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A B S T R A C T  H ig h  le v e ls  (u p  to  90  p g /g )  o f  d o m o ic  a c id ,  a  na tu ra lly  o cc u rr in g  n eu ro to x ic  am in o  a c id  re sp o n s ib le  fo r  am n es ic  
she llf ish  p o iso n in g , w ere  found  in the  v isce ra  o f  raw  D u n g en ess  c rab s  d u r in g  the  1 9 9 1 -1 9 9 2  season . In s tu d ies  rep o rted  here . 
D u n g e n e ss  c ra b s  w ere  fed d o m o ic  a c id  co n tam in a ted  razo r  c la m  m eats  fo r  6  o r  9  d ay s .  A n a ly se s  o f  the  raw  c ra b s  in d ica ted  th a t they  
rap id ly  a c cu m u la te d  d o m o ic  ac id  and  th a t the  to x in  w as  co n f in e d  to  the  v isc e ra ,  p r in c ip a lly  in the  h ep a to p an c reas  (2 2  p g /g ) .  N o 
d o m o ic  ac id  w a s  d e tec ted  in e i th e r  b o d y  o r  leg m ea ts  o f  the  raw  crabs . W h e n  the  w h o le  c rab s  w ere  co o k e d  in e i th e r  fre sh  o r  sa lted  
w a te r ,  u s in g  a typ ica l c o m m e rc ia l  c o o k in g  p ro cess ,  v isceral d o m o ic  ac id  co n c en tra t io n s  w ere  red u ced  by  6 7 - 7 1 % .  A fte r  p ro cess in g , 
the to x in  w as  found  o u ts id e  o f  the  v iscera l ca v ity  in the b o d y  ( 1 .9  p g /g )  and  leg ( 1.1 p g /g )  m e a ts .  T h e  m a jo ri ty  o f  the  d o m o ic  ac id  
w as  ex trac ted  o u t a n d  d i lu ted  in to  the  c o o k  w ater  ( 0 .4 - 0 .8  p g /m l ) .  T he  e ffec t  o f  s to rage  co n d it io n s ,  typ ica l o f  th o se  u sed  fo llo w in g  
p ro cess in g  a n d  d is t r ib u t io n , are a lso  rep o r ted . C o o k ed  c ra b s  w ere  held  I d a y  a t 1°C a n d  then  an a lyzed ; d o m o ic  ac id  w a s  d e tec ted  in 
the  v isce ra  an d  b o d y  m eats . P o rtio n s  o f  the  b o d y  m eat p rox im al to the  v iscera  had  h ig h e r  d o m o ic  ac id  le v e ls  th a n  those  d is ta l ,  b u t the 
to x in  le v e ls  n e v e r  e x c e e d ed  2 .1  p g /g .  T h is  w as  a lso  the  c a se  in c ra b s  he ld  fo r  6  d a y s  a t 1°C and  ca n  be e x p la in e d  by  s im p le  d iffu s ion . 
N o  d o m o ic  ac id  w as  found  in leg m e a ts  o f  the  1 a n d  6  d a y  s to rage  sam ples . A fte r  s to rage  fo r  9 0  d ay s  a t - 2 3 ° C ,  d o m o ic  ac id  w as  
th e n  found  in very  low  co n c en tra t io n s  o u ts id e  o f  the  v iscera  in the b o d y  ( < 0 . 8  p g /g )  a n d  leg  ( < 0 . 4  p g /g )  m ea ts  o f  the  c ra b s .  O ur 
resu lts  in d ica ted  th a t the  s to rag e  co n d itio n s  h a d  so m e  affect o n  the  to x in  d is tr ibu tion  th roughou t the  co o k e d  c ra b s ,  b u t had  no  affect 
on  the  to ta l d o m o ic  ac id  b u rd en  in e a c h  D u n g e n e ss  crab .

K E Y  W O R D S :  D o m o ic  ac id ,  a m n e s ic  she llf ish  p o iso n in g  (A S P ) ,  D u n g en ess  c ra b ,  C a n c er  m a g is te r , razo r  c la m s .  S iliq u a  p a tu la

IN T R O D U C T IO N

D o m o i c  a c id  ( D A )  is  t h e  n a tu ra l ly  o c c u r r i n g  n e u r o to x ic  a m in o  
ac id  re s p o n s ib le  fo r  a m n e s i c  sh e l l f i s h  p o i s o n in g  (A S P )  (Q u i l l i a m  
a n d  W r i g h t  1 9 89 ,  T o d d  19 9 3 ) .  T h i s  m a r i n e  b io to x in  c a u s e s  g a s ­
t ro in te s t in a l  a n d  n e u ro lo g ic a l  s y m p t o m s  in h u m a n s  w i th in  2 4 - 4 8  
h o u r s  o f  c o n s u m p t i o n ,  a n d  s y m p t o m s  r a n g e  f ro m  s im p le  n a u se a  
a n d  v o m i t in g  to  h e a d a c h e ,  c o n f u s i o n ,  p e r m a n e n t  s h o r t - t e rm  m e m ­
o ry  lo s s ,  c o m a ,  a n d  e v e n  d e a th .  S in c e  1 98 7 ,  s tu d ie s  in C a n a d a  and  
e l s e w h e r e  h a v e  fo u n d  th a t  d o m o i c  ac id  c a n  o r ig in a te  f ro m  p h y t o ­
p l a n k to n ,  s p e c i f ic a l ly  the  d i a t o m  g e n u s  P seudon itzsch ia . T o  d a te ,  
d o m o ic  a c id  h a s  b e e n  fo u n d  to  b e  p r o d u c e d  b y  at leas t  4  o f  th e  21 
s p e c ie s  o f  P seu d o n itzsch ia  d i a to m s :  P . p u n g en s  fo r m a  m ultiseries  
(H a s le )  H a s le .  P . a u stra lis  F r e n g u e l l i ,  P . d e lica tiss im a  (C lev e )  
H e i d e n ,  a n d  P . seria ta  ( C le v e )  P e ra g e l lo  ( L u n d h o l m  e t  a l .  1994).

T h e  f i rs t  o u tb r e a k  o f  d o m o i c  a c id  p o i s o n in g  in th e  U n i ted  
S ta te s  o c c u r r e d  in S e p t e m b e r  o f  1991.  W h i le  n o  h u m a n  i l lnesses  
s im i l a r  to  th o se  r e p o r t e d  in the  1987 C a n a d i a n  o u tb r e a k  o c c u r r e d ,  
the  to x in  c a u s e d  m o re  t h a n  100  p e l ic a n s  (P elecanus occiden ta lis  
L in n a e u s )  a n d  c o r m o r a n t s  (P h a la cro co ra x  p en ic illa tu s  B ra n d t )  to 
b e c o m e  ill o r  d ie .  T h e  s e a b i r d s  h a d  b e e n  f e e d in g  o n  a n c h o v ie s  
(E ng ra u lis  m o rd a x  G i r a r d ) ,  w h i c h  h a d  g r a z e d  o n  a  b lo o m  o f  P. 
a u stra lis  ( W o r k  e t  a l .  19 93 ) .  S a m p l e s  o f  th e s e  a n c h o v ie s  w ere  
a n a ly z e d  in o u r  l a b o ra to ry  a n d  fo u n d  to  c o n ta in  u p  to  4 8 5  p g  D A /g  
v i s c e r a  (W e k e l l  e t  a l .  1994a) .

