r itie s  su ch  as dirt, in se c t  p e s t ic id e . M a n g o s te e n  p er ica rp s w e r e  re m o v e d  
fro m  the w h o le  fru its and air d ried  for 12 hours. A ir  d r ied  p er ica rp s w e r e  then  
cru sh ed  in to  s m a ll p ie c e s  w ith  a k itch en  b len d ed , and d ried  in  a v a c u u m  o v e n  at 6 0  
°c for  12 h ou rs to re m o v e  m o istu re . T h en , o v e n  d ried  p er ica rp s w e r e  cru sh ed  ag a in  
in  a k itch en  b le n d e d  to m a k e  th em  in to  fin e  p o w d er . F in e  p o w d e r  m a n g o ste e n  
p erica rp s w e r e  ex tracted  in  a q u eo u s  a c id ic  so lu t io n  (15% w /v  c itr ic  a c id , d ried  
w e ig h t  1 g  in  5 m l so lu tio n ) for  4  hours (C h airat et a l ,  2007). T h e y  w e r e  k ep t c o ld  at 
5 °c in  a refr igera to r  for further u se .

7 .3 .3  P reparation  o f  M a n g o ste e n -d y e d  E V A  F ilm
F resh  m a n g o s te e n  d y e  w a s  c o m p o u n d e d  w ith  e th y le n e  v in y l aceta te  

(EVA) in  a  H a a k e  R h e o m e x  P T W -1 6  c o -ro ta tin g  tw in - s c r e w  ex tru d er  w ith  D  =  16  
m m  and L /D  =  2 5 . T h e o p e r a tin g  tem p era tu re o f  ex tru d er  w a s  se t  at 1 2 0  °c w ith  a 
s c r e w  sp e e d  o f  6 0  rpm . T h e  w e ig h t  ratio o f  m a n g o s te e n  d y e  to  EVA p e lle ts  w a s  
v a r ied  2 , 4 , and  6  w t%  b ased  o n  d y e  so lu t io n  ex tra cted  fro m  th e  p r e v io u s  step . M G T -  
d y e d  EVA c o m p o u n d  w a s  fab r ica ted  in to  f ilm  sa m p le s  b y  h ot p r e s s in g  at 120  °c 
u s in g  a h o t p r e s s in g  m a c h in e  (P R 1 D -W 3 0 0 L 3 5 0 , C h a reon  T u t, T h a ila n d ).
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7 .3 .4  D e te r m in a tio n  o f  T o ta l V o la t ile  B a s ic  N itr o g e n  (T V B -N )
D eter m in a tio n  o f  T V B -N  w a s  a d o p ted  fro m  m e th o d  u se d  b y  F ish  

In sp e c tio n  an d  Q u a lity  C o n tro l D iv is t io n  (F IQ D ), th e  D ep a rtm en t o f  F ish er ie s  
(D O F ), T h a ila n d .

a) Sam ple Extraction
In order to  p reserv e  th e  fr e sh n e ss  o f  sa m p le , g r in d in g  o f  the  

sa m p le  b y  h o m o g e n iz e r  w a s  p refo rm ed . 3 g  o f  h o m o g e n iz e d  sa m p le  w a s  p la ced  into  
a cen tr ifu g e  tu b e . A fte r  that 12 m l o f  4%  T r ic h lo r o a c e tic  a c id  (T C A ) so lu t io n  w a s  
ad d ed  to th e  c e n tr ifu g e  tu b e , th e  tub e w a s  s e a le d  and v ig o r o u s ly  sh a k ed  to  m ak e sure  
that it w a s  p r o p er ly  m ix e d . T h e  sa m p le  w a s  th en  le ft  at ro o m  tem p era tu re  for 3 0  
m in u te  w ith  stirr in g  from  tim e  to t im e . T h e  sa m p le  m ix tu re  w a s  filtered  u s in g  
W h atm a n  p ap er  n o . l .  W h en  fr e sh ly  prep ared  sa m p le s  w e r e  n o t u sed  w ith in  a  day  for  
further a n a ly s is , th e  f iltered  s o lu t io n  w er e  k ep t at -1 8  °c in  v ia ls , an d  to  p reven t the  
b reak in g  o f  v ia l , sa m p le  m u st n ot b e  f ille d .

