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Testing the gel-forming capacity 
of marine fish muscle proteins is 
part o f the technological effort to 
improve utilization of our 
fishery resources. 

Gel-Forming Capacity of Washed and 
Unwashed Flesh of Some Pacific Coast 
Species of Fish 

GEORGE KUDO , MINORU OKADA , and DAVI D MIYAUCHI 

ABSTRACT 

Sel'eral species of PlI cific Oce(/II fi~h were le .l led 10 c/ele/'lll/lle Ihe t:cI-J()rJll/l/t: 
capacily of their proleillS whell proce.lsed illlO a hl'lIl-{I£15le/ll'l~ec/. fil/ely-com
minllted fish product ("KllIlI{/boko"). Lillgcod. Pa( lfic cod. /'(!ckJilh. alld \II/lie 
sharks had good gel-formil/g properries. \I'll/Ie flo/ll/der. hllke. 1I11d dOl{/llh did 
not. Washing the COIIIl/lill/lled jle~h gel/erlilly illiprol'e{/ Ihe t:cI-J()/'III/I/t: 
properries. 

INTRODUCTION 

Fish is an excellent food becau e of 
the high nutritive value of its muscle 
protein. In addition to their nutritive 
value, fish muscle protein are utilized 
in processed food for thei r functional 
properties. In Japan, for example, the 
ftesh of certain species of fi h is used 
to make fis h sausage (Tanikawa, 1963; 
Amano, 1965) and the Japanese fi h 
cake called "Kamaboko ." The gel
forming capacity of the wet fish pro
tein determines its suitabi lity as raw 
material for fish sausage and "Kama
boko" as described in the preceding 
papers. 

Some of the species caught off the 
west coast of the United States were 
tested to determine the gel-forming 
capacity of their proteins. Included 
in these tests were several species not 
utilized for food in the Un ited States. 
Testing their muscle proteins for func
tional properties such as gel-formin g 
capacity is pa rt of our effort to develop 
th e technology for utilizing our fishery 
resources at the hi ghest level of bene-

fit. This ge l-forming capaclt, ~as 

evaluated in terms of elasticlt), ne,\
ibilit" firmnes ,and ohe I\ene of 
the heat-pa teurized fish gel (" Kama
boko ") prepared from the fte h of 
the \ ariou pecie . Thus, the gel
forming capacity of the fish protein 
wa mea ured by the qualit J f the 
" Kamaboko" prepared. ince \\a h
ing the ftesh to remove fat and water
soluble ubstances improves the gel
form in g capacity (Okada, 196-1) . 
washed flesh of all species wa te ted 
as we ll a the unwashed flesh. which 
was used a contro l sample. The 
re ult of this stud y a re presented here . 
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and F orestry, 5, Tokyo, Ja pa n. 
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MATERIALS AND METHODS 

Fish Samples 

!:-xcept for the large \ hark\, caught 
olT th e coa\t 0 al,forn ,a, the \pec l e~ 

u\ed in thi \ \ tud y (Tab le I) were caught 
off the oa\t of Wa\hlngt n All l~h 

were held In Ice while aboard the 
commercia l fi\hing ve\\el~ and dUri ng 
\h,pment to our laboratory except for 
thc ..,hark..,. ~hi h were frozen aboard 
\hlp and thawed JU\t prior to being 
u\ed. T~o lot.., each f large-'>ILe and 
\nlall '>ILC ha!..e taken from Pugd 

ou nd \\ere te\ted 

Preparation of 
Comminuted Flesh 

t our laboratory, the fhh \.\ ere 
headed, gutted. \~a hed , and pa sed 
through a fte h- eparator machine a 
de~cnbed b, ~11)auchl and telnberg 
( 1970). he ten Ion on the rubber 
bel t wa adJu ted so that \\ hen the 
headed-and-gulted fi h ~ere pa ed 
through the machine mo t of the dark 
fte..,h remained ~Ith the !..,n and onl) 
the light fle h \~as reco\ered from the 
fir t pa~ . The eparated minced fle h 
\\a weighed to determine the yield. 
The wa te from the fir t pas \\as ent 
through the machine again. and the 
fle h reco\ered from thi operation 
wa al 0 ~eighed to obtain J ield data . 
Only the fir t-pas fte h wa u ed in 
thi tud,. 