S h o r t ly  th e r e a f t e r ,  d o m o i c  a c id  w a s  d i s c o v e r e d  th r o u g h o u t  the 
P ac i f ic  c o a s ta l  s ta te s  o f  O r e g o n  a n d  W a s h in g t o n  in O c t o b e r  o f  
1991.  A n  e x te n s iv e  s u rv e y  o f  c o a s ta l  m a r in e  l ife  w a s  p e r fo rm e d .

a n d  th e  to x in  w a s  fo u n d  in a n c h o v ie s ,  b lu e  m u s s e l s  (M ytilu s  edu lis  
L . ) ,  r a z o r  c l a m s  (S iliqua  p a tu la  D i x o n ) ,  a n d  D u n g e n e s s  c r a b s  
(C ancer m a g is ter  D a n a ) .  D u r in g  the  t o x i n ' s  p e a k  in  W a s h in g t o n ,  
o u r  l a b o ra to ry  re p o r te d  u p  to  2 3 0  p g  D A / g  m e a t  t i s su e  ( a v e r a g e  =  
106 p g / g ;  N  =  3 6 )  in r a z o r  c l a m s ,  a n d  u p  t o  9 0  p g  D A / g  raw  
v is c e ra  ( a v e r a g e  =  15 p g / g ;  N  =  8 7 )  in D u n g e n e s s  c r a b s .  T h e  
s o u rc e  o f  d o m o i c  a c id  in W a s h in g to n  a n d  O r e g o n  w a s  n e v e r  c o n ­
f i rm e d ;  h o w e v e r ,  P . austra lis , P . p u n g en s  ƒ.  m u ltiseries , a n d  P. 
p seudodelica tiss im a  (H a s le )  H a s le  h a v e  b e e n  id e n t i f ie d  in  w a te rs  
o f  th e  P a c i f ic  N o r th w e s t  ( H o m e r  1 99 3 ,  p e r s .  c o m m . ) .  H u m a n  
i l ln e sses  w e r e  a v o i d e d  b e c a u s e  o f  t h e  t i m e ly  a c t io n  o f  lo c a l ,  s ta te ,  
a n d  fede ra l  a g e n c i e s  id e n t i fy in g  the  th re a t  a n d  c lo s in g  the  a f fe c te d  
f i s h e r ie s  un ti l  t h e y  w e r e  c o n s id e r e d  s a f e  ( i . e . ,  b e l o w  2 0  p g  D A /g ) .  
D u r in g  1 99 2 .  th e  lega l  l im it  f o r  c r a b  v i s c e r a  w a s  r a i s e d  to  3 0  p g  
D A /g  ( U .S .  F D A  19 93 ) .  T h e s e  c lo s u re s  a n d  s u b s e q u e n t  r e s t r ic ­
t io n s  h a v e  h a d  s ig n i f ic a n t  f in an c ia l  im p a c t s  o n  b o th  th e  f i sh e r ie s  
a n d  th e  s u p p o r t in g  c o m m u n i t i e s .

T h e  D u n g e n e s s  c r a b  in d u s t ry  is  a n  im p o r ta n t  c o m p o n e n t  o f  the 
e c o n o m i e s  o f  th e  P a c i f ic  c o a s ta l  s ta te s .  In W a s h in g t o n ,  O r e g o n ,  
a n d  C a l i f o r n i a  th e re  a re  o v e r  1 ,2 0 0  c r a b  f i s h e r ie s .  T h i s  ind us t ry  
lan d s  a n  a v e r a g e  o f  $ 3 2  m i l l io n  p o u n d s  o f  c r a b  p e r  s e a s o n ,  resu l ts  
in a n  a v e ra g e  an n u a l  p o s t -p ro c e s s in g  v a lu e  o f  $ 1 1 2  m i l l io n ,  a n d  
c o n t r ib u te s  s ig n i f ic a n t ly  to  e m p l o y m e n t  in  o th e rw is e  e c o n o m ic a l ly  
d e p r e s s e d  a r e a s  (D id i e r  1995) .

It w a s  b e c a u s e  k n o w l e d g e  c o n c e r n i n g  d o m o i c  ac id  p ro d u c t io n  
a n d  m o v e m e n t  t h ro u g h  the  m a r in e  fo o d  w e b  w a s  e x t r e m e l y  l i m ­
i ted ,  th a t  s ta te  a n d  federa l  r isk  m a n a g e r s  h a d  l i tt le c h o i c e  b u t  to 
i m p le m e n t  to ta l  c lo s u re s  o f  th e  D u n g e n e s s  c r a b  a n d  r a z o r  c la m
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f i s h e r ie s  in  th e s e  s ta te s  in  D e c e m b e r  1 9 91 .  In  o r d e r  to  h e l p  r e -o p e n  
th e s e  f i s h e r ie s ,  o u r  l a b o ra to ry  p a r t i c ip a te d  in s u r v e y s  a n d  lot a n a l ­
y s e s  o f  D u n g e n e s s  c r a b  f r o m  O r e g o n  a n d  W a s h i n g t o n ,  a n d  s a m ­
p l in g s  o f  r a z o r  c l a m s  f r o m  th e  W a s h in g t o n  c o a s t .  T h i s  d a ta  p r o ­
v id e d  a  m o d e l  th a t  in d ic a te d  th e  b r e a d th  a n d  d e p t h  o f  d o m o ic  ac id  
c o n t a m i n a t i o n  in b o th  D u n g e n e s s  c r a b  a n d  r a z o r  c l a m s .

In o u r  a n a ly s e s ,  w e  e x a m i n e d  o n l y  r a w  o r  u n - c o o k e d  m o l lu s -  
c a n  s h e l l f i s h  a n d  c r a b s  ( W e k e l l  e t  a l .  19 9 4 a ,  b ) .  In th e s e  in v es t i ­
g a t io n s ,  w e  fo u n d  th a t  d o m o i c  a c id  w a s  c o n f in e d  to  th e  d ig e s t iv e  
s y s t e m  in  th e  l ive  o r  u n c o o k e d  c r a b s .  W e  a l s o  o b s e r v e d  th a t  leve ls  
o f  d o m o i c  a c id  in c o o k e d  c r a b s  w e r e  c o n s id e r a b ly  l o w e r  t h a n  in 
r a w  c r a b  s a m p l e s  f r o m  th e  s a m e  a r e a .  It  a p p e a r e d  th a t  p ro c e s s in g  
th e  c r a b s  r e d u c e d  d o m o i c  a c id  l e v e ls .  In  o r d e r  to  tes t  th i s  h y p o th ­
e s i s ,  w e  c o n d u c te d  se v e ra l  s tu d ie s  o n  D u n g e n e s s  c r a b  c o n t a m i ­
n a ted  w i th  d o m o i c  ac id .

