
CHAPTER V
pH INDICATOR FILM BASED ON PLASTIC/CHROMOPHORES 

MODIFIED PCH NANOCOMPOSITE FILMS

5.1 Abstract

A co lo r ind icator fo r detecting  fish and c lim acteric  fru it freshness w as 
developed  based on polypropylene/m ethyl red m odified  functionalized  porous clay 
heterostructure (A P P C H -M R ) nanocom posite  film s and low  density  
polyethy lene/brom othym ol blue m odified  PCH  (P C H -B T B ) nanocom posite  film s 
respectively . The nanaocom posite  w as prepared by tw in screw  ex truder and 
fabricated  into nanocom posite  film  by com pression  m olding. T he co lo r change o f  pH 
ind icator w as m easured and expressed as the H unter co lo r system  (L, a, b) values and 
total co lo r difference (T C D ) values o r AE. Fish spo ilage w as accessed  through  the 
total vo la tile  basic n itrogen  (T V B -N ) test and the resu lt show ed tha t the T V B -N  
values o f  fresh fish w ere excess the values o f  not accep tab le  for hum an  consum ption  
(30-35m g/100g  sam ple) a fte r 8  hours. The results show ed  that the increase o f  total 
vo latile  basic  nitrogen (T V B -N ) values from  0-8 hours co rresponded  to  the co lo r 
change o f  nanocom posite  indicator film s from  red to light o range  during  fish 
spoilage. In addition, co lo r change o f  ind icato r film s from  green to y e llo w  correlated  
w ith standard  C O 2 levels w hich can be com pared  to  C O 2 levels from  resp iration  
during fru it ripening. T hese  pH ind icator film s could  be used to  de term ine fish 
freshness and can be app lied  for detecting  the quality  o f  clim acteric  fru it by co lo r 
change.

K eyw ord: C hrom ophores/ N anocom posite  film s

5.2 Introduction

N ow adays food packag ing  system s are increasing ly  im portan t in food 
products because the p rob lem  o f  post harvest fruits and vegetab les or m eat p roducts
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are the lim itation  o f  the ir fresh and shelf-life . A t p resent, freshness indicators are 
in teresting  techniques w hich are used  to m onito r the status o f  food spoilage. 
F reshness indicators provide the d irect p roduct quality  from  the in form ation  o f  
m icrob ial grow th or chem ical changes w ith in  food product du ring  food deterio ra tion  
such as pH  changes, form ation o f  tox ic  com pounds, o ff-odors and gas form ation. 
T hus, the indication o f  freshness ind icato r can be based on the  reaction  betw een  the 
ind icator and the m etabo lites p roduced  during  food deterio ra tion . T he developm ent 
o f  p H -sensitive  co lo r indicator by using  as a sm art packaging is the one concep t that 
can m onito r the sta tus o f  food spo ilage by co lo r change.

C hem ical param eters , such as vo latile  am ine levels, have been used to  assess 
fish freshness. T he occurrence o f  vo latile  basic  com pounds, such  as am m onia, 
trim ethylam ine (T M A -N ) and d im ethy lam ine (D M A N ), is one o f  the characteristic  
features a ttributed  to  chem ical changes occu rring  in m arine fish  m uscle during  
spoilage. M ethyl red is a pH -ind ica to r w hich w as used to de term ine the fish 
freshness by co lor change  after reacts w ith  vo latile  am ine.

T he ripening o f  c lim acteric  fru it associa tes w ith  increasing  in resp iration  and 
ethylene production . T he resp iration  rate w ill rise up to  the clim acteric  peak and then 
decline. T he m ain p ro d u c t during resp ira tion  is sim ple  m olecu les, such as carbon  
d iox ide  and w ater, w ith  the concurren t p roduction  o f  energy. T hus, carbon  d iox ide  or 
carbonic acid releasing  from  the c lim acteric  fru its during  ripen ing  is app lied  for 
de term in ing  c lim acteric  fruit freshness by co lo r change o f  ind icator such  as 
brom othym ol blue.

In this w ork, pH  ind icator film  for detec ting  fish and clim acteric  fruit 
freshness w as prepared based on po lypropy lene/chrom ophores (m ethyl red) m odified  
functionalized  porous clay heterostructu re  (P C H ) nanocom posite  film s and low  
density  po lyethy lene/chrom ophores (b rom othym ol blue) m odified  PC H  
nanocom posite  film s respectively . T he capab ility  to  use the film  as a pH  ind icator for 
indicated the d irect quality  o f  freshness w as evalua ted  in term  o f  change in H unter 
(L, a, b) and total co lo r d ifference (AE) value.
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5.3 Experiment

A. P repara tion  o f  PP /A P P C H -M R  N anocom posite Film
T he nanocom posite  w as prepared by using  tw in-screw  ex truder (L abtech) 

w ith  L =  80 and D = 20 m m . T he operation  tem perature was perfo rm ed  at 170, 175, 
180, 185, 190, 195, 200, 205, 2 10 and 2 15°c from  hopper to d ie respectively  and  the 
screw  speed w as 50 rpm .

