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T he use o f  the N ash test, in conjunction w ith TC A  extraction, fo r m easuring form al­
dehyde in fish muscle w as m ade m ore quantitative. This w as done by m eans o f  a  “recovery 
facto r”  w hich to o k  in to  consideration the percent o f  form aldehyde added to  the m uscle ex­
tracted by  the T C A  solution. The average recovery from  15 different sam ples o f  cod  m uscle 
was 5 1 .3 %  with an  s d  o f  5 . 6 . Because o f  differences between species in capacity  to  b ind form al­
dehyde, it w ould appear that a  different “ recovery factor”  m ay be required fo r each  species 
o f  fish. As heating m uscle increases its ability  to  bind form aldehyde, recovery facto rs developed 
fo r use w ith raw  muscle a re  no t applicable to  the sam e muscle after it has been cooked. The 
percentage o f  added form aldehyde th a t was recovered varied w ith variations in the procedures 
used in  preparing th e  m uscle, m aking th e  extract, and  carrying ou t th e  N ash test.

C a s t e l l ,  C. H ., a n d  B. S m i th .  1973. M easurem ent o f  form aldehyde in fish muscle using 
T C A  extraction  and the N ash  reagent. J. Fish. Res. B oard C an. 30: 91-98.

L e te s t de  N ash, couplé à  l’extraction au  T C A , p o u r le  dosage du  form aldéhyde du m uscle 
de  poisson a été  rendu plus quantitatif. N o u s nous som m es servis pour cela d ’un “ facteur 
de  récupération”  qui tien t com pte du  pourcentage de form aldéhyde to ta l dans le muscle 
soumis à  l’extraction  p a r  la  solution de TCA. L a récupération m oyenne observée sur 15 échan­
tillons différents de m uscle de  m orue est de  53.1 % , avec écart type de 5 .6 . P a r  suite de diffé­
rences dans leu r capacité de  fixation du  form aldéhyde, chaque espèce de poisson semble exiger 
un  “ facteur de  récupération”  différent. L e chauffage du muscle augm ente sa  capacité de fixation 
du form aldéhyde. P o u r cette  raison, les facteurs de récupération établis pour le muscle cru ne 
s’appliquent pas au  même m uscle après cuisson.

N ous avons égalem ent étudié l’effet des variations de procédures dans la  préparation du 
m uscle, la  fabrication de  l’ex tra it e t la conduite  du  test de  N ash su r la  proportion  de formal­
déhyde a jou té  qui p eu t ê tre  récupérée.
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A  p ro c e d u re  fo r  th e  e s tim a tio n  o f  fo rm ald eh y d e  
in  b io lo g ica l m a te ria ls  w as  d esc rib ed  b y  N a s h  
(1953). I t  is  b a se d  o n  th e  fo rm a tio n  o f  d iace ty ld ih y - 
d ro lu tid in e  f ro m  a ce ty lace to n e  a n d  fo rm ald eh y d e  
in  th e  p resence  o f  excess a m m o n iu m  sa lt. H e  
su g g ested  (b u t d id  n o t  s u p p o r t  it w ith  d a ta )  th a t  th e  
te s t c o u ld  b e  c a r r ie d  o u t  w ith o u t th e  co m p le te  
d e s tru c tio n  o f  th e  b io lo g ica l m a te ria l b e in g  e x a m ­
in ed . H e  w e n t ev en  fu r th e r  b y  s ta tin g  “ th e  c o n d i­
tio n s  a re  m ild  e n o u g h  to  a llo w  o f  i ts  u se  w ith  liv ing  
m a te ria l,  a n d  its sen sitiv ity  a n d  deg ree  o f  specificity  
a re  c o m p a ra b le  to  th o se  o f  o th e r  re a c tio n s  req u irin g  
m o re  severe  c o n d itio n s .”  A  c a re fu l re ad in g  o f  his 
p a p e r  sh o w s th a t  th is  p ro p o se d  p ro c e d u re  is  sim ply  
a  c o lo r im e tr ic  m e th o d  fo r  m easu rin g  free  o r  loose ly  
b o u n d  fo rm ald eh y d e . F o rm a ld e h y d e , how ever, 
r e a c ts  read ily , a n d  in so m e  cases a lm o s t irreversib ly ,

Printed in C anada  (J2549)

w ith  p ro te in s , am in es, a m in o  acid s, a n d  m any  
o th e r  o rg a n ic  co m p o u n d s . I n  b io lo g ical m a te ria ls  
m u c h  o f  th is  b o u n d  fo rm ald eh y d e  is  n o t  availab le  
to  re a c t w ith  th e  N a sh  re ag e n t; th ere fo re , th is  test 
is n o t  a  sa tis fac to ry  m easu re  o f  th e  to ta l  a m o u n t o f  
fo rm ald eh y d e  th a t  is  p re sen t in  p la n t o r  an im a l 
tis su es  un less i t  is  u sed  in  co n ju n c tio n  w ith  som e 
m e th o d  o f  e x tra c tio n  th a t  re leases th e  m o re  firm ly 
b o u n d  fo rm aldehyde . In  m o st a n a ly tic a l p ro ced u re s  
th is  is acco m p lish ed  by th e  v e ry  m e th o d s  th a t  N a sh  
suggested  w ere  n o t  re q u ire d , su c h  a s  th e  co m p le te  
d e s tru c tio n  o f  th e  tissu es b y  m ea n s  o f  h o t ,  c o n ­
c en tra te d  su lp h u ric  a c id , a s  u sed  b y  E egriw e (1937). 
H ow ever, th is  d ra s tic  trea tm e n t p o ses  a  d ifficu lty  
w hen  ap p lie d  to  th e  tissu es o f  m an y  m a r in e  a n im a ls . 
S o u d a n  (1962) h a s  p o in te d  o u t  th a t  s tro n g  ac id  
tre a tm e n t a lso  lib e ra te s  fo rm ald eh y d e  fro m  tr im e - 
th y lam in e  o x id e , w h ich  is  a  n o rm a l c o n s titu e n t o f  
m o st sea  fish. T h is  o x id e , th e re fo re , h a s  to  b e  e lim ­
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in a te d  o r  red u ced  b e fo re  th e  te s t c a n  be  c a r r ie d  ou t.
A m a n o  a n d  Y a m a d a  (1964) a tte m p te d  to  a d a p t  