E X P E R I M E N T A L  A P P R O A C H

T h e  u s e  o f  n a tu ra l ly  c o n t a m i n a t e d  D u n g e n e s s  c r a b s  in  these  
s tu d ie s  w a s  n o t  p o s s i b l e  s i n c e ,  a t  the  t im e  ( s p r in g  a n d  s u m m e r  o f  
19 94 ) ,  d o m o ic  a c id  le v e ls  in c r a b  h a d  d e c l in e d  t o  v e ry  lo w  levels  
( i . e . ,  t y p ic a l ly  0 - 5  p.g D A /g  r a w  v i s c e r a ) .  In  a d d i t i o n ,  the  v a r i ­
ab i l i ty  f r o m  a n im a l  t o  a n im a l  w a s  e x t r e m e ly  h ig h  (W e k e l l  e t  al. 
1 99 4a) .  T h i s  h ig h  v a r ia n c e  w o u l d  h a v e  r e q u i r e d  v e r y  la rg e  n u m ­
b e r s  o f  a n im a l s  to  d e t e c t  s ta t i s t ica l  d i f f e r e n c e s  e x p e c t e d  in  s u c h  a 
s tu d y .  P r e v io u s  w o r k  in  o u r  l a b o ra to ry  in d i c a t e d  th a t  c r a b s  c o u ld  
b e  m a n u a l l y  f e d  r a z o r  c l a m s  n a tu ra l ly  c o n t a m i n a t e d  w i th  d o m o ic  
ac id .  T h e  r e s u l t i n g  v a r ia t io n  o f  to x in  le v e ls  b e t w e e n  a n im a l s  in the 
lab  w a s  s ig n i f i c a n t ly  s m a l l e r  t h a n  tha t  f o u n d  in  th e  n a tu ra l  s ta te .  In 
th e s e  s tu d ie s  it w a s  p o s s i b l e  to  fo l lo w  o n  a  d a i ly  b a s i s  th e  u p ta k e  
a n d  d e p u r a t io n  o f  d o m o i c  a c id  b y  th e  D u n g e n e s s  c r a b s .  ( L u n d ,  in 
p r e p . )  T h i s  p r e s e n t e d  a n  o p p o r t u n i t y  t o  in v e s t ig a te  c r a b s  h e ld  u n ­
d e r  l a b o ra to ry  c o n d i t i o n s  a n d  fe d  a  p o r t io n -c o n t ro l l e d  d ie t  c o n ­
t a in in g  k n o w n  c o n c e n t r a t i o n s  o f  d o m o i c  ac id .

In a  p i lo t  s tu d y ,  w e  fe d  D u n g e n e s s  c r a b s  to x ic  r a z o r  c l a m s  a n d  
s a m p le d  a  s u b s e t  o f  th e  c r a b s  d a i ly .  T h e  r a w  c r a b s  w e re  d i s se c te d  
in to  s e c t io n s  ( in d iv id u a l  o r g a n s  o f  t h e  v i s c e r a ,  b o d y ,  a n d  leg 
m e a t s )  a n d  al l  p a r t s  w e r e  a n a ly z e d  f o r  d o m o i c  a c id .  F ro m  th i s  pilot 
s tu d y ,  w e  d e t e r m i n e d  h o w  m u c h  o f  th e  c l a m  m e a t  th e  c r a b  w o u ld  
e a t  p e r  f e e d in g ,  a s  w e l l  a s  t h e  ra te  a n d  d i s t r ib u t io n  o f  to x in  u p ta k e .  
T h e  re su l t s  c o n f i r m e d  th a t  in th e  r a w  D u n g e n e s s  c r a b s ,  n o  d o m o ic  
a c id  is d e te c te d  o u t s id e  o f  the  v isce ra ;  a n d  th e  to x in  r e m a in s  e x ­
c lu s iv e ly  in th e  h e p a to p a n c r e a s  a n d  the  d ig e s t iv e  t r a c k  (d a ta  not 
s h o w n ) .

A f t e r  the  p i lo t  s t u d y ,  2  e x p e r im e n t s  w e re  p e r f o r m e d  t o  d e t e r ­
m in e  w h e t h e r  d o m o i c  a c id  m ig r a t e s  f ro m  the  v i s c e r a  o f  D u n g e n e s s  
c r a b s  in to  t h e  c o o k  w a t e r  a n d / o r  in to  the  m e a t  a s  a  r e s u l t  o f  c o o k ­
in g  a n d  p o s t - p r o c e s s in g  c o n d i t i o n s .  In  th e  First e x p e r i m e n t ,  the  
g o a l  w a s  t o  in v e s t ig a te  t h e  fa te  o f  d o m o i c  a c id  a s  a  r e su l t  o f  
c o o k in g  th e  D u n g e n e s s  c r a b s  in e i th e r  f r e s h  o r  sa l t  ( 3 %  N aC l)  
w a te r .  In the  s e c o n d  e x p e r i m e n t ,  the  o b j e c t i v e  w a s  to  inves t iga te  
t h e  f a te  o f  d o m o i c  a c i d  in c o o k e d  c r a b  a s  a  r e s u l t  o f  p o s t ­
p r o c e s s in g  s to ra g e  c o n d i t io n s .

M A T E R IA L S  A N D  M E T H O D S

R ea g en ts

M e th a n o l  ( M e O H )  a n d  a c e to n i t r i l e  ( M e C N )  w e re  H P L C - g r a d e  
( B a x t e r  H e a l t h c a r e  C o r p . ,  B u r d i c k  a n d  J a c k s o n  D i v i s i o n ,  
M u s k e g o n ,  M I  4 9 4 4 2 ) .  T h e  t r i f lu o ro a c e t i c  a c id  ( T F A )  w a s  o b ­
ta in e d  f ro m  S i g m a  ( S i g m a  C h e m i c a l  C o m p a n y ,  S t .  L o u i s ,  M O  
6 3 1 7 8 ) .  T h e  s o d i u m  c h lo r id e  ( N a C l )  a n d  al l  o t h e r  re a g e n ts  w ere

a n a ly t i c a l  g r a d e .  All  s o lu t io n s  w e r e  p r e p a r e d  w i th  d i s t i l l e d  d e ­
io n i z e d  w a t e r  ( M i l l i - Q ,  M i l l ip o re ,  B e d f o r d ,  M A  0 1 7 3 0 ) .

