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A b s t r a c t  

The p o o r  q u a l i t y  of f l e s h  i n  " b u r n t  t u n a "  r e s u l t s  i n  e c o n o m i c  l o s s  

t o  t h e  t u n a  i n d u s t r y .  R e j e c t i o n  of  b u r n t  t u n a  by t h e  c o n s u m e r  i s  

b a s e d  o n  v i s u a l  a n d  t a s t e  s h o r t c o m i q g s .  The p r e s e n t  r e p o r t  d e s c r i b e s  

t h e  s t a t u s  of t h i s  pvob lem i n  t h e  H a w a i i a n  t u n a  f i s h e r y  a n d  p r o v i d e s  

some p r e l i m i n a r y  r e s u l t s  of  a n  o n - g o i n g  s t u d y  t o  u n d e r s t a n d  t h e  p h e n o -  

menon. 

* P a r t  o f  s t u d y  d o n e  u n d e r  c o n t r a c t  w i t h  t h e  S o u t h w e s t  F i s h e r i e s  
C e n t e r ,  N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e ,  N O A A ,  H o n o l u l u ,  Hawaii 
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Introduct ion 

Tunas represent  t h e  most important economic f i s h e r y  resource in t h e  
Hawai- Islands.  In  1976 t h e  t o t a l  donest ic  tuna catch was 5,550 metric 
tons (MT) v l t h  an ex-vessel value of $6.4 mil l ion  (U.S.). While skipjack 
tm, Katsuwonus pe lan i s ,  was t h e  most important species  i n h e  tuna catch, 
making up approximately 80% of the leadings and 60% of t h e  value,  the  
importance of the  o the r  tuna species ,  e e p e c h l l y  yellowfin tuna, m-6 
d b a c a r e a ,  and bigeye tuna, E. obems,  has increased markedly in recant  
years. 
period. The increasa in hndinga of the cmbintd yellowfin tuna, bigeye 
t u ,  albacore,  2.. alaluma, and kawakawa, Eu t h y n n u s  a f  f inie, catch 
hae been due pr imari ly  t o  t h e  expansion of the  handline f i s h e r y  f o r  tunas 
and the  increase in recreational fishfag. R e c r e a t b d  f i s h i n g  in  Eauaii 
bas a unique aspect In its operation, wherein t h a  economically v a l t a b l a  
species  a r e  very often sold through comercia1 outlets. 
operation Is stlll considered r ec rea t iona l  f i sh ing  aince the  f i e h e r s  do 
not depend upon f i s h i n g  a s  a bas i c  means of l ivelihood. 

Table 1 p r w i d e s  catch s t a t i s t i c s  of the  tunas for the  1962-76 

Basical ly  the  

Economically, t h e  handline f i ahe rg  f o r  tunas show a p o t e n t i a l  of tre- 
mendous growth if tha  problem of burnt tuva can bc wercme. 
report  p r w i d e s  (1) a b r i e f  desc r ip t ion  of t h e  var ious types of f l e s h  
qua l i t y  problems faced by the  tma industry,  (2) a brier '  descr ipt ion of 
t h e  handl iar  sad t r o l l  f i s h e r i e s  in K a r r a i i ,  and (3) r e s u l t s  of a current  
study baing undertaken by the  Ronolulu Laboratory (Southwest F i she r i e s  
Center, National Marine F i s h e r i e s  Serb-ice) and the  Vniversity of h v a i i  
t o  determine t h e  causat ive f d c t o r s  involved with b u n t  tuna and to  seek 
solut ione t o  t h i s  c o s t l y  problcm. 

The presen t  

Flesh Quality Problems in Tuna 

Burnt tuna is r a v  turn vhich is p a l s r  a3d egf t ez  than normal. 
co lo r  may vary from sli~htly pa le  (borderl ine bum) t o  almost w h i t e .  The 
area a f fec t ed  variee from 5% t o  lOOZ of  the  edible neat o f  the  f ish.  In 
cases  of  p a r t i a  burn t h e  area a f fec t ed  is the pa= of the  meat which 
ie closest t o  the sp ina l  c o l m .  
l a r g e  tuna8 (yellowffa and bigeye) f r c s  45 t o  136 kg caught in shau4pt 
water. 
the re fo re  conmando a lower price.  

Stress Syndrome (PSS) @ugh 1976). Both conditions involve streas. high 
body temperatures, a c i d i t y  of muscle, and r e s u l t  is p a l e  and s o f t  mueclas. 