b) M easuring o f  TVB-N
S e a lin g  a g e n t (V a s e lin e )  w a s  first a p p lie d  to th e  to p  e d g e  o f  a 

C o n w a y ’s u n it. T h e  inner r in g  so lu t io n  (1%  b or ic  ac id  m ix e d  w ith  1 m l o f  in d ica tor)  
w a s  p ip e tte  and  p la c e d  in to  th e  in n er r in g  o f  C o n w a y ’s u n it (v o la t i le  c o m p o u n d s  
from  sa m p le  ex tra c t w o u ld  d if fu se  in to  b o r ic  ac id  sa lt  and  th e se  sa lts  w o u ld  b e  
red u ced  to  H C l-sa lts  b y  stro n g  HC1 d u rin g  titra tion ). 1 m l o f  filtered  sa m p le  extract 
w a s  p ip e tte  in to  th e  outer r in g  o f  the C o n w a y ’s un it an d  p la c e d  o n  th e  o p p o s ite  s id e  
o f  th e  sa m p le  ( to  m a d e  sa m p le  ex tract in to  a lk a lin e  c o n d it io n  s im ila r  to  that o f  
v o la t ile  c o m p o u n d ). T h e  C o n w a y ’s un it w a s  im m e d ia te ly  c o v e r e d  an d  sh a k en  g e n tly  
to  d is s o lv e  th e  sa m p le s  and  m ix  it w ith  K 2 C O 3  w ith o u t c o n ta m in a tin g  th e  inner ring  
c o n v e y  (tr ip lica te  for  ea c h  sa m p le ) . S tan d  th e  sa m p le s  w e r e  k ep t at r o o m  tem peratu re  
for  3 h ou rs. A fte r  th e  c o lo r  o f  b oric  a c id  so lu t io n  c h a n g e d  from  p in k  to  green , 
fo l lo w in g  th e g e n era tin g  o f  v o la t ile  b a se , th is  sa m p le  w a s  th eh  titra ted  w ith  0 .01  N  
HC1 c o n ta in in g  in  a m icro -b u rette  u n til th e  c o lo r  c h a n g e d  b a ck  to  p in k . E x p e r im en ta l 
d e s ig n  for d e te r m in a tio n  o f  T V B -N  is  sh o w n  b e lo w  ( s e e  F ig .7 .5 )  N ote  : B la n k  test  
w a s  carried  o u t u s in g  1 m l o f  4%  T C A  in stea d  o f  sa m p le  e x tra c tio n
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c) C alculation

TVB -  N (m g/100g) =
(Vs -  VB) X (Nhci X An) X [พร X (M /100) +  VE] X 100

Wc
w h ere , Vs =  T itra tion  v o lu m e  o f  0 .01  N  HC1 fo r  sa m p le  ex tra c t (m l)  

V b =  T itra tio n  v o lu m e  o f  0 .01  N  HC1 for  b la n k  (m l)
N hci =  N o r m a lity  o f  HC1 (=0.01 N  X  fa c to r  o f  HC1)
A n =  A to m ic  w e ig h t  o f  n itrog en  ( 1 4 .0 0 )
พ ร  =  W e ig h t  o f  t is su e  sa m p le  (g )
M  =  P er c e n ta g e  m o istu re  o f  t is su e  s a m p le  (A s s u m e  80% )
V E =  V o lu m e  o f  4%  T C A  u sed  in  e x tra c tio n

Figure 7.4 E x p e r im en ta l d e s ig n  for  d eterm in a tio n  o f  T V B -N .

