
b'
EBPOflEMCKMM KOHfPECC PAEOTHMKOB 

HM H MHCHOM nPOMblUlJIEHHOCTM

EUROPEAN CONGRESS 
OF MEAT RESEARCH IN S T IT U T E S

th

ter EUROPÄISCHER KONGREß 
OER FLEISC HFO RSC HUN G SIN STITUTE
eme CONGRES EURO PEEN  

D ES IN S T IT U T S  DE RECHERCHES  
SU R  LE S  VIANDES

Kazuhiro Okamura

AQUIFEROUS CAPACITY OF RAW FISH AND 
RELISHABILITY OF PUDDINGY FISH 
PRODUCTS INFLUENCED BY CON­
CENTRATION OF SALT ADDITION

M O C K B A  19 6 2 r



Aoulferous Capac^^of Raw Fish and Relishability of Puddingy 
Fihh Products Influenced by Concentration of Salt Addition

ip

By Kazuhiro OKAKURA

Japan, being a narrow, overpopulated cuntry, has been dull 
stock-raising. Everyday life of her nation as Buddhist might 

have surely been another reason of her great tardiness in indust­

rial development of meat products as foodstuff. However, as Japan 
*a a sea-girt country, she is on the other hand highly developed 

fishery. Animal protein demanded in dietary life of nation is 
hiehce supplied in Japan chiefly as fish meat or products thereof.

This state of things in Japan may be seen, for instance,

'°® the fact that, while her output of ham and sausage as repre- 
Sehtative groceries of processed meat amounted in 1960 only to 

ahout 80,000 tons, particular types of puddingy product, "neriseihin ", 
which are prepared by thermally fixing a raw fish preliminarily 
^ocessed into a state of paste and stand comparison perhaps with
the ham and sausage consumed in countries in Europe and America,
attained in the same year even to 500,000 tons and above.

Thus, in Japan, "neriseihin” or said sort of puddingy products
of

be
o*
(a

■fish being a very important kind of food, studies about this 

Cer*y are in its various aspects now being actively pushed forward.
As representative kinds of "neriseihin" of fish, there may 

^ontioned rather traditional products such as "kamaboko" (boiled 
steamed fish cake), "satsumaage" (fried fish cake) and "chikuwa"
s°i’t of cylindricaijly formed kamaboko) and rather modern ones 

aUch as fish sausage. These various types of product, however,
*1-6 lr, Y1 commonl/lth one another in respect of that they are manufact-*^ °y grinding the raw fish in the presence of common salt added 

&b°ut 3$ of the fish to give rise a smooth paste and heating
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the paste into an elastic jelly. As the elastici^^r masticatory 

rosncp e constitutes a most distinct reflex of the quality of fi3h 
"neriseihin", it is general in criticizing the grade of these 

groceries to assign the higher rank to the more elastic product. 
Perhaps for this reason, among studies on fish "neriseihin", those 
aiming to increase the elasticity are most often met with.

It is known that meat processing into ham or sausage can be 
accomplished appreciably with ease by using a raw meat having a 

strong tendency to water retention and a great ability of self­

binding. In manufacturing fish "neriseihin", in turn, it is rather 
a matter of absolute necessity to employ a raw fish truly excellent 
in water retention tendency as well as in self-biding ability. In

general, the so-called white flesh of fish is far stronger in water
U »

retention as compared with meat.

As regards the method of improving the water retention of raw 
meat, some kinds of phosphate were disclosed about 10 years ago of 
their efficacy and are in these days employed in manufacturing 
various types of meat product.

The authore, examining in these past years the effect of addi­
tion of some Phosphates on the elasticity of "Kamaboko" prepared 
from raw fish added with those salts, arrived at the confirmation 

of that some phosphates can be effectively used also with the aim 
of preparing finished products of "kamaboko" appreciably increased 
in elasticity.

In the author’s opinion, "kamaboko", which is an apparently 
quite homogeneous, highly elastic jellied product prepared by 
thoroughly grinding white fish flesh into a paste and subjecting 
the paste to heat treatment, provides a splendid test material fitted 

for studying the rheological properties of fish flesh by following 

their changes induced by adding the raw fish with various phosphates 
2 
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S-t various concentrations.