Tuna, along wlth saury, see r f i sh ,  b u t t e r f l y  k h g f i s h ,  and mackerel, 
normally coataln l a r g a  amounts o f  f r e e  h i e t i d i n e  lo t h e i r  muscle t issue.  
Under c e r t a i n  condi t ions t h e  f r e e  h i e t i d i n e  nay be decarboxylated by soma 
bac te r i a  t o  produce high l eve le  of histamine (Geiger 1944; Kimata and 
Kawai 1953; Ferencik 1970) .  

Tba 

The condition occurs most f requent ly  in 

The f i s h  is ed ib le  but  is less J e e i r a b l e  for rm consumption aad 

Burnt tuna appaare t o  be a W a r  t o  a coadltioa in pork known IS P a d m  

Growth of histamine producing bac te r i a  was o p t i m a  at ac id i c  pH (5-6) 
and moderately high temperatures (2Oo-3O0C) (Kimata and *Akamateu 1955). 
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One of the  bes t  methods of re ta rd ing  b a c t e r i a l  histamine formation in f i s h  
is s torage  below f reez ing  (Brown and Arnold2). 

Intoxicat ion,  however, con t rwersy  exists a s  t o  whether his tsmine ingested 
o r a l l y  is tox ic  (Iialstead 1967; Granerus 1968; Douglas 1970). A number of 
r epor t s  indicate that histamine taken o r a l l y  by human subjects is not toxic 
(Granerus 1968; Douglas 1970; Hardy and Smith 1976). 
(e.g., putrescine)  may alter absorption of hist;fPrina (Parrot  and Nlcot 1965; 
Irnlstea 1973). 
consumption of highly seasoned hot d i shes  or  a lcohol  may cause increased 
absorpt ion o f  histamine (Geiger 1955). 
f a c t o r  o r  not, it is genera l ly  found a t  high concentrat ions In foods causing 
scombroid poisoning (Sinrid0 and €lib= 1955; Perencik 1970). 

in canned tuna. 
more o r  less deeply i n t o  the t i s sue .  
vary from small p i t s  t o  p i t a  cover- exteneivo areae. A t ransverse  rection 
of en extensively honeycombed area has an appearance suggest ive of an cmptp 
honeycomb (BtUig 1956). Fish in this condition are r e j ec t ed  for human 
consumption. 

Otsu (1957) reported that honsycarnbing i n  IIawaihn sk ip jack  tuna 
re su l t ed  from delayed r e f r i g e r a t i o n  and was indeperrdent of sexual matur i ty  
o r  s ize  of f i s h .  The r a t e  o f  honeycombin8 increased with higher seawater 
temperatures. When allowed t o  deccnpose t o  vargkrg s t ages  yellowfin tuna 
and skipjack tuna with honeycombin8 had much hig'ler histamine levels than 
s imi la r  f i s h  without honeyconb (Wllliame 1954). 

Studieo present ly  in p romm8,  however, M f c a t a  that honeyconbbg 
and histmiact production are not interdepan2ent. P+ah incubatad frr the 
preaaace of a n t i b i o t i c 8  = h i b i t  honoycmbksg but do not  have h i sh  h l s t a -  
mine levela (H. Frank, Depsrtmnt  of Food S c h e o ,  l?r , ivcx~ity of X&vaff, 
Eonolulu, Binnrii 96822, pets.  comun.) 

Green tuna occasitnally occur8 in precook& mta Lien t h e  normal p h k  
color  fails t o  daoalop. The cooked m a t  takeo at a tanniah-green Cdlot and 
is r e j ec t ed  .d m a u i t a b l e  f o r  canning (Bruwn, Tappal, and Olcot t  1958). The 
pink has barnahow t o  be due t o  a hemochrama derived from the  rz?og$loblEL in 
the  l o b  ( B r m  and Tappel 1957) and t h e  green is koet ly  hemichrolne ( B t o w  
e t  al. 1958; Naughton, Z e i t l i n ,  and Frodyma 1958). The condi t ion doe8 not 
appear t o  be r e l a t ed  t o  oxygen e t a m a t i o n  dprins tanding (Naughton et  81. 
1958). 

Scombroid f i s h  poisoning c l i n i c a l l y  resembles histamine poisoning 

Certain diarPines 

Alterations of condi t ions of the  i n t e s t i n a l  t r a c t  due t o  

Whether Mstamhe i s  t he  sole t o d c  

Honeyconrbing ie a condi t ion which becolsas not iceable  after precookhg 

The size o f  t h e  honeycombed p i t a  may 
It le charac te r i red  by irregular holes or p i t s  pene t ra t ing  

Green tuna is most f requent ly  found in yel lowfin tuna. 

