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C h e m i l u m i n e s c e n c e  o f  f resh  m i n c e d  m e a t s  o f  s i x  f i sh  
s p e c i e s  w a s  m e a s u r e d  in order  to e x a m i n e  the  applica- 
bi l i ty  o f  c h e m i l u m i n e s c e n c e  in the  pred ic t ion  o f  s h e l f  
l i fe .  The c h e m i l u m i n e s c e n c e  i n t e n s i t y  o f  f resh  f i sh  
m e a t s  w a s  i n c r e a s e d  in proport ion to the  m e a s u r i n g  
t e m p e r a t u r e  and d i f fered  s ign i f i cant ly  a m o n g  f i sh  
meats .  The s h e l f  l i fe  o f  f i sh  m e a t s  w a s  e s t i m a t e d  
based  on ox idat ive  de ter iorat ion  as m e a s u r e d  by 
perox ide ,  carbonyl  and thiobarbituric  acid va lues ,  as  
w e l l  as s e n s o r y  eva luat ion  during s torage  o f  the  f i sh  
m e a t s  at 0°C. I t  w a s  o b s e r v e d  that  the  s h e l f  l i fe  o f  
m i n c e d  f i sh  m e a t s  as j u d g e d  by ox idat ive  deteriora-  
t ion  s ign i f i cant ly  corre la ted  wi th  c h e m i l u m i n e s c e n c e  
in tens i ty  o f  the  f re sh  m e a t s .  The c h e m i l u m i n e s c e n c e  
m e t h o d  w a s  s h o w n  to be very  avai lable  for the  predic-  
t ion of  the  s h e l f  l i fe  o f  f i sh  meat .  

KEY W O R D S : C h e m i l u m i n e s c e n c e ,  f i sh  m e a t s ,  l ipid 
perox idat ion ,  ox idat ive  rancidity,  she l f - l i fe  dating.  

A ve~T i m p o r t a n t  p r o b l e m  in the  field of  food  c h e m i s t r y  
has  been  to  p r e d i c t  the  she l f  life of  oils a n d  oily foods.  
A l though  aging tes ts ,  such as  t he  oven test ,  gene ra l ly  have  
been  used  for  p r e d i c t i o n  of  m e a t  a n d  fish as  well  as ed ib le  
off, d e t e r m i n a t i o n  of  t he  she l f  life is t ime  c o n s u m i n g  (1). 
Severa l  new t echn iques  for p r e d i c t i n g  the  she l f  life of  oily 
foods  such  as  f resh m e a t  a n d  fish have  been  r e p o r t e d .  
Rhee  et al. (2) have  r e p o r t e d  t h a t  l ipid p e r o x i d a t i o n  in 
beef  musc le  was  c o r r e l a t e d  wi th  myoglobin  a n d  p i g m e n t  
con ten t s ,  a n d  p r o p o s e d  heme  c o m p o u n d s  as  an  impor -  
t a n t  f ac to r  in t h e  ox ida t ive  s tab i l i ty  of  mea t s .  Ka j imoto  
(3)  has  r e c o m m e n d e d  t h a t  t he  degree  of  ox ida t i ve  
d e t e r i o r a t i o n  of  l ip ids  in foods  shou ld  be used  as  an  i n d e x  
of  the  she l f  life of  oily foods.  Ke et al. (4)  have  sugges t ed  
t h a t  t he  a c t u a l  f rozen she l f  life of  f ishes migh t  be 
d e t e r m i n e d  by  t h e  t h i o b a r b i t u r i c  ac id  (TBA) va lue  b a s e d  
on the  oven t e s t  for  l ip ids  e x t r a c t e d  f rom fish mea t s .  
K u r a d e  a n d  B a r a n o w s k i  (5)  have  also r e p o r t e d  t h a t  the  
sheff  life of  f rozen  a n d  m i n c e d  fish m e a t s  migh t  be 
p r e d i c t e d  by  m e a s u r i n g  TBA value,  iron, myogob in  a n d  
hemoglob in  levels. However ,  s p e e d i e r  a n d  eas i e r  m e t h o d s  
for  p r e d i c t i n g  the  shelf  life of  foods  have  been  sought .  