Beferring to the nature of some phosphate that effectively
enhances the water retention of meat on the one hand and increases
the elasticity of finished "kamaboko" cn the other, it was expected
that a certain positive correlation can be found between the water
detention of raw fish and the elasticity of the "kamaboko" made 
t'be.eof. in thi3 point of view, the author, carrying out a few 

circurastantial inquiries into the influences of several kinds of 

fiSh and the jelly strength of finished product of "kamaboko", 
Obtained some results suggestive of very interesting facts, which 

now be reported in the following.

3



I. Effect of concentration of added salt on water retention 
of raw fish

i) Method of measuring the factor of water intake of fish.
As it had been found that peculiar high affinity to water of

fish flc3h makes it impossible to employ the known procedure for 
6~t)

meat in determing the water retention of fish flesh, the auther
O

worked out as already published a new method of measuring the water 
retention of raw fish. This method comprises estimation of a term 

named by the author as "factor of water intake". This new method 
proved to be conveniently usable also in the case of meat. Now, the 
estimation of factoi^;ater intake may be carried out as follows:
A definite amount (Mg) of raw fish is added with a known quantity 

(Wg) of either plain water or aqueous salt solution amounting to 
2— 20 times the x^eight of raw fish and treated in a homogenizer 

strictly for 3 minutes. As soon after this time as possible, a lOOg 
oortion of the homogenized mixture is transferred into a centrifuge 
tube of 100ml capacity and treated at M O O —  7,300r.p.m. for 15 minutes. 

The temperature of the sample should throughout the centrifugal 

treatment be kept below 20°C. When the supernatant liquor thus 
appearing is measured as Cg,the factor of water intake, Q(%), of the 
raw fish can be calculated by means of the following equation:

Q thus calculated, standing for the quantity of water or aqueous 
solution coming held by 100 grams of raw fish, corresponds numeri­
cally to the newly fixed amount of aqueous medium represented as 
percent of the weight of fish.

- I ) Th® factor of water intake variable with salt concentration.

Kow, presenting the results obtained according to the above- 
explained method in Pigs. 1^9, a brief discussion will be given
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“bout the effect of environmental salt concentration on the factor 
°f water intake.

In using a phosphate capable of developing a basic reaction 

In water, the salt solution has to suitably be neutralized before use, 
since the .factor of water intake is sharply influenced by pH.

In most of the experiments that led to these results, fish flesh 
Previously well rinsed with water was employed as.sample. In preparing 
such a rinsed sample, minced fish was placed in plain water of 5 

limes the weight of fish. After thorough stirring, th6 fish was 
settled and drained. Through repeating this operation a few times, 
there was obtained a sample of rinsed fish.

As seen from the results presented in Pigs. 1-^9, which contain 
ler the sake of reference also a few data for pork as an example of 

neat, fish shows a very large factor of water intake in plain water; 
however, a notably small factor of water intake in a salt solution 
°f low concentration. As seen in Pig.l, on the other hand, a fish 
aample not rinsed with water showed a small value of the factor of 
w®ter intake even when placed in ,plain water. As raw fish inherent- 

y contains various kinds of ionizable matter, they were perhaps 
Ionised in the added water and gave rise to an enviranment similar 
to that prevailing when a rinsed fish was placed in a dilute salt 
Salution. Therefore, to make clear the influence of a salt exist- 
ln8 at a low concentration, the fish sample to be used must have 
i>t'aviou3ly been well rinsed with plain water.

It may be remarked, in thAs^onnectlon, that, in the prattice 

"kamaboko" manufacture, it is recommendable for obtaining a 
ighly elastic, dense product to subject raw fish, as practised by 
°®« makers, to final rinsing in a dilute salt solution. According 

the kind of raw fish, the usual bleaching with water alone often 
Bla'tes the raw fish turn out to be too water.



% y  I ~  I f  ?