2 B r o m ,  W. D., and S. R. Arnold. 1957. H i e t a n i n e  (?) t o x i c i t y  frrrm 
f i s h  products. Unpuhl.manuscr. I n s t i t u t e  of Marine Resources, Departmaat 
of Food Science and Technology, Universi ty  of CaUfornia,  Davis, h l f f o m b -  



The condition is  not recognizable in the raw s t a t e  and therefore much 
e f f o r t  is w a s t e d  in processtng the f i sh .  
(1971) have developed a method f o r  prediction of green tuna. 
that the determination of trimethylamine oxide and trimethylamine contents 
in the raw dorsal  muscle of yellowfin tuna yields  a predictive accuracy of 
96%. 

Nagaoka, Yamagata, and Ilorimoto 
They report  

Description of Fisheries 

Tha problem of burnt tuna seema t o  be most ser ious with tuna caught by 

The problem, in fac t ,  was f i r s t  brought t o  the atten- 
troll*, serious with tuna caught on night handlfneS, and minor d t h  tuna 
caught on longlines. 
t i on  of t he  National Marine Fisher ies  Service by recreational f i s h e r s  who 
t r o l l  in t he  Kona, Uwaii area. 

lu re s  from a vlde va r i e ty  of boats which range in length from 4 t o  18 m. The 
prime t a rge t  species are the l a rge r  game fish, including yellowfin tuna; 
blue marlin, Mebira nigricans; s t r iped marlin, Ietraptunts  budax; black 
marlin, g. indica; s h o r t b i l l  spearfish,  2. anguetiroatris;  s a i l f i s h ,  
Ictiophorus platypterue; mahimahi, Coryphaena hippurua; and wahoo, Acantho- 
cybium solarrdri. 
generally r a g a s  from 10 t o  20 km/h. 
a n a  area where the burn problem is most serious vary between 24a and 29'C. 

has a breaking strength of 59 kg o r  less. 
make f ishing more sporting and challenging. 
between t h e  talcLng of the l u r e  by the  fish and the boating of t he  f i s h  is 
highly variable.  
par t ly  a function of l i n e  strength and f i s h  size.  
yellowflu tuna auzght a line with a breaking strength of 36 kg or less, 
f ight ing time ranged from 4 t o  198 m i n  with a meau of 46 m i n .  The f ight-  
ln j~  time in a sample of 29 yellowfin tuna caught on line of 23 kg o r  leea 
breaking strength ranged from 5 t o  329 min with a naan of 93 m i n .  F i s h  
3x1 this a m p l e  weighed 46.3-115.2 kg. Theae var iables  do not account for 
a l l  of tha v a r i a b i l i t y  in f ishing time. 
v i t a l i t y  of  t he  f i s h ,  weather conditions a r e  conceivably other factors.  

Recreatioml f i s h e r s  use rods and reels as f i s h h g  gear. They t r o l l  

Troll iag speed is a matter of individual preference and 
Surface water temperatures ip the  

Lines of various sizes are used on the reels .  The heaviest line w e d  
Fishers use l i g h t e r  lines t o  

Fighting time, the in t e rva l  

In the catching o f  yellowfin tuua, fight- t h e  is 
I n  a sample of 44 

Fishing technique, skill of f i she ra ,  

Another f ishery in which burnt tuna is a serious problem l a  the night 
handline f ishery f o r  tunas. To our knowledge this highly e f f ec t ive  method 
of f ishing fo r  tunas is used only on the i s l a n d  of E a w a i i  and in t h e  
Philippines (E. Oawald, South China Seas Fisher ies  Development and Coordi- 
nating Programnet Maka t i ,  Rfzal,  Philippines, 1976, pers. cammun.). Unt i l  
1976 this mathod of f ishing in Hawaii was l imited t o  a small area off Hilo, 
Hawaii. 
of the e n t i r e  southern half of the island of Hawaii. 