th e  N a s h  test to  th e  m easu rem en t o f  fo rm ald eh y d e  
in  fishery  p ro d u c ts  b y  a  m u ch  g en tle r m e th o d  o f  
e x tra c tio n . T h ey  firs t m ac era ted  th e  fish in  a  m o r ta r  
a n d  th e n  e x tra c te d  i t  w ith  a  2 0 %  T C A  so lu tio n , b u t 
th e y  gav e  n o  d a ta  o n  th e  efficiency o f  th e  e x tra c tio n . 
S o m ew h a t la te r, A m a n o  a n d  T o za w a  (1969) m ad e  
th e  fo llo w in g  sign ifican t c o m m e n t: “ B ecau se  o f  its 
h ig h ly  reac tiv e  n a tu re  w ith  p ro te in s , o r  w ith  m an y  
o th e r  c o m p o n e n ts  in  fish tis su e , a  full d e te rm in a tio n  
o f  fo rm ald eh y d e  m a y  n o t b e  feasib le  ’’(i.e. b y  m ean s 
o f  th e  N a sh  te s t o n  a  T C A  ex trac t).

T h e  p u rp o se  o f  th is  p re sen t w o rk  w as to  re -ex am i­
n e  th e  p ro c ed u re  fo r  m easu rin g  fo rm ald eh y d e  b y  
m ea n s  o f  T C A  e x tra c tio n  a n d  th e  N a s h  te s t. A n  
a tte m p t w a s  m a d e  to  e s tim a te  th e  p ro p o r tio n  o f  th e  
to ta l  fo rm ald eh y d e  p re sen t in  fish  m uscle  th a t  c an  
be  reco v ered  b y  T C A  e x tra c tio n . T h is  w a s  d o n e  by  
a d d in g  m easu red  a m o u n ts  o f  fo rm ald eh y d e  to  sam ­
ples o f  fish  m uscle , m easu rin g  th e  a m o u n ts  reco v ered  
in  th e  T C A  e x tra c t, a n d  th e n  c a lcu la tin g  th e  p e rce n t­
a g e  o f  th e  a d d e d  fo rm ald eh y d e  th a t  w a s  reco v ered . 
I f  th is  “ recovery  fa c to r”  is  re a so n a b ly  c o n s ta n t  fo r  
m usc le  f ro m  a  g iven spec ies o f  fish, it w o u ld  th en  
b e  po ss ib le  to  c o n v ert th e  re su lts  o f  th e  N a s h  te s t o n  
a  T C A  e x tra c t in to  v a lu es th a t  m o re  closely  a p p ro x ­
im a te  th e  to ta l  a m o u n t o f  fo rm ald eh y d e  in  th e  
tissu es. A s  th e  fo rm ald eh y d e -b in d in g  c ap a c ity  o f  
m usc le  is p r im a rily  d e te rm in ed  b y  its  chem ica l 
c o m p o s itio n , a n d  a s  th e  co m p o s itio n  o f  m uscle  
v a ries  slig h tly  f ro m  o n e  species to  a n o th e r , i t  is 
a n tic ip a te d  th a t  a  d ifferen t “ recovery  fa c to r”  m ay  
be re q u ire d  fo r  e ac h  species o f  fish. M o s t o f  th e  
w o rk  d esc rib ed  in  th is  p a p e r  w as co n fin ed  to  fresh  
c o d  m uscle  a n d  to  c o n c e n tra tio n s  o f  fo rm ald eh y d e  
n o t  exceed ing  0 . 0 1 %  o r  1 0 0  p p m  in  th e  m uscle. 
A  s tu d y  w as a lso  m a d e  o f  th e  effects o f  v a ria tio n s  
in  th e  p ro c ed u re s  u sed  fo r  p re p a rin g  th e  m uscle , 
m a k in g  th e  e x tra c t, a n d  c a rry in g  o u t th e  N a s h  test 
o n  th e  a m o u n t o f  fo rm ald eh y d e  th a t  w as reco v ered . 
In  a d d itio n , so m e  tes ts  w ere  c a rr ied  o u t  to  d e te rm in e  
th e  fo rm ald eh y d e -b in d in g  effect o f  c e r ta in  c o m p o ­
n en ts  o f  th e  m uscle , a s  in d ica ted  b y  th e ir  a b ility  to  
ch an g e  th e  p ro p o r tio n  o f  fo rm ald eh y d e  th a t  w as 
reco v e red  w hen  th ey  w ere a d d e d  to  th e  m uscle.

M aterials and M ethods

M ost o f  the experim ental w ork was carried ou t with 
muscle from  A tlantic cod (Cadus morhua), bu t for the 
purpose o f  com parison tests were also m ade w ith muscle 
from  A tlantic haddock (Melanogrammus aeglefinus), 
pollock (Pollachius virens), silver hake (Merluccius 
bilinearis), A tlantic wolffish (Anarhichas lupus), redfish 
(Sebastus marinus), w inter flounder (Pseudopleuronectes 
americanus), A tlantic salm on (Salmo salar), and lobster

(Homarus americanus). M ost o f  the fish were obtained 
live from  the station’s  aq u aria  and the tests were com ­
menced before the fish had entered rigor m ortis. A num ­
ber o f  tests were also m ade w ith fillets obtained from  
comm ercial sources that were o f  good quality bu t which 
h ad  passed through rigor.