7 .3 .5  D e te r m in a tio n  o f  A m m o n ia  S e n s in g  b y  M a n g o s te e n -d y e d  E V A  F ilm  
(M G T /E V A )

M G T /E V A  f ilm s  w er e  cu t in to  rec ta n g u la r  str ip s o f  1 .5  cm  w id e  and  
3 .0  cm  lo n g . Prior th e  te st , th e se  str ip s w er e  la b e le d  in  n u m b er  in d iv id u a lly , and  
m easu red  th eir  lig h tn e ss  and  c o lo r  in  L ab  sy s te m  u s in g  a c o lo r  read er  in  a con tro l  
ligh t b o x . T h ree  d ifferen t areas for e a c h  strip  w ere  reco rd ed .
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Ammonia solution with concentration of 5.0, 10.0, 15.0, 20.0, 25.0, 
and 30.0 mg/ml, were prepared from 30 พ/พ0/อ ammonia solution. The pH of 
ammonia solution was measured with a pH meter (CyberScan pH 1000). One strip of 
MGT/EVA film (1.5 X  3.0 cm) was immersed in a glass bottle having 20 ml of each 
ammonia solution. Their caps were sealed with plastic film to ensure no leak of 
ammonia vapor during the test. The time duration for ammonia sensing was set at 12 
hours, and then these strips were removed, washed with distilled water, and dried 
with tissue paper. Then, the tested strips were measured their lightness and color by a 
color meter in a control light box. The difference of lightness and color were 
compared and reported.

7.3.6 Ammonia Sensing in Fish Spoilage Test by Mangosteen-dved EVA 
Films

MGT/EVA films were cut into rectangular strips of 1.5 cm wide and
3.0 cm long. Prior the test, these strips were labeled in number individually, and 
measured their lightness and color in Lab system using a color reader in a control 
light box. Three different areas for each strip were recorded.

100 gram of fresh white perch meat was placed in a glass bottle as 
shown in Figure 7.6, and pH of fresh fish was determined using pH indicator paper. 
Strips of MGT/EVA films with measured color were placed in a sealed bottle for 20 
hours to sense the ammonia gas released from spoilage fish meat.

Figure 7.2 Setup for ammonia sensing (fish spoilage) by mangosteen-dyed EVA 
films.
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7.4 Results and Discussion

7 .4 .1  C o lo r  o f  M a n g o s te e n  D y e d  E V A  F ilm
M a n g o ste e n  d y e  s o lu t io n  ex tr a c te d  f o l lo w in g  p ro ced u re  e x p la in e d  in  

C hairat et al. (2 0 0 7 )  is  dark red d y e  in  a q u e o u s  a c id ic  so lu t io n  (p H  =  2 ) . A fte r  ad d in g  
d ye s o lu t io n  in to  E V A  b y m e lt p r o c e ss in g , th e  c o lo r  ten d s  to  c h a n g e  fro m  red in to  
b row n . F ig .7 .6 , F ig .7 .7 , and  F ig .7 .8  sh o w  c o lo r  o f  m a n g o s te e n -d y e d  E V A  film s  
co m p a red  to th e  pure E V A  f ilm s  u n der th e  sa m e  h o t-p r e s s in g  c o n d it io n . T he  
m a n g o ste e n -d y e  E V A  f ilm s  are red d ish  b ro w n  w h ic h  the c o lo r  is  darker w ith  resp ect  
to th e  w e ig h t  ratio o f  m a n g o s te e n  d y e  ad d in g  in to  E V A . T h e se  f i lm s  w er e  m ea su red  
their c o lo r  b y  a c o lo r  read er in  L ab  sy s te m  an d  rep orted  in  T a b le  7 .1 . It is  s e e n  that 
the h ig h e r  c o n c e n tr a tio n  o f  m a n g o s te e n  d y e  a d d e d  in to  E V A  th e  darker f i lm  are as 
e v id e n c e d  in  lo w e r  o f  l ig h tn e s s  (L ). T h e  y e l lo w n e s s  (+ b ) w a s  h ig h e r  w ith  resp ec t to 
the c o n c e n tr a tio n  o f  d y e .