S ta n d a rd s

D o m o i c  a c id  w a s  o b t a i n e d  a s  a  c e r t i f i e d  s t a n d a r d  ( D A C S - 1 ,  
C a n a d i a n  N a t io n a l  R e s e a r c h  C o u n c i l ,  In s t i tu te  o f  M a r in e  B io ­
s c i e n c e s ,  1411 O x f o r d  S t r e e t ,  H a l i f a x ,  N . S . ,  C a n a d a  B 3 B  3 Z 1 ) ,  
a n d  a s  a  9 0 %  p u r e  r e a g e n t  f r o m  S ig m a .  T h e  D A C S - 1  w a s  u s e d  to  
p r e p a r e  a  2 . 0 0  p.g D A / m l  10%  a q u e o u s  M e C N  i n s t r u m e n t  c a l i ­
b ra t io n  s t a n d a r d ,  a n d  th e  9 0 %  p u r e  r e a g e n t  w a s  u s e d  t o  p r e p a r e  a 
2 0  p.g D A / m l  5 0 %  a q u e o u s  M e O H  q u a l i ty  a s s u r a n c e  s a m p l e .  T h e  
s ta n d a rd s  w e r e  s to re d  in  t h e  r e f r ig e ra to r  w h e n  n o t  in  u se .

R a z o r  C la m s

C l e a n ,  n o n - to x ic  r a z o r  c l a m s  w e re  p u r c h a s e d  f r o m  a  loca l  s u ­
p e r m a r k e t .  T h e  c l a m s  w e r e  o b ta in e d  f r o m  a  s u p p l i e r  in A l a s k a  a n d  
w e r e  a n a ly z e d  f o r  d o m o i c  a c id  c o n t e n t  in o u r  l a b o r a to r y .  L e v e l s  o f  
d o m o i c  a c id  in  th e s e  c l a m s  w e r e  n o n - d e te c t a b l e .  T h e  n o n - to x in  
b e a r in g  c l a m s  w e r e  fe d  t o  th e  c r a b s  d u r i n g  th e  f i r s t  2 4 - 4 8  h o u r s  o f  
c a p t iv i t y  to  p e r m i t  a c c l im a t i z a t io n  to  t h e  l a b o r a to r y  e n v i r o n m e n t  
a n d  f e e d in g  r e g im e .

T h e  to x in  s o u r c e  f o r  t h e  fe ed  in  th e s e  e x p e r i m e n t s  w e r e  r a w ,  
f r o z e n ,  c a n n e d  r a z o r  c l a m s .  T h e  c l a m s  h a d  b e e n  h a r v e s t e d  d u r in g  
the  1991 d o m o i c  a c id  in c id e n t  a lo n g  the  w e s t  c o a s t  a n d  w e re  
e m b a r g o e d  b e c a u s e  o f  th e  h ig h  d o m o i c  a c id  c o n te n t .  W e  w e re  
p e r m i t t e d  t o  p u r c h a s e  th e  c l a m s  f r o m  a  c o m m e r c i a l  s u p p l i e r  in 
O r e g o n  f o r  e x p e r im e n ta l  p u r p o s e s .  T h e  f r o z e n  c a n s  w e r e  s a m p le d  
b y  c o r in g ,  a n d  a n a ly z e d .  T h e  to x ic  c l a m  c o r e s  a v e r a g e d  4 0 . 3  p.g 
D A / g  t i s su e  ( ra n g e :  3 6 . 3 - 5 0 . 2  p.g/g; N  =  4  c a n s )  f o r  E x p e r im e n t  
1; a n d  57 .1  p,g D A / g  t i s su e  ( ra n g e :  4 8 . 1 - 6 2 . 2  p-g/g; N  =  10 c a n s )  
f o r  E x p e r im e n t  2. D a i ly  f e e d  c o m p o s i t e s  s a m p l e s  w e r e  a l s o  c o l ­
lec ted  d u r in g  th e  e x p e r i m e n t  a n d  a n a ly z e d ;  th e s e  s a m p l e s  a v e ra g e d  
2 7 . 6  |xg  D A / g  t i s s u e  ( ra n g e :  2 5 . 6 - 3 1 . 4  p .g /g ;  N  =  6 )  f o r  E x p e r ­
im e n t  1 a n d  4 5 . 5  p.g D A / g  t i s s u e  ( ra n g e :  3 4 . 6 - 5 3 . 8  p .g /g ;  N  =  9 )  
f o r  E x p e r im e n t  2 .  T h e  d i f f e r e n c e  in  D A  c o n c e n t r a t i o n  o f  th e  fe ed  
c o r e  s a m p l e s  a n d  the  d a i ly  f e e d  s a m p l e s  w a s  d u e  to  t h e  lo s s  o f  D A  
in th e  c l a m  d r i p  o r  th a w  l iqu id .

D u n g e n ess  C rab

T o  in su re  o u r  te s t  a n im a l s  w e r e  f r e e  o f  d o m o i c  a c i d ,  w e  a c ­
q u i r e d  l iv e  D u n g e n e s s  c r a b s  c a u g h t  in  t h e  P a c i f ic  O c e a n  o f f  the 
C a n a d i a n  a n d  A l a s k a n  c o a s t s  in  a r e a s  w h e r e  th e  to x in  h a s  n o t  b e e n  
d e te c te d .  W e  p u r c h a s e d  5 6  c r a b s  f o r  E x p e r im e n t  1, a n d  7 3  fo r  
E x p e r im e n t  2  f ro m  a  c o m p a n y  in  W a s h in g t o n  s ta te .  A  s u b s e t  o f  6 
to  12 c r a b s  w e re  r a n d o m l y  s e l e c te d  p r i o r  to  e a c h  e x p e r i m e n t  a n d  
in d iv id u a l ly  a n a ly z e d  f o r  d o m o i c  ac id  to  c o n f i r m  th e  a b s e n c e  o f  
tox in .

C o n d itio n s

T h e  D u n g e n e s s  c r a b s  w e r e  t r a n s p o r te d  f r o m  th e  p u r c h a s in g  s i te  
in  ch i l l e d  c o o le r s  a n d  th en  h e ld  in  la rg e  g l a s s  o r  f ib e r g la s s  t a n k s  a t  
o u r  M u k i l t e o ,  W A  fac i l i ty .  T h e  t a n k s  w e r e  f i l led  w i th  s a n d  and  
g ra v e l  f i l te red  P u g e t  S o u n d  s e a  w a te r  ( 1 2 . 2 - 1 3 . 3 ° C )  a n d  c o n t i n ­
u o u s ly  r e f r e s h e d  w i th  a  f lo w - th r o u g h  s y s t e m  a t  a  r a te  o f  4 - 6  
L /m in .  E a c h  t a n k  h e ld  8  t o  9  c rab s .