The form aldehyde was analytical reagent grade. The 
basic procedures fo r the experim ental w ork were as fo l­
lows:

(1) Because o f  the difficulty o f  obtaining uniform  dis­
tribution  o f  form aldehyde when added to  whole fillets, 
blended fillets were used. The blend was prepared  by 
blending a  whole fillet with a n  equal weight o f  w ater in 
a  gallon size W aring blendor for approxim ately 45 sec 
a t  m edium  speed.

(2) The form aldehyde solutions were always prepared 
from  the stock 4 0 %  solution  imm ediately before being 
used. They were diluted in such a  m anner that the desired 
concentration was obtained when one part o f  form al­
dehyde solution was m ixed with 2  p a rts  o f  blend by 
weight. The final blend then  contained 1 p a rt o f  fish to  
2 parts o f  water and  60 ppm  o f  form aldehyde. All re­
sults a re  recorded as ppm  (mg / 1 0 0 0  g) in  the blend.

(3) After standing 30 min a t room  tem perature, the 
blended muscle, containing the form aldehyde, was ex­
tracted  by  adding an  equal weight o f  10%  TCA  solution, 
stirred, and  filtered. A series o f  com parative tests showed 
no  difference in the am oun t o f  form aldehyde recovered 
from  blends by using 10%  TCA, 10%  HCIO 4 , o r plain 
water. In  a  typical test the recoveries w ere: 5 2 .7 %  with 
T C A , 4 9 .2 %  w ith HCIO 4 . and  5 2 .0 %  with water. The 
disadvantage in using w ater was that it required extra 
centrifuging to  rem ove th e  cloudiness that developed 
during the heating o f  the reaction tubes, which could 
no t be elim inated by filtering. W e also found no  ad­
vantage in increasing the strength o f  the T C A  solution 
from  1 0 %  to  the 20%  used by  A m ano and  Yam ada.

(4) N ash color reagent: A solution contain ing  2 - m  
am m onium  acetate, 0 . 0 5 - m  acetic acid, and  0 .0 2 - m  
acetylacetone was prepared by dissolving 150-g am m o­
nium  acetate, 3 ml o f  acetic acid, and 2 ml o f  acetylace­
tone (redistilled a t 140 C) in water and adjusting the 
volum e to  1000 ml. This solution was stored in a  dark 
colored, airtight bottle  a t  0  C.

In  reference to  the stability o f  his color reagent, N ash 
(1953) stated th a t after 2 weeks a t  20 C  it “ appeared  to  
be  unchanged.”  O ur experience has shown it to  be less 
stable than  indicated. Even when stored close to  0 C 
the optical density values w ith know n am ounts o f  for­
m aldehyde gradually decreased as the storage period 
increased. Cochin and  Axelrod (1959) overcam e this by 
preparing a  slightly modified, double-strength N ash 
reagent (D S N R ): 150-g am m onium  acetate and  2 ml o f  
acetylacetone in a  volum e m ade up to  500 m l with water. 
W e found that when the D S N R  w as stored 6  m onths a t 
0 C  it gave readings that were identical to  those from 
freshly prepared reagents. Tests using bo th  D S N R  and 
freshly prepared N ash reagent gave sim ilar results. 
Because o f  its better keeping quality, D S N R  was used 
in most o f  the form aldehyde determ inations recorded in 
this paper.

(5) A 5-ml sam ple o f  the TCA  ex tract w as added to 
10 ml o f  w ater and  adjusted to  p H  6 .0  (with acetic  acid
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o r  N aO H  solutions) and  then m ade u p  to  25 ml with 
water. Five m illiliters o f  this adjusted and diluted extract 
were added to  5 ml o f  the N ash color reagent followed by 
heating in a  w ater bath  for 5 m in a t 60 C  and  then cooling 
under running ta p  water. The optical density (OD ) was 
read  a t 415 nm  and the form aldehyde calculated by com ­
parison o f  values obtained w ith a  s tandard  curve. D uring 
th e  course o f  the w ork three different spectrophoto­
m eters were used and  com pared: Unicam , Beckman 
D U , and Bausch and Lom b "Spectronic 20.”  They all 
gave satisfactory readings, b u t the “ Spectronic 20” 
needed the use o f  a  line voltage regulator to  give steady 
readings.

S t a n d a r d  C u r v e  a n d  R e c o v e r y  F a c t o r s

The curve obtained by plotting form aldehyde concen­
trations in aqueous solutions against O D  readings, using 
the N ash color reagent (Fig. 1), shows a  straight line 
relation  up  to  a  form aldehyde concentration  o f  about 
2 5  ppm  (O D  o f  abou t 0 . 7 ) .  Over a  period o f  a  year, using 
several lots o f  separately prepared  N ash and  D SN R  
solutions, 4 5  tests were m ade o n  standard  solutions 
containing 2 0  ppm  o f  formaldehyde. The average O D  
was 0 . 5 1 3  w ith an  SD o f  0 .0 5 2 .  From  these figures a factor 
w as obtained fo r the conversion o f  O D  values into form al­
dehyde concentrations (where the O D  values were under 
0 . 7 ) :  E ach O D  unit o f  0 . 1  equals approxim ately 3 . 9  
ppm  o f  form aldehyde. The relation between th e  con­
centrations o f  added form aldehyde in  the blend and the 
O D  values th a t were obtained by T C A  extraction and the 
N ash test (Fig. 1) was also linear fo r O D  values u p  to 
0 . 7 .  C alculations based on the values from  w hich these 
curves were draw n show  that fo r this particular sam ple 
o f  fish m uscle approxim ately 4 4 %  o f  the added form al­
dehyde was recovered in the TCA  extract.