Table 7.1 L ig h tn e ss  and  c o lo r  in  L ab s y s te m  o f  p u re  E V A  an d  m a n g o s te e n -d y e d  
E V A  f ilm s  (M G T /E V A )

F ilm  sa m p le
L ab  m ea su r e m e n t

L a* b* c*

Pure E V A  film 3 9 .7 -1 .1 -0 .5 1 .3 0

2  w t%  M G T /E V A  f ilm 3 9 .4 -0 .4 0.1 0 .4 0

4  w t%  M G T /E V A  film 3 9 .3 -0 .4 0 .8 0 .9 0

6 w t%  M G T /E V A  film 4 0 .2 -0 .2 0 .8 0 .8 0

N o te : C * = V a 2 + b 2
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Figure 7 .1  C o m p a r iso n  b e tw e e n  p u re  E V A  an d  2  w t%  m a n g o s te e n -d y e d  E V A  
f i lm s .

EVA Film EVA Film 
EVA Film EVA Film 
EVA Film EVA Film 
EVA Film EVA Film 
EVA Film EVA Film

Figure 7 .2  C o m p a r iso n  b e tw e e n  pure E V A  an d  4  w t%  m a n g o s te e n -d y e d  E V A  
f ilm s .
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Figure 7 .3  C o m p a r iso n  b e tw e e n  p ure E V A  and  6  w t%  m a n g o s te e n -d y e d  E V A  
f ilm s .

7 .4 .2  T o ta l V o la t ile  B a s ic  N itr o g e n  ( T V B -N )  o f  S p o ile d  W h ite  P erch
O d o r  is  a n o th er  o n e  o f  th e  m o s t  im p o rtan t p ara m eters to  e v a lu a te  f ish  

F r e sh n e ss . D u r in g  s to ra g e  o f  f is h  th e  o d o r  u n d e r g o e s  c h a n g e s  fro m  fr e sh  o d o r , to  
s w e e t  th en  sta le  o d o r s  an d  u n til th e  f in a l p h a se  o f  s p o ile d  or  pu trid  o d o r s . V o la t i le  
c o m p o u n d s  c o n tr ib u tin g  to  o d o r  c h a n g e s  ca n  b e  m ea su r e d  to  e v a lu a te  th e  fr e sh n e ss  
an d  s p o ila g e  o f  f ish . D u r in g  th e  d e ter io ra tio n  o f  f ish  a m in e s  are fo r m e d . S o , th e  
m e a su r e m e n ts  o f  to ta l v o la t i le  b a s ic  n itro g en  ( T V B -N )  is  th e  a n o th er  m e th o d  that 
w a s  u se d  in  th is  w o r k  a s  an  in d ica to r  o f  q u a lity  fo r  f ish  and  f ish  p ro d u c ts  d u e  to  th e  
e a s y  an d  in e x p e n s iv e  m eth o d . T a b le  7 .2  rep orts  th e  to ta l v o la t ile  n itr o g e n  o ccu rred  
d u rin g  th e  s to ra g e  o f  w h ite  p erch  (L a te s  ca lc a r ife r )  fresh  m eat.



105

T a b le  7 .2  T o ta l v o la t ile  b a s ic  n itro g en  (T V B N )

H ou rs 0 .01  HC1 (m l) T V B -N  (m g /1 0 0 g )
0 0 .1 5 1 0 .0 8
3 0 .2 0 1 3 .4 4
6 0 .2 0 1 3 .4 4
9 0 .6 0 4 0 .3 2
12 0 .8 0 5 3 .7 6
15 1 .0 0 6 7 .2 0
18 1 .00 6 7 .2 0
21 1 .00 6 7 .2 0
2 4 1 .00 6 7 .2 0