E X P E R IM E N T A L  O U T L IN E

C ra b  F eed in g

T h e  c r a b s  w e re  la b e le d  w i th  a  n u m b e r  a n d  a c c l im a te d  t o  th e i r  
n e w  e n v i r o n m e n t s  f o r  2 4 - 4 8  h o u r s ;  d u r in g  th is  t im e  th e y  w e r e  fed
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a  sm a l l  a m o u n t  o f  c le a n  r a z o r  c l a m  m e a t  ( ^ 1 2  g ) .  T h i s  initial 
f e e d in g  a n d  t im e  in te rv a l  a l lo w e d  f o r  na tu ra l  fa ta l i t ie s  to  o c c u r  
b e fo re  the  e x p e r i m e n t  b e g a n ,  a n d  p e r m i t t e d  id en t i f ic a t io n  o f  o b ­
v io u s  a n d  p o s s ib le  p o o r  ea te rs .

T h e  c r a b s  w e r e  t h e n  h a n d  fe d  10 t o  18 g  o f  to x ic  r a z o r  c la m s  
u s in g  l o n g - a r m e d  u t i l i ty  c l a w s  f o r  6  ( E x p e r i m e n t  1) a n d  9  ( E x p e r ­
im e n t  2 )  d a y s ,  e x c lu d i n g  w e e k e n d s .  E x p e r im e n t s  1 a n d  2  w e re  
c a r r ie d  o u t  o v e r  a  p e r io d  o f  9  a n d  13 d a y s ,  r e s p e c t iv e ly .  T h e  goal  
o f  th e s e  f e e d in g s  w a s  to  o b ta in  c r a b s  w i th  v i s c e r a  d o m o i c  ac id  
c o n te n t s  a b o v e  2 0  fxg/g. T h e  a m o u n t  o f  c l a m  m e a t  a n d  n u m b e r  o f  
d a y s  t o  fe ed  w e r e  d e t e r m i n e d  a c c o r d in g ly .  D u r in g  the  e x p e r im e n ts  
e a c h  g r o u p  o f  c r a b  w a s  fe d  a n  a v e r a g e  o f  3 0 .7  m g  D A  (E x p e r im e n t  
# 1 )  a n d  5 5 .3  m g  D A  ( E x p e r i m e n t  # 2 ) .

A s  e a c h  e x p e r im e n ta l  s tu d y  p r o c e e d e d ,  d e a d  o r  d y in g  c r a b s ,  
a n d  p o o r  o r  n o n -e a t in g  c r a b s  w e re  r e m o v e d  f r o m  th e  t a n k s .  W h e n  
the  f e e d in g  w a s  c o m p l e t e ,  the  c r a b s  w e re  r a n d o m l y  d iv id e d  into 
e x p e r im e n ta l  g r o u p s ;  f o r  e a c h  s t u d y ,  a l l  g r o u p s  c o n t a i n e d  12 
c rab s .  T h e  c r a b s  w e re  r e m o v e d  f r o m  th e  t a n k s ,  p a c k e d  in c o o le r s  
a n d  t r a n s p o r te d  w i t h i n  1 h o u r  t o  o u r  S e a t t l e .  W A  fac i l i ty .  U p o n  
ar r iva l  a t  o u r  l a b o ra to ry ,  the  c r a b s  w e re  im m e d ia te ly  sac r i f iced  
a n d  p r o c e s s e d  ( e i th e r  a s  r a w  s a m p l e s  o r  u t i l ize d  in  th e  e x p e r i m e n ­
tal  c o o k i n g  a n d / o r  s to ra g e  s tu d ie s ) .

E x p er im en t  1: F resh  v s .  S a lt  W a te r  C o o k in g

T h e  o b je c t  o f  th is  s tu d y  w a s  to  d e t e r m i n e  i f  c o o k i n g  in salt 
w a te r  ( 3 %  N a C l )  o r  f re sh  (n o n - s a l t e d )  w a t e r  h a d  a n  e f fe c t  o n  the 
re su l t in g  d o m o i c  a c id  c o n te n t  in  th e  c r a b .  In th e  s tu d y ,  the  c rab s  
w e re  d iv id e d  in to  3 g ro u p s :  r a w  c o n t ro l  c r a b s ,  f r e s h  w a te r  c o o k e d  
c r a b s ,  a n d  sa l t  w a te r  c o o k e d  c r a b s .  T h e  c o o k e d  c r a b s  w e re  bo i led  
f o r  2 0  m in u te s  in  18 g a l lo n s  o f  e i t h e r  f re sh  o r  sa l t  w a te r ,  u s in g  a 
s t e a m - ja c k e t e d  s ta in le s s  s te e l  c o m m e r c i a l  c o o k e r .  A f te r  c o o k in g ,  
the  c r a b s  w e r e  r i n s e d  b r ie f ly  w i th  c o ld  w a te r ,  d r a in e d ,  a n d  a l lo w e d  
to  co o l .  C a u t i o n  w a s  tak en  to  p la c e  e a c h  c r a b  in the  s a m e  o r i e n ­
ta t io n  d u r in g  th e  c o o k i n g  a n d  c o o l in g  p ro c e s s e s .  O n c e  c o o l ,  a 
c o m p o s i t e  o f  the  d r i p  w a s  c o l l e c t e d  f r o m  e a c h  c o o k e d  g r o u p .  All 
the  c r a b s  w e re  t h e n  d i s s e c t e d  in to  v i s c e r a  ( h e p a to p a n c re a s  o n ly ) ,  
b o d y  a n d  leg  (m e r u s )  m e a t s .  T h e  s a m p l e s  w e re  re f r ig e ra te d  (1°C ) 
l e s s  t h a n  2 4  h o u rs  a n d  a n a ly z e d .