Night handline f i she r s  presently f i s h  in areas of€ the coast l ine 

Fishers t i m e  t h e i r  t r i p s  t o  a r r ive  on the f ishing grounds a t  sundown. 
Upon arrival the engine is shut down and a parachute is attached to  t he  bow 
and lowered Into the water. The parachute is 7.2 m i n  diameter. Over 
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surface l i g h t s  and/or an underwater l i g h t  a r e  turned on. 
and 50-W incandescent bulbs a r e  used f o r  the  above surface and underwater 
l i g h t s ,  respectively.  

a fev I d l o g r a w  of chum consis t ing of chopped up mackerel scad, Decapterus 

$s expected t o  be  available,then f i sh ing  f o r  squid t o  be u8ed ae  b a i t  is 
begun. 
commences . 
(Tonldchi BIM No. 549) a t  one cud at tached t o  a leader  o f  about a meter of 
7-strand stainless s t e e l d r e o f  227-kg (500-lb) test, a lead weight of 227- 
397 g (8-14 oz), and 110-130 a of line which is usual ly  polypropylene rope 
e i t h e r  0.95 cm (3/8 in.) o r  0.79 cm (5/16 in . )  in diameter. A t  the  start 
of f i s h i n g ' t h r e e  handlines are set, me a t  t h e  bow, one a t  the stern, and 
one amidship. 
only two linea a r e  fished. 
Burface and held a t  that depth by securing the  handline t o  t h e  boat with 
a restraining line. 
t h e  hook. 
(100 lb) .  
that the tuna will be securely hooked when it s t r i k e s .  

Typically 25- 

The s t age  is f i n a l l y  set f o r  f i sh ing  with the tossing overboard of 

lnnulatua. If f i s h i n g  is in an a rea  where t h e  squid, Natbdatus hawaiiensla, 

Othenfiee, mackerel scad is used f o r  b a i t  and fishing f o r  tuna 

The handline f o r  tuna f i s h i n g  cons i s t s  of a hook of Japaneee design 

As soon a s  the  tuna start b i t i n g  one line is removed and 
The ba i t ed  hooks a r e  lowered 20-30 m below the 

The r e s t r a i n i n g  line usual ly  breake when a tuna talcee 
The reatra- l i n e  has a breakin8 s t r eng th  of about 45 kg 
This high braaking s t r eng th  is used t o  increase the probab i l i t y  

' 

After  t h e  r e s t r a i n i n g  line breaks the tuna p u l l s  out the handline a t  
g rea t  speed. 
in the water slows the  tuna down. When the  outgoing l i n e  is slow enough 
t h e  f i s h e r  grabs it and hauls the f i s h  t o  the boat. When the  f i s h  is 
alongside,  it is shot  In t h e  head, With e i t h e r  a handgun o r  bang-stick, 
h i t  again on t h e  head with a basebal l  ba t ,  gaffed,  and pulled aboard. 
catch i a  stored in ice or  a mixture of I c e  and seawater. 

I n  a few seconds the drag of the increasing amount of line 

The 

The f i s h e r s  leave the f i s h i n g  ground t o  arrive at  the  auct ion site by 
When fishing d i s t a n t  grounds they unload t h e i r  catches a t  the  7 a.m. 

nea res t  l a d i n g  and t a c k  the  f i s h  t o  the auction market. 

The f i e h . r y  catches bigeye tuna and yellowfin tuna primarily.  Albacore 
i a  a t h i r d  tuna species  t h a t  is cammaly caught. 
spec ie s  t o  t h e  handline f i s h e r y  catch i n  weight and in value f o r  the  years 
1973, 1974, d 1975 are l i s t e d  in Table 2. The catch increased from 89.1 
t o  154.6 MT during these pears,  whlle the value of the  catch increased a t  
a s l i g h t l y  f a s t e r m k t e ,  from $141.1 t o  $317.5 t h o d  @.S.). 

3 years,  the  catches of the  individual species  f luctuated tremendously 

The contr ibut ion of these 

Although t h e  t o t a l  tuna catch exhibited a continuous growth for t h e  

. between years. In 1974 the bigeye tuna was almost twice as much BB t h e  

'Reference t o  t r ade  names does not imply endorsement by the National 
Marine F i she r i e s  Service, NOM. 
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other  2 years;  in 1575 tho yellowfin tuna catch was more than three  times 
the amount of t h e  previous 2 years, and the albacore catch i n  1975 facreased 
by f i f  tyf old. 

Ser ious e c o n d c  l o s scs  due t o  burr.: tuna a r c  incurred By n ight  hand- 
line f i sheru .  Rabnteo 01 b u n t  f b h  WCKC reported t o  range from 5% to 75% 
of the  o r i g i n a l  auct ion p r i ce  OC t he  E i d i .  
f i s h e r s  duo t o  burnt  tuna has kc-,? e e t k z t c d  t o  be CB h i e s  as 16% of their 
1976 catch.  Other ecucaic losce.: include t':? skippfng cos ta  incurred and 
the  inev i t ab le  poor repc ta t lon  t h a t  t h  catch of tfic sight handline fishery 
engend.ers due t o  tha  i a c o n d s t c n t  qua l i ty .  