First, po lypropylene (PP) w as blended w ith  6 % w t surlyn® in order to ob ta in  
pp/surlyn®  pellet. T hen, pp/surlyn®  pellet w as m ixed w ith 2% w t o f  ch rom ophores 
m odified  functionalized  PC H  to ob ta in  the nanocom posite . Each com position  was 
dried in vacuum  oven  for m oistu re  rem oval and prem ixed in tum ble  m ixer before 
ex truded  through the tw in screw  extruder. T hen, the ex truded nanocom posite  was 
quenched  im m ediate ly  in w ater and pelletized . The obtained pelle t w as dried  in 
vacuum  oven.

N anocom posite  film s o f  p p /ch ro m o p h o res m odified functionalized  PCH  w as 
prepared  by com pression  m old ing  m achine at 5 tons o f  force for 5 m inutes. T he 
p rocessing  tem peratu re  w as 210°c.
B. Indicator F ilm s Response to S tan dard  Am m onia

25 ml o f  standard  am m onia  solu tion  in various concen tra tions (10, 25, 50, 
100, 250 and 500 ppm ) w ere p ipe tte  into the w ell w hich w as sealed  to p reven t the 
leakage o f  am ine. T he ind icator film  (P P /A P P C H -M R  nanocom posite  film s) w as 
faced dow n  inside the w ell that con ta ined  standard  am m onia [1], The experim en t 
w as kep t at room  tem peratu re  until the co lor response o f  ind icato r film  sa tu ra ted  to 
change color. The co lo r response o f  film s at various w eight ra tio  o f  A P P C H  and 
m ethyl red (10:1 , 20:1 and 30:1) w as m easured by the ca lo rim etric
spectrophotom eter. T he result w as expressed  as H unter co lor system  (L, a, b) va lues 
and total color d ifference (T C D ) o r AE. The T C D  value w as calcu la ted  by fo llow ing  
equation:

AE = [(AL)2 + (Aa)2 + (Ab)2] ,/2
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W here, AL = The brigh tness d ifference betw een sam ple  and target
Aa =  The redness difference betw een sam ple and target
Ab =  The yellow ness d ifference betw een sam ple  and target

T he target co lo r is (93.13, -0 .96 , 1.69) corresponding  to (L, a, b) for w hite  standard
co lo r in H unter system
c. D eterm ination o f  Total Volatile Basic N itrogen  (TVB-N) an d  Indicator Film s 
R esponse to Fresh Fish Tissue

The total volatile  basic n itrogen  released during  the fish spoilage w as m easured  
fo llow ing  the procedure.

1. Sam ple P reparation
Grind the fish sam ple by hom ogen izer and 3 g o f  

hom ogenized  sam ple was p laced  into a centrifuge tube. T hen , 12 m l o f  4%  
trich lo roacetic  acid  (TC A ) so lu tion  was added to the cen trifuge tube and the tube was 
sea led  and shaken to m ake sure that it w as properly  m ixed. A fter that, the sam ple 
w as left at room  tem perature fo r 30 m in w ith  stirring  from  tim e to tim e. T he sam ple 
m ix tu re  was filtrated  using W hatm an paper n o .l .  W hen freshly  prepared  sam ples 
w ere  not used w ith in  a day for fu rther analysis, the filtrated so lu tion  m ust be kep t at - 
18°c in vials.

2. M easuring o f  T V B -N
Sealing agent (V aseline) w as first app lied  to the top  edge o f  

co n v ey ’s unit. T he inner ring  so lu tion  (1%  boric  acid m ixed w ith  1 ml o f  indicator) 
w as p ipette  and placed into the inner ring o f  Conway’s unit (vo la tile  com pounds from  
sam ple  extract w ould  diffuse into boric acid salt and these sa lts w ould be reduced  to 
H C l-sa lts  by strong  HC1 during  titration). T hen, 1 ml o f  filtered  sam ple ex trac t was 
p ip e tte  into the ou ter ring o f  Conway’s unit. 1 ml o f  saturated  K 2 C O 3 so lu tion  was 
p ipe tte  into the ou ter ring o f  Conway’s unit and placed on the opposite  side o f  the 
sam ple  solu tion  (to  m ade sam ple extract into alkalines cond ition  sim ilar to  tha t o f  
v o la tile  com pound). The co n v ey ’s unit w as im m ediately  shaken  in order to  m ixed 
sam ple  solution and K 2C O 3 so lu tion  w ithout con tam inating  the  inner ring o f  conw ay. 
S tand  the sam ples w ere kept at room  tem perature  for 3 h. A fte r the co lo r o f  boric 
so lu tion  changed from  pink to green (Figure 3.1), fo llow ing the  generation  o f  vo latile
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base, this sam ple  w as titra ted  w ith  0.01 N HC1 con tain ing  in a m icro -burette  until the 
co lo r changed  back  to p ink