ProiT! the above data, it may be given as a conclusion that:

Raw fish recedes in the presence of a small amount of neutral 
salt in its ability of water retention. The factor of water intake 
of fish attains thus to a minimum at a certain low value of en­
vironmental salt concentration. Saying further, the salt concep­
tion, corresponding to the minimum factor of water intake is consider 
ed to be dependent on the ionic strength and the type of dissoclat- 
io^if the salt concerned. When the salt is to be assigned with m 

stages of electrolytic dissociation, there will appear m minimus 
on the curve of water intake drawn against salt concentration.

It has further been disclosed that the salt concentration at 
the minimal water intake approximalely satifies the following 
relation:

j l v u l  *{Z\£i\ -  ° ' I

wherein V̂, stands for the molar concentration, for the valency 
of the <,-th ion produced by complete dissociation of the salt and 

Z\ represents the valency of the ¿-th ion present in a dissocia­
tion stage of the salt in which the minimum water intake makes its 

appearance. This relation is referred to by the author as the 
equation of salt concentration at minimum water intake.

For reference, the values of concentration calculated and 

proved to satisfy this equation are- listed in Table 1 for several 
kinds of salt.
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/  * if lilt
K i*f *  1‘ f tV ft  Of N aC i acMi-

' ti th e  fa c to r  o f  w a te r{Q) ofr
•  -• |kit k meat ; X
" 'ted ' - (sea eel:
**««.=* 6
* " i t he |mii f  . nu-at : Nat. Is"lmi,q, I - f(1, , |M.
"«"h : N aC I soluti.-n 1 :

w ,lh  f i t t e r  a r . show n...« v a r ia b le  w ith  
•he e .iiu -e n ira tio n  o f added s a lt so lu ­
t io n .

S a l,: Ito th  ca tio n  and a n io n  a ie

l ie -1 ..  N iC I so lu tio n  - 1:
4 ;  •  ,  • •a io k a w a ” . M . i
I  i V .f ' / M ,w n i , - . ,  “ k i 
I..i [ i" . .V- n th iiin iiis t  mu-

i-w. oj Soil
F iji ^  Idle same a s - i l l  Id j i  ♦  b u t tb a ' 

t j i .  ..a lts  co n s is t o f  m on o-va le n t ca t io n  
and d i va le n t an ion .

6 C*k . of Sait
F i«  v  T he  sam e as in  F iR .^4  b u t th a t 

th e  s a lt con s is ts  o f  d i v a le n t ions.
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Sued ■ : r.ot washed w ith  w a te r .

8

£ Cone. of iSalt
Fig. 1  T h e  same as in  F ig  A  |b u t th e  sa lt 

is  so d iu m  pyro ph osp ha te  (N a iP jC M .
! I  ) : S o d iu m  pyro ph osp ha te , 
t II : 1 /2 0  m o l  so lu tio n  o f N a jP iO r was

n e u tra liz e d  to  pH  7 .0  w ith  HC1 and 
used a f te r  d i lu t io n  w i th  1 /2  m o l  NaCI.

( I ) : C o m p a ra tiv e ly  fre s h  fish  w as used 
w ith o u t w a sh in g ; th e  phosphate w as 
used as d isso lved  in  1 /2  m o l N aC I.

( I I ) : T h e  sam e as in  ( I  ) b u t th a t the
washed flesh w as k e p t a t  3°C  fo r  3 
-b.y.- b e fo re  th e  te s t. 

nr>: T h e  s a lt so lu tio n s  w ere  p ie p a re d  
f ro m  1 /20  m o l Na^PjO io by  n e u t ra l i­
za tio n  to  pH  V (> w ith  H  C l fo llo w e d  
b y  d i lu t i  i  v I*h 1 2  m o l  N aC I. F ish 
rb.sh w ar used in  the  day o f i ts  wa 
s h in g  w i th  w a te r

IV : T h e  sam e as in  !i] b u t th a t the 
w ashed fish  w as b ro u g h t in to  c o n ta c t 
w ith  s a lt  s o lu tio n  a f te r  s to rage o f 24 
ho u rs  a t 1°C.