F ig u r e  7 .9  T h e  c o n c e n tr a tio n  o f  T V B -N  as a fu n c tio n  o f  t im e .
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T V B -N  in  f ish  is  m a in ly  c o m p o s e d  o f  a m m o n ia , tr im e th y la m in e  (T M A ) and  
d im e th y la m in e  (D M A ). A  le v e l o f  3 0 -3 5  m g  T V B -N /1 0 0 g  o f  f ish  m ea t is  u su a lly  
regard ed  as sp o ile d . C h a n g e s  in  T V B -N  v a lu e s  are p rese n te d  g r a p h ic a lly  in  F ig .7 .9 . 
V a lu e s  w er e  fou n d  to  in c r e a se  d u rin g  s to ra g e  o f  w h ite  p erch  m ea t at 2 5  °c. 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  reach ed  a fter  ab ou t 9  hr o f  sto ra g e  
in d ic a tin g  that th e  s p o ila g e  f ish  w a s  n o t a c c e p ta b le  for  h u m an  c o n su m p tio n . T h e  
T V B N  v a lu e  o f  6 7 .2 0  m g /1 0 0 g  o f  f ish  m ea t w a s  rea c h ed  a fter  a b o u t 15 hr as th e  
lim it  o f  T V B -N  v a lu e . T h ere fo re , th e  s to ra g e  t im e  for f ish  m ea t in  th e  a m m o n ia  
se n s in g  te st  w o u ld  b e  se t  up  w ith  the t im e  p er io d  o v er  9  hr.

7 .4 .3  A m m o n ia  S e n s in g  b y  M a n g o s te e n -d y e d  E V A  F ilm
F ig .7 .1 0  s h o w s  the ch a n g e  in  c o lo r  o f  th e  m a n g o s te e n -d y e d  E V A  f ilm  

after  co n ta c te d  w ith  a m m o n ia  so lu t io n  in  d ifferen t c o n cen tra tio n . It is  s e e n  that th e  
m a n g o ste e n  d y e d  f ilm  c h a n g e d  its c o lo r  a fter  co n ta c ted  w ith  a m m o n ia  so lu t io n . T h is  
resu lt from  th e a c id ic  s p e c ie s  (fro m  c itr ic  a c id ) in m a n g o s te e n  d y e  rea c ted  w ith  b a s ic  
a m m o n ia  s o lu t io n , c a u s in g  th e  m a n g o s te e n  d y e  c h a n g e d  its c o lo r  fro m  dark b ro w n -  
red  to  b e  dark b row n . W ith  th e 2  and 4  w t%  d y e  a d d in g  in to  E V A  f ilm , the lin ear  
re la tio n sh ip  b e tw e e n  c o lo r  c h a n g e  and  a m m o n ia  c o n c e n tr a tio n  w a s  o b ta in ed  and  
p resen ted  in  F ig .7 .11  and  7 .1 2 . T h e  c o rr e la tio n  b e tw e e n  th e  d ata  an d  lin ear  f itt in g  is  
p resen ted  in  th e  fig u re  u s in g  O rig in  p rogram . T h e  s te e p e r  s lo p e  in  th e  4  w t%  d y e  
in d ic a te s  b etter  s e n s it iv ity  to d e tec t c h a n g e  in  a m m o n ia  c o n cen tra tio n . W ith  th e  6  
w t%  d y e , th e  c o rr e la tio n  b e tw e e n  c o lo r  c h a n g e  and a m m o n ia  c o n c e n tr a tio n  is  n o t  
ob ta in ed . T h is  is  d u e to dark  b ro w n ish  E V A  f ilm s  p ro d u ced  fro m  u s in g  h ig h  am o u n t  
o f  d y e  in  th e  f ilm  and h ig h  a c id ic  c o n ten t in  th e  f ilm  that a lk a lin e  s p e c ie s  in  a m m o n ia  
s o lu t io n  w o u ld  n o t b e  e n o u g h  to react w ith .
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concentration of ammonia (mg/ml)