E x p e r im e n t  2: P o st-P ro cess in g  S to r a g e  C o n d it io n s

T h e  o b je c t  o f  th is  s tu d y  w a s  t o  d e t e r m i n e  t h e  e f f e c t s ,  i f  a n y ,  o f  
s to r a g e  o n  d o m o i c  ac id  c o n te n t  o f  c o o k e d  c r a b .  In th i s  e x p e r im e n t ,  
the  c r a b s  w e re  d i v i d e d  in to  4  g ro u p s :  r a w  c o n t ro l  c r a b s ,  sa l t  w a te r  
c o o k e d  c r a b s  h e ld  1 a n d  6  d a y s  a t  1°C, a n d  sa l t  w a t e r  c o o k e d  c rab s  
h e ld  9 0  d a y s  a t  - 2 3 ° C .  T h r e e  g r o u p s  o f  c r a b s  w e re  b o i le d  f o r  20  
m i n u te s  in  2 7  g a l lo n s  o f  sa l t  w a te r .  A g a in ,  the  c r a b s  w e re  c o o k e d ,  
r i n s e d ,  d r a in e d ,  a n d  a l lo w e d  t o  c o o l  w i th  sp e c ia l  a t t e n t io n  p a id  to 
c r a b  o r ie n ta t io n .  E a c h  c r a b  w a s  t h e n  in d iv id u a l ly  b a g g e d  a n d  
p la c e d  v e r t ic a l ly  ( p o s te r io r  u p )  o n  la rg e  t rays .  T h e  g r o u p s  w ere  
s to re d  f o r  1 d a y  a t  1°C, 6  d a y s  a t  1°C, o r  9 0  d a y s  a t  -  2 3 ° C  b e fo re  
s a m p l in g .  T h e  d r ip  w a s  c o l l e c t e d ,  i f  a v a i l a b l e ,  a n d  the  c r a b s  w ere  
d i s s e c te d  in to  v i s c e ra  (a ll  o f  the  g u t  so f t  t i s s u e s ,  e x c lu d i n g  g i l ls  
a n d  h e a r t ) ,  b o d y  m e a t  p ro x im a l  a n d  d is ta l  t o  th e  v i s c e ra  ( the  m ea t  
b e tw e e n  th e  v isce ra l  c a v i ty  a n d  th e  leg  k n u c k le s  w a s  d iv id e d  into 
t w o  e q u a l  p a r t s ) ,  a n d  the  leg m e a t  (m e r u s  a n d  k n u c k le  m e a t  f ro m  
the  f irs t  w a lk in g  leg ) .  All  s a m p l e s  w e r e  a n a ly z e d  im m e d ia te ly  
a f te r  th e  a l lo t te d  s to ra g e  t im e  h a d  e x p i re d .

S a m p le  P rep a ra tio n

All t i s s u e s  c o l l e c te d  in t h e  s tu d ie s  w e re  h o m o g e n i z e d  u s in g  a 
c o m m o n  h o u s e h o ld  b l e n d e r .  T o  e n s u r e  th o ro u g h  h o m o g e n iz a t io n .

the  m e a t  s a m p l e s  (b o d y  o r  leg )  w e r e  m i x e d  1:1 ( w t :w t )  w i th  d i s ­
t i l led  w a te r  p r io r  t o  b l e n d in g .  A l l o w a n c e s  w e re  m a d e  f o r  this 
a d d e d  w a t e r  in  th e  f ina l  c a lc u la t io n s  o f  d o m o i c  a c id  c o n c e n t r a t io n .  
V isce ra l  t i s su e s  w e r e  h o m o g e n i z e d  w i th o u t  th e  a d d i t io n  o f  w a te r .

D o m o ic  A cid  A nalysis

A ll  s a m p l e s  w e re  a n a ly z e d  b y  th e  m e th a n o l  e x t r a c t io n  m e th o d  
o f  Q u i l l i a m  e t  a l .  ( 1 9 8 9 ,  1991)  w i th  m o d i f i c a t io n s  to  the  so l id  
p h a s e  e x t r a c t io n  ( S P E )  c l e a n - u p  s t e p  (H a t f i e ld  e t  a l .  199 4 ) .  All 
a n a ly s e s  w e r e  p e r f o r m e d  o n  a  H e w le t t - P a c k a r d  1 09 0  H ig h  P e r f o r ­
m a n c e  L iq u id  C h r o m a t o g r a p h  ( H P L C )  e q u ip p e d  w i th  a  V y d a c  
2 0 1 T P  c o l u m n  ( R e v e r s e d  p h a s e  C 18, 2.1 m m  x  2 5  c m .  S e p a r a ­
t io n s  G r o u p .  H e s p e r i a ,  C  A  9 2 3 4 5 ) ,  a n d  a  d io d e  a r r a y  d e t e c to r  se t  
a t  2 4 2  n m  w i th  a  10 n m  b a n d w id th .  T h e  d o m o i c  a c id  w a s  c h r o ­
m a t o g r a p h e d  i s o c ra t ic a l ly  a t  4 0 ° C  w i th  H 20 / M e C N / T F A  (9 0 /1 0 /  
0 .1  ) (v /v /v )  a t  a  H o w  ra te  o f  0 . 3 0 0  m l /m i n .  S a m p le  in je c t io n s  o f  2 0  
| i L  w e r e  u s e d ,  a n d  th e  d o m o i c  a c id  re te n t io n  t im e s  w e re  b e tw e e n  
7 a n d  9  m in u te s .  A  2 . 0 0  p .g /m l D A C S -1  s ta n d a r d  w a s  in c lu d e d  
b e fo re ,  a f te r ,  a n d  w i th in  s e t s  o f  s a m p l e s  f o r  c a l i b r a t io n  a n d  q u a n ­
t i ta t ion .  A  2 0  p»g D A / m L  q u a l i ty  a s s u r a n c e  s a m p l e  w a s  a lw a y s  
in c lu d e d  t o  a s s u re  tha t  fu l l  ( > 9 0 % )  r e c o v e r y  o f  t h e  d o m o i c  ac id  
w a s  o b t a in e d  f r o m  th e  S P E  s tep .

R E S U L T S  A N D  D IS C U S S IO N

E x p e r im e n t I :  F resh  vs. S a lt  W a ter  C o o k in g

T h e  e f f e c t  o f  sa l t  in  th e  c o o k  w a t e r  d u r i n g  p r o c e s s in g  o f  the 
D u n g e n e s s  c r a b  w a s  e x a m i n e d .  A f te r  the  6  f e e d in g s  w i th  c o n t a m ­
in a te d  r a z o r  c l a m s ,  the  r a w  c o n t ro l  g r o u p  in d ic a te d  t h e  c r a b s  a t ­
t a in e d  a n  a v e r a g e  o f  22 .1  p.g D A /g  h e p a to p a n c r e a s .  B a s e d  o n  th e  
m a s s  b a l a n c e  a n a ly s i s  o f  th e  raw' c r a b  v i s c e r a ,  a p p r o x im a t e l y  
4 2 . 3 %  o f  th e  to ta l  d o m o i c  a c id  fe ed  d o s e  w a s  r e ta in e d  b y  the 
D u n g e n e s s  c r a b s .  A f t e r  p r o c e s s i n g ,  t h e  f r e s h  a n d  s a l t  w a t e r  
c o o k e d  c r a b s  y ie ld e d  d o m o ic  a c id  c o n c e n t r a t i o n s  o f  6 . 3 9  a n d  6 .4 3  
f i g /g ,  re sp e c t iv e ly  (T a b le  1). W h e n  c o n s i d e r in g  th e  o r ig in a l  D A  
c o n c e n t r a t io n  in jxg/g, the re  w a s  a  7 1 . 1 %  r e d u c t io n  in  d o m o i c  ac id  
in the  h e p a to p a n c re a s  a f t e r  c o o k i n g  th e  c r a b s  in f r e s h  w a te r ,  a n d  a 
7 0 . 9 %  re d u c t io n  a f te r  c o o k i n g  th e  c r a b s  in sa l t  w a te r .  L o o k i n g  at 
t h e  a b s o lu te  v a lu e  o f  m i c r o g r a m s  o f  D A  c o n te n t  in t h e  h e p a t o p a n ­
c r e a s ,  th e re  w a s  a n  a v e r a g e  lo ss  o f  7 8 . 8 %  in  th e  f r e s h  w a t e r  and  
7 9 . 7 %  in t h e  sa l t  w a t e r  c o o k e d  c r a b s .  T h e r e f o r e ,  t h e  a d d i t io n  o f  
sa l t  h a d  n o  e f fe c t  o n  the  r e su l t in g  d o m o i c  a c id  c o n c e n t r a t i o n  in th e  
c rab s .

