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Comminuted fish flesh treated 
wllh certain salts serves 
as an effective binding material. 

Solubilized Fish Muscle as 
a Food Binding Material 

FREDERICK J . KING , FRED HEILIG MAN , and EUGEN WIERBICKI 

INTRODUCTION 

ha\e 
food 
the. e 

heen u\ed in 
pr )duct or 

maten..ll the 

thl:: pa\t fllr lIne 
..lnother 111l1ng 
mo\t \\ Ideh u ed 

for \eatllod 1\ a batter-hreadlng 1.11111-
hlnallon in \\hich the hlndlng agent 
IS u,uall) a modified \tarch It 1\ 
used . for e'\ample. to manufdl.!ure 
tish slld,\ or portion and hredded 
tillets 

Comminuted fish l1e,h ha been 
propo ed as a bl nder matenal It 
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iH.hal1tdge\ l11a\ Indude reterltl"rl "I 
hlndlng tjualttle\ uplln hedtll1g .lI1d 
I11lnll11.11 ,tlterdtllln 111 te ture ,)r t.t te 
III lin.tI pnldul't ( Rlln\I\,tllt dnd I Cdr
\lln. I r ~) T h 1\ hi nder I prepdfcd 
1)\ gnndlng It h Ile\h In ,I lIent "utter 
and then 1111 Ing It \\ Ith \\.Iter I eolf
\lln et al (I ')7 I) reclll1ll11cl1ded cI r.l
till III ~ part Cl ll11l11lnuted Ihh III I 
part Ilata. hut uh etjucntl~. the 
reclll1ll1lended mUl.h I1hlre dilute 1111 -
ture\ Ii h ' l\ .Iter rat III ,II I I tIl I -
(Rlln\l\ alit and L ear\Iln. I )~ H 

Ph\ Ical trC..ltml.nt u"h .1 hedt-
In!:! degree III I.l111 I11II1UlI In III the 
Ae,h. and anlllunt 1.11 .Idded \\ .Iter ,tltL 
the adhe\l\e pnlp<.:rtl<.: ,II thl Ii h 
hinder pa\te (Rlln 11..l11t ,!nd L car lin 

11.)73) The dlcct III the\e treatment 
on ,tructure \.lf mU\l.le prllteln ... are 
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I\ell 1\110\\11 (leIICI\ h\ H,lIlllll . 11)(,(1) 

I'I CMIIll.lhl\, thc'e ph) ... le.tI trcoIllllents 
Illlhl<.:nL<.: the p'rlorlllolncc III Ihl It h 
pol ... tC hilldel III thc .aIllC 111.lnncr 

I hc PIOPCltIC'" 01 .1 II,h hlndcr 
should hc IrllluerlLed h) ehellllL.tI .1 

Icil 01 pIli I .t!. ntOdtlle.lllOn I It 
prptelll I hi PP Iblllt\ I n t el II Id
eled 111 th<.: de CllpllOll (II I< llll II.tllt 
.,I1t1 I Cdr I rl ( 19~ J) Ilr I C..lr (In ct .11 
( 1')71) I he ..lblll!\ ot dl ohcd ..lll 
to ,0lublhiC IllU de pH tcm I \\ell 
1\111)\11 \ 1.lfletl LI ..lit hale been 
II cd Ipi th" purpl C In bill(; he nt I al 
InlC tlg.llion II thc prcpertle 01 II h 
r 01 hhl! hce I l'r IKlr 1\ I1lU dc prot em 
I h<.: I; 11111 111 PrJ cllI:Lt 1)1 the e ,tit I 

«) plllllde ,I uflluenl lonl tren'th 
II) c trdl.! prole In fr(lnt ntU dc ( I 
or 1....( I h.nc heen u cd nl( rc often 
th,11l other ,III I r thl purp c 
Ic\\ .lit lh.h. I.l ndcn ed ph 
phdtC . .Ire parth.ul,trh dledl\c .11 

Cqul\.tlUll II) III I. tren'th bCl;dU e 
the) re.ll;t 11th peuhc mu dc pro
tl:ln I Ilu .• 1 I. mbln.Jtl n 01 .lit lILh 
,j ,,( I .lnJ.1 LI)nd('n cd pho phalt: 
Udl" I.lhul1l tflP II ph phatc 

(1 pp) , nll~hl be mor" cIlC,-II\C Ih n 
eltha I.' Il1P, und .lIon.: ([)\cr I J 

F,llel pIeces covered Wllh bailer and 
breadong , cooked , vacuum packed , and 
radloslertltzed cryogenIcally . A commer· 
clal starch · based bailer was used 'or 
Ihe sample al lell A hsh pasle binder 
(mInced 'ISh and waler) was used 'or Ihe 
mIddle sample and a solubIlIZed "sh 
bInder (mInced hsh plus a 3 percenl 
NaCI·O.S percenl TPP aqueous solullon) 
was used 'or Ihe sample on Ihe rtghl 