Figure 7 .1  C h a n g e  in  c o lo r  (C * )  o f  m a n g o s te e n -d y e d  E V A  f i lm  a fter  c o n ta c te d  to  
a m m o n ia  in  d iffe r e n t c o n cen tra tio n .

b
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E q u a t io n y = a *  b ‘ x
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2 w tco M G T / E V A I n t e c e p t 0  0 6 0 0 3 0  0 3 1 8 1
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Figure 7.2 C h a n g e  in  c o lo r  (C * )  o f  2  w t%  m a n g o s te e n -d y e d  E V A  f ilm  a fter  
c o n ta c te d  to  a m m o n ia  in  d iffe r e n t c o n cen tra tio n .
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■ 4 wt% MGT/EVA
1.0 -

0.8  -

>  0 6 -  
[ ฆI
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0 . 2 -

Equation ! y - a  + b*x

Ad] R-Square 0 60161

Value Standard Error

4 wt% MGT/EVA Intercept 0 23304 0.09804

4 wt% MGT/EVA Slope 0 01594 0.00469

0.0 -
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concentration of ammonia (mg/ml)

F ig u r e  7 .1 2  C h a n g e  in  c o lo r  (C * ) o f  4  w t%  m a n g o s te e n -d y e d  E V A  f ilm  after  
c o n ta c ted  to a m m o n ia  in  d ifferen t co n cen tra tio n .

7 .4 .4  F ish  S p o ila g e  T est
T h e  fu n d a m en ta l ch a ra cter is tic  o f  p H  in d ica to r  d y e s  that ch a n g e  c o lo r  

w h e n  p la ced  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  fr e sh n ess  
in d ica tor . F ig .7 .1 3  s h o w s  th e  ch a n g e  in  4  w t%  M G T -E V A  film  in  th e  f ish  sp o ila g e  
test. It is  s e e n  that th e  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  gra 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  re la tio n sh ip  b e tw e e n  the  
ch 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 e r e  t is  t im e  in  hr. 
T h e R 2 o f  th e  lin ear  fitt in g  o f  th e  data  is  0 .9 8 .

T h e  se n s it iv ity  o f  th e  M G T /E V A  f ilm s  to  d e te c t  th e  f ish  sp o ila g e  is  
b etter than th o se  w ith  th e a m m o n ia  so lu t io n  te st  resu lts  fro m  le sse r  b a sic  
en v iro n m en t. T h e  pH  d u r in g  the f ish  s p o ila g e  is  reported  to  va ry  from  6 .8 5  - 7 .5 8 ,  
w h ile  pH  o f  th e  a m m o n ia  so lu t io n  is  ab o u t 11. T h e  grad u al c h a n g e  in  c o lo r  is
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d etected  w ith  the c o lo r  reader; h o w e v e r , th ey  w er e  n o t e a sy  to  d ifferen tia te  w ith  
n ak ed  e y e s . F ig .7 .1 4  and F ig .7 .1 5  p resen t p h oto  o f  f ilm  sa m p les  after th e  am m o n ia  
and the f ish  sp o ila g e  tests . It is  seen  that the c o lo r  o f  f ilm  sa m p le  w a s  ch a n g ed  in 
am m o n ia  test from  red in to  y e l lo w  m ore v isu a lly  than th o se  in the f ish  sp o ila g e  test.

0.4 - 1
Equation y = a + ช*X
Adj. R-Square 0.9853

Value Standard Error
B Intercept 0.0104 0 00791
B Slope 0.01767 0.00108

0.0  4 ---------1----------I--------- r--------- 1----------.----------1----------.----------1--------- I----------1----------r------- 1--------- I----------1
0 3 6 9 12 15 18 21

Time (hr)

Figure 7 .1 3  C h a n g e  in  c o lo r  (C * ) o f  4  w t%  m a n g o ste e n -d y e d  E V A  f ilm s  after  
co n tacted  to fresh  f ish  sp o ila g e  in v a rio u s tim e. R e la tio n sh ip  is  ex p r e sse d  in  linear  
w ith  R 2 o f  0 .9 8 .