F o r m a l d e h y d e  R e c o v e r y  f r o m  C o d  M u s c l e

The blend m ade from  the tw o fillets from  one cod 
fish, containing 60 ppm  o f  form aldehyde, was divided 
into 1 0  portions and  a  form aldehyde determ ination was 
m ade on  a  TCA  ex tract from  each  o f  the 10 portions. 
The average recovery w as 5 5 .6 %  and  the s d  w as 0.51. 
Also, over a  period o f  several m onths a  sim ilar concen­
tration  o f  form aldehyde w as added to  m uscle from  15 
different cod  fish. In  this case the average recovery was 
51 .3 %  and  the s d  5.6 . This indicates that, although there 
might be slight variations between muscles from  indivi­
dual fish, approxim ately 50%  o f  the form aldehyde added 
to  th e  cod m uscle was recovered in the T C A  extracts.

M easurem ent of Form aldehyde Form ed in 
G aloid Fillets During Storage

In  dealing w ith com m ercial fish one w ould rarely be 
required to  m easure the am oun t o f  form aldehyde that 
has been purposely added to  the muscle. O f m uch more 
interest is the form aldehyde th a t is form ed in situ as the 
muscle undergoes certain  types o f  deterioration or 
processing. A n exam ple o f  this is the form aldehyde that 
is form ed in th e  m uscle o f  gadoids when th e  fillets are

F ig . 1. S tandard curve showing the relation between 
op tical density and the concentration o f  formaldehyde 
in aqueous solutions, and  the curve showing the relation 
fo r form aldehyde added to  the fish m uscle, obtained from 
the TCA  extracts. Each plotted value is th e  average for 
five o r  m ore samples.

frozen and  stored a t tem peratures above -25 C  (Tokunaga 
1964, 1965; Castell 1971). In  this case the form aldehyde 
has its origin in the trim ethylam ine oxide (TM AO ) 
o f  the muscle (A m ano and  Y am ada 1964a, 1964b; 
Y am ada and  A m ano 1965), which decom poses through 
enzyme action  to  form  equim olar am ounts o f  D M A  and 
form aldehyde. D uring storage the D M A  accum ulates, 
but a t least part o f  the form aldehyde is firmly bound  by 
th e  tissues and cannot be  recovered by TCA  extraction. 
W ith this in m ind, D M A  and form aldehyde (using the 
copper dithio-carbonate procedure o f  D yer and Mounsey 
1945) determ inations were carried ou t on  som e old frozen 
fillets that had been stored under poor storage conditions. 
The purpose was to  com pare the am ounts o f  D M A  
and  form aldehyde that had form ed during storage in 
term s o f  millimoles per 100 g o f  muscle. T o begin with,

o  IO 20 30  40  50

CONCENTRATION OF FORMALDEHYDE 
( p p m  in b l e n d  a n d  w a t e r  )
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th e  form aldehyde was m easured in th e  usual m anner by 
T C A  extraction and  th e  N ash co lo r reagent, bu t w ithout 
the use o f  a  ' ‘recovery facto r.”  T he average values from 
four separate fillets ob tained  in this way were as follows:

\o o

D M A  H C H O

mmole/100 g 
m olar ra tio

0 .82
1
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0.536

Ul
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- I
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9 0
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100 >

0.82 X 0 .4 4  =  0.85 o
51.5 <0 5 0

1.00 1.04 Ul
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This w ould suggest th a t during storage only ha lf a  mole 
o f  form aldehyde w as form ed fo r each  m ole o f  D M A . 
However, if  th e  average “ recovery facto r”  fo r cod muscle 
(Table 1) is taken into consideration, quite  a  different 
set o f  values is obtained:

mmole 

m olar ratio

indicating that very close to  equal m o lar am ounts o f 
D M A  and  form aldehyde were produced  in the stored 
frozen fish.

Factors Affecting the Recovery of 
Form aldehyde

T h is  sec tio n  in d ica tes  h o w  so m e  fa c to rs  affect 
th e  a m o u n t o f  fo rm ald eh y d e  th a t  c a n  b e  reco v ered  
fro m  c o d  m uscle.

P r o p o r t i o n s  o f  M u s c l e  a n d  W a t e r  i n  t h e  B l e n d s

W h en  th e  p ro p o r t io n s  o f  m u sc le  a n d  w a te r  in  th e  
b len d s  w ere  c h an g e d , th e re  w as a  co rre sp o n d in g  
ch an g e  in  th e  a m o u n ts  o f  a d d e d  fo rm ald eh y d e  th a t  
w ere  reco v ered . A s th e  p ro p o r t io n  o f  m uscle  in c reas­
e d  th e  a m o u n t o f  re co v e rab le  fo rm ald eh y d e  de­
c rea se d  (F ig . 2 ), in d ic a tin g  th a t  th e  u n reco v e red  
f ra c tio n  w as b o u n d  b y  th e  tissues.