On the  o t h e r  hand ,  it is k n o w n  t h a t  c h e m i l u m i n e s c e n c e  
can  be d e t e c t e d  in foods  a n d  b i o m a t e r i a l s  con t a in ing  fa ts  
a n d  oils e x p o s e d  to  a i r  (6,7). C h e m i l u m i n e s c e n c e  is 
t h o u g h t  to  be g e n e r a t e d  by act ive  oxygen  spec ies  such  as  
s inglet  oxygen  a n d  e lec t r ica l ly  ex i t ed  s t a t e s  p r o v o k e d  by  
free r ad i ca l  r e a c t i o n  a n d  l ipid p e r o x i d a t i o n  (8).  We have  
previously r e p o r t e d  t h a t  t h e  o x i d a t i v e  d e t e r i o r a t i o n  of  
ed ib le  oils a n d  f r ied  foods  (9)  a n d  t h e  ac t iv i ty  of  an t i ox id -  
a t ive c o m p o u n d s  (10)  migh t  be d e t e r m i n e d  by  m e a s u r i n g  
c h e m i l u m i n e s c e n c e  in tens i ty .  

"To whom correspondence should be addressed. 

In  th is  s tudy ,  we  used  fish m e a t s  as  t yp i ca l  oily foods  
a n d  t r i e d  to  deve lop  a c h e m i l u m i n e s c e n c e  m e t h o d  for  
p r e d i c t i n g  the i r  she l f  life, b e c a u s e  t h e  c h e m i l u m i n e s c e n c e  
m e t h o d  is bo th  ve r sa t i l e  a n d  s p e e d y  to ope ra t e .  

MATERIALS AND METHODS 

Materials. Six spec ies  of  f resh  fishes, s a r d i n e  (Sardinops 
melanostictus), r ed  sea  b r e a m  (Pagrus major), t u n a  
( Thunnus orientalis), Kichij i  (Sebastolobus macrochir), 
m a c k e r e l  (Scomber japonicus) a n d  b lue  s p r a t  (Spra- 
teUoides gracilis) were  p u r c h a s e d  f rom a fish s to re  in 
Sendai ,  J a p a n .  All  fish m e a t s  were  m i n c e d  a f t e r  r emov ing  
the  head ,  tail,  skin a n d  i n t e r n a l  o rgans  f rom each  fish. All  
s a m p l e s  were  s t o r e d  a t  -25°C unt i l  analysis .  

Storage test. Ten g r a m s  of  m i n c e d  fish m e a t s  we re  p u t  
in a po lye thy lene  bag  a n d  s t o r e d  a t  0°C. Chemica l  c h a r a c -  
t e r i s t i cs  such  as  p e r o x i d e  (PV), c a r b o n y l  (CV) a n d  TBA 
values ,  as  well  as  senso~T eva lua t ion ,  were  e s t i m a t e d  
daily. 

Analysis. C h e m i l u m i n e s c e n c e  in t ens i ty  of  each  f resh  
fish m e a t  was  m e a s u r e d  wi th  a C h e m i l u m i n e s c e n c e  
A n a l y z e r  OX-3A (Tohoku E lec t ron ic  I n d u s t r i e s  Co., Sen- 
dai ,  J a p a n )  a t  25, 35 a n d  45°C a f t e r  five g r a m s  of  f resh  
m i n c e d  fish m e a t s  was  p l a c e d  in a s t a in less  s tee l  cell  (53 
m m  in a d i a m e t e r ) ,  as  d e s c r i b e d  in o u r  p r ev ious  p a p e r s  
(9,10). C h e m i l u m i n e s c e n c e  was  also m e a s u r e d  for  
m inced  fish m e a t s  a f t e r  s t o r a g e  a t  0°C. F o r  s a r d i n e  mea t ,  
c h e m i l u m i n e s c e n c e  was  a lso  m e a s u r e d  a t  35°C a f t e r  t e r t -  
b u t y l h y d r o x y a n i s o l e  (BHA), as  a typ ica l  a n t i o x i d a n t ,  was  
a d d e d  to  it. C h e m i l u m i n e s c e n c e  i n t ens i t y  of  fish m e a t s  
was  r e p r e s e n t e d  as  c o u n t s  p e r  30 seconds .  

Lip id  c o n t e n t  was  g r a v ime t r i c a l l y  d e t e r m i n e d  a f t e r  
e x t r a c t i o n  f rom f resh  m i n c e d  fish m e a t s  wi th  a m i x t u r e  
of  c h l o r o f o r m  a n d  m e t h a n o l  (2:1) (11). F a t t y  ac id  c o m p o -  
s i t ion was  e s t i m a t e d  by  gas l iquid c h r o m a t o g r a p h y .  

Senso~T e va lua t i on  of  s t o r e d  fish m e a t s  was  m a d e  by  
twelve  pane l i s t s  in o u r  l abo ra to ry .  Off-flavor g e n e r a t e d  in 
fish m e a t s  was  j u d g e d  by  all  pane l i s t s  du r ing  s torage .  
Shelf  life of  each  fish m e a t  was  d e t e r m i n e d  to  be  t h e  
p e r i o d  unt i l  t he  d a y  w h e n  ha l f  of  t he  p a n e l i s t s  j u d g e d  it 
inedible.  

