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The reliability of isoelectric focusing (IEF) of sarcoplasmic proteins for fish 
species identification was evaluated by a collaborative study among eight Euro­
pean laboratories. Each laboratory used its own method o f IEF to  identify 10 
unknown samples o f raw muscle by means of reference m aterial. In 93% of 
cases the assignment between sample and reference was correct.

In a  second study, the influence of extractant (water, low ionic strength 
buffer, or detergent) and the position of sample application on the protein pat­
tern was examined. W orking with light muscle of rainbow trout (Oncorhynchus 
mykiss), it was found that the type of extractant did not influence the protein 
pattern. Com parison o f the patterns o f samples, which had  been applied near 
the anode, in the middle, o r near the cathode, revealed differences in the number 
and position of the protein bands under the experimental conditions applied by 
m ost laboratories. This effect was not observed with the Phast System.

INTR O D U C TIO N

Species iden tification  o f  fishery p roducts is now adays 
m ostly perfo rm ed  by isoelectric focusing (IE F) o f sarco­
plasm ic p ro te in s  (R ehbein , 1990). In  com parison  w ith 
o ther e lec trophoretic  m ethods, IE F  has several advan ­
tages.

(1) D uring  electrophoresis the p ro teins focus into 
sharp  zones. T his effect im proves resolution and 
sensitivity.

(2) A t the end  o f the electrophoretic run  the system is 
in equilibrium ; the  proteins have reached fixed po­
sitions w ith in  the gel, according to  the  pH -gradi- 
ent and  th e ir  isoelectric points (pis). V ariations in 
experim ental param eters (sam ple application  tech­

nique, separation  time, applied voltage o r current) 
should, a t  least in theory, have only m inor infl­
uence on the protein pattern  (Lundstrom , 1979).

(3) IE F  can be m odified in  m any respects to m eet 
special analytical requirem ents (Righetti, 1983).

E ither agarose or polyacrylam ide may be used as s ta ­
bilising m edia (L aird  el a i ,  1982) and  pH -gradients can 
be established by m eans o f a  great variety o f  com m er­
cially available am pholytes. These can be either wide 
range (pH  3-10) o r narrow  range (e.g. p H  3-6 , useful 
for the analysis of gadoid fish). A ddition o f  u rea or 
non-ionic detergents is possible, and  m ay be necessary 
fo r the analysis of denatured proteins, e.g. those ex­
tracted  from  cooked  fish (M ackie, 1980) or crab 
(K rynow ek & W iggin, 1979).
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Table 1, Procedures for extraction of water-soluble proteins from fish muscle. Cooled, demineralized or distilled water was used as
extractive

Laboratory Ratio o f  muscle to extract Type of mixer Conditions of centrifugation

1 10 g/20ml Ultra-Turrax 10000 rpm, 30 min, 0°C
2 50 g/50 ml Turm ix 10 000 rpm, 15-20 min, 8°C
3 1 part/3  parts — 25 000 g , 40 min
4 1 g/2 ml Ultra-Turrax 20 000 g , 20 min, 4°C
5 2-5 g/5 ml -- (1) 3500 rpm, 15 min

(2) 13 000 rpm, 15 min
6 Instead of an extract, press juice was prepared 

by centrifugation of muscle
22000 g, 15 min, 3°C

7 1 part/2 parts --- —

The suitability o f IE F  fo r fish species identification 
has been dem onstrated  by tw o collaborative studies, 
where unknown sam ples were identified by com parison 
with photographs o f p ro te in  p a tte rn s  from  authentic  
species (L undstrom , 1980, 1983). In  these studies each 
laboratory  had to  use exactly the sam e m ethod.

This procedure has the d isadvan tage  that the  sam e 
type o f  gel, which has been used fo r establishing the 
protein  patterns o f  the references, has also to be used 
in the analysis o f  unknow n sam ples. It is no t possible 
to m ake use of technical innovations in IE F , e.g. newly 
developed appara tu s o r  types o f  ready-to-use gels.

The present study w as undertaken  to examine which 
param eters o f IE F  had to  be standardised for fish species 
identification, and which steps in the analytical procedure 
were no t so critical for the reliability o f the results. Refer­
ence material and unknow n sam ples o f  raw  fish muscle 
were sent to seven other laboratories by the Institute of 
Biochemistry and Technology, H am burg , and each p ar­
ticipant had  to apply the varian t o f  IE F  norm ally used in 
the respective laboratory  fo r species identification. F u r­
therm ore, the influence o f  ex trac tan t (water, buffer or de­
tergent) and the position o f  sam ple application on the 
protein patterns were studied  in detail.