Ba~eu on the~e con~iueraIIOn.,. an 
e\timate was maue of the minimum 
amount., of ael anu rpp th at 
woulu .,olubilize mu\cle protein., In a 
".,olubiliLeu fbh binuer ." hults et al. 
(llJn . IlJ73) found thaI a ~olullon 01 
J percent ael and 0 .5 percent PP 
hau a greater water-holuing ellect on 
cooh.eu meats than ~olulion~ cont,lIn
ing le\~ ael. Hcll enuoorn (1962) 
caiculateu that the ionic ,tren gth of 
thi, ,olution was 0 .6. D)er et al (llJ64) 
e\tlmateu that the ionic strength 01 
!i.,h muscle ihelf I., 0 .2 4 . Thu., a I. I 
ml\lUre of cOl11minuteu fi.,h mu\cle 
anu .,olution contain in g J perce nt 
NaCI and 0 .5 pcrcent TPP I., e\ti
matcu to have an ionic ~trength of 
0 .42 . A con iderable amount of 111 )0-
fibrillar protein from fish l11u.,cl e can 
be solubilizeu at 0.4 ionic strength 
although more protein can be solubil
ized at 0 .5 to 0.6 (King. 1966). At 
ionic .,trengths of 0.4 to 0.6. the ~ pe 

cinc effecl of TPP on welling anu 
1110i ture retention can be obtained In 
cooh.eu meat (review by Dye r. 1969). 

Thi., estil11ate is abo ba~eu on the 
as~ul11ption Ihat ionic ~trengths ca n 
be calculateu frol11 mol a r concentra
tion~ of the .,alts il1\oheu. r or COI11-
pletel) ioni zcu .,alts such a aCI. thi., 
assumption i~ \'aliu . Howc\- er. a con
ccntratcd solution of TPP a lone (12.5 

Fish sticks made with solubilized fish 
binder and commercial breading . 

pcrcent) uoe~ not ha\e the effect on fish 
l11u~cle proteins that \\oulu be pre
ulcteu b) calculat in g 11\ Ionic ~trenglh 
from Ihe molar concentration of TPP 
(F. J King. unpubltsheu WOIh.l. Pre
sumabl). Ihls dl.,crepanc\ coulu be 
o \ crCOl11e b) Incluulll g acll\ It) of thc 
TPP Ion in the ca lculatilln.,. Ho\\e\ er. 
\\c arc una\\are of dat.1 \\hlch Cllrre
late aell\ II) l)f the TPP Ion \\ Ith Ih 
Illolar concentration 

Thu, . the purpo.,e III thl'> In\e.,llga
liOn \\as to te.,t e\pertlllentall) the 
a"ulllpllon that a 'lllutilln III ~ percent 

aCI anu 05 percent I PP clluld he 
used \\ Ith III I nceu Ii.,h Illu.,ck a., .In 
effecll \ e hi nJer 

MATERIALS AND METHODS 

'H,lu hi Illed "h blllder \\ a pre-
p.tr~J b~ mi tng minced "h fie h 
\\ Ith .In ayllnm llllltlln u. nl.lll11n~ 
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Cobalt-60 orradlalton sOurce In wal r 
storage pool al U S. Army Natick Lab 
oratoroes , Natick , Mass. 

J percent I .t( I .tn t n. - perc."rt I Pi> 
(both .,alh Il'lld gl.tde. I he I I I I 
\\ a, Illlnccd 111.t denl ,-ulltr Ir 
tal ned Irll\11 a me.lt bnne ·par.ttllr J 
,tr.lIl1er IKll1g dnd (ar lor. I 
PlIlillCh. \\.1 II cd 1110 I ollen bUI { I h r 
tclell.,t Ii h llllr\:1.. hlluld P l IJ 
eyui\ alent Ie ull () I...tr n el al I ~ I 

111 Br~·J.d<.:r 

<.Ie\d.tnd 

nd u If tit 



\\ere coo "cd In a deep-fat frycr . Tlme
temperature condit io ns of thl~ heat 
treatment \\ere not cri tical a~ long a~ 
enough heat \\ as ,>upp li ed to coo" the 
fish and set the binder (Ro nslva ll l 
a nd l earson. 197 3). 