3. C alculation
TV B -N  can be calcu la ted  by fo llow ing  equation: 

T V B -N  (m g/100g) =  (V S-V B) X  (N hc xA n) X  [พร X (M /100) + V E] X  100
พร

W here, Vs = T itra tion  vo lum e o f  0.01 N HC1 fo r sam ple ex trac t (m l)
Vb = T itra tion  vo lum e o f  0.01 N  HC1 for b lank  (m l)
N hci = N orm ality  o f  HC1 (=  0.01 N  X  facto r o f  HC1)
An = A tom ic w eigh t o f  n itrogen  (14.00)
พร = W eight o f  tissue sam ple  (g)
M = Percen tage m oisture o f  tissue sam ple  (A ssum e 80% )
Ve = V olum e o f  4%  T C A  used in ex traction

T he co lo r response o f  ind icator film s after ind irect con tact w ith  fresh fish 
tissue w as m easured. Fish tissue  sam ples o f  approx im ate ly  20 g w ere  placed in 
separated  ind ividual w ells. E ach w ell w as sealed to p rev en t the leakage o f  am ine. 
Indirect co n tac t betw een ind ica to r film s (P P /A P P C H -M R  nanocom posite  film s) and 
fish sam ple w as obtained. T he response o f  ind icator film  w ith fish sam ple w as 
observed  a t room  tem peratu re  every  3 hours for 12 hours. The co lo r response o f  
nanocom posite  film s at various w eight ra tios o f  A P P C H  and  m ethyl red  (10 :1 , 20:1 
and  30:1) w as m easured by the ca lo rim etric  spectrophotom eter. T he resu lt w as 
expressed  as H unter co lor system  (L, a, b) va lues and to tal co lo r d ifference (T C D ) or 
AE.
D. P repara tion  o f  LD PE/PCH -BTB N anocom posite Film s

T he nanocom posite  w as prepared  by using the tw in -screw  ex truder (L abtech) 
w ith  L = 80 and D =  20 m m . The operation  tem perature w as perform ed at 1 3 0 °c  
from  hopper to  d ie  respectively  and the screw  speed w as 25 rpm .

First, low  density  po lyethy lene (L D PE ) was b lended  w ith 6 % w t surlyn® in 
o rder to ob ta in  LD PE/surlyn®  pellet. T hen, LD PE/surlyn®  pellet w as m ixed  w ith  2



62

% w t o f  chrom ophores m odified  PC H  to obtain the nanocom posite . E ach com position  
was dried  in vacuum  oven  for m oisture  rem oval and prem ixed  in tum ble  m ixer 
before ex truded  through  the tw in  screw  extruder. T hen, the ex truded  nanocom posite  
w as quenched  im m ediately  in w ater and pelletized. T he ob tained  pelle t w as dried  in 
vacuum  oven.

N anocom posite  film s o f  L D P E /chrom ophores m odified  PC H  w as p repared  
by com pression  m old ing  m achine at 5 tons o f  force for 5 m inutes. The p rocessing  
tem peratu re  was 13 0 °c .
E. Indica tor Film s R esponse to S tan dard  Carbon dioxide

T he m ain p roducts from  respiration  o f  clim acteric  fruits such as carbon  
diox ide and w ater w ere used to test the sensitiv ity  o f  co lor response o f  ind icato r 
film s. T he indicator film  (L D PE /PC H -B T B  nanocom posite  film s) w as p laced  in 
glass cham ber w ith con ta ined  standard  carbon d iox ide  and w ater. S tandard  carbon  
d iox ide in various concen tra tions (0, 30, 60, 90, 120 and 150 ppm ) and the excess 
w ater w as prepared into 600 ml glass cham ber. T hen , the glass cham ber w as closed  
by the rubber stopper w ith  the rubber septum  in the  m iddle o f  the  stopper. C o lo r 
changes o f  indicator film  at w eigh t ratio o f  PCH : dye o f  10:1, 20:1 and 30:1 after 
reacted w ith  carbon d iox ide  and w ater w as m easured by the  calo rim etric  
spectrophotom eter. T he resu lt w as expressed as H un ter co lor system  (L, a, b) values 
and to tal co lo r d ifference (T C D ) or AE.
F. Indica tor Film s R esponse to Fresh Banana