.'ai;ual loc3 t o  n ight  handlhe 

Poss ib le  Causattve Factor 3.n khna Flenh Q u R l i t y  

Tunas are uniqus antang f i s h e s  in t h a t  thay are "warm bodied'' and excesa 
(above ambient water teqmzature)  body tezperaturarrup t o  15'C have been 
reported.  
reported t o  ba 5' t o  L5'C a b m e  arn3ient water temperature (Carey e t  81. 
1971). 
from f r e e  s-g skipjmk tvra and fcund meai i  body temperatures t o  be 
higher than t h e  an5iont wter temperature. Ffahteoance of body temperature 
above ambient water teepercturc is poaeibla du? t o  the  presence of rete 
mirabl lo  (Cerey 1973). 

Body t c ~ ? a r a ~ r e s  of decked b luef in  tuna, Thulllius t h p n u e ,  were 

Dlzon, B r i l l  and Yuea (in proso) t e l en~ i t e red  deep body tempera- 

The rete mirftblla o r  %+er fu l  ~:d' is n t i s s u e  ccnposed of c lose ly  
intermingled vein3 and mteri33 v X c h  permits .:IC free flow of blood f o r  
t ranspor t  of oxy&;tn 2nd v+:her mhezulcs bct i n y e d m  the  f l a d  of heat from 
the body t i s s u e s  t3 the :ills. This c o n o e r v a t l a  of body hea t  al lows the 
tuna 6oae of the  advantages of c honcotk:lr-slc nni3=31. 
temperature increaaed :h3 speed 02 metabolic rcasticmn thus maw pose ib le  
a higher vm&zrn sxLnr?Aag sped (Carey 2973). Tho a b i l i t y  t o  c o n s e m  heat 
and metabolize r q i i l l y ,  bclrevcr, produces the possiiiollities of overbeatfag 
and rapid accmnLktj.cn CB xxtah3l ic  by-pro~':*ct.;. 

The higher  body 

Them r e l a t l v a l y  high toriy t=aporaturcr, x d  high mctabolic rates may 
be responsible  f o r  mat .  qu.C.lty problem svch an t..?.r.cycombing, green tuna, 
and burnt  tun0 which are vclqur. t o  tuna. 

Devices t o  RcCoca the  I rc idence of 3 v r n t  Turn 

Fishers  have t r i e d  variouq methods t o  elinfoata tho burnt  tuna condi- 
t i o n  from developing. 
is ef fec t ive .  Others advocate precooling the  f i s h  up t o  an  hour by leaving 
i t  on deck a t  n ight  o r  by placing it under burlap and running reauoter over 
i t  during the  day before  placing it i n  the  icebox. No method, however, 
meets with universal acceptancc as the  so lu t ion  t o  t h e  problem of burnt  
tuna. 

Sone i n s l a t  that bleedfng tha f i s h  before chiuhg 

I n  addi t ion  t o  the f i cbc r s '  a t t empt s  th ree  derLces have been made to  
a l l e v i a t e  t he  problen. %e of them has ye t  t o  be t r i e d  in Hawaii. Pee 
of the  o ther  two ha. been very l imited and, t o  our knowledge, discontinued. 

http://accmnLktj.cn
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On t h e  assumption that the  burut condition was caused by improper 
cooling, the  Ronolulu Labotaforp of t he  National Marine Fisher ies  Service 
d i s t r ibu ted  f o r  t r i a l  a device t o  hasten tha t r ens fe r  o f  heat  from the  
wanmat pa r t  o f  t h e  f i s h .  The device which had the general  shape of  a 
comb consis ted of five aluminum baking, potato n a i l s  (11.7 m long) held 
together  i n  a row by an alrrmin\mo bar  1 %  1 x 14 cm. Three t o  f i v e  of these  
were inser ted  on each s ide  i n t o  the  dar:; red Plcloh t ha t  runs longi tudina l ly  
beneath the  l a t e r a l  llnc i n  the  sec t i an  of g rea t e s t  g i r th .  