TBA va lues  of  s t o r e d  fish m e a t s  we re  m e a s u r e d  by  the  
m e t h o d  desc r ibed  by Yu a n d  S i n n h u b e r  (12),  a n d  the  
m a l o n d i a l d e h y d e  (MDA) level was  r e p r e s e n t e d  as  t h e  
TBA value.  PV a n d  CV were  e s t i m a t e d  by  the  co lo r ime t r i c  
m e t h o d  (13)  a n d  K u m a z a w a  a n d  Oyama ' s  m e t h o d  (14),  
respect ive ly ,  a f t e r  l ip ids  were  e x t r a c t e d  f rom s t o r e d  fish 
m e a t s  wi th  a c h l o r o f o r m  a n d  m e t h a n o l  (2:1) mix tu re .  

RESULTS AND DISCUSSION 

A typ ica l  c h e m i l u m i n e s c e n c e  p a t t e r n  of  f r e sh  m i n c e d  fish 
m e a t s  is in F igure  1. C h e m i l u m i n e s c e n c e  i n t ens i t y  of  fish 
m e a t s  gene ra l ly  i n c r e a s e d  wi th  t ime  a t  35°C. Blue sp ra t ,  
s a r d i n e  a n d  m a c k e r e l  m e a t s  s h o w e d  h igher  c h e m i l u m i  
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FIG. 1. Changes in chemiluminescence (CL) in fresh fish meats 
measured at 35°C. A, sardine; B, red sea bream; C, tuna; D, 
kichiji; E, mackerel; and F, blue sprat. 
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FIG. 3. Changes in peroxide value (PV) of total lipids in fish 
meats during storage at 0°C. O, sardine; O, red sea bream; A, 
tuna; A, kichiji; [], mackerel; a n d . ,  blue sprat. 
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FIG. 2. Effect of sample temperatures on chemiluminescence 
(CL) in fresh fish meats. CL intensity was estimated after 
incubation for 30 min at 25, 35 and 45°C. O, sardine; O, red sea 
bream; A, tuna; A, kichiji; 0,  macke re l ; . ,  blue sprat. 
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FIG. 4. Changes in carbonyl value (CV) of total lipids in fish 
meats during storage at 0°C. O, sardine; O, red sea bream; A, 
tuna; A, kichiji; [3, mackerel; and . , b lue  sprat. 

nescence  in tens i t ies  among  the  fish mea t s  tes ted.  In 
par t icu la r ,  blue s p r a t  showed  the  highes init ial  chemi-  
l uminescence  in tens i ty  of  all a t  35°C, while the  ra t io  of 
inc rease  in c h e m i l u m i n e s c e n c e  in tens i ty  of  sa rd ine  and  
macke re l  m e a t s  dur ing  the  1 h r - m e a s u r e m e n t  was  the 
m o s t  r emarkab le .  On the  o t h e r  hand,  t he r e  were  low 
c h e m i l u m i n e s c e n c e  in tens i t ies  in red  sea  bream,  t u n a  
a n d  kichiji  mea t s .  The  effects  of  m e a s u r e m e n t  t e m p e r a -  
tu res  on c h e m i l u m i n e s c e n c e  g e n e r a t e d  in f resh  minced  
fish mea t s  a re  s h o w n  in Figure  2, w h e r e  the  chemi lumi-  
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CHEMILUMINESCENCE OF FISH MEATS 

TABLE 1 

Relat ionship  B e t w e e n  ChemiInminescence  Intensity ,  Lipid, E icosapentaeno ic  (EPA)  and 
Docosahexaeno ic  Acid (DIIA) Contents  and Shef f  Life of  F ish  Meats  
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Red sea 
Sardine bream Tuna Kichiji Mackerel Blue sprat 

Chemiluminescence intensity" 
(100 counts/30 see) 
After 30 min 478 47 24 57 196 526 
Total amounts (0-30 min) 22779 2180 1060 2958 9197 31081 

Lipid content (%) 16.1 1.7 1.6 17.8 12.1 1.5 
Fatty acid content (%) 