Fresh banana (M usa  (A A A  group) “Kluai H orn T hong”) w ith  green co lo r and 
unripe w as selected  for the experim ent. B anana o f  approx im ate  the size (150  g) w as 
chosen. T he indicator film  (L D PE /PC H -B T B  nanocom posite  film ) at w eigh t ratio  o f  
PC H : dye o f  10:1 w as p laced  in polypropylene bag w ith  contained  fresh banana. T he 
bag w as sealed  to  p reven t the leakage o f  carbon d iox ide  and m oisture . C o lo r changes 
o f  ind ica to r film  after fru it started to  ripen was observed.
G. L eaching Studies

Ind ica to r dye (m ethyl red o r b rom othym ol) w as d isso lved  in w ate r to p repare 
standard  so lu tions o f  1, 2, 5 and 10 ppm . Then the absorbance o f  s tandard  solu tion  
w as investigated  by U V -V is S pectroscopy (S h im adzu  M odel U V -1800). T he 
indicator film s w ere cu t into the rectangu lar shape w ith  4x4 cm  and soaked in 10 ml
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o f  w ater in a sm all con ta iner for approxim ately  48 h. T hen, the w avelength  spectrum  
in range o f  400 to  700 nm  w as carried  out to de tec t the p resence o f  pH  dye.

5.4 Result and Discussion

A. Indicator Film s Response to S tan dard  A m m onia
A m m onia  is one o f  the com pounds produced  during  fish  spoilage. T hus, the 

study o f  sensor response to standard  am m onia gas provided a m odel o f  the response 
to to ta l volatile basic  nitrogen (T V B -N ).

A fter all sensor indirect contact w ith  various concen tra tions o f  standard  
am m onia  at room  tem perature, the color change from  red to light o range w as 
observed  and the change o f  hun ter color va lues corresponded  w ith  increasing  the 
concen tra tion  o f  am m onia  as show n in T able 5.1, 5.2 and 5.3. T he increasing  o f  pH 
corre la ted  to concentration  o f  am m onia  w as show n in F igure 5.2. The resu lts  show ed 
that hun ter a o f  the indicator con ta in ing  m ethyl red decreased  w hile  h un te r b 
increased  after indirect contact w ith  am m onia ind icated  that the co lo r o f  m ethyl red 
tu rned  from  red to  ligh t orange. M oreover, T C D  values or AE o f  the ind icato r film s 
also  changed continuously  responding  w ith standard  am m onia. T he data  o f  AE 
(F igure  5.1) show ed tha t AE con tinuously  increased  at low  concen tra tion  o f  am m onia  
and  rem ain ing  constan t at high concentration  o f  am m onia  due to the sa tu ration  o f  
co lo r change. The co lo r change o f  the ind icator film  at various w eigh t ra tios o f  
A P P C H  and m ethyl red  (10:1, 20:1 and 30:1) w ere  show n in F igure 5.3.

T he data ind icated  that the  sensor w as sensitive to  low  concen tra tion  o f  
s tandard  am m onia and the sa turation  o f  co lo r change w as ob ta ined  at high 
concen tra tion  o f  standard  am m onia. T herefore, P P /A P P C H -M R  nanocom posite  film s 
can be applied  for de tecting  T V B -N  during fish spoilage.
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Table 5.1 C hange in hun ter co lo r (L, a, b) and  to ta l color d ifference  (T C D ) values o f  
P P /A P P C H -M R  (10:1) nanocom posite  film s afte r indirect con tact w ith  standard  
am m onia

C oncentra tion
(ppm )

L a b AL Aa Ab AE

1 0 26.40 5.47 5.05 -0.35 -2.08 1.80 2.77
25 25.70 6.04 5.16 0.64 -2.42 1.70 3.02
50 27.10 6 . 1 2 5.58 -0 .56 -2 .34 1.84 3.03

1 0 0 25.31 6.43 5.95 -1.48 -1.42 2.91 3.56
250 25.91 6.75 6 . 2 0 -1 .68 -2.10 2.67 3.79
500 25.79 7.09 6.87 -1.28 -1.41 3.33 3.83

Table 5.2 C hange in hun ter co lo r (L, a, b) and to ta l color d ifference  (T C D ) values o f  
P P /A P P C H -M R  (20:1) nanocom posite  film s afte r indirect con tac t w ith  standard  
am m onia

C oncentration
(ppm )