B i n d i n g  o f  F o r m a l d e h y d e  b y  t h e  S o l u b l e  a n d

I n s o l u b l e  C o m p o n e n t s  o f  t h e  M u s c l e

B o th  th e  so lid  a n d  th e  liq u id  f ra c tio n s  o f  th e  
m u sc le  w ere  a b le  to  b in d  th e  fo rm ald eh y d e , b u t 
th e  g re a te s t “ lo ss”  o c c u rre d  w ith  th e  in so lu b le  
m ate ria ls , a s  sh o w n  b y  th e  fo llo w in g  e x p erim en t: 
A  1 :1 b  le n d  o f  c o d  m usc le  w a s  c en trifu g ed  a t  41 ,300 
g . T h e  su p e rn a ta n t liq u id  w a s  d ra in e d  o ff  b y  in v ertin g  
th e  tu b e s  a n d  le tt in g  these  s ta n d  fo r  10 m in . T h is  
gave, b y  w e ig h t, 3 1 %  v ery  c o m p a c t so lid  m a te ria l 
a n d  6 9 %  c lear, liq u id  so lu b les . T h e  liq u id  w as th en  
d iv id ed  in to  tw o  p o rtio n s , o n e  o f  w hich  w a s  trea te d  
w ith  T C A  a n d  filte red  to  re m o v e  so lu b le  p ro te in s  
a n d  o th e r  m a te ria ls  p re c ip ita te d  b y  th e  T C A . 
T h ir ty -o n e  g ra m s o f  th e  so lid s  w ere m a d e  u p  to  100 g
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F ig . 2. Effect o f  th e  proportions o f  w ater and  muscle 
in the blend on  the recovery o f  added formaldehyde. 
T he form aldehyde was added to  give a  concentration 
o f  60 ppm  in  each  o f  the blends.

b y  a d d in g  w a te r  a n d  d isp e rsed  b y  v ig o ro u s  s tirrin g . 
S ix ty -n ine  g ra m s o f  e ac h  o f  th e  liq u id  f ra c tio n s  w ere  
a lso  m a d e  u p  to  100 g  b y  th e  a d d it io n  o f  w a te r . T o  
e ac h  lo t  fo rm a ld eh y d e  w a s  a d d e d  to  g ive  a  c o n ­
c e n tra tio n  o f  60  p p m  a n d , a f te r  s ta n d in g  fo r  30 
m in , th e y  w ere  tes ted  a s  u su a l:

Fraction

Insolubles
Solubles
TC A -treated solubles

%  R ecovery o f  H C H O

4 9 .2
66.3 
6 9 .7

I t  is n o tew o rth y  th a t  rem o v a l o f  th e  so lu b le  p ro te in s  
f ro m  th e  l iq u id  fra c tio n  b y  T C A  tre a tm e n t m ad e  
re la tiv e ly  l ittle  d ifference  in  i ts  c ap a c ity  to  b in d  
fo rm ald eh y d e .

B l e n d i n g  T im e

In su ffic ien t b len d in g , w h ere  th e  tissu es w ere  n o t 
co m p le te ly  d is in teg ra ted , re su lte d  in  a  g re a te r  reco ­
v ery  o f  th e  a d d e d  fo rm a ld eh y d e ; b u t  o n c e  th e  b len d  
h a d  re ac h ed  a  s m o o th  c rea m y  te x tu re  m o re  b lend ing
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h a d  n o  effect. W ith  m o s t fish  m uscle  sam p les th is  
c rea m y  s tag e  w a s  re ac h ed  a f te r  1 -1 .5  m in  a t  m ed iu m  
sp eed  in  a  W a rin g  b len d o r.

T im e  B e t w e e n  A d d i n g  F o r m a l d e h y d e  a n d  T e s t i n g

I n  w ell b len d ed  m u sc le  th e  “ lo ss”  o f  a d d e d  fo rm a l­
d e h y d e  o c c u rre d  ra p id ly . W ith  sam p les  left fo r  3 -120  
m in  be tw een  th e  a d d it io n  o f  fo rm a ld eh y d e  a n d  e x ­
t ra c tio n  w ith  T C A  so lu tio n , th e  p e rcen tag e  reco v eries 
sh o w ed  n o  s ign ifican t d ifferences:

T im e (min) 3 5 25 60 120
Recovery (% ) 4 9 .7  50 .8  5 1 .4  54.1 50.8

H e a t i n g  t h e  R e a c t io n  T u b e s

U sin g  D S N R  fo r  d e te rm in in g  th e  reco v e rab le
a m o u n ts  o f  fo rm a ld eh y d e  a d d e d  to  b len d ed  c o d
m uscle , w e  fo u n d  th a t  h e a tin g  th e  re a c tio n  tu b es  
b e y o n d  5 m in  a t  6 0  C  re su lte d  in  d e c reas in g  o p tica l 
d en sity  read in g s (F ig . 3 ). T h is  ag rees w ith  th e  resu lts  
o b ta in e d  b y  N a s h  u s in g  th e  o rd in a ry  c o lo r  reag en t, 
in  w h ic h  h e  fo u n d  th e  re ac tio n  tim e  fo r  9 9 %  co m -
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F ig . 3. Effect o f  holding tim e a t 60 C  on  color devel­
opm ent in  reaction  tubes containing the double strength 
N ash reagent and  T CA  extracts from  blended cod  m uscle 
to  which form aldehyde had  been added  to  give a  con­
centration  o f  60 ppm . T he figures in brackets show  the 
percentage recoveries o f  formaldehyde.

p le tio n  o f  th e  c o lo r  ch an g e  to  be  4 0  m in  a t  37  C  
o r  5 m in  a t  58 C .