EPA (20:5) 12.0 2.6 4.3 8.6 8.6 11.1 
DHA (22:6) 13.0 12.0 18.2 5.1 19.1 21.4 

Shelf Life t, (days) 4.4 13.0 13.2 10.0 5.5 1.8 

*~Chemiluminescence was measured for 60 rain at 35°C. 
bSheff life was the storage period until the day when haft of the panelists judged the fish meat inedible. 
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FIG. 5. C h a n g e s  in  t h i o b a r u b i t u r i c  ac id  (TBA) value o f  f i s h  
m e a t s  d a r i n g  s t o r a g e  at  0°C. TBA v a l u e  w a s  c o n v e r t e d  in to  
malondialdehyde (MDA) level. O, sardine; 0 ,  red sea  bream: A, 
tuna; A, kichiji; K], mackerel;  and I ,  blue sprat .  

nescence  in tens i ty  of fresh fish mea t s  are given after  
i ncuba t ion  for 30 min  at  25, 35 and  45°C. A s imilar  p a t t e r n  
was observed in c h e m i l u m i n e s c e n c e  emiss ion  a m o n g  all 
fish mea t s  tested.  It was  observed t h a t  in all fish mea t s  
chemi luminescence  in t ens i ty  was increased  in p ropor -  
t ion to the  sample  t empe ra tu r e .  Among  them,  blue sp ra t  
mea t  showed lower chemi luminescence  in tens i ty  t h a n  
sa rd ine  m e a t  when  m e a s u r e d  at  25°C, a l though the  blue 
sp ra t  showed higher  chemi luminescence  in tens i ty  t h a n  
the sa rd ine  at  35 a n d  45°C. The lowest chemi lumines -  
cence in tens i ty  was observed for red  sea b r e a m  a n d  t u n a  
meats  at  all t e m p e r a t u r e s  examined .  Chemi luminescence  
genera ted  f rom fish mea t s  d e p e n d e d  on fish species a n d  
sample  t empe ra tu r e .  

Chemical  charac te r i s t ics  and  sensory  eva lua t ion  were 
invest igated for minced  mea t s  of six fish species du r ing  
storage at  0°C, to de t e rmine  the i r  oxidat ive  de ter iora t ion .  
Changes in PV, CV and  TBA values  of minced  fish mea t s  
dur ing  s torage at  0°C are shown in Figure 3, 4 a nd  5. 
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FIG. 6. Changes in chemiluminescense  (CL) o f  m i n c e d  f i s h  
m e a t s  d u r i n g  s t o r a g e  at  0°C. CL i n t e n s i t y  o f  s ix  f i s h  s p e c i e s  w a s  
e s t i m a t e d  a f t e r  i n c u b a t i n g  t h e  s a m p l e  m e a t s  at  35°C for  30 min ,  
af ter  m i n c e d  m e a t s  h a d  b e e n  s t o r e d  at  0°C for  0 to  15 days .  ©, 
sardine; 0,  red  s e a  bream; •, tuna; A, kichiji; D, mackerel;  a n d . ,  
blue sprat .  

Sard ine  a nd  mackere l  mea t s  showed very  high PV af ter  10 
days of s torage (Fig. 3). The PV of blue sp ra t  m e a t  was  also 
s ignif icant ly  inc reased  af ter  15 days of storage. A m o n g  all 
fish mea t s  e x a m i n e d  the  highest  CV was  observed in blue 
sp ra t  mea t  (Fig. 4). Sardine,  mackere l  a n d  t u n a  mea t s  
also showed relat ively higher  CV dur ing  storage, as 
c o m p a r e d  wi th  red  sea b r e a m  a n d  kichiji. Moreover, large 
increases  in TBA value  were also observed in sardine,  
mackere l  a n d  blue sprat meats  (Fig. 5). F rom these  
results ,  l ipids c o n t a i n e d  in blue spra t ,  s a rd ine  a n d  mack- 
erel mea t s  were  f ound  to be highly suscept ib le  to oxida-  
tive de r io ra t ion  du r ing  s torage a t  0°C. Lipids in kichiji a n d  
red sea b r e a m  meats ,  however,  seem to be r a t h e r  s table  
aga ins t  oxidat ive  de ter iora t ion ,  because  all the i r  chemi-  
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FIG. 7. Effects  of  ant ioxidants  on chemiluminescence  (CL) of  
minced sardine meats.  CL was  measured at 35°C, aider BHA was  
added to minced sardine meats  at levels  of  0 to 0.02%. A, control; 
B, 0.002% BHA; C, 0.01% BHA; and D, 0.02% BHA. 
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FIG. 8. Correlation between  chemiluminescence  (CL) and she l f  
l ife of  minced f i sh  meats .  A, CL measured after 30 min- 
incubation at 35°C; B, total  CL integrated during incubation from 
0 to 30 min at 350C; ©, sardine: Q, red sea  bream; A, tuna; A, 
kichiji; [~, mackerel; a n d . ,  blue sprat. 