L a b AL Aa Ab AE

1 0 29.52 5.24 4.72 -0.61 -2 .24 2.24 3.23
25 29.48 7.64 7.23 0.55 -2 .96 3.26 4.44
50 26.96 6.65 5.87 -0 .09 -2 .67 2.62 3.74

1 0 0 28.53 6.27 5.27 -0 .22 -2.33 2.51 3.43
250 28.97 6.79 5.79 0 .89 -2 .57 2 . 6 8 3.81
500 28.48 6.49 5.23 0.04 -2 .34 2.24 3.23
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Table 5.3 C h an ge in hunter co lo r  (L , a, b) and total co lo r  d ifferen ce  (T C D ) va lu es  
o f  P P /A P P C H -M R  (3 0 :1 ) n an o co m p o site  film s after ind irect con tact w ith  standard  
am m on ia

C oncentration
(ppm )

L a b AL Aa Ab AE

10 2 6 .0 4 6 .0 8 4 .6 0 -0 .3 2 -2 .3 3 2 .0 5 3 .1 2
25 26 .2 3 6 .5 3 5 .0 7 -0 .3 9 -2 .1 0 2 .2 6 3.11
50 27.71 6 .8 5 5 .4 0 1.23 -2 .9 4 2 .9 2 4 .3 2
100 2 7 .7 4 7 .4 0 6 .03 0 .6 9 -2 .4 5 2 .9 7 3.91
25 0 2 6 .6 9 7 .0 0 5 .3 6 0 .08 -2 .8 3 2 .6 0 3 .8 4
50 0 2 6 .3 2 7 .73 5 .35 0 .40 -2 .3 3 2 .2 2 3 .2 4

Figure 5.1 C h an ges in T C D  v a lu es  o f  the pH  indicator f ilm s after ind irect contact  
w ith  standard am m o n ia  during storage at room  tem perature.
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Figure 5.2 C h anges in pH o f  standard am m on ia .

Figure 5 .3  C o lo r  ch an g es o f  the pH  ind icator film s (a) b efore  and (b) after indirect 
con tact w ith  25  ppm  standard am m on ia  during storage at room  tem perature.
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B. F ish  sp o ila g e  a n d  p H  in d ic a to r  f i lm  re sp o n se  to  f i s h  sp o ila g e
Q u ality  ch an ge and s h e lf  life  o f  Barram undi fish  w as determ ined  b y total 

v o la tile  b asic  n itrogen  (T V B -N ) m eth od  b ecau se o f  the form ation  o f  vo la tile  am in e  
during the deterioration o f  fish . T V B -N  releasin g  from  fish  su ch  as am m on ia , 
trim eth y lam ine (T M A ) and d im eth y lam in e  (D M A ) is w id e ly  u sed  as the usefu l index  
for d eterm in in g  the fish  freshn ess. A  lev e l o f  3 0 -3 5  m g T V B -N /1 0 0 g  o f  fish  m u scle  
is the lim it. A b o v e  the va lu e o f  3 0 -3 5  m g T V B -N /100g, fish  is not accep tab le  for 
hum an con su m p tion  [2 ].

In exp erim en t, the ch an g es in total v o la tile  b asic  n itrogen  (T V B -N ) o f  fresh  
fish  during storage at room  tem perature w ere m easured  as sh o w n  in F igure 5 .4 . T he  
results sh ow ed  that the T V B -N  v a lu es  con tin u ou sly  in creased  at the in itia l and 
m ed iu m  step  and rem ained con stan t at the final step  o f  fish  sp o ila g e . T he T V B -N  
va lu es o f  fresh fish  w ere e x c e ss  the v a lu es  o f  3 0 -3 5  m g /1 0 0 g  as the lim it w h ich  fish  
is not accep tab le  for hum an con su m p tion  after 8 hours.

Figure 5.4 C h anges in total v o la tile  b asic  n itrogen  (T V B -N ) o f  fresh fish  during  
storage at room  tem perature.
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In ad d ition , the result o f  indicator film  response after in direct con tact w ith  
fresh  fish  sam p le  w as o b serv ed . T he result sh ow ed  that the increasing o f  T V B -N  
v a lu es  from  0 -8  hours corresp on ded  to the c o lo r  change o f  n an o co m p o site  indicator  
f ilm s from  red to light orange during fish  sp o ilag e  as sh o w n  in F igure 5 .5 . T he  
in creasin g o f  pH during storage w a s sh ow n  in Figure 5 .6 . H unter a o f  the indicator  
con ta in in g  m ethyl red decreased  w h ile  H unter b increased after indirect con tact w ith  
fresh fish  sam p le  correlated w ith  the co lor  o f  m ethyl red turned from  red to light 
oran ge. T he c o lo r  change w a s  d escribed  by the m ech an ism  o f  p u llin g  proton o f  
am m on ia  m o le c u le  from  m ethyl red in red form  and then the structure ch an ged  into 
the y e llo w  form  as sh ow n  in F igure 2 .9 .

