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Methods of Reducing the Viscosity of Fish Meat Sol and Kaniaboko-Forming
Property of Active Fish Protein Powder

Hiroshi Nik1,*2 Téru Dol *2 and Seiichiro IGARASHI

The high viscosity of fish meat sol is one of the most difficult barriers on the development of
the active fish protein powder (AFPP). The method which reduce the viscosity of fish meat sol
and retain the kamaboko-forming property of fish meat should be developed.

The effects of adding Ca?*, Ca?* and poly anion, water soluble protein and carbonic acid to

fish meat sol were examined.

These four methods reduced the viscosity of fish meat sol sufficiently. But only the fourth
method which added carbonic acid to fish meat sol, lowered the pH of sol and reduced the vis-
cosity of sol could make the AFPP that has the highest kamaboko-forming property. It is the
feature of this method that carbonic acid added to fish meat sol was removed from fish meat quickly

~ through spray-drying and was not retained in the AFPP. Therefore, pH of the AFPP became
neutral and the denaturation of fish meat protein (actomyosin) was little.

BRI X 5 BTG R IR (AFPP) o8l ks
W, ARV OEREIRLKE LK EOMED 1
DTHDBHY BEVAVOEMER, EEEEROWRRD
wRb x5S, Boha AFPP 0FE « HE Y RET
REBEENPEBIE LT DD % & THIEO IR
WTiE, A7 P Y ASOBESE S LR EF L LT,
B VA DRBESERICDWT ERORIE RN, O 85
WERA 4 v OYRINEG L O pH OZLa A v ORGE
CREHEY B IETCERPLIE LY LT,
ChbOMERL e, AFPPSIGI 8T AFE Y/ LD
HEETHEHRE L, ThieiEoS 8D AFPP
R LY

SENT, BERTEELT, AAYTA{FY, B
Y AAFVESMT =AYV, KR Vs BRED
W, BIURERC LS pH B0 4 Bl O HiET
AFPP %8l L, ZORAEE (7 <R=2JYREE %k
&@%}Lﬁto '

£ B F &

BERAA BRI I TR S R A v b
% X5 Theragra chalcogramma % Fi\~, BTV & [

©, BAEEKEL, - FIE2RCEE, AL, Th
BAEREOKTAEAKBLET G, BALT, £THE
B, TOET VY (KS 84%) ©, FEHE0.0SHE
HL, HORESE L (ko 80%, pHT), 5°C
TR L, SERTHE Lico ,

AFPP QL% Wi ORBTRERIK-T, £T0&
HI=bF a9 A-TCOEHEL, BHLCHERETH
B AEYEML, 224 FILVCERLTEA YV
FREL Lo HEETHIO 5B, Eiks vy 4 (Cally,
7=V S Y Y A (NagCHLOp), REEF + Y v A
(N2,COy), ¥ w U vEEF b U v A (NagPOp) 75 Kook
L, AKEEMEL, 0.1NHC 3 1000.1 N NaOH ¢
pH %L, coEs, WE7AT v, JIH, &
=2 VAZERER, BKCHERL, PH 27 L,
SIET7 A7 3 v (egg albumin) BHRO T A7 3 vEE
EA L, J9H (egg white) 1 LATRIIAR i\ 1oo 703,
Am— R VARIBIE, VY Ey bh=—% R AENE
LT, Bik - BiABEL, Bbhich=—x v 2y
BB L D% H i,

REEOTRINE, HBXPCRBIAZKREAL LT X
o> CTIRERKRAFRE L, FH L. ‘

g 1 T 5 BEPTTE M A S K (AFPP) o BZsIc BIF 5 gE—VI (Studies on the Development of Active

Fish Protein Powder by Spray Drying—VII).

C w2 mEIE g (Bk) FLIRTFZEET  (Sapporo Research Laboratory, Snow Brand Milk Products Co., 6-1 Naebo,

Higashi, Sapporo, Japan).
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ME, T4 E =T VATHBUE, BHERRBER.

v iz R E AR IR o, BRR R
150°C, H:EERE 60°C CTHEEZEZRE Ll

ANV LOKENE Y LAk, BEEMFER B
FEEE R F T, BE YA (10°C) OfiE (Poise) %
WE Lico

h<KIWEEEQRIE AFPP 0l EMEOHIEITIT
B =R aBEREELEE Lice £ET W HHSOBEL2 R
BET 0 HOREHEECE LT, MR LRBCE
1/711’_0 )

AFPP o 4 BEOBKEML, £OKI% 80% &
FHEL, £FT v HCRELRET, 5 4MEET I ER,
0.026 AR I 2T 1540, 0.07 HWoOEH»
LCISAE, FhEnbusy Lick, EE30mm o
HIVF .- FRFERL, 90°C, 30 HEmELTH <
RadBE Ui, ik, AFPP @ik LCAET h BICE
TR, Na,P,0;,, EDTA 7cF o Ca #4441 NaOH
7o &0 pH TR % WK PR LTI LT,

rROISCHEM L h = A2y, —HHRER, D
€Y —HE (g) *HENEY —-HBEHB-THEL,
WoT T2 Mg, »=A=%EE 3mm OiREIL &
L, T EROBIOBEND AA A, B, CI)@
5 Eﬁﬁ%ﬁ}:ﬁﬁ%ﬁ’)ﬁ-o

BRELUEBE

FLL T LTRIN AFPP OEIEE EHEEMIC L B
AFPP 08l Y- T, BRYVOFHENIRIEELRT
BD1DOThHB, THIL, 7 ANhbLRR YA RERS
» VA-NICEZET AR, BRYVADRHENT L LT
L, ERAOBELH—CRA SRR T0
%%i»@ﬁﬁm@ﬁﬁﬁ AFPP OB R X OHEY
CRERHEYELD.Y CORELEHT A BRADE
Em@ﬁ%/wmbt%kiuéﬁvﬁgf%éo

BRLGRERTH DD, Fhi ) AABLERS
FFRAEE T 5 1o diely, BIRAVEERIT X - C, 100 um
DIT OfHTF & LTig—Te MR D Y A & BT 5 B E
DBBLS L, ToOB, ARYVMIIELEREES
Y, FhRLSOEBERY R TS, TORKY
AOEHECERNEEX vA2B(T 72 3+vV)D
BABBIC LA DTHDZ &1, WHY CHECHREL
Foo LT, COREA YOS FEEE ORI
IoTETFL, P e, Bl Calt 2RI & &
kY, TORMEFELIERINS S LEBLATL
71:04)

%Z T, AFPP oBlEicdi~»C, REHKEMZ,
arg FIACERTIEE, Fogkbe CalCl, %
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Fig. 1. Viscosity of fish meat sol and fish meat
sol added 10 mm Ca?* at various concentra-
tions of fish meat.
O: Fish meat sol, @