After one of the  n ight  handline f i s h e r s  of Nilo t r i e d  the device, the 
They baeed t h e i r  re fuss1  on the  following o thers  refused t o  use tha2,. 

reasons: 
would not be flush with tho- body contours and would thus snag and tear the  
f l e sh ;  bac t e r i a  would be introduced; and, buyers would not buy f i s h  with 
holes even i f  t he  holes  are in f l e s h  that is normally discarded. On the  
other  hand, a s m a l l  group of f i s h e r s  i n  the  Kona d i n t r i c t  have used the 
device u n t i l  t he  supply was depleted due t o  e t t r i t i o n .  
was reported by one f i s h e r  t o  have decreased the  incidence of burnt  tu-; 
t h i s  f a c t  has yet  t o  be substanklatcd.  

inserting the  devices would rcqui re  too much time; t h e  bars 

Use of t he  device 

I n  NovemLrr 1975 a Mr. Ogawa of Dai ichi  Suirran TFukyi, Japan, demon- 
s t r a t e d  the  use  of a metal rod t o  enhance the chi.llFzg of tuna. 
demonstration was conducted on the  is land of Hawaii. The t a i l  of the  f i s h  
was cut  off and a rod approximately 3 m i n  diameter vas inser ted  the  f u l l  
length of the ve r t eb ra l  column. 
inc is ions  immediately posterior t o  the  pec tora l  z i r d l e  and slashing of t h e  
g i l l s  t o  bleed the  f i s h .  
of the work involved. 

The 

The i n se r t ion  T=?B accompanied by deep 

Fishers  have r e s i s t ed  usicg :his method because 

I n  September 1977 Mr. k m y o s h i  Taniguchi, a recognized tuna expert  
from Japan, described a t o o l  he has developed t o  in s t an t ly  k i l l  tunas. 
t o o l  cons i s t s  of a coring cy l inder  and a s t e in l c so  steel wire atound vhich 
a copper spr ing is wrappnd. 
the  f i s h ' s  head a t  the  foramen 
above the  eye). 
through the  upinal  c011~rlu a t  legst 30 cm. 
burnt tuna by quickly d c e t r o y l q  the ncrvoui s y s t a  and thus preventing any 
f u r t h e r  stimulation of physioloqical  a c t i v i t y .  
t e s t e d  in the  iiaimiicn IslAnds (Suisan S e h i  1377). 

The 

The corinC c y l k d e z  is used t o  bore a hole into 
( ~ ? h ~ t l J h  spot  on thn, middorsal line j u s t  

Thio t o o l  reportedly prevcrats 

'his nethod has not been 

A length of wLre io inemrted tlirouzh the  hole  and pushed 

Study of Causative Factors  of tiurnt Tuna 

A prellmlnarg study was conducted in  tho fall of 1977 t o  inves t iga t e  
environmental and physiological  f a c t o r s  causing the  burnt tuna condi t ion 
and t o  inves t iga t e  the  similarities o f  burnt tun? t o  PSS in  swine. 

Data were col lec ted  st th2 Rilo  f i s h  auct ion curd on a number of night 
handline boats.  Chi l l ing methods used by individual  n ight  handline b m t 8  
were noted whmever tl-.:is information was volunteered. The sen ior  au thor  
made nine t r i p s  on reven d i f f e r e n t  boats.  The s i z e  of the c h i l l  box and 
pomds of ice on board trcre recorded f o r  each t r i p .  
caught a blood a m p l e  was taken by card iac  puncture and the  f i s h  was labeled 
by clamping an ea r  t ? g  on tke  pe lv ic  f i n .  

When a l a r g e  tuna Was 
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Immediately a f t e r  catching and p r io r  t o  auctioning the  s u p e r f i c i a l  
and deep muscle temperatures were taken by Lxsertinp; an 11 cm probe at tached 
t o  a te le themameter  through the  skin of the  f i s h  along the  midline approxi- 
mately 11 cm pos te r io r  of tho pec tora l  f i n .  
taken a t  a depth of 112 cm and deep tenperntureo were taken a t  a depth of 
11 cm unless t he  backbone prevented in se r t lon  t o  t h a t  depth. 
if the  b e l l y  w a s  slit and the  gonads were exposed a t  t he  time of auction. 
Observatloas were cade of a l l  l a r g e  tuna which were cut on the  auc t ion  block. 
The head and t a i l  were cut  off and then the  f i s h  were quartered. I f  burn 
was presea t ,  It was recorded. 

These 
samples were subsequently c l a s s i f i e d  by the  researcher as badly burnt, burnt, 
or not  burnt  (normal). 
10 ml of d i s t i l l e d  w a t a  and ground up. 
was  then determined. 
l a c t a t e  and cul tured  t o  determine general  bac t e r i a  levels. 

Super f ic ia l  temperatures were 

S e x  was recorded 

Samples of tuna meat were obtained a t  t h e  Honolulu f i s h  auction. 