About half of the firs t-pas com
minuted fte h from the flesh eparator 
was used directly (unwashed ). Th e 
o ther half was washed as fo ll ows: One 
part by weight of comminuted fte h 
and seven pa rt by weight of water 
chilled to 32 °F were stirred with a 
la rge padd le until thoroughl y mixed . 
The flesh was allowed to settle for 
about 10 minute ; the supernatant 
containing fat. blood , and water- oluble 
proteins and minerals was decanted . 
Washing was repeated four more times . 
The fifth wash ing was made with a 
chilled 0 . 15 percent salt solution to 



Table 1.-Species of fish tested for gel-forming capacity . 

Number Total 

Common name 

Cad. Pac ific (true cod) 
Dog fish , Spiny 
Flounder . Starry 
Hake, Paci fic (Pu get Sound) 

Lot 1 
Lot 2 
Lot 3 
Lot 4 

Lingcod 
Lot 1 
Lot 2 
Lot 3 

Ratf ish 
Rockfish 

Black 
BocacclO 
Canary 
Flag 
PacIfic ocean perch 
S,lvergray 

Sharks 
Blue 
Hammerhead, scalloped 
Whltetlp 

I Frozen 

M onth Days 
SCientific name caught on Ice 

Gadus macrocephalus Dec . 
Squalus acanrhlas Nov . 
Plallch rhys srel/arus Oct. 
M erlucc/Us preducrus 

March 
May 
Nov . 
Jan . 

Ophlodon elongarus 
Aug . 1 
Sept. 4 
Oct. 4 

Hydrolagus col/lei Dec . 

Sebasres melanops Aug . 1 
Sebasres pauclsplnlS Sept. 5 
Seba sres plnnlger July 3 
Sebasres rubrlVlncrus July 4 
Sebasres alurus Sept. 2 
Sebasres brevlsplnlS Oct. 4 

Pfl onace glauca Sept. F' 
Sphyrna lewlnl Nov . F 
Carcharhtnus long/manus Dec . F 

Determination of 
Gel-Forming Capacity 

of weight 
fish (Ib) 

20 130 
7 32 

58 147 

35 26 
150 112 

18 39 
24 53 

9 51 
3 35 
2 11 
7 32 

2 7 
5 35 

11 57 
11 57 
12 24 
7 44 

facilitate the remova l o f water from 
the fl esh . The mixture was decanted 
onto cheesecloth to recover the fl esh, 
which wa then placed in a hydraulic 
press , and pressed at up to 20 pounds 
per squa re inch for 10 mi nutes to 
remove the remaining wash water. 

The gel-forming capacity was deter
mined o n the "Kamaboko" in terms 
of fl ex ibilit y and elasticity by the 
fo ldin g test and on texture by sensory 
test. 

Heat-Pasteurized Fish 
Gel Preparation 

Salt , su gar, and tripol yphosphate 
were added to both the washed a nd 
unwashed flesh at leve ls of 2.5 percent, 
5 percent , a nd 0.2 percent (W/W), 
res pectively. The mixture was ground 
for 20 minutes in a prechilled , powered 
sto ne morta r operated in a 34 ° F chi ll ed 
room in order to minimi ze the temper
ature rise of the flesh during gri nd 
ing. The resultin g grou nd paste was 
stuffed into polyvinylidene chloride 
sausage casing 3 cm in diameter. This 
was heat-pasteuri zed in a water bath 
a t 180 ° F for 40 minutes . 