MATERIALS A N D  M E T H O D S  

Fish samples

T he fish used in the presen t s tu d y  w ere either collected 
from  the  N orth  A tlan tic  an d  the N o rth  Sea during  re­
search cruises o f the G erm an  research  vessel o r o b ­
tained from  the local fish m a rk e t a n d  identified by their 
external biological characters.

Specimens of 12 fish species, viz. (1) cod (Gadus 
m orhua), (2) haddock  {M elanogram m us aeglefinus),
(3) saithe (Pollachius virens), (4) redfish {Sebastes mari­
nus), (5) N orth  A tlan tic  hak e  {M erluccius merluccius), 
(6) ha lib u t {Hippoglossus hippoglossus), (7) herring {Clu­
pea harengus), (8) spo tted  catfish {Anarchichas minor), 
(9) blue ling {Molva dipterygia), (10) ling {Molva molva),
(11) A laska pollack {Theragra chalcogram m a) and  (12) 
ra inbow  tro u t {Oncorhynchus m ykiss), were analysed.

L igh t muscle was sep a ra ted  fro m  fillet, frozen and  
d istribu ted  as frozen m ate ria l to  the co llaborators.

Procedure of the first collaborative study

E ach lab o ra to ry  received 10 references (species Nos 
1-10) and  10 u nknow n  sam ples. Sam ples and refer­
ences were from  d ifferent specim ens. The participants 
were instructed th a t d ifferen t sam ples could  belong to 
the  sam e fish species a n d  th a t  one o f  the samples was 
possibly no t represen ted  by a reference.

E ach  labo ra to ry  used  its ow n analytical procedures 
(p repara tion  o f  extracts, p ro ced u re  fo r electrophoresis) 
fo r fish species identification. T he m ethods are sum ­
m arised  in T ab le  1 (ex trac tion) and  T able 2 (elec­
trophoresis). A s an exam ple, the  m ethod used by the 
d istribu ting  lab o ra to ry  (H am b u rg ) to check the 
sam ples (see F igs 1 an d  2) is described in detail.

Preparation of extracts

Five gram s o f light m uscle w ere cu t into small pieces 
and  hom ogenised w ith  15 m l o f  precooled distilled 
w ater by m eans o f  an  U ltra -T u rrax . The to ta l mixing 
tim e, including tw o in te rru p tio n s , w as 2 m in; the speed 
o f  ro ta tio n  increased g radually , and  w arm ing o f the 
m ix ture  w as avoided. T h e  h om ogenate  was centrifuged 
(e.g. using the E p p en d o rf  5412 T ab le  C entrifuge for 4 
m in a t room  tem peratu re; 12000 rpm  = 8000 g), and 
the su p ern a tan t was kep t in the  refrigerator, for no t 
longer th an  2 days, un til used  fo r IE F .

Table 2. Electrophoretic methods used for fish species identifi­
cation. Laboratories 1 and 2 used the Phast System (Pharma­
cia). In all laboratories proteins were stained with Coomassie 
dye, but following different protocols. In three laboratories (Nos 
1, 2 and 5) the protein patterns were evaluated by densitometry 

or image analysis

L aboratory P A G IF A G I F  Thickness of 
the gel (mm)

pH -gradient

1 + 0-45 3-9
2 + 0-45 and 100 3-9 and 3-5-9-5
3 + 0-30 and LOO 5-7 and 3-5-9'5
4 + 2 0 3-10
5 + 0-5 4-7
6 + 0-4 4-6-5
7 + — 4-6  and 3-5-10
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Fig. 1. Patterns obtained by IEF  o f sarcoplasmic proteins 
from fishes used in the first collaborative study. References 
(R) and samples (S; to  be identified) from the following 
species were com pared using a Servalyte® Precote® 3-10, 150 
/xm: cod, R, S (lanes 1, 2); haddock, R, S, S (3-5); saithe, R, S 
(6, 7); redish, R, S (8, 9); halibut, R, R, S (10, 17, 18); North 
Atlantic hake, R, S (11, 12); ling, R, S, S (13, 14, 16); blue ling, 
R (15); herring, R , S (19, 20); spotted catfish, R (21); Alaska 
pollack, S (22), The extracts contained 7-11 mg/ml of protein, 
determined by means of the Coomassie dye-binding assay (Bio- 
Rad). Extract (7-5 ¡A) was applied to the gel a t the position 
marked by the arrow. Examples of polym orphic proteins are 

marked by a sta r (¿K-). The volt hour product was 7350 Vh.