D o m o i c  a c id  is a  h ig h ly  w a t e r  s o lu b le ,  lo w  m o l e c u l a r  w e ig h t  
a m i n o  a c id  (F a lk  e t  a l .  1991) .  O n c e  th e  p h y s io lo g ic a l  a n d  b io l o g ­
ical b a r r ie r s  in  the  c r a b  a re  d i s ru p te d  a n d  th e i r  in te g r i ty  c o m p r o ­
m is e d  d u r in g  the  c o o k in g  p r o c e s s ,  the  to x in  w o u l d  b e  e x p e c t e d  to 
m ig r a t e  t h r o u g h o u t  t h e  c r a b  a n d  in to  t h e  c o o k  w a te r .  D i r e c t  a n a l ­
y s i s  o f  th e  c o o k  w a te r s  b y  H P L C  in d ic a te d  0 .8 1  p.g D A / m l  f o r  the  
f r e s h  c o o k  w a te r  a n d  0 . 7 2  p.g D A / m l  f o r  th e  sa l t  w a te r .  T h i s  w o u l d  
p a r t ia l ly  e x p la in  the  la rge  r e d u c t io n  in t h e  v isce ra l  d o m o i c  ac id  
co n te n t ;  a l t h o u g h  w e  c a n  n o t  e l im in a te  t h e  p o ss ib i l i ty  o f  c h e m ic a l  
a l t e r a t i o n  o f  t h e  D A  ( i . e . ,  lo s s  o f  t h e  m o l e c u l e ’s  U V  C hro ­
m o p h o re ) .

E x p e r im e n t 2 :  P o s t-P ro cess in g  S to ra g e  C o n d itio n s

T h e  e f f e c t  o f  p o s t -p ro c e s s in g  s to r a g e  c o n d i t i o n s  o n  d o m o ic  
ac id  c o n c e n t r a t i o n  a n d  d i s t r ib u t io n  in the  D u n g e n e s s  c r a b  w as  
e x a m i n e d .  B a s e d  o n  th e  r a w  c o n t ro l  g r o u p  (F ig u r e  1), t h e  c r a b s  in 
th is  s tu d y  a t ta in e d  a n  a v e ra g e  d o m o i c  ac id  c o n c e n t r a t i o n  o f  2 2 .4



3 6 2 H a t f i e l d  e t  a l .

T A B L E  1.

E x p er im en t  # 1 :  D u n g e n e s s  c r a b  w e ig h t  (g) an d  d o m o ic  ac id  (D A ) co n ce n tr a t io n  (pig/g).

G r o u p S ta t is t ic s
H P  W t.

(R)

H P  D A  eo n e .  

(PR/R)

B R  o r  BC
W t.

(R)

B R  o r  BC
D A  eo n e .  

(PR/R)

LC
C o m p o s ite

W t.

(R)

LC  
C o m p o s ite  
D A  eo n e .

( p r /r )

Blank
(raw, non-fed) A v e NA 0 NA 0 NA 0

Raw A v e 49.41 2 2 .0 8 N A 0 NA 0
Std D ev 7 .2 3 7 .8 9 0

%CV 14.63 3 5 .7 2
Low 3 5 .9 0 6 .4 6 0
High 6 1 .9 4 3 3 .0 0 0

Fresh water A v e 3 6 .0 5 6 .3 9 6 3 .0 9 1 .88 126.5 1 .1 0
cooked Std D ev 8 .1 6 1.68 11 .94 0 .5 9

%CV 2 2 .6 4 2 6 .3 4 18.92 3 1 .5 3
Low 2 5 .7 3 .5 7 4 9 .3 4 1 .03
High 5 1 .7 7 9 .2 3 8 3 .5 4 3 .1 2

Salt water A v e 3 4 .3 7 6 .4 3 6 6 .8 2 1 .86 120.9 1.11
cooked Std  D ev 6 .5 5 2 .0 0 8 .2 7 0 .4 2

%CV 19.06 3 1 .0 5 12.38 2 2 .4 0
L ow 2 2 .8 3 4 .5 4 5 3 .3 6 1 .34
High 4 6 .2 11 .24 8 0 .8 0 2 .8 0

N A  =  N ot Available; HP =  Hepatopancreas; BC =  B ody meat cooked; BR =  B ody meat raw; LC =  Leg meat cooked  (com posite  o f  the merus meat 
o f  the first w alk ing  leg  from  each  o f  the 12 crab); A v e  =  average or arithmetic mean; Std D ev  =  standard deviation about the mean; % CV =  percent 
coeffic ien t o f  variation (standard deviation divided by the m ean tim es 100).

p g  D A / g  v i s c e r a  a n d  r e ta in e d  a p p r o x im a t e l y  4 7 . 3 %  o f  the  total 
d o m o i c  a c id  fe ed  d o s e .  N o  d o m o i c  a c id  w a s  fo u n d  o u t s id e  o f  th e  
v i s c e r a  in  t h e  r a w  c r a b s .  A g a i n ,  t h e r e  w a s  a  r e d u c t io n  ( 6 7 % )  in 
v i s c e r a  d o m o i c  a c id  p g / g  c o n c e n t r a t i o n s  a f te r  c o o k i n g  ( T a b le  2).  
D o m o i c  a c id  b u r d e n ,  to ta l  p g  o f  d o m o i c  a c id  p e r  c r a b ,  w a s  r e ­
d u c e d  b y  n e a r ly  6 8 % .  T h e  to x i n  los t  w a s  d e t e c t e d  in th e  c o o k  
w a t e r  a t  a  c o n c e n t r a t i o n  o f  0 . 4 - 0 . 6  p g  D A / m l .  a n d  in the  d r i p  at 
1 .2 5  p g  D A / m l .  T h e  c r a b  m e a t  s e c t i o n s  a l s o  h a d  d e t e c ta b le  
a m o u n t s  o f  d o m o i c  a c id  (F ig u re  1 ).