The folding tes t was made by fold 
ing in half a slice of the "Kamaboko" 
product 3 mm thick by 3 cm in diam
eter . If no cracki ng occurred along 
the fold, the sli ce was folded agai n 
perpendicu lar to the first fold. The 5-
point rating scale of the fo ldin g test 
was based o n th e grades that were de
fin ed by Nishiya (1963) a fo ll ows: 

Numer- Nlsh- Results of Degree of 
Icat tya's folding elast-

score grade IIclty 

5 AA No cracks on folding Extremely 
into Quarters elasllc 

4 A No cracks on folding Moderately 
In half, cracks on fold- elastic 
ing Into quarters 

3 B Some cracking on Slightly 
folding in half elastic 

C Breaks Into pieces on Not 
folding In half elastic 

D Breaks Into fragments Poor 
with finger pressure 
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Texture by Sensory test 

The texture of the heat-pa teurized 
fish gel wi th respect to its cohesi veness, 
firmness, a nd moistnes was determined 
on a sli ce 2 cm thi ck by 3 cm in diam
eter . The textu re was rated o n the 
following 10-poi nt cale: 9-10, Excel
lent; 7-8, Good; 5-6, Standard; 3-4, 
Substandard; 1-2, Poor . 

Expressible Water 

Expressible water to measure water
holding capacity wa determined as 
fo ll ows : A li ce of " Kamaboko" 1 cm 
in diameter by 0.3 cm thick pre ed 
between four sheets of Whatman o. 
I fi lter paper (two o n each side) fo r 
I minute under a weight of 8,8 kg. 
The percent expressi ble water was 
based o n the di fference in weight of 
the "Kam aboko" before and after 
pressing. 

Determination of 
Moistu re Content 

The moisture content of the "Kama
boko" was measured by the rapid 
moisture determination ba lance (Ohaus 
sca le. Model 6010)1 equ ipped with an 
infrared lamp. Ten grams of fine ly 
chopped "Kamaboko" were spread 
thin on a flat a lum inum di h and placed 
under the lamp for 25 minutes or until 
a constant weight was obtained . 

RESULTS 

Minced Flesh Yield 

The minced flesh yields for the fir t 
pass and second pass through the flesh 
separator for the various species are 
given in Tabl e 2. The difference in the 
flesh yield between the first and second 
pas e is dependent upon the arbitrary 
adjustment of the tension exerted by 
the belt. Somewhat higher or lower 
yields could be obtained by different 
adjustments of the tensions . In addition 

I Use of trade names In thiS publication does 
not Imply endorsement of commercial products 
by the Nallonal Marine Fisheries Service 



to the fles h yield , those of head and 
viscera a nd of ski n and bones a re 
given in Table 2. 

Gel-Forming Capacity 
Discussed by Species 

Lingcod 

Both the washed and unwas hed fi e h 
of iced lingcod have good ge l-fo rmin g 
capacity for as long a 10 days (Table 
3). The "Kamaboko" made from both 
types of flesh had good color, flavor, 
and extremely good elasticit y a nd 
flexibility. Since the gel-form in g 
capacity is not affected by ho ldin g th e 
lingcod in iced storage, it is an exce l
lent species for making " Kamabo ko" 
and fish sausage. 

Pacific Cod 

The unwa hed flesh of I-day iced 
cod made "Kama boko" having ex
tremely good elasticity but on ly aver
age overall texture. "K amaboko" made 
from unwashed 5-day iced fis h was 
crumbly and poor in overall quality. 
On the other hand, the gel-form ing 
capacity of washed flesh was good. The 
washed flesh of cod iced for I day 
made "Kamaboko" having extremely 
good flavor, elasticity, and flexibility 
as determined by the sensory and 
folding tests (Table 4). The gel-form
ing capacity of cod decreased with 
time of iced storage, but the " Kama
boko" made from washed flesh of cod 
iced for as long as 9 days had good 
elasticity and flexibi lity and a slightly 
higher water-holding capacity than 
that made from the unwashed flesh. 
In summary, the gel-form ing capacity 
of washed minced flesh of Pacific cod 
is good even after 9 days in ice. The 
gel-forming capacity of washed fl esh 
is better than that of unwashed flesh. 

Rockfish 

Based on the six species tested (Table 
5), rockfish has good gel-formi ng 

Table 2.- Yleld of "esh and wasle (based on weight of whole ".h) from some Pacific Ocean fI.h 
passed through a laboralory -model flesh separalor . 