Isoelectric focusing

IE F  was perform ed w ith Servalyte® Precotes® 3-10, 
dim ensions 245 m m  X 125 m m  X 0T 5  m m , generally 
following the instructions given by SER V A , Heidel­
berg. The anode fluid was m ade 10 mM w ith C aCl2 for 
sharpening the bands o f  acidic p ro te ins; a fte r prefocus­
ing (30 m in, setting; 250 V, 15 m A , 4 W ), 7-5 ¡l  of 
extracts was p ipetted  in to  the slots o f  the applicator 
strip 7 mm x  1 mm, and  electrophoresis was continued 
(setting; 2000 V, 15 m A, 4 W ). F ocusing  w as com pleted 
when the p ro d u c t o f  voltage an d  tim e h a d  reached 
abou t 6000 Vh. SE R V A  V iolet 49 (100 mg/100 ml 
universal solvent) w as used fo r stain ing; the  universal 
solvent, also used for destaining, con ta ined  m ethanol/ 
acetic acid/w ater (25/10/65, v/v/v) (R ado la , 1980).

Procedure o f the second collaborative study

In this study the  influence o f  ex trac tan t and  position  of 
sam ple application  on the p ro te in  patte rn s  w ere evalu­
ated. Each lab o ra to ry  received frozen  fillets from  ra in ­
bow tro u t and instructions fo r the p rep ara tio n  o f ex­
tracts and procedures o f  IEF.

Extraction of sarcoplasmic proteins from trout muscle

Extracts were m ade as described above using three diff­
eren t extractants; precooled distilled w ater (I) o r 20 m M  

N a-phosphate  p H  7-0 (II), o r 0-2% (w/v) T rito n  X-100 
(HI).

Isoelectric focusing

W ithin the scope o f  the follow ing guidelines each labo­
ra to ry  used its ow n m ethod  (T able 3).

©

Fig. 2. Influence o f  the position of sample application on the 
protein pattern. Different extracts o f light muscle o f rainbow 
trout were applied to the gel near the anode (A), in the middle 
(M), or near the cathode (C). By means of applicator strips, 
7-5 /xi (containing about 130 /xg o f protein) of different ex­
tracts (with distilled water (I), 20 mM Na-phosphate pH 7-0 
(II), or 0-2% Triton X-100 (III) as extractant) was placed on 
the gel, Conditions of IEF; Servalyte® Precote® 3-10, 300 /xm; 
at the end o f the run voltage was 1270 V, volt hour product 

was 4850 Vh.

Table 3. Comparison of IEF procedures

Laboratory No. 1
G el: P h ast G e l IE F  3-9, d im ensions 43 m m  X 50 m m  X 0-35

m m ; P harm aly te
R un : M axim al voltage 2000 V, pow er X tim e 245 A V h, with

prefocusing
Sam ple: V olum e 1 /xi, p ro te in  con ten t ad jus ted  to 10 m g/m l
Staining: T he p ro te in s w ere fixed by trichloroacetic  acid (TCA )

a n d  sta ined  by  ‘P hast b lu e  R ’; the gels w ere destained by 
m ethan o l/ace tic  acid and w ater. The p ro te in  bands were 
ev a lu a ted  densitom etrically  by the ‘Phast Im age System ’

Laboratory No. 2
G el: (I) Servalyte® Precote® 3-10, dimensions 125 m m  X 125 mm

X 0-3 m m
(II) P A G  p la te  (Pharm acia-L K B ), A m pholine 3-5—9-5, 
th ickness 1 m m

R un: (I) M axim al voltage 2000 V, voltage X time 3000 Vh, no
prefocusing
(II) M axim a! voltage 1300 V, n o  prefocusing 

Sam ple: (I) V olum e 7-5 /xi
(II) V olum e 10 /xi, p ro tein  con ten t adjusted to  10 g/ml, the 
sam ples were applied with a  S M I m icropettor B syringe 

Staining: (I) F ix ing  so lu tion  200 g  T C A  in 1000 ml ethanol 95%
S tain ing  so lu tion : 100 m g  C oom assie  R-250 in 250 ml 
desta in ing  so lu tion
D esta in ing  solution: e thano l 95% /acetic acid/w ater, 4/5/1, 
v/v/v
(II) F ix ing  and  staining were carried  ou t sim ultaneously
in the fo llow ing solution:

C oom assie  R -250 0-25 g
m ethano l , 75 m l
w a te r  155 ml
su lphosalicylic acid (SSA) 8 g
T C A  25 g

D esta in in g  so lu tion: e th an o l 95% /acetic acid/w ater, 
375/120/1000, v/v/v

Laboratory No. 3
Gel: P A G  p la te  (Pharm acia-L K B ), A m pholine 3-5—9-5, d im en­

sions 245 mm X 110 m m  X 1 m m  
R un : Settings: 1500 V, 50 m A , 30 W , 1*5 h , no prefocusing
Sam ple: V olum e 7'5 /xi, app lication  by  m eans o f  pieces o f  filler

pap er
Staining: F ix ing  so lu tion : 57-5 g o f  T C A  + 17-25 g o f  SSA + 500

ml w ater
S tain ing  solu tion: 0-46 g C oom assie  Blue R  in 400 ml 
desta in ing  so lu tion
D esta in in g  solu tion: 500 m l e th an o l +  160 ml acetic acid 
to  2 litres  o f  w ate r

continued
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Table 3. C om parison  of IE F  procedures— continued

Laboratory So. 4
G el: Pharm alytc  3--10 (7%), d im ensions 245 m m  x  110 m m  x

0 3 mm
R un: Settings: 2000 V, 15 m A , 8 W ; n o  p refocusing , v o ltag e  X

lim e 3000 Vh
Sam ple: A pplication  by m eans o f  pieces o f  filter pap er
S tain ing: Fixing solu tion: 10% T C A . 5% SSA

Staining so lu tion : 0-04%  C o o m assie  Blue R -2 5 0  in 
destain ing  so lu tion
D estaining solution: e thanol/acetic  acid /w ater, 4/1/6, v/v/v

Laboratory So. 5
G el: A m pholine 3-5—9-5, th ickness 0-5 mm
R un: Settings: 1500 V, 50 m A , 25 W , 1 h; no  p refocusing
Sam ple: Volume 7-5 /xi, application by m eans o f  pieces o f  filter paper
S tain ing : Fixing solu tion: 57-5 g  o f  T C A  + 17-25 g o f  SSA  + 500

ml w ater
S taining so lu tion : 0-46 g  C oom assie  Blue R -250  in 400 
ml destain ing  solu tion
D estain ing  so lu tion : 500 m l e th a n o l +  160 m l acetic  acid 
+ w ater a d d  2 litres o f  w ater 

Laboratory No. 6
G el: P A G  p la te  (P ha rm acia-L K B ), A m p h o lin e  3-5^9-5, d im en­

sions 245 m m  x  100 m m  X 1 m m  
R un : Settings: 15 W fo r  the first 30 m in  an d  20 W  fo r the rest

o f  the run , n o  p refocusing 
Sam ple: Volume 7-5 /ul, application by m eans o f  pieces o f  filter paper
S ta in ing : Fixing so lu tion : 11-5% T C A , 3-5% SSA

Staining so lu tion : 0-115%  C oom assie  Blue R -250  in 
destain ing  so lu tion
D estain ing  so lu tion : 25%  e th an o l, 8%  acetic acid 

Laboratory No. 7
G el: A m pholine 3 -5-10 , th ickness o f  the gel 0-5 m m
R un: P refocusing (if used): 500 V, 20 W , 50 m A ; a f te r  ap p lica ­

tion  o f  sam ples: 500 V, 20  W , 50 m A ; after rem ov ing  o f  
strips: 1200 V. 20 W , 50 m  A, 4 h 

Sam ple: V olum es 7-5, 10 o r  18 /xi; ap p lica tio n  by m eans o f  pieces
o f  filter p ap e r 

S ta in ing : F ix ing  so lu tions:
(I) e thano l/acc tic  acid , 5/1, v/v
(II) 20%  T C A

Staining so lu tion : 290 m g  o f  C o o m assie  Blue R -250  or 
G-250 (Serva Blau R o r  G ) in 250 m l o f  destaining solution 
D estain ing  so lu tion : e th an o l/ace tic  ac id , 25/8, v/v (?) 