M oreover, the pH ind icator film  A P P C H -M R  30:1 sh ow ed  the h ig h est co lor  
ch an ge com pared  to A P P C H -M R  20:1 and A P P C H -M R  10:1, resp ective ly  as sh ow n  
in T able 5 .4 , T able 5 .5 , T able 5 .6  and Figure 5 .7 . Thus, th ese  results su g g ested  that 
the P P /A P P C H -M R  n an ocom p osite  film s can be app lied  as the fish  sp o ilag e  
indicator.

0 3 6 9 (H ou rs)

Figure 5 .5  C o lo r  ch an ges o f  P P /A P P C H -M R  (3 0 :1 ) n an o co m p o site  f ilm s  during  
fish  storage at room  tem perature.
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Figure 5 .6  C h an ges in pH o f  total v o la tile  b asic  n itrogen  (T V B -N ) o f  fresh fish  
during storage at room  tem perature.

Table 5 .4  C h an ge in hunter c o lo r  (L, a, b) and total co lor  d ifferen ce  (T C D ) va lu es o f  
P P /A P P C H -M R  (1 0 :1 ) n an ocom p osite  f ilm s after in d irect con tact w ith  fresh fish  
t issu e

T im e
(H ours)

L a b AL Aa Ab AE

3 15.38 7 .2 6 2 .15 0 -1 .2 4 1.61 2 .03
6 14.35 6 .4 5 2 .5 9 0 .15 -0 .8 3 1.96 2 .13
9 14.18 6.91 2 .85 0 .4 8 1.47 1.84 2 .4 0
12 16.43 6 .7 2 2 .6 7 0 .0 7 -1.71 1.95 2 .5 9
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Table 5 .5  C h ange in hunter co lo r  (L , a, b) and total c o lo r  d ifferen ce  (T C D ) va lu es o f  
P P /A P P C H -M R  (2 0 :1 )  n an o co m p o site  f ilm s  after in d irect con tact w ith  fresh fish  
tissu e

T im e
(H ou rs)

L a b AL Aa Ab AE

3 14.85 7 .78 0 .6 6 1.32 -1.81 2 .5 9 3 .4 2
6 14.76 8 .25 1.01 1.09 -2 .6 3 2 .7 0 3 .9 2
9 15.85 7 .8 7 0 .6 6 0 .5 4 -2 .5 3 3 .3 7 4 .2 5
12 17.63 8 .1 6 0 .7 2 1.71 -3 .7 2 2.81 4 .9 6

Table 5 .6  C h ange in hunter co lo r  (L, a, b) and total c o lo r  d ifferen ce  (T C D ) va lu es o f  
P P /A P P C H -M R  (3 0 :1 ) n an o co m p o site  f ilm s  after in direct con tact w ith  fresh fish  
tissu e

T im e
(H ours)

L a b AL Aa Ab AE

3 16.02 6 .7 2 -0 .5 4 0 .7 2 -1.71 2 .7 4 3.31
6 17.53 7 .78 -0 .2 7 0.61 -2 .6 2 3 .2 5 4.21
9 17.57 7.91 -0 .2 2 1.72 -2.61 3 .8 8 4 .9 8
12 19.69 8 .12 -0 .2 4 3 .8 8 -3 .6 7 3 .4 0 6 .0 6
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Figure 5.7
various w eigh t ratio o f  A PPC H : M R  (a) 10:1 (b ) 20:1 and (c )  30:1 during fish  
storage at room  tem perature.

c. p H  In d ic a to r  F ilm  R esp o n se  to  S ta n d a r d  CO2 a n d  H2 O
B eca u se  the ripen ing o f  c lim acteric  fruit a sso c ia tes  w ith  in creasin g  in 

respiration and the m ain  products from  respiration o f  c lim acter ic  fruits su ch  as 
carbon d io x id e  and w ater are gen era lly  to m easure. T hus, carbon d io x id e  and w ater  
re lea sin g  b efore c lim acter ic  peak at the tim e that the fruit starts to  ripen is the m ost  
im portant param eter to evalu ate the freshn ess o f  the c lim acteric  fruit by the co lo r  
ch an ge o f  pH indicator film s [3].