Welghl 
of fish 
used 

Yield of "esh Yield of wasle 
Head and Skin and 

Species l si pass 2nd pass Total viscera bones T Olal 

Cod, PaCIfic 

Dogfish. Spiny 

Flounder. Starry 

Hake . PacifiC 
(Puget Sound) 

Kg - -

174 

14 .5 

67 a 

Lot 1 118 
Lot 2 50.8 
Lot 3 17 7 
Lot 4 24 1 

lingcod 
Lot 1 252 
Lot 2 159 
Lot 3 5 1 

Rockfish 
Black 332 
Bocacclo 159 
Canary 25 9 
Rag 25.8 
PacifiC ocean perch 10.9 
Silvergray 199 

32.5 

20 9 

27 1 

39 a 
41 a 
33.0 
37 a 

410 
39.0 
46.5 

324 
27 a 
29.5 
280 
29 a 
358 

5.3 

16.0 

158 

16.0 

6 .9 
12 a 
11 4 

14.4 
177 
113 

102 
10 7 

Percent - - - - - - - - - - - - - - - - - - -

378 

369 

429 

49 a 

479 
510 
579 

468 
447 
40 8 

392 
46.5 

455 

52 1 

46 a 

45 a 
52 a 
446 
50 a 

40 a 
38 a 
33 a 

427 
43 a 
46 a 
49 a 
44 a 
423 

167 

110 

111 

6.4 

12 1 
10 
91 

10 5 
12.3 
132 
126 
168 
112 

622 

631 

57 1 

510 

521 
490 
42 1 

532 
553 
592 
616 
60 8 
53.5 

Tabfe 3.-Gel-tormi ng ca pacity of washed and unwashed flesh of lingcod held in Ice for varying 
per iods . 

Lot 

Number 

2 

3 

Fish 
stored 
In Ice 

Days 

6 

4 

10 

10 

Properties of Kamaboko made from 

Washed "esh Unwashed "esh 

Texture by ElastiCity Texture by ElastiCity 
sensory by folding MOisture sensory by folding 

test test contpnt test test 

IO-pf scale 5-pt scate Percent IO-pt scale 5-pt scale 

9 5 76.5 8 5 

10 5 75.4 8 5 

8 5 77.3 5 

9 5 77.0 5 

7.5 5 79.5 9 5 

9 5 76.8 8 5 

MOisture 
content 

Percent 

72.9 

72.9 

73.3 

732 

720 

744 

Table 4.- Gel-forming capacity of washed and unwashed "esh of Pacific cod iced for varying 
periods. 

Properties of 'Kamaboko" 

Treatment Fish stored Texture by ElastiCity by Expressible MOisture 
of "esh In Ice sensory test folding test water content 

Days IO-pt scale 5-pt scale Percent Percent 

Washed 1 9 5 12.8 79.0 
5 6.5 5 11 .9 78. 1 
9 7.5 5 9.7 76 .5 

Unwashed 6 5 29.5 81.0 
3 2 3 1.7 77 .7 
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capacity and appears to be a good 
source of raw material for makin g 
"Kamaboko"-type products. The un
washed fle h of five specie made 
tanda rd- to good-grade " Kamaboko" 

hav ing good elasticity, reasonabl y 
good flexibilit y, a light tan to off
white color, and good flavor. The 
unwashed flesh of onl y the si lve rgray 
rockfi sh made a oft, substanda rd -grade 
" Kamaboko. " 

The " Kamaboko" made from the 
washed flesh o f all six species were 
better in quality than those made from 
the unwashed flesh . Washing the fle h 
improved the color, fl avo r, and fl ex
ibilit y of the "Kamaboko ." 

Holding Pacific ocean pe rch for as 

lo ng a 8 days in ice had no effect on 
its ge l-fo rmi ng characteristics . There 
was no signi ficant change in colo r. 
flavor, elasticit y. or flexib ilit y o f th e 
"Kamaboko" owing to the sto rage of 
fish in ice . 

Starry Flounder 

The washed fle h of I-day iced 
starry flounder had good gel-f rming 
capacity and made " Kamaboko" hav
in g good elasticity and excellent flex
ibilit y (Table 6). The wash ed fl esh o f 
6-day iced fish made tandard-grade 
"Kamaboko" having excellent flex
ibility , but that of 12-day iced fi sh lost 
much of its gel-forming ca pacity and 

Table S.-Gel-forming capacity of washed and unwashed flesh of rockfish held in ice for varying 

Species Fi sh 
of slored 

roc kfish In Ice 

Days 

Black 

Bocacclo 5 

Canary 3 

Flag 

PacifiC 2 
ocean perch 5 

8 

S"vergray 4 

periods . 