cal characteristics were low even after storage. These 
results were also in accordance with the sensory evalua- 
tion of stored fish meats. Strong oxidative and deteriora- 
tive flavor was observed in blue sprat, sardine and 
mackerel meats rather  than in kichiji and red sea bream 
meats, even in the early storage stage at 0°C. Lipid 
peroxidation in fish meats was recognized as a major 

factor in determining the sheff life of fish meats. 
The relationship between chemiluminescence, lipid 

content  and fatty acid composition of fish meats was 
investigated because the chemiluminescence observed in 
high fat-containing foods is thought  to originate mainly 
from lipid peroxidation, and because many fish meats 
contain high levels of eicosapentaeonic (EPA) and doco- 
sahexaenoic acids (DHA) which are susceptible to oxida- 
tion. Table 1 shows lipid, EPA and DHA levels and 
chemiluminescence intensities, as well as shelf life of fLsh 
meats. Sardine and mackerel meats showing intense 
chemiluminescences contained large amounts of lipids, 
while red sea bream and tuna  meats showing lower 
chemiluminescence intensity contained fewer lipids. 
However, no correlation was observed between lipid 
content  and chemiluminescence intensity, because blue 
sprat  meat showed very high chemiluminescence intensi- 
ty in spite of a lower lipid content, and kichiji meat  
showed low chemiluminescence intensity in spite of a 
high lipid content. On the other  hand, it was an interest- 
ing observation that  EPA and DHA contents, and partic- 
ularly EPA content, in fish meats were correlated with 
their strong chemiluminescence to some extent. In fact, 
blue sprat and sardine meats that  showed very high 
chemiluminescence intensity had high levels of EPA, as 
shown in Table 1. However, chemiluminescence of fish 
meats could not be easily explained by EPA level alone 
because metals, natural  antioxidants, oxidative and 
reductive enzymes etc., might affect chemiluminescence 
in addition to oxidative deterioration in fLsh meats. 

On the other hand, it was confirmed that  oxidative 
deterioration contributed to chemiluminescence ob- 
served in fLsh meats since the chemiluminescence intensi- 
ty was increased in all fmh meats in accordance with 
storage period (Fig. 6). Sardine, blue sprat and mackerel 
meats always showed intense chemiluminescence during 
storage at 0°C, and tuna, kichiji and red sea bream meats 
also showed much higher chemiluminescence emission 
after 10 days of storage at 0°C than before storage. 
Moreover, as shown in Figure 7, the observation that  the 
chemiluminescence of minced sardine meats could be 
reduced remarkably by addition of an antioxidant (free 
radical scavenger) such as BHA also demonstrated that  
chemiluminescence was derived from lipid peroxidation 
in fish meats. Therefore, we concluded that  measurement  
of chemiluminescence in minced fish meats may provide 
a means of predicting sheff life based on oxidative 
deterioration. Table 1 also shows actual shelf life as 
determined by sensory evaluation of minced fLsh meats 
during storage at 0°C (in days): blue sprat, 1.8; sardine, 
4.4; mackerel, 5.5; kichiji, 10.0; red sea bream, 13.0; and 
tuna, 13.2. The coefficient of correlation between the 
chemiluminescence intensity measured after incubating 
the sample meats at 35°C for 30 min and the shelf life, and 
between the integrated chemiluminescence counts meas- 
ured for 0 to 30 min at 35°C and the shelf life were -0.970 
and -0.976, respectively (Fig. 8). There was a significant 
correlation between the chemiluminescence and the shelf 
life offish meats, although the shelf life offish meats could 
not be determined by lipid and highly unsaturated fat ty 
acid levels alone. These results suggest that  the chemi- 
luminescence method may be of value in the prediction of 
sheff life of fish meats. 

Measurement of TBAvalue in lipids extracted from fish 
meats (4) and levels of minor components,  such as heme 
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c o m p o u n d s  a n d  i ron (5), have been  es tabl ished as tests  to 
pred ic t  shelf life of m i n c e d  fmh meats .  However, these  
me thods  requi re  a long t ime and  involve l eng thy  proce- 
dures  as do the  conven t iona l  aging tests. On the  o the r  
hand ,  the chemi luminescence  m e t h o d  tha t  we have 
developed is so versat i le  a n d  speedy  to ope ra te  t h a t  it 
should  be of p rac t i ca l  use for p red ic t ing  the  sheff life of 
var ious  minced  fish meats .  We expec t  t h a t  the  chemi lum-  
inescence  m e t h o d  can  also be appl ied  for the  p red ic t ion  
of shelf life of o the r  p r o d u c t s  such as cereals, fried snack  
foods, fresh meat ,  frozen meat,  seafood, coffee, tea, etc. 
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