T h e  le n g th  o f  s to r a g e  a f t e r  c o o k i n g  h a d  l i t t le  e f fe c t  o n  th e  
a b s o lu te  d o m o i c  a c id  c o n c e n t r a t i o n  in th e  c r a b s .  W h e n  al l  3  s to r ­
a g e  c o n d i t i o n s  w e r e  c o m p a r e d ,  n o  s ig n i f ic a n t  d i f f e r e n c e s  (p  <

2 5

2 0

1 5

D A

W *>
1 0

5

2 2

I V isce ra
□  B o d y  P r o x im a l
□  B o d y  D is ta l
□  L e g

8 7
0  7 9  0  3 8

•#) D a y *  a t  -23’C0  D a y a ,  r a w  I D a y  a t  2 ° C  b  D a y a  a t  2 'C

S t o r a g e  T r e a t m e n t

F igu re  1. E xp er im en t # 2 :  D o m o ic  ac id  ( D A )  d istr ib u tion  an d  c o n c e n ­
tra tion  (p g /g )  in co o k e d  D u n g en ess  cr a b  resu ltin g  from  d ifferen t p ost­
p ro cess in g  s to r a g e  co n d it io n s  ( len g th  o f  t im e  held  a fter  c o o k in g  and  
tem p era tu re);  re feren ced  to  raw D u n g en ess  c r a b  a n a ly zed  im m e d i­
ately  a fter  sa m p lin g .

0 . 0 5 )  w e re  fo u n d  in  t h e  d o m o i c  a c id  c o n c e n t r a t i o n  in the  v i s c e ra  
a n d  th e  d is ta l  b o d y  m e a t s .  T h e r e  w e r e ,  h o w e v e r ,  d i f f e r e n c e s  d e ­
te c te d  b e t w e e n  th e  to x in  le v e ls  in t h e  p r o x im a l  b o d y  a n d  leg  m e a ts  
in th e  3 g ro u p s .  D o m o i c  a c id  w a s  o n ly  d e t e c t e d  in  th e  leg  m e a ts  
f r o m  th e  s a m p l e s  f ro z e n  a t  -  2 3 ° C  f o r  9 0  d a y s .

T h e  f r e e z in g  a n d  t h a w i n g  o f  th e  c r a b s  h a d  a n  e f f e c t  o n  the  
d i s t r ib u t io n  o f  th e  d o m o i c  a c id  w i th in  th e  c r a b .  W i t h  the  c r a b s  h e ld  
f o r  1 o r  6  d a y s  a t  1°C. th e re  w a s  a  r e l a t i o n s h ip  b e t w e e n  th e  d o m o i c  
a c id  c o n c e n t r a t i o n  in t h e  m e a t  a n d  its  p r o x i m i ty  t o  t h e  v i s c e r a .  T h e  
c l o s e r  th e  b o d y  m e a t  w a s  t o  t h e  v i s c e r a ,  t h e  h i g h e r  th e  d o m o i c  ac id  
c o n c e n t r a t i o n .  T h e s e  o b s e r v a t io n s  c a n  b e  e x p l a i n e d  b y  a s s u m i n g  a 
s im p le  d i f fu s io n  m o d e l .  T h i s  d i d  n o t  s e e m  t o  b e  the  c a s e  w i th  the 
9 0 -d a y  f ro z e n  s a m p le s ;  th e  to x in  a p p e a r e d  r a n d o m l y  d i s t r ib u te d  
t h r o u g h o u t  t h e  c r a b .  R e g a r d le s s  o f  t h e  d o m o i c  a c id  d is t r ib u t io n  
w i th in  th e  c r a b s ,  the  r e su l t in g  a b s o lu te  d o m o i c  a c id  c o n te n t  in  the

T A B L E  2.

E x p er im en t  # 2 :  A v era g e  d o m o ic  ac id  ( D A )  c o n te n t  ( p g )  and  
co n cen tra tio n  (p g /g )  in raw a n d  co o k ed  D u n g en ess  cra b  v iscera .

G ro u p
(N  =  12)

Total  
V iscera  DA  

C on ten t  

(PR)

A verage
A bso lu te
% L oss 

(PR)

A v era g e  
V iscera  

D A  C o n e .  

(PR/R)

A v era g e
R elative
% L oss

( p r /r )

R A W  CRAB
N o  storage 2 6 ,1 9 4 .4 2 2 .3 8

C O O K E D  CRAB
1 day at l°C 9 ,1 7 6 .0 6 5 .0 8 .1 8 6 3 .4
6  days at l°C 8 ,0 1 6 .7 6 9 .4 6.11 7 2 .7
9 0  days at -  23°C 8 ,1 0 2 .4 69.1 7 .6 4 6 5 .9

Ave: 8 4 3 1 .7 6 7 .8 7 .31 6 7 .3



F a t e  o f  D o m o i c  A c i d  i n  D u n g e n e s s  C r a b  P r o c e s s i n g 3 6 3

T A B L E  3.

E x p er im en t  # 2 :  E s t im a te d  a b so lu te  d o m o ic  ac id  ( D A )  c o n te n t  ( pg )  
in  c o o k e d  D u n g e n e s s  cr a b  s to red  u n d e r  th r e e  d ifferen t

trea tm en t  con d ition s.

C o o k e d  G r o u p  
(N  =  12)

T o ta l  D A  C on ten t  

(Hg>

1 d a y  a t 1°C 10.502

6  d a y s  a t 1°C 10,122

9 0  d a y s  at -  23°C 10,006

Ave: 10 ,2 1 0
S td  D ev: 259
%  C V : 2 .5

c o o k e d  D u n g e n e s s  c r a b s  w a s  e s s e n t ia l ly  t h e  s a m e  f o r  al l  3 t r e a t ­
m e n t  g r o u p s  ( T a b le  3).

C O N C L U S IO N S

T h e s e  s tu d ie s  i n d ic a te d  th a t  the  c o n c e n t r a t i o n  o f  d o m o i c  ac id  
t a k e n  u p  b y  the  D u n g e n e s s  c r a b s  d u r in g  f e e d in g s  w a s  d e c r e a s e d  by  
6 7 - 7 1 %  d u r in g  the  c o o k  p r o c e s s in g .  T h e  b u lk  o f  t h e  d o m o i c  ac id  
w a s  e x t r a c te d  f r o m  th e  c r a b s  a n d  d i lu te d  in to  t h e  c o o k  w a t e r  a n d  
d r ip .  A f t e r  c o o k i n g ,  t h e  m a jo r  p o r t i o n  o f  t h e  d o m o i c  a c id  r e m a i n ­
in g  in the  c r a b s  w a s  fo u n d  in  t h e  v i s c e ra .  O n l y  v e r y  lo w  le v e ls  o f  
the  to x in  w e re  d e te c te d  in t h e  b o d y  o r  leg  m e a t s .  S to r a g e  t im e  a n d  
t e m p e r a tu r e  d i d  n o t  a f fe c t  th e  o v e r a l l  b u rd e n  o f  th e  to x in  in  the 
c r a b ;  a l t h o u g h  f r e e z in g / th a w in g  d i d  c h a n g e  the  d i s t r ib u t io n  o f  the 
d o m o i c  a c id  w i th in  the  c rab .
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