T h e co lor  ch an g e o f  indicator film s (L D P E /P C H -B T B  n an o co m p o site  f ilm s)  
after test w ith  e x c e ss  w ater and standard carbon d io x id e  (C O 2) at con cen tration  from  
0 to 150 ppm  w h ich  can be com pared  w ith  the production  o f  C O 2 in the  
p reclim acteric  to c lim acter ic  phase during fruit r ipen ing w as sh o w n  in T able 5 .7 , 
T able 5 .8 , T able 5 .9  and Figure 5 .8 . T h e result sh o w ed  that the c o lo r  o f  ind icator film  
changed  the co lor  from  green to y e l lo w  correlated w ith  in creasin g  in standard C O 2 

lev e ls  as sh ow n  in F igure 5 .9 . T h e total co lor  d ifferen ce  (A E ) and hunter b v a lu es  
con tin u ou sly  in creases at lo w  con cen tration  o f  standard C O 2 and rem ain in g  con stan t

C h anges in total co lo r  d ifferen ce va lu es (AE) o f  pH indicator (ไเท! at
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at h igh  con cen tration s due to the saturation o f  co lor ch an g e . M oreover, the pH 
ind icator film  P C H -B T B  10:1 sh ow ed  the h igh est sen s it iv ity  o f  co lo r  ch an ge  
com p ared  to P C H -B T B  20:1 and P C H -B T B  30:1 at lo w  con cen tration s o f  standard  
C O 2 . The reaction o f  co lor  ch an g e w as d escrib ed . Carbon d io x id e  co m b in ed  w ith  
w ater and p rod u cin g  carbonic acid . C arbonic acid  d issoc ia ted  from  parent m o lecu le  
form in g hydrogen ions (H +) and bicarbonate ion (H C O 3 ). T hen , as a proton, a 
hyd rogen  ion com b in ed  w ith  w ater m o lecu le  to form  a hydronium  ion (H 3Û +). 
H ydronium  ions reacted w ith the b rom othym ol b lu e in basic form  resu ltin g in an acid  
form . The co lor  ch an ge o f  indicator film  w a s presented . T h e m ech an ism  o f  co lor  
ch an g e w as sh ow n  in Figure 2 .1 0 . T herefore, th is pH ind icator film  can be applied  
for d etectin g  the q u ality  o f  c lim acter ic  fruit by co lo r  change.

Table 5 .7  C h ange in hunter co lo r  (L , a, b) and total co lor  d ifferen ce  (T C D ) v a lu es  o f  
L D P E /P C H -B T B  (1 0 :1 ) n an ocom p osite  film s after indirect con tact w ith  standard 
carbon d io x id e  and e x c e ss  w ater

C oncentration
(ppm )

L a b AL Aa Ab AE

30 2 9 .8 3 -5 .4 5 3 .03 -1 .0 6 0 .2 7 0 .65 1.19
60 2 9 .2 8 -6.61 3 .75 0 .52 0 .5 1.53 1.69
90 2 8 .4 2 -5 .8 3 2 .9 2 0 .35 0 .3 6 2 .25 2.31
120 2 8 .5 6 -5 .4 8 2 .8 6 0 .7 9 0 .4 7 2 .0 0 2 .2 0
150 2 9 .0 5 -5 .2 8 2 .4 0 0 .03 0 .6 3 2 .0 8 2 .1 7
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Table 5.8 C h an ge in hunter co lo r  (L, a, b) and total co lo r  d ifferen ce  (T C D ) va lu es o f  
L D P E /P C H -B T B  (20 :1 ) n an o co m p o site  f ilm s after ind irect contact w ith  standard  
carbon d io x id e  and e x c e ss  w ater

C oncentration
(ppm )

L a b AT Aa Ab AE

30 32 .75 -6 .7 3 1.42 0 .55 0 .3 2 0 .3 0 0 .7 0
60 3 2 .2 8 -5 .6 5 1.06 0 .15 0 .33 1.18 1.23
90 32.41 -5 .7 8 1.08 -0.21 0 .1 6 1.54 1.56
120 31 .6 9 -6 .0 8 0 .6 2 0 .36 0 .5 6 2.01 2 .1 2
150 32 .23 -5 .6 2 0 .7 0 -0 .1 2 0 .3 2 2 .1 5 2 .1 8

Table 5 .9  C h an ge in hunter c o lo r  (L, a, b) and total co lor  d ifferen ce  (T C D ) va lu es o f  
L D P E /P C H -B T B  (3 0 :1 ) n an o co m p o site  f ilm s  after indirect contact w ith  standard  
carbon d io x id e  and e x c e ss  w ater

C oncentration
(ppm )