e n v iro n m e n ta l c o n ce n tra tio n  o f 
w ith  the fresh ne s  o f fish flesh



T a b l e  1. O a l c u l a t i ^ ^ f  y f- , t h e  s a l t  c o n c e n t r a t i o n s  a t  w h i c h  t h e

f i s h  f i e  s S R o t s  m i n i m u m  w a t e r  i n t a k e s , f o r  v a r i o u s  s a l t s .
'Y*

E q u a t i o n  
a na

^ ^ S c r l  u  1 1  o n  
S a l t

—  

y - Z V i Z ' x  y i ’ l z - ;  1 - o . v V i  ( • « ! )

N a C l  , K C 1 , N H 4C l  . 

N a P . K I . L i C l

( v , x  H - i )  2 + V , x  ( -  1 ) 2 }  

x y { l + l | + | - l l  }  “  0 . 1

1
1 0

(Nh J , S 0 4 , N a , S 0 t
~  { V , x  ( + 1 )  2 x 2 + V ; x  ( - 2 )  2 }  

X y - {  | + 1 | X 2  +  ) - 2  i I -  0 .1

1 1 
6 0  * 5 0

C a C l , .  B a  C l , ,  Mg C l ,
■ i -  j v ,  x  ( +  2) 2 +V', - x  ( - 1 )  2 X 2  }  

x J - { | + 2 | +  | - 1 | x 2 ( - 0 . 1

1 1 '  
6 0  * TO

Mg S  0 4
{ V x  ( + 2 )  2 + V i  x  ( - 2 )  2 }

x - j " {  | + 2 | + 1 — 2 1 }  “  0 . 1

J _  1
8 0  ’ 4 T

_  *  *
K s P 0 *  . N a , P 0 4 ,

T r i — 3 j d i u m  c i t r a t e

- | - { V ; X  ( + 1 )  2 x 3 + r , - x  ( —3) 2 }  

x i {  | + 1 | X 3 + | - 3 |  f  — 0 .1

1 1 1 
180 * 120 * 6  0

Na* P , 0 ,
- g - { V , x  ( + 1 )  2 x t + V ¡ x  ( - 4 )  2 f 

x - i - {  l  + 1 1 X 4 + 1  — 4| | =  0 .1

1 1 1 1  
400 '  500 * 200 * 100

*
Na5 p 3'0«o

- j - { v ¡ x  ( + 1 )  2 X 5 + V , ' X  (-5) 2 }  

X y {  | + l | x 5 + | - 5 ]  } -  0 .1

1 1 1 1 1  
750 ’ 600 ’ 450 * 500 ’ 150

% I  T h e s e  s a l t s  a r e V * * » « < r .a l  t-v d .  T o  P H  7 . 0

In this table, onlv the calculation formulae for are 
Resented, which are usable under the complete dissociation 

the salt concerned. However, in the case of a salt having 
Polyvalent ion and hence to be assigned with plurality of 

^Association stages, the value of Z*i varies with the stage of 
^Association of the salt. For example, for sodium triphosphate 

which five stages can be assigned in respect of electrolytic 
^Association, five values of ' z $ l * c l  can also be considered as 
W 5 0 ,  1/600, 1/450, 1/300 and l/l50 (mol/l).
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II. Influence of kind and concentration of add' “salt upon the

elasticity (jelly strength) of finished product of fish 
"neriseihin".

Now, the author shall present the results he obtained in study­
ing as to how the enviranraental salt consentration influences the 
kamaboko-forming ability of raw fish kept exposed thereto. To 

make clear the feature of this influence reflected in the elasticity 
or jelly strength of finished product of kamaboko, there were prepared 

a number of specimens of the latter by grinding a previously minced 
fish together with common salt added in an amount of 3% of the weight 
of fish, dividing the there produced fish paste into a number of 

lttts, adding the respective lots with various kinds of salt in 

various amounts and solidifying these lots of fish paste by cooking 
for 25 minutes at 95-v'100°C. Salt concentrations thus established 

in kamaboko specimens were expressed as the number of mols of salt 
added to lKg fish paste.