AdheSi o n \\as measured b} the 
coa tll1 g defect meth od o f S . Grade 
Sta ndards as desc rI bed in SO l ( 19(3) 
The adh es l\ e ness o f the ~o l ubil l zed 

fi sh bll1der a nd Breade r to fillet pieces 
\\ as compa red to other fillet p ieces 
covered \\Ith a commercial batter m l\. 
Ba tt er Bind S ( a tlonal Starch and 
C he mi ca l Corp .. Ne\\ Yor". N.Y .) 
a nd Breade r . 

A ft er thiS Initial eva luation . the 
effect of the other presenatlon treat 
menh \\ .IS dete rmi ned . Samples of 
the Loated fi ll e ts \\ith the coverIng 
\\ere pdc"aged under vacuum (app\ 
12" ml11 H gl. In e po \)-phenolic 
enamel-lined ca ns (-+0-+ X 309) and 
\\ere gl\en a rada ppertizll1g (rad ia
tion sterIliZIng) dose in the ra nge of 
3.2 to -+.0 1\1 rad usi ng the NLA BS 
Cobalt-60 sou rce at a d ose ra te o f 
apprmimatd) 30.000 rad/sec Th e 
product temperature was he ld a t - 20 
to - -+0 C durin g irradi a ti o n A ft e r 
irradiati o n . th e sa mpl es \\ ere s to red 
at 2 I C for 0 to 12 mo nths be fo re 
e\al uat lo n . 

RESULTS AND DISCUSSION 

Compared to a com me rci a l sta rch 
base bll1der . the solub ili zed fi sh bll1d
er had greater adheSion to surfaces of 
uncu t muscle. Both binders adhered 
satlsfactor il} to treshl} coo"ed fill e t 
pieces . H o\\e\er. a ni ) th e solubili zed 
fish pro tell1 bll1der re ta ined it s adh e
si\eness after the furthe r treatme nts 
of \ 'acuu m pac" aging. freezing. cryo
ge \1l c radi oste rIli za tion a nd subsequent 
storage. 

Th e so lubili zed fi sh binder per-

for med di ffe re ntl ) fro m th e fish pa~t e 

binder of Romlva lll a nd l ca rso n 
( 1973), T he vi scosit y o f th e ~o l ubil 

ized bin der itse lf was mu c h lowe r. 
eve n th o u gh bo th binde rs co nt a in ed 
Sim ila r propo rti o ns o f \\a te r a nd 
minced fis h . It a lso p roduced a thll1 -
nero more ne\l ble coa tin g o n fi ll et 
pieces . P resumabl) . thiS di fference 
results from th e effects of aC I a nd 
TP P o n IOnI C strength (esll ma ted fina l 
\a lue of 0.-+) and In specIfic effects 
of T PP o n solubilIZIng musc le p ro
te in . AdheSion of thiS so lu bilized fis h 
binder to fi ll et p ieces \\as s li ghtl } be t
ter th a n tha t of the fis h pa,te binder 
under a ll the cond ilio lb tes ted. 

Attempts \\ere made to ddJust the 
\ISCOSlt) of the solubilized fhh binder 
and there b) the thlc"ness or fle\lbIllt ) 
of Its coa tll1 g o n fillet p ieces Dilution 
\\Ith a 3 percent a 1-0.5 percent 
TPP so luti o n decreased th e vISCOSlt} 
of thl~ bll1der. W it h u p to 5 parts of 
thiS so luti o n pe r I part of mll1ced fi h. 
the bll1der \\ as st ill effect ive In cover
II1 g fi ll e t pi eces. and the products did 
not ha \ e a sa lt) o r bi tt er taste Theoret
Ica ll} . o ne ca n increase the bl nder 's 
\ISCOSIt ) b) adding \\ater . If enough 
\\ a te r IS added and lime IS allO\\ed for 
the prote i n to become equill bra ted to 

the ne\\ io ni c m il ieu . some of the pro
teins coalesce . H owe\er . thiS a pproach 
IS less practi ca l in preparing a b inder 
than a direc t mixing of m ll1 ced fles h 
\\it h a soluti o n having a lower io ni c 
stre ngt h . 

Ro nsivall i and Learson ( 1973) ug
ges ted seve ra l food produ c ts in \\ hi c h 
a fi h pas te is used as a mat ri \ in 
\\ hi c h pi ece of fle h a re Imbedded . 
We have no t tes ted th e o lubili zed fis h 
binder fo r thi spec ific a ppli ca ti on . 
H o\\ ever. it s adh es ive ness to fi ll e t 
pieces leads us to uggest th a t. in a 
ma trix a pplica ti o n . it cou ld provide a 
thinne r mo re fl exible ma te ria l th a n 
a fish pas te bi nder. 
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