Two-gram sec t ione  of these samples were placed in 
The pH of these  homogenized samples 

Samplas of burnt and normal tuna were assayed f o r  

Samples were a l s o  obtained from var ious  p a r t s  of a d l  yellowfin 
tuna which died during a stress experiment a t  the  Kewalo Research Fac i l i t y .  
The pH of theee samples was determined using the  method described above. 

Analysis of var iance  was used t o  determine s igni f icance  of temperature 
d i f fe rences  between c h i l l  techniques and between burnt  and normal tuna. 
volume of the blood samples co l lec ted  was not adequate f o r  analysis .  

Ch i l l  methods 

The 

A v a r i e t y  of methods is used t o  ch t11  f i s h  on the  night handline 
f i sh ing  boats. 
of the  i c e  with seawater, loca t ion  and number of c u t s  f o r  bleeding, and 
amount of time the  f i s h  is on deck between catching and chilling. Cuts 
f o r  bleeding were usua l ly  a t  the  hear t ,  tha ,be l ly ; .o r  the tail. 

The methods vary in the kind and mount of ice used, mixture 

Five methods of handling are described in Table 3. Deep and super- 
f i c i a l  temperatures of a l l  tuna Over 45 kg wer0 taken at the Hilo auct ion  
from 20 September t o  15 October 1977 (Table 4). The s u p e r f i c i a l  and deep 
muscle temperatures of f i s h  were analyzed t o  detenaine i f  significant dff-  
fe renccs  in temperatures exist between c h i l l i n g  tecbiqueer (Table 5). Sig- 
n i f i c a n t  d i f f  erencee in s u p e r f i c i a l  temperatures vere found batwsm var ious  
c h i l l i n g  techniques. S igni f icant  differencca,  however, were found only fn 
t he  deep temperatures f o r  two p a i r s  of methods (A and D, C and D). The 
amount of ice ca r r i ed  is probably the most important d i f f e rence  between 
methods. Deep temperatures were a l s o  a f fec ted  by the mount of time t h e  
f i s h  were kept in the  c h i l l  box. Fish caught early in t he  evening have a 
considerably cooler  deep temperature than f i s h  caught in t he  morning. 

No s ign i f i can t  d i f fe rences  ware found between auc t ion  temperatures of 
burnt  and nonnal f i s h  which were quartered a t  the  Hilo auct ion (Table 6). 
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Tissue a c i d i t y  

The stress of catching may r e s u l t  i n  accelerat ion of biochemical 
a c t i v i t y  which will lead t o  an abnormally low tissue pH, premature r i g o r  
mortis, shor t  durat ion of r i g o r  mortis,  and e a r l y  de t e r io ra t ion  of t i s s u e  
(Borgstrom 19611. 
Honolulu auction were observed (Table 7) .  Durnt f i s h  appeared t o  be con- 
a i a t e n t l y  more ac id i c  than the  uonnnl f i s h .  

D i f f e r e x e s  lu pH of burnt and normal tuna from the 

Conclusions 

B a h t  tuna ia a syetem which i e  t h e  r e e u l t  of two classes of f ac to ra ,  
physiological stress and postmortem handling, ac t ing  independently or in 
combination. 
a burnt condition. 
ling on long l i ae  boats  result in some percentage of burnt tuna. 
condition ha5 beau observed immediately a f t e r  ca tcNng (V. Ohai, Oceapfc 
I n t e r n a t i o a r l  Corporation, Honolulu, Hawaii 96817, 1977, pets.  cwnmm.). 

It appears t h a t  physiological stress alone ma9 result ia 
All methods of c h i l l i n g  including immediate rapid chfl-  

The burat 

I t k n o t  c l e a r  whether postmortem handling alone may result in burnt  
tuna or  viaether p r i o r  physiological s t r e o s  is a necessary precondition. 
I n  any case postmortem handling seema t o  influence the s e v e r i t y  of t h e  
condition. 
and normal t issue-samples .  
by handling. 

High l eve la  of bac te r i a  were found in c u l t u r e s  from both bu rn t  
The leve l  of b a c t e r h l  a c t i v i t y  may be a f f e c t e d  

I twou ldba  very deeirabla  to c rea t e  an object ive c l a s s f f i c a t i o n  syetem 
f o r  burnt tuna both from a research 
color  wheel could be developed which would allow an ob jec t ive  classification 
system for degree of bum of quartered tuna. 
burnt tuna by use of a t i s s u e  pH probe. 
among the  co lo r  wheel, visuiil c1assif icat i r .n  sys tW,and internal pH 
taken by t h e  probe, a r e l i a b l e  syotem of grading uncut tuns may be developed. 

is imtolvad. 
bicarbonate m y  be used t o  counteract the  e f f e c t s  of stress. 