Properties of "Kam aboko" made from : 

Washed flesh 

Texture by Elastl clly 
sensory by fol din g 

test test 

IO·pt 5- pt 
scale scale 

8 5 

9 5 

8 5 

9 5 

9 5 
9.5 5 
9 5 

7.5 5 

M Oist ur e 
cont e nt 

Percent 

84 

73. 0 

75 

77 

77.3 
76.4 
767 

76.8 

Text ure by 
sensory 

test 

I O-p t 
scale 

6 

7 

6.5 

8 

8 
8 
8 

3 

Unwashed flesh 

Elasllclty 
by fol ding 

test 
MOisture 
content 

5-pt Percent 
scale 

5 

5 

5 
5 
5 

2 

84 

712 

72 

73 

677 
710 
70.5 

727 

made ubstanda rd-graue " Kamabokl)" 
ha \in g sli ght e l a~t l ctl) dnd tle"bil l(\ . 
Thus. th e wa heu tle~h of ~(arr) t1l1un
de r iced fo r a long as 6 da) ~ ha\ g )lld 
ge l-fo rmin g capac lt} sUltabk Il)r 
makin g " Kamabo ko" and fhh \au\age. 
The unwas hed fl esh of starr) flounuer. 
on the other hand. had poor gel
fo rmin g ca pacit} e\en for fish Iced 1 

day. 

Puget Sound Hake 

The results o f the test to determine 
th e gel-formin g capacity of two 10h of 
la rge hake and of two lots of ~mall 
hake are give n in T able 7 anu H. 
res pectively. 

LlIrRe ha!.. e. - T he washeu tle~h 01 

I-day iced , la rge-s ize hake had low gel
fo rmin g capacity anu made " Kama
boko" havi ng oft-to-mush, te'\ture. 
H oweve r. the ge l-fo rming capaclt\ 
o f the washed fl esh of I arge hake Iceu 
fo r eith er 5. 7, o r 10 day was much 
better , and the washed flesh maue 
average-grade "Kamaboko" ha\ing 
good ela ti ci ty. In compamon. the 
un washed fles h had 10\\ gel-forming 
capac ity and made a mu h,-te'\tured 
" Kamaboko." 

(t is di fficult to e\plaln wh) thc~e 

la rge- ize hake that were Iced for long
e r peri od produceu better ' Kama
boko" th an the fresher fish . Althl)ugh 
it wa di fficult to dewater the \\a\heu 
fl esh of I-day iceu fish and ea ier tll 
dewa ter washed tle h of fi\h Iceu iL'r 
lo nge r period. there \\a~ no cle.tH.ut 
relati on between this phenomenlln 

Table 6.-Gel-forming capacity of washed and unwashed flesh of starry flounder iced for varying and th e amount of e'\pre~slble \\ ater 

Treatment of Fish stored 
of flesh In Ice 

Days 

Washed 1 
6 

12 

Unwashed 1 
6 

12 

periods. and mois ture content of the "K.tnl.l 

Tex ture by 
sensory test 

IO-p l scale 

7 
5 
4 

4 
3 
2 

Properties of 'Kamaboko boko" produced F-urthermore. nil 

ElastiCity by Expressible 
folding test water 

5-pt scale Percent 

5 17.5 
5 19.6 
3 216 

3.5 33.8 
3.5 37.3 
2 396 
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M Oisture 
content 

Percenf 

780 
761 
773 

760 
76.5 
78.6 

proteol}tlc enz} mlc a ti\it} \\d "'und 
in the I-day Iced hake that prllduced 
a poor " Kamaboko." and ,)nl) .t small 
amount of acti\itj \\.1\ uetected In the 
IO-da} Iced hake that made an clastic 
tandard-grade " Kamab")..:l) " 

5111(/1/ fill!..' - F-or (he maI(· Ile 
Puget ound hake. the Wi! hed ftc h 
of th e fi h caught In \I arch .lrre [kdl\C 

of \\ hether the) \\ ere Iced for onl\ I 



Table 7.-Gel-forming capacity of washed and unwashed flesh of large (50 to 60 cm) Puget Sound 
hake iced for varying periods . 