T r im e t h y l a m in e  a n d  D im e t h y l a m in e

I n  de fin in g  so m e  o f  th e  lim ita tio n s  o f  h is  co lo ri­
m etric  p ro c e d u re  N a s h  (1953) p o in te d  o u t  th a t 
c e r ta in  a m in e s  c an  c o m p e te  w ith  th e  a m m o n ia  in  
th e  re ag e n t, c a u s in g  “ a n  a p p a re n t lo ss o f  de te rm ined  
fo rm ald eh y d e .”  A s b o th  trim e th y lam in e  (T M A ) 
a n d  d im eth y lam in e  (D M A ) a re  freq u e n tly  fo u n d  in  
m arin e  fishery  p ro d u c ts , i t  is  im p o r ta n t  to  k n o w  
w h e th e r  e ith e r  o n e  o f  th ese  am in es in te rferes  w ith  
th e  reco v e ry  o f  fo rm ald eh y d e  fro m  fish m uscle. 
T o  an sw er th is ,  c o d  m u sc le  b len d s  w ere  p rep ared  
fro m  fresh ly  k illed  fish, u n d e r  c o n d itio n s  w here  
n e ith e r  T M A  o r  D M A  h a s  a  ch an ce  to  develop. 
T M A -H C 1  a n d  D M A -H C 1  w e re  e ac h  a d d e d  to  give 
a  ra n g e  o f  am in e  v a lu es be tw een  6  a n d  6 6  m g  o f  
a m in e  n itro g e n  p e r  100 g  o f  m uscle . T h ese  c o n ce n tra ­
tio n s  e x te n d  b e y o n d  th e  lim its  n o rm a lly  e n co u n te red  
in  b a d ly  d e te r io ra te d  co m m erc ia l fish. T h e  b len d s 
w ere  te s te d  30  m in  a f te r  a d d in g  th e  am in es a n d  th e  
re su lts  sh o w ed  th a t  in  th e  c o n c e n tra tio n s  u sed  they  
h a d  lit t le  o r  n o  effect o n  th e  reco v ery  o f  th e  fo rm al­
d eh y d e :

C oncn o f  am ine in blend
(mg am ine N /100 g) 

Recovery o f  H C H O (% )
0 6 1 2 2 0 27 33 6 6

W ith TM A 46 52 47 46 44 46 44
W ith  D M A 46 47 48 49 47 49 41

O th e r  te s ts  in  w h ic h  th e  p H  o f  th e  b le n d  w a s  ad ju s ted  
to  a n  a lk a lin e  ra n g e  o f  p H  7 . 0 - 9 .0  (in  o rd e r  to  
free  th e  am in e  fro m  th e  h y d ro ch lo rid e ) g av e  s im ila r 
n eg ativ e  resu lts .

P r o t e in s  a n d  A m i n o  A c id s

T h e  a d d it io n  o f  v a r io u s  p ro te in s  (casein , g liad in , 
g lu te n , zein , a n d  p e p to n e ) to  g ive a  co n ce n tra tio n  
o f  1  %  in  th e  b len d s  a d d e d  l it t le  o r  n o th in g  to  th e  
n o rm a l fo rm ald eh y d e -b in d in g  ac tiv ity  o f  th e  m uscle  
itse lf, a s  in d ic a te d  b y  th e  a m o u n ts  reco v e red  in  th e  
T C A  e x tra c t.  I f  m u c h  la rg e r c o n ce n tra tio n s  w ere 
a d d e d , o r  i f  th e  m usc le  w as  h e a te d  b e fo re  e x tra c tin g  
i t  w ith  th e  T C A , a d d itio n a l b in d in g  o f  th e  fo rm a l­
d eh y d e  b e ca m e  ev id en t. T h e  sam e  re m a rk ab le  re su lt 
w as  o b ta in e d  w ith  m o s t o f  th e  free  a m in o  a c id s  
th a t  w ere a d d e d  to  th e  m uscle . O n e  d ec id ed  e x cep tio n  
w a s  w ith  cysteine, a n d  to  a  so m e w h a t lesser ex ten t 
w ith  th e  c losely  re la te d  p ep tid e , g lu ta th io n e . T h e  
effects o f  c y ste in e  o n  th e  reco v e ry  o f  fo rm ald eh y d e , 
b o th  fro m  a q u e o u s  so lu tio n s  a n d  fro m  b len d ed  c o d  
m uscle , a re  sh o w n  in  F ig . 4 . In  th e  c a se  o f  th e  b len d s , 
th e  m u sc le  i ts e lf  re d u ce d  th e  reco v ery  b y  a p p ro x ­
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F io . 4. Effect o f  cysteine o n  the recovery o f  form aldehyde from  
aqueous solutions and  from  blended cod  muscle.

im a te ly  5 0 % , b u t  th e  a d d it io n  o f  re la tiv e ly  sm all 
a m o u n ts  o f  cyste in e  fu r th e r  red u ced  th e  a m o u n ts  
reco v ered . T h e  a d d it io n  o f  60  p p m  (0 .0 0 6 % ) 
cy ste in e  w a s  m o re  effective in  red u cin g  th e  recovery  
o f  fo rm ald eh y d e  fro m  th e  b len d  th a n  th e  a d d itio n  
o f  5 %  o f  a n y  o f  th e  p ro te in s  th a t  w ere  tested .

T h e  re su lts  w ith  cy s te in e  w ere  n o t  un ex p ec ted . I t  
is  k n o w n  th a t  it c o m b in es  w ith  fo rm ald eh y d e  to  
fo rm  th iazo lid in e -4 -ca rb o x y lic  ac id , w h ich  is  a  
re m a rk ab ly  s ta b le  c o m p o u n d  to w a rd s  b o th  ac id  
a n d  a lk a li (R a tn e r  a n d  C la rk e  1937). I n  a d d itio n  
t o  re a c tin g  w ith  fo rm ald eh y d e , cy ste in e  a lso  reac ts  
d irec tly  w ith  th e  N a s h  c o lo r  re a g e n t, se rio u sly  in te r­
fe rin g  w ith  th e  re su lts  o f  th e  te s t. F o r tu n a te ly , th is  
c a n  b e  p rev en ted  b y  p re c ip ita tin g  th e  cy ste in e  in  th e  
T C A  e x tra c t w ith  a  w e a k  so lu tio n  o f  C u S 0 4  a n d  
filte ring  im m ed ia te ly  b e fo re  th e  N a s h  re ag e n t is 
a d d ed .