Current e f f o r t s  in burnt tuna research a r e  concentrated In the follow- 
ing areas:  
c h i l l -  techniques on t h e  incidence of burnt tuna, (2) f w e s t i g a t i u n e  in to  
biochemical, hietopathological ,  and microbial  d i f f e rences  between noma1 
and burnt tuaa immediately a f t e r  catching and a f t e r  c h i l l l u g ,  and (3) 
development of an object ive c l a s s i f i c a t i o n  system f o r  burn in whole uucut 
tuna. 

and an economic point  of view. A 

It may be  possfble  t o  d e t e c t  
If good cor re l a t ione  a r e  found 

Further  ev idmce is necessary t o  c o u f i m  t h a t  a malignant hyperthermia 
It i e  a l s o  possible  t h a t  an In j ec t ion  of a buf fe r  euch as 

(1) continued inves t iga t ion  of the  e f f e c t s  of catching and 
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Table 2.--Weight and value  of tuna catch of night  handline firhary. 

Value 
Weight (thousands 

(HT) of US$) 

1973 1974 1975 1973 1974 1975 

Bigeye tuna 65.4 120.2 63 .1  102.6 249.8 149.5 

Y e l l o v f i n  tuna 23.3 22.9 75.5 38.0 38.4 157.0 

Albacore 0 . 4  0 . 2  1 6 . 1  0 .5  0 .2  21.0 

A l l  tunas 89 .1  143 .2  154.6 141.1 288.2 327.S 
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Table 3.--Methods of c h i l l i n g  used by handline f i shc r s  i n  Hilo, Hawaii. 

Method A - crush i c e  (not mixed with water) 

random cute  f o r  bleeding (feu, often none) 

5 min on deck between cntching and ch i l l ing  

‘Mathod B - 600 l b  block ice m i r e d  with seavatar 

a t  l e a s t  two cut8 fo r  b l t e d i w  

5 mia on deck bttvaea catching and ch i l l ing  

Method C - 600 l b  block ice m i x e d  with seawater 

a t  l e a s t  two c u t s  fo r  bleeding 

longer than 5 min on deck 

Method D - 300-450 l b  of ice mixed with ecavater 

no cute  €or  biaeding 

5 min on deck between catching and c h i l l i n g  

Method E - 300-600 l b  of ice mixed with seawater 

random cu t s  f o r  bleeding 

45 min truck r i d e  (without i ce )  t o  auction market. 
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Toble 4.--Fish body tcmperaturcs ("C) a t  t i m e  of auction. 

~ 

Ns nb e r Average superf ic ia l  Avataga deep 
Method of f i e h  temperature temperature 

A 17 14 .9  5 0.59 22.74 21.68 

D 4 4  15.26 5 0.61 24.05 2 0.77 

C 14 17.20 5 0.90 21.212 1.43 

D 2 1  . 19.50 5 0.77 26.612 0.75 

E ti 19.80 2 0.51 24.50 2 1.82 



16 

Tabla S.--Co.npariaon of bcdy tcmpcraturcs b;. mothod of chilling 

(analysis of variance teots). 

-- 
SuFezf -! c i a l  tczperntc:e Deep body tomporaturc - 
3 C D 5: B C D  E 

A 0.49 2.53* 4.GO** 4.C5*:* F 1.31 1 .53  3.07* 1.76 

s i.94 4.24:r* 4.49** D 2.84 2.56 0.45 

C 2.30 2.55** C 5.40** 3.34 

D 0.25 D 2.11 

Lz 0 sig;ificnet nt tho 0.05X lcvel. 

*>I - eiSn?flcont at thu 0.01% lcvel 
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Table 6.--Body temperature of burnt and normal tuna a t  t b  of auction 

(20 September-15 October 1977). 

Burnt Not burnt 

Sample sire 11 18 

Body tcmparature ('C) 

beep 25.45 2 3.03 25.01 5 3.02 

Supatf icirf 17.40 2 2.13 18.10 2 4 . n .  

AvcraBe fish weight (lb) 184.64 -f: 35.88 197.94 2 79.40 

Sex r a t i o  6 malee : 3 fanales 16 malee : 1 female 
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Table 7.--lhr ptI of tuna ratoplsd n t  tho Honolulu auction. 

Burnt Good Burnt moa Burnt Good 

N 17 5 6 1 4 2 

5.78 6.12 5.8 6.1 5.76 6.2 - 
X 