L aboratory No. 8
G el: Servalyte*' P reco te*  3 -1 0 , d im ensions 245 m m  x  125 m m

X 0-3 m m
R u n : Prcfocusing w ith  settings: 250 V , 30 m A , 8 W , 30 m in;

focusing, a f te r  ap p lica tio n  o f sam ples, w ith  se ttings: 2000 
V, 30 m A , 8 W , vo ltage  X tim e: 5000 o r  7000 V h 

Sam ple: V olum e 7-5 /xi, a p p lic a to r  s tr ip  (slo ts 7 m m  X 1 m m ;
silicone ru b b e r)

S ta in ing : Fixing so lu tion : 20% T C A
Staining so lu tion : 0-1% o f  S E R V A  V io le tt 49 in d es ta in ­
ing solution
D estain ing  so lu tion : m e th an o l/ace tic  acid /w ater, 25/10/65, 
v/v/v

Polyacrylam ide gels (thickness o f  the gel; 0-3, 0-5 or 
1 m m ) w ith a  pH -grad ien t 3 -10  h ad  to  be used. Sam ple 
applica tion  was by m eans o f  an  ap p lica to r strip , pieces 
o f  filter paper, o r  a syringe. 7-5 ¡A o f  extracts I, II 
and  III had  to be applied to  the gel a t  the follow ing 
positions: in front o f  the  ca thode , in the m iddle o f 
the  gel, and  in fro n t o f  the anode. P ro te in  bands were 
visualised by stain ing w ith C oom assie dye and  d o cu ­
m en ted  by pho tog raphy  o r densitom etry .

Protein determination

E ach  labo ra to ry  w as free to  apply its ow n m eth o d  o f 
m easuring  the co n cen tra tion  o f  sarcoplasm ic proteins

in the different ex tracts. Six different m ethods were 
used: (1) the b iu re t m e th o d  (M erckotest®  T o ta l Pro­
te in ’, M erck, D a rm stad t) , (2,3) C oom assie dye-binding 
assays (B io-R ad P ro te in  A ssay , B io-R ad. Richmond; 
Pierce Protein A ssay, P ierce E urope, BA O ud Beijer- 
land), (4) m easurem ent w ith  the fo lin -pheno l reagent 
(Lowry et al., 1951), (5) the  K jeldahl m ethod, (6) mea­
surem ent o f the difference in  absorbance a t 235 and 280 
nm  (UV m ethod) (W h itak er &  G ran u m , 1980).

In  each case, bovine serum  album in served as the 
p ro tein  standard .

RESULTS A N D  D IS C U S S IO N

Identification o f unknown samples: First collaborative study

F ish  species iden tification  by isoelectric focusing com­
prised tw o steps: ex trac tio n  o f  p ro te in s and  separation 
by electrophoresis. T h e  p ro ced u res  used in the different 
laboratories are  com piled  in T ab les 1 an d  2. Cooled 
w ater was the ex trac tan t in all labo ra to ries, w ith the 
exception of la b o ra to ry  N o . 6, w ork ing  w ith  press juice 
(centrifuged tissue fluid). T h e  type o f  gels used for IEF 
varied considerably betw een  the  laboratories. Rela­
tively th ick  (1 -2  m m ) as  w ell as u ltra  th in  (0-15 mm, 
Fig. 1) gels w ere in use w ith  n a rro w  (slightly acidic) or 
w ide range p H -g rad ien ts . L a b o ra to ry  N o . 6 used 
agarose gel isoelectric fo cu sin g  (A G IF ).

F igure 1 shows the  p ro te in  p a tte rn s  o f  all fish, i.e. ref­
erences as well as sam ples. E ach  species had  a unique 
pattern , but in som e cases (e.g. hake) the patterns of 
reference and sam ple w ere n o t com pletely identical. The 
intensity, or even the n u m b e r o f  bands, o f  correspond­
ing proteins varied. T he last occurrence, know n as pro ­
tein polym orphism , h ad  also been  observed in a fonner 
collaborative study  (L u n d stro m , 1980), where monkfish 
CLophius americanus) w ere n o t identified correctly. The 
results o f the p resen t s tu d y  are  sum m arised in Table 4. 
The assignm ent betw een sam ple  and  reference (includ­
ing A laska pollack, w here it shou ld  have been stated

Table 4. Summary of the results o f the collaborative study on 
fish species identification using reference material and different 

IEF methods

Laboratory C ode o f  samples'7

A B C D F G H I J K
1 + + + + * + + + + +
2 + + + + * + + + + +
3 + + + + * + + + + =
4 + + - + + = + - +
5 + + + + * + + + + +
6 + + + + 31$ + + + + +
7 + + + 31$ + + + + +

+, Fish species was correctly identified; 31$, fish species was 
designated as n o t included in the references; —, fish species 
was not identified, although it was included in the references; 
=, fish species was not correctly identified.
"A, halibut; B, N orth  A tlantic hake; C, cod; D , herring; F, 
Alaska pollack; G  and H, haddock; I, redfish; J, saithe; K, ling.
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that the p a tte rn  o f the sam ple could no t be found 
within the references) was correct in 93% o f  cases. Only 
five samples w ere incorrectly assigned, either because 
the fish species could no t be identified o r it was incor­
rectly identified. All sam ples o f hake were correctly as­
signed and none o f the co llaborators com plained about 
difficulties due to  protein  polym orphism .