shark, and whitctip shark, in sp ite of 
heingfro/enandstoredat -'i (23 f- ) 
for about I month, had good ge l
forming capacity and made a very 
elastic " Kamaboko" ( able 10) . The 
unwashed flesh of the hammerhead 
and whitctip sharks made g d-to
excellent grade " Kamah ko" with 
excellent elastiCity and Aexlhillty, but 
the unwa,hed flesh o f blue shark pro
duced a \er unusual ,oft and sp ngy
textured " Kamabo"o." The washed 
tle,h of blue shar". hO'Aever, made 
an e\cellent-grade 'Kamabo"o" ""ith 
go)d elastlclt) and fle\lhtllt) . 

Properties of Kamboko" 

Month 
caught 

Treatment 
of flesh 

Fish stored Texture by Elasticity by Expressible MOisture 
content In ice sensory lesl loldlng lesl waler 

Days IO-pf scale 5-pt scale Percent Percent 

November Washed 

Unwashed 

January Washed 

1 
5 

1 
5 

1 
7 

10 

2 
7 

4 
7 
6 

I Too mushy to determine expressible water . 

day or as lo ng a 9 days, made tandard
grade elas tic "K amaboko" (Table 8). 

At each sampling date, fish that were 
obviously parasitized were egregated 
and te ted separately. Para itized fish 
made a slight ly less elastic "' Kama
boko" than the parasite-free fish; the 
sensory scores were lower for the 
"Kamaboko" prepared from th e fish 
with parasites. The protozoan para
sites in Puget Sound hake a ppear to 
have proteolytic enzyme of relati ve ly 
low activity and therefore do not 
adversely affect th e "' Kamaboko"
form in g capacity of parasitized fish. 
The unwashed flesh of the small hake 
had low gel-formin g capacity and 
made a mus hy-textured "' Ka maboko" 
simi lar to the unwas hed fle h of the 
large hake. 

The results of the washed flesh of 
the second lot of small hake , wh ich 
was more limited in scope, were 
similar to those of the first lot. 

Dogfish 

One-day iced dogfish had low gel-
forming capacity and made poor-grade 
" Kamaboko" (Table 9). " Kamaboko" 
made with unwashed flesh was mushy , 
and that made with washed flesh was 
crumbly in texture. On the other hand, 
five-day iced dogfish made a better 
grade " Kamaboko" . The unwashed 
fl esh made a standard-grade " Kama-
boko" that was moderately elastic, 

2 
5 

1 
2 

3 
5 

132 

140 
64 
5.5 

785 
775 

796 
794 

813 
791 
765 

but the washed fle!>h made a !>ub~tan
dard " Kamabo"o" ha\lng slight 
cia tl c it} . Ithough there 'Acre dlf
ference~ In the mOisture contenh of 
the " Kama bo"o" made from I-da) 
iced a nd S-da} iced dogfhh (Table 9), 

their effect on the quallt) 01 the 
" Kamabo"o" is not "no\\ n . A jqem
atic study 'A i t h respect to effect o f 
size of dogn h, season of catch. Iced 
storage, etc., on the gel-form I ng apac
i ty of dogfi h fle h IS needed 

Pelagic Sharks 

Blue shark, callopcd hammerhead 

DISCUSSION 

fter 'A ash I ng and de'A ateri ng b) 
pressing. the mOisture content 01 the 
washed fle,h should he brought bac" 
to the appro\lmate le\el of the Ae h 
prtor to 'Aa hlng. In pra tlce, the 
mOisture content of the de'Aatered 
tlesh 'Aas usuall) In the range of 75- 5 
percent. Difficult) 111 de'Aatenng the 
\I a hed fle h \I as often encou ntered 
'Ahen the fi h \las lOO fresh. Since 
the mOl ture content of the \I ashed 
fle h could not be preci ely controlled. 
the moisture content of the " Kama
bo"o" produced \la uelermined . 1-
though the mOL ture content of the 

Table 8.--<iel -forming capacity of washed and unwashed flesh of small (20 to 30 cm) Puget Sound 
hake Iced for varying per iods . 