Figure 7.14 C h a n g e in  c o lo r  o f  4  w t%  m a n g o ste e n -d y e d  E V A  film s  after tested  in 
fish  sp o ila g e  test in  variou s tim es (th e  b ottom  row ). T he nu m ber 1, 2 , 3 , and  4  refer  
to  test tim e o f  3 , 6 , 9 , and 12 h ou rs, re sp e c tiv e ly . T h e top  row  is  the sa m p les  
ex p o su re  in  a g la ss  b o ttle  f ill in g  w ith  10 m l o f  a m m o n ia  4 0  ing/rnl.
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Figure 7 .1 5  C h a n g e in c o lo r  o f  4  w t%  m a n g o ste e n -d y e d  E V A  film  after te sted  in  
f ish  sp o ila g e  test for 12 hours. T h e top  ro w  sh o w s  the or ig in a l d y ed  film  sa m p le , the  
m id d le  ro w  sh o w s  th e film  sa m p les  after tested  in  f ish  sp o ila g e  test, and th e b ottom  
ro w  is  the film  sa m p le  after tested  in am m on ia .

F ig . 7 .1 6  sh o w s  lam in ated  f ilm s  b e tw e e n  P P /O B E N -C u N P 5  film  and 4 w t%  
M G T -E V A  film s . T h e lam in ated  film  w a s  p rod u ced  b y  h o t-p ress in g  w ith  
tem perature o f  o n e  s id e  o f  160  °c (for  h ea tin g  P P /O B E N  f ilm s) , and th e other s id e  
w a s room  tem perature (M G T /E V F  film s). T h e setu p  for  fish  sp o ila g e  w a s  p erform ed  
s im ilar ly  to  the p rev iou s te sts , ex c e p t the g la ss  b o ttles  con ta in ed  fresh  f ish  w er e  
co v e r e d  w ith  the lam in ated  f ilm s  in stead  o f  tigh t sea led  m eta l co v e r s . A s  p resen ted  in  
F ig .7 .1 7 , the 4  w t%  M G T /E V A  film  w a s  p la c e d  in s id e  th e  g la ss  b o ttle  w h ich  the
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c o lo r  o f  th e  M G T /E V A  f ilm  c o u ld  b e  s e e n  th o r o u g h ly  th e  la m in a ted  f i lm s . T h e  
la m in a ted  f i lm s  w e r e  g lu e d  o n to  th e  g la s s  b o tt le s  u s in g  c y a n o a c r y la te -b a se d  
a d h e s iv e . W e ig h t  o f  fr e sh  f is h  m ea t u se d  w a s  1 0 0  gra m s in  a ll b o ttle s . T h e  f ish  m ea t  
d id  n o t co n ta c t  w ith  th e  f ilm , w h e r e  th e  h ead  sp a c e  b e tw e e n  d y e  f i lm s  an d  th e  fresh  
f is h  m ea t in  th e  g la s s  b o tt le s  w a s  in th e  ran g e  o f  a b o u t 2  cm .

Figure 7.16 L a m in a ted  f i lm s  b e tw e e n  P P /O B E N -C u N P 5  f ilm  and  4  w t%  M G T -  
E V A  f ilm s  for  f ish  s p o ila g e  test . T h e  s iz e  o f  4  w t% M G T /E V A  f ilm  w a s  1 .0  X  1.0  
in ch .