H e a t i n g  t h e  M u s c l e

P re h e a tin g  th e  m uscle  in c reased  its  c a p a c ity  to  
b in d  fo rm ald eh y d e  a n d  th e re fo re  decreased  th e  
p e rcen tag e  o f  a d d e d  fo rm a ld eh y d e  th a t  c o u ld  be  
reco v e red . F o r  e x am p le : fo u r  fillets w ere  c u t  fro m  
tw o  fish . O n e  fillet f ro m  e ac h  fish  w as a u to c lav e d  
fo r  15 m in  a t  15 lb  p re ssu re , w h ile  th e  tw o  c o rre ­
sp o n d in g  fillets w ere  left u n h e a te d . T h ese  w ere each  
b len d ed  se p a ra te ly  a n d  fo rm ald eh y d e  w a s  ad d ed  
a n d  e x tra c te d  in  th e  u su a l m a n n e r . T h e  recoveries 
w ere  4 7 .6  a n d  4 9 .8 %  fro m  th e  u n h e a te d  m uscle  
a n d  2 1 .6  a n d  2 4 .0 %  fro m  th e  c o rre sp o n d in g  h e a ted  
fillets . H e a tin g  th e  b len d s  a f te r  th e  fo rm ald eh y d e  
h a d  b een  a d d e d  re su lte d  in  even lo w er recoveries 
th a n  w hen  h e a t w as  a p p lie d  to  th e  w h o le  fillet before  
it w as b len d ed  a n d  th e  fo rm ald eh y d e  a d d e d . F o r  
ex am p le : fillets w ere  b len d ed  in  th e  n o rm a l m an n e r

a n d  th e  b len d s  w ere  m ix ed  a n d  d is tr ib u te d  in  h e a t-  
s ta b le  p la s tic  bags. O n e  w as  left u n h e a te d ;  a  second  
w a s  h e a ted  b y  im m ersin g  it fo r  1 0  m in  in  b o ilin g  
w a te r  b e fo re  a d d in g  fo rm a ld eh y d e ; th e  th ird  h a d  
fo rm ald eh y d e  a d d e d  b e fo re  h e a tin g . T h e  reco v eries 
w ere  a s  fo llo w s: U n h e a te d , 5 6 .8 % ;  h e a te d  p r io r  
to  a d d in g  fo rm ald eh y d e , 3 3 .1  % ; h e a te d  a f te r  a d d in g  
fo rm ald eh y d e , 2 3 .7 % .

F r e e z i n g

F reez in g  fresh  c o d  fille ts  a t  - 4 0  C  fo r  2 h r  a n d  th e n  
d e fro s tin g  a n d  a d d in g  fo rm ald eh y d e  d id  n o t  ch an g e  
th e  a m o u n t o f  fo rm ald eh y d e  reco v ered , a s  c o m p a re d  
w ith  s im ila r  fillets th a t  h a d  n o t  b een  fro zen . D e te r­
m in in g  th e  co m b in e d  effects o f  freez in g  a n d  fro zen  
s to ra g e  w a s  a  m u c h  m o re  d ifficu lt p ro b lem  becau se  
o f  th e  m a n y  v a ria b le s  th a t  a re  in v o lved . H o w ev er, as 
a  re su lt o f  m a n y  tes ts , in c lu d in g  so m e  w ith  fish  th a t 
h a d  been s to re d  u n d e r  a d v erse  c o n d itio n s , w e  c o n ­
c lu d ed  th a t  th e  c h an g es  o c cu rrin g  in  th e  m usc le  
d u r in g  fro zen  s to ra g e  h a d  re la tiv e ly  l it t le  o r  n o  effect 
o n  its  fo rm ald eh y d e -b in d in g  c ap a c ity , a s  in d ica ted  
b y  th e  reco v ery  fro m  T C A  e x trac ts .

I n t r a  a n d  I n t e r  S p e c ie s  D if f e r e n c e s

B ecause o f  th e  in h eren t d ifferences in  th e  chem ica l 
c o m p o s itio n  o f  d ifferen t spec ies o f  fish a n d  shellfish , 
it is  po ss ib le  th a t  th e re  m a y  b e  c o rre sp o n d in g  d iffer­
ences in  th e  fo rm a ld eh y d e -b in d in g  a c tiv ity  o f  m uscle  
fro m  d ifferen t species. A s a  p re lim in a ry  c h ec k  o n  
th is  p ro b lem  d e te rm in a tio n s  w ere  m a d e  o n  th e  
p e rce n t reco v ery  o f  fo rm ald eh y d e  a d d e d  to  b len d ed  
m uscle  f ro m  1 0  species o f  co m m erc ia l fish a n d  shell­
fish (T ab le  1). A lth o u g h  th ese  lim ite d  d a ta  a re  in ­
suffic ient fo r  a  sa tis fac to ry  s ta tis t ic a l ana ly sis , they
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T a b l e  1. Percentage recoveries o f  form aldehyde 8  that 
had  been added to  blends prepared from  the m uscle o f 
various species o f  fish and shellfish using th e  N ash test 
and  10%  T C A  as th e  extractant.