Jelly strength measurement! In judging the elasticity or jelly 
strength, each kamaboko specimen was chewed and organoleptically 

estimated of its elastic response to teeth. Grading of specimens 
according to thus estimated jelly strength was carried out by the 
following procedure:

Kamaboko specimens of various salt contents prepared as above
are first designated A, B, C,8----- . They are then brought into
pairs. Changing the combination of pendant members as many in 
kind as possible, comparative jelly strength is represented accord­
ing to the degree of distinction found between these pendants, for 
example, as A-^B, A^C, A ̂ D, A^E, Aj^F and so on. The symbols 

% > ^ ’> ’> and ^  being estimated as 0, 0.5, 1.0, 1.5 and 2.0
marks, respectively, the total marks to b® given to a particular 

specimen.are obtained after completing the comparison of every one
10



°f specimens with^if the other ones, while a specimen found always 

to be inferior to others remins getting no marks at all.
As regards the method of measuring kamaboko jelly strength,

¡~1)
there has been presented by Shimizu and Simidu a Gelometer, an 

instrument specially designed for this purpose. This instrument is 
Very elaborate and allows the jelly strength to be calculated from 
the strength and elongation at break measured therewith. The present 
aUthor, however, through his repeated employing this instrument, 
takes it as somewhat unsatisfactory in its demanding a long time of 
Measurement and a great bulk of specimen. The above introduced proce- 
ĥpe. pcmtrived by the present Author, on the other hand, proved as 

strikingly suited to be used in estimating relative jelly strength 
Kamaboko specimens. Only defect assignable to this method is 

*ts incapability of allowing one to get an absolute value of jelly

strength.
Now, for kamaboko specimens with various salt contents, jelly 

strength represented as the marks they acquired through the above 
tfocedure of examination is given in Jtigs. 10^16.

Z t y  j  o —  1 6

As seen from the data in these Pigs», raw fish is caused by the 
fllittion of salt to exhibit a minimum jelly strength at a certain 

c°neentration of the salt. As to the salt concentration corres-
Pori<iin
has be.

lriS to this minimum of jelly strength, further, a relationship

Pl?0'
discovered that it agre«3 with the salt concentration which

Vide8 raw fish with a minimal value of the factor of water intake.
11



C o ne , o f  h i tIe
F i r  I  O rg a n o le p tic a lly  m a rke d  je lly -s tre n g th  

o l K a m a boko p lo tte d  a g a in s t the concen 
tra t io n  o f the K ( added to  a ra w  fish  paste 
pre pa re d  f ro m  n ib e a  a r g e n U U a .  T h e  nu 
lite ra ls  a lo n g  the  c u rv e  sho w  the p H  values 
o f  K a m a bo ko  specim ens

F i* .  1 | O rg a n o le p tic a lly  m arke d  je lly -  
s tre n g th  o f  K a m a bo ko  p lo tte d  aga inst 
th e  co n c e n tra t io n  o f  th e  M g C lt  added 
to  a ra w  fish  paste pre pa re d  f ro m  n ib e a  
a r g t n i a t a  T h e  n u m e ra ls  a lo n g  the  
c u rv e  sho w  th e  p H  va lu es  o f  K a m a ­
boko specim ens.

P I«  %  Organoleptically m arke d  je lly -s tre n g th  
a t  Kamaboko plotted a g a in s t th e  concen­
t r a t io n  o f  the K|SO« added to a ra w  fish 
paste prepared f r o m  m 6#a arga /U ata  T h e  
n u m e ra ls  along the curve show the pH 
▼aluaa of Kama bo kc specim ens.

stofabt- Carte. of aAiteL JatCn
F ig  \  V a lue s o f pH and o rg a n o le p tic a lly  es tim a ted 

je l ly  s tren g th»  o f K um R boko spec im ens fion r. sea 
« I  W s h  by  a d d itio n  o f  v a r io u s  am o un ts  o f e q u i­
m o la r  m ix tu re  o i  K H jP O ^  an d  KaHPO^.
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^  to r£ar i t , : : :  : {  U .L L  i  U l t