Month 
caught 

March 

May 

Treatment 
of flesh 

Washed. 
normal flesh 

Washed 
(parasitized 
flesh) 

Unwashed 

Washed 

14 

Properties of Kamaboko' 

Fish stored Texture by ElastiCity by Expressible MOisture 
content In Ice sensory test folding test water 

Days IO-pt scale 

1 6.5 
2 6.5 
6 6.5 
9 6.0 

1 5.5 
2 5.0 
6 5.5 
9 4.5 

1 1 .5 
2 1.5 
6 2.0 

1 6 .5 
3 7.5 

5-pt scale 

5 
5 
5 
5 

5 
4.5 
5 
5 

5 
5 

Percent 

9.3 
8 .3 
5.8 
6.4 

9.5 
10 .5 
48 

11.1 

Percent 

836 
81 1 
780 
776 

79 .3 
783 
74.5 
79 .6 

310 79.1 
24 .5 79 .6 
26 .5 79 .9 

14.7 
12 .8 

78 .9 
78 .1 



Table g.-Gel-Iorming capacity 01 washed and unwashed spiny doglish iced lor 1 and 5 days . 

Properties of " Kamaboko " made from : 

Washed flesh Unwashed flesh 

Fish sto red Te xture by Elast icity by MOisture Textu re by Elasticity by MOisture 
In Ice sensory test folding test co ntent sensory test fo lding test content 

Days IO-pt scale 5-pt scale Percent IO-pl scale 5-pt scale Percent 

2 72.4 70.9 

5 5 4 67.0 3 3 65 .2 

Table 10.--Gel-Iormlng capacity 01 washed and unwashed lIesh 01 blue shark , scalloped hammerhead 
shark , and oceanic whitetip shark. 

Propert ies of " Kamaboko " made from : 

Washed flesh Unwashed flesh 

Texture by Elasticity by T exture by Elasticity by Species of 
shark sensory folding MOisture sensory folding MOisture 

test test content test test content 

I O-pt scale 5-pt scale 

Blue 9 5 

Hammerh ead, scalloped 8 5 

Whltetlp , oceanic 9 5 

" Kamaboko" did vary, there appeared 
to be no correlation between it and the 
objecti ve 
forming 
samples. 

tests used to measure gel
capacity of the various 

With lin gcod, rockfish , hake, and 
other speci es that appear to have good 
gel-forming capacity , sys temat ic studies 
should be made of the gel-fo rming 
capacity in relation to freshness , age 
or size of fish, the time of yea r landed 

Percent IO-pt scale 5-pt scale Percent 

73 .9 6 5 82 ,7 

770 9 ,5 77 ,5 

72 .9 8 5 79 .9 

and spawnin g condit ion , the fis hing 
ground , and the incidence of parasites. 

SUMMARY 

Prelimina ry screenin g of some 
species of the Pacific Coast for gel
forming capacity was made. The yield 
of flesh recove red from the first and 
second passes through the flesh sep
arato r ranged from 36.9 percent for 

spi ny dogfish to 57,9 percent for 
lin gcod . 

Was hin g the comminuted fles h with 
chilled water to remove some of the 
water-soluble protei ns was very effec
tive in improv in g the gel-formin g 
capacity. Washing also removed blood, 
fat , small pieces of kin, and any "fishy" 
odors. 

The spec ies stud ied might be con
veniently di vided into three groups 
with regard to stabi lit y in gel-forming 
capacity during ice storage: 

I , Lingcod , Pacific cod, Pacifi c 
ocean pe rch produced good- to ex
ce llen t-grade "Kamaboko" even after 
8 to I 0 days of iced storage when 
washed flesh was used. The washed 
flesh of other rockfish (black, bocac
cio, cana ry, and flag) also produced 
good- to excell ent -grade " Kamaboko." 

2. Sil ve rgray rockfish, starry floun
der , and hake produced standard- to 
good-grade "Kamaboko" from washed 
fles h of fish iced for up to seven days . 

3 , Dogfish produced su bstandard
to poor-grade "Kamaboko" from 
washed flesh, 
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