Species
N o. o f  - 

fish

%  Recovery

Range Avg

Scallops 7 66 .7 -7 1 .7 69.1
Lobster 4 59 .1-64.1 61.7
A tlantic salmon 1 - 66.9
W inter flounder 2 53 .4 -5 4 .8 54.1
Cod 15 4 0 .3 -5 8 .6 5 1 .5b
H addock 5 4 4 .1 -5 4 .7 4 8 .4
H ake 2 45 .1 -5 1 .3 4 8 .2
Pollock 3 3 9 .7 -4 9 .4 4 3 .7
Wolffish 5 3 3 .1 -4 4 .2 4 0 .2
Redfish 1 - 39.9

“Form aldehyde added to  give a  concentration o f  60 
ppm  in th e  blend. 

bS tandard  deviation from  the m ean: 5 .6 .

d o  su g g est th a t  a  species d ifference  m ay  exist. 
T h e  ra n g e  o f  fo rm ald eh y d e  reco v eries f ro m  th e  
sca llo p s a n d  lo b s te rs  w as c o n s id e ra b ly  h ig h er th a n  
th o se  fro m  th e  fish . A m o n g  th e  species o f  fish, th e  
g a d o id s , a s  a  g ro u p , h a d  recoveries th a t  w ere  c loser 
t o  each  o th e r  th a n  to  th o se  o f  th e  shellfish  o r  th e  
n o n g a d o id  species o f  fish. H o w ev e r in te res tin g  these  
re su lts  a p p e a r  to  b e , th e y  n eed  th e  c o n firm a tio n  th a t  
c an  o n ly  b e  o b ta in e d  b y  a  m u c h  m o re  ex tensive  set 
o f  m easu rem en ts . I t  is  a lso  v e ry  p ro b a b le  th a t ,  w ith  
so m e  species, th e  reco v ery  fa c to rs  m a y  d iffer w ith  
so m e  o f  th e  c h em ica l c h an g es  th a t  o c c u r  in  th e  m u s­
c le  d u rin g  th e  a n n u a l cycles o f  feed ing  a n d  sp a w n ­
ing.

Discussion

T h is  w o rk  s ta r te d  o u t  w ith  th e  o b jec t o f  d e te r­
m in in g  th e  v a lu e  o f  T C A  e x tra c tio n  in  co n ju n c tio n  
w ith  th e  N a sh  c o lo r  re ag e n t (A m a n o  a n d  Y a m a d a  
1964) a s  a  m ea su re  o f  sm all a m o u n ts  o f  fo rm ald e ­
h y d e  in  fish  m uscle . T h e  w o rk  is f a r  f ro m  b e in g  c o m ­
p le te d  becau se  so  m a n y  fa c to rs  a r e  in v o lved . T h e re  
a re  th e  p ro b lem s re su ltin g  fro m  d ifferen t species 
o f  fish, v a r ia tio n s  in  th e  c o m p o s itio n  o f  m uscle  re ­
su ltin g  fro m  th e  cycles o f  sp aw n in g  a n d  feeding, 
a n d  th e  effects o f  v a r io u s  w ay s o f  s to r in g  a n d  
p ro cess in g  th e  m uscle.

T h e  re su lts  d o  sh o w , ho w ev er, th a t  th e  te s t  a s  it 
h a s  b een  u sed  in  th e  p a s t is  fa r  f ro m  q u a n tita tiv e . 
H o w ev er, b y  d e te rm in in g  th e  p e rc e n t o f  fo rm a l­
d eh y d e  a d d e d  t o  th e  m uscle  th a t  c a n  b e  reco v e red  b y

e x tra c tio n  w ith  T C A , a  v a lu e  m u c h  c loser to  th e  
to ta l  a m o u n t o f  fo rm ald eh y d e  p re sen t c an  be  
o b ta in e d . I t  w as  sh o w n  th a t  fo r  a d d ed  fo rm aldehyde  
th e  reco v e ry  f ro m  c o d  m uscle  is ap p ro x im ate ly  50% . 
T h e  very  lim ited  n u m b e r  o f  tes ts  w ith  m usc le  from  
o th e r  species suggests th a t  som e a t least m ay  differ 
fro m  c o d  in  th e ir  fo rm ald eh y d e-b in d in g  activ ity , 
a s  in d ica ted  b y  e x tra c tio n  w ith  T C A .

K n o w in g  th e  e x trem e  re ac tiv ity  o f  fo rm aldehyde  
w ith  m an y  c o m p o u n d s  i t  w a s  a  l ittle  su rp ris in g  to  
find  th a t  th e  a d d it io n  to  th e  m uscle  o f  1  %  o f  several 
d ifferen t p ro te in s  m ad e  re la tiv e ly  l ittle  ch an g e  in  th e  
reco v e ry  o f  a d d e d  fo rm ald eh y d e . B u t i t  m u s t be  
rem em b ered  th a t  these  sm all a m o u n ts  o f  p ro te in  
w ere  a d d e d  to  a  v e ry  c o m p le x  system  a lread y  
co n ta in in g  p ro te in s  a n d  m a n y  o th e r  co m p o u n d s  
w ith  w h ich  fo rm ald eh y d e  w ill co m b in e . In  c o n tra s t 
to  th is , th e  ex trem ely  effective b in d in g  o f  fo rm al­
deh y d e  w hen  tra c e  a m o u n ts  o f  cyste in e  w ere  ad d ed  
to  th e  m u sc le  w a s  eq u a lly  in te res tin g  a n d  suggests 
th e  n e ed  fo r  th e  e x a m in a tio n  o f  o th e r  su lp h y d ra l 
c o m p o u n d s  in  th is  c o n n ec tio n .
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