H *  %  \  nlvi*-i c l pH  and . : v ' . i - i - i c a l i v  t s t im .  te J
je l ly  s tre n g th s  o f Kam a x -n  -tH V im ens prep-sred 
f ro m  sen-eel flesh by a d d it io n  >1 v .- rm u -  am oun ts  
o f e q u im o la r  m ix tu re  >•; \.; ,IV C ) and N a .ll.d ".

kloter (on: 9f .iJdtd

F ig  %. V a lue s  o f p H  and o rg a n o le p tic a lly  e s tim a ted  je l ly  s tre n g th s  
o f K a m a bo ko  specim ens pre pa re d  f ro m  sea eel flesh by  a d d itio n  
o f v a r io u s  am o un ts  n e u tra liz e d  -o d iu m  t r i  j»h rp ho sph a te .

F ig .  V a lu e s  o f p H  and o rg a n o le p tic a lly  es tim a te d  je lly -s t re n g tb r  
o f K a m a b o ko  spec im ens p r 'p - c e d  by a d d it io n  o f  v a r io u a  g m o ug ta  

o f tr i-a o d iu m  c itra te .
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Accordingly, from the combination of the results of Experiments 
I and II, there may be drawn tile fallowing conclusion:

nt.u..: a- 0alt ô  a salt suitably neutralized behaves rather 
as ...ranedibive against kamaboko-l’orming tendency of raw fish and in 
fact to an extreme extent when It is present at a certain low 
concentration. The salt concentration corresponding thus to an 
elasticity minimum of finished kamaboko is Identical with that 
which in nees the raw fish to be minimized in Its factor of water 

intake. Denoting this particular value of salt concentration as 
^(mol/litor) in reference to its i -th ion, V<! is connected with 
L; , the valency of thet-th ion produced by complete dissociation 
Oo the salt, and also with ZJ , the valency of thei -th Ion in a 
dis.socla.tion stage of salt just Producing said two kinds of minimums, 
and indeed by way of the following equation:

* - J  £ / i ' d  - * /

i*om the fact that the salt concentration making a raw fish 
show a minimal factor of water Intake agrees entirely with that which 
imposes the corresponding karaaboko product with a minimal jelly 
strength, it may well be deduced that the elasticity of finished 
kamaboko is closely connected with the factor of water intake of 
raw fish, though the routine process of kamaboko manufacture is 

carried out in the presence of common salt at a concentration far 
remote from that minimizing the elasticity of the product.

Summary

The feature of the Influence of various kinds of added salt on 
oistuie retention of raw fish was experimentally studied in detai

under varying the environmental"til salt concentration. The results In­
dicate that raw fish attains in its affinity t-ts affinity to water as estimated in
the term of factor of water intake to a minimum at a certain low 
H



concentration of nfl^i salt. When the salt can develop m stages 
of dissociation, there appear m minimal values of factor of '«ater 
intake with varying salt concentration. The salt concentration 

Just at which a minimal factor of water intake makes its appear­
ance is independent of the kind of salt and depends only upon the 
ionic strength and the ionic valency realized by the existing 
ei-ectrolvtic dissociation of the salt, the relation being represent­

ed by the equation * -rttz'l = *-/
’•̂ herein V; stands for the molar concentration, 2; for trie valence 

the l -th ion Produced through the complete dissociation of the 
ŝ lt, and Z\ represents the valency assignable to the b-th ion 
Assent at the salt concentration that produces the existing minimal 
■^ctor of water intake. Thus, the envirounmental salt concentration 
^ st imposes raw fish with a minimum water retention seems likely 
to bo a reflex of the electrolytic peculiarity of the fish itself.

When specimens of kamaboko as a typical fish "nei’iseihin” are 
5l>ePared in the presence of an added salt varied in concentration,
’ Pnimun or minim«. in jelly strength make their appearance at a 

c°hcentration or concentrations of salt which agree with those that 
Produce minimal values of factor of water intake, the ionic condi- 

concerned being represented by the above equation.
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