Influence of extracting conditions and sample application 
on protein patterns: Second collaborative study

Critical inspection  o f  the gels o f  the first study dis­
closed some v a ria tio n  in the quality  o f the protein  pat­
terns. T herefore, two steps o f  the procedure, extraction 
and sample app lica tio n  w ere exam ined in respect of 
their im portance for the protein  patterns. Some other 
points, e.g. the sta in ing  m ethods listed in T ab le  3, may 
be m ore relevant for q uan tita tive  w ork.

It was found that extraction o f light muscle o f rainbow 
trout with water, or 20 m M  N a-phosphate pH  7-0. o r 0-2% 
Triton X-100, resulted in nearly identical protein patterns. 
The pattem  was characterised by many strong bands 
located in the basic and neutral part o f  the gel, whereas 
only a few bands appeared in the anodic region (Fig. 2).

T he position o f  sam ple app lica tion  had  a great infl­
uence on the p ro te in  p a tte rn , especially on the bands in 
the anodic and  basic  regions (Fig. 2), under the condi­
tions o f IE F  used  in m ost o f  the  labora to ries (Table 3). 
However, w o rk ing  w ith the P h ast System gave the  re­
sult th a t d ifferent positions o f  sam ple application did 
no t alter the p ro te in  pattern . Inspection o f  the gels 
from  the various labo ra to ries revealed th a t the protein  
pattern  depended  also on several o ther factors: (i) type 
of am pholyte, (ii) p ro te in  con ten t o f the sam ple, (iii) 
volt hour p ro d u c t, (iv) s ta in ing  procedure.

Some o f  these factors have been studied recently by 
Toom  et al. (1982), by w orking w ith gels in tubes. These 
authors reported  th a t the m ethod  o f  extracting protein 
was critical fo r subsequent species identification, a result 
in sharp con trast to o u r findings. T hey recom m ended ex­
traction o f m uscle p ro tein  w ith a buffer containing 0-6 M  

NaCl. An ex trac t o f such a  high ionic strength has two 
disadvantages: (i) besides the water-soluble proteins, 
m ost o f  the m yofibrillar proteins are also extracted, bu t 
these proteins will n o t enter the gel unless gels contain­
ing 6 - 8  m  u rea  are used; (ii) the high N aC l concentra­
tion o f  the ex trac tan t will disturb  the uniform ity o f  the 
electrical field w ith in  the slab gel w ith the consequence 
of wavy and d isto rted  protein bands (Allen et al., 1984).

In  the presen t study  the p ro te in  concentration o f  the 
extracts was m easured  with six different m ethods in the 
eight participating  laboratories. The values reported var­
ied to a very large extent, e.g. by the factor o f  18 fo r de­
tergent as ex trac tan t (T able 5). T he values from  labora­
tory N o. 4 w ere considered to  be far too  low, whereas 
the protein co n ten t determ ined w ith  the b iu re t m ethod 
seemed to  be to o  high. P ro te in  determ ination  in extracts 
requires to be im proved  and  standard ised . I t  is desirable 
for the follow ing reasons to  know  the ‘true’ protein 
content: (i) exp lanations fo r d isto rtion  o f  bands; (ii)

Table 5, Protein content (mg/ml) of extracts from trout muscle

Laboratory Extractant M ethod of protein
-------------------------------------    determination
W ater Buffer Detergent

1 11-8 124 10-9 Coomassie, Pierce
2 31-7 23-3 33-3 Biuret
3 11-9 11-7 141 Coomassie, Bio-Rad
4 5-2 71 1-9 Coomassie, Pierce
5 16-1 21-3 22'2 Folin-phenol
6 11-9 13-9 120 Coomassie, Bio-Rad
7 17-0 190 180 Kjeldahl

22-0 29-0 nd UV (E235-E 280)
8 15-4 18-6 18-0 Coomassie, Bio-Rad

nd, N ot determined,

conclusions about the sensitivity o f staining methods; 
(iii) in terpretation o f quantitative analysis, perform ed 
by IEF in com bination  with densitom etry; and (iv) 
assessment o f the suitability o f extraction procedures.
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