Figure 7.17 The fish spoilage setup showing the glass bottles contained 100 g of
fresh fish covered with laminated films between PP/OBEN-CuNP5 film and 4 wt%
MGT-EVA films.
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Figure 7.18 T h e  c o lo r  o f  th e  4  w t%  M G T -E V A  f i lm s  a fter  th e  f is h  s p o ila g e  te st  
w ith  th e  t im e  p er io d  o f  (a ) 3 h o u rs , (b )  6  h ou rs, ( c )  9  h o u rs , (d )  12 h o u rs , co m p a red  
w ith  th e  o r ig in a l f ilm  (e ).
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F ig .7 .1 8  s h o w s  th e c h a n g e s  in  M G T /E V A  c o lo r  a fter th e  f ish  s p o ila g e  te st  
w ith  th e t im e  p er io d  o f  3 , 6 , 9 , and  12 h ou rs, co m p a red  w ith  th e  o r ig in a l d y e  f ilm . It 
is  fou n d  th at the ch a n g e  in  c o lo r  o f  th e  M G T /E V A  f ilm s  w a s  a b le  to  d etec t b y  n ak ed  
e y e s  w h e n  th e te st  t im e  w a s  o v er  9  h ou rs. It in d ica tes  that th e  a lk a li v o la t ile s  from  
the f ish  s p o ila g e  reacted  w ith  the H + in  the d ye  stru ctu res c a u s in g  its  c o lo r  to  c h a n g e  
from  red d ish  in to  b row n . F ig .7 .1 2  p resen ts  the c h a n g e  in  c o lo r  (C * )  and lig h tn e ss  (L )  
after th e  f is h  sp o ila g e  te st  o f  the la m in a ted  film  b e tw e e n  4  w t%  M G T /E V A  f ilm s  and  
P P /O B E -C u 5  n a n o c o m p o s ite  f ilm s . It is se e n  that th e  lig h tn e ss  o f  th e  d y e  f ilm  w a s  
lig h ten  s ig n if ic a n tly  a fter  9  h ou rs, w h ile  the c o lo r  w a s  ch a n g e d  gra d u a lly .

F ig u r e  7 .1 6  C h a n g e  in  c o lo r  (C * )  and  lig h tn e ss  (L * )  a fter th e  f ish  sp o ila g e  te st  o f  
the la m in a ted  f ilm  b e tw e e n  4  w t%  M G T /E V A  f ilm s  and  P P /O B E -C u 5  n a n o 
c o m p o s ite  f ilm s .

7 .5  C o n c lu s io n s

Natural dyed film was prepared and studied the feasibility for using as a
indicator for food spoilage. Red dye was extracted from Mangosteen pericarp using
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c itr ic  a c id  and m ix e d  w ith  E V A  in  a tw in -sc r e w  extru d er at 12 0  °c to p r o d u c e  d y e  
c o m p o u n d . T h e  d y e  f ilm  w a s  p rep ared  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  s e n s in g  test, th e  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 etec t c h 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 eat w a s  reach ed  a fter  ab o u t 9 hr o f  storage  
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 a n  c o n su m p tio n . In the  
f ish  sp o ila g e  te st , it is  s een  that th e  c o lo r  o f  th e  4  w t%  M G T -E V A  film  w a s  ch a n g ed  
g ra d u a lly  w ith  th e  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  an d  t im e  is eq u al to  c* = 0 .0 1 7 6 7 t  +  0 .0 1 0 4  w h e r e  t is  
t im e  in  hrs. T h e  R 2 o f  the lin ear  fitt in g  o f  th e  d ata  is 0 .9 8 . T h e  s e n s it iv i ty  o f  the  
M G T /E V A  f ilm s  to  d etec t th e  f ish  sp o ila g e  is  b etter than  th o se  in  th e  a m m o n ia  
so lu t io n  te st  d u e to  le sse r  b a s ic  en v iro n m en t. T h e  gradual c h a n g e  in  c o lo r  is  d e tec ted  
w ith  th e  c o lo r  reader; h o w e v e r , th e y  w er e  n o t e a sy  to d iffe r e n tia te  w ith  n a k ed  e y e s . 
T h e la m in a ted  f i lm s  b e tw e e n  4 w t%  M G T /E V A  and  P P /O B E N -C u 5  w a s  s u c c e s s fu lly  
prep ared  and th e y  w e r e  ab le  to  d e te c t  th e  s p o ila g e  o f  th e  fresh  fish .
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