L a b AL Aa Ab AE

30 32 .53 -5 .8 7 1.64 -0 .0 2 0 .0 8 0 .3 3 0 .35
60 3 1 .2 7 -5 .3 9 0 .7 0 -0 .0 4 0 .1 7 1.23 1.24
90 33 .3 7 -5 .9 7 1.18 -1 .1 8 -0 .1 7 2 .0 5 2 .3 7
120 33 .15 -5 .8 0 1.10 0 .5 0 0 .0 9 2 .2 4 2 .4 9
150 3 1 .1 9 -5 .7 0 0 .7 8 0 .16 0 .1 6 2 .23 2 .2 4
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Figure 5.8 C h an ges in total co lor  d ifferen ce  va lu es (A E ) o f  pH in d icator film  at 
various w e ig h t ratio o f P C H : B T B  (a) 10:1 (b) 20:1 and (c )  30:1 .

(a) (b) (c) (d) (e) (f)

Figure 5.9 C o lo r  ch an ges o f  L D P E /P C H -B T B  (10:1) n an ocom p osite  f ilm s  after test 
w ith  standard carbon d io x id e  at various con cen tration s (a ) 0 ppm  (b) 3 0  ppm  (c ) 6 0  
ppm  (d) 9 0  ppm  (e ) 120 ppm  and (f) 150 ppm .

D . p H  In d ic a to r  F ilm  R e sp o n se  to  F resh  B a n a n a
T he result o f  indicator film  resp on se after in d irect con tact w ith  fresh  banana  

w a s ob served . T he pH ch an g e during storage w as sh o w n  in F igure 5 .1 0 . T he result 
sh ow ed  that the co lor  o f  ind icator film  ch an ged  the c o lo r  from  green to y e l lo w  w h en  
banana started to ripen and rem ained con stan t due to the saturation o f  c o lo r  as sh ow n  
in Figure 5.11 and 5 .12 .



75

Figure 5.10 C hanges in pH o f  fresh banana during storage at room  tem perature.

Figure 5.11 R eferen ce bananas ripen ing at room  tem perature.
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Figure 5.12 C o lo r  ch an ge o f  L D P E /P C H -B T B  (10:1) n a n o co m p o site  f ilm  during  
banana ripening.
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E. L ea ch in g  S tu d ie s
T he leak age  o f  the indicator d yes from  the P P /A P P C H -M R  n an ocom p osite  

f ilm s  and L D P E /P C H -B T B  n an ocom p osite  film s w ith  calibration  cu rves w as  
ob serv ed  by U V -V is  spectrom eter as sh o w n  in F igure 5 .1 3  and F igure 5 .1 4 , 
resp ective ly . A fter  the both indicator film s w ere  soaked  in w ater and carried out to 
d etect the p resen ce  o f  pH dye. T he results sh o w ed  that the ab sorban ce o f  w ater w as  
ab out zero eq u a led  to the absorbance o f  reference d istill w ater. T h u s, the results 
indicated  that no h ave leak age o f  m ethyl red and b rom othym ol blue from  both pH  
ind icator film s.

Figure 5 .1 3  T h e leak age o f  m eth y l red from  the P P /A P P C H -M R  n an ocom p osite  
f ilm s.
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Figure 5.14 T h e le a k a g e  o f  b r o m o th y m o l b lu e  from  L D P E /P C H -B T B  
n a n o c o m p o s ite  f ilm s .

5.5 Conclusions

In d ica tor  f i lm s  for  d e te c t in g  f is h  fre sh n e ss  w er e  p rep ared  b ased  o n  
P P /A P P C H -M R  n a n o c o m p o s ite  f ilm s . T h e  f ish  fr e sh n e ss  w a s  in d ic a te d  b y  th e  
co rr e la tio n  b e tw e e n  T V B -N  v a lu e s  and  c o lo r  c h a n g e  fro m  red  to  lig h t  ora n ge  d u rin g  
th e  f ish  la c k e d  o f  fre sh n ess .

In d icator  f ilm s  for  d e te c t in g  c lim a c te r ic  fruit fr e sh n e ss  w e r e  prep ared  b a sed  
o n  L D P E /P C H -B T B  n a n o c o m p o s ite  f i lm s . T h e se  p H  in d ica to r  f i lm s  c a n  b e  a p p lie d  
fo r  d e te c t in g  th e  q u a lity  o f  c lim a c te r ic  fru it b y  c o lo r  c h a n g e  fro m  g ree n  to y e l lo w  
corre la ted  w ith  stan dard  C O 2 le v e ls , w h ic h  can  b e co m p a red  to  C O 2 le v e ls  fro m  
resp ira tio n  in  th e  c lim a c te r ic  p h a se  d u rin g  fru it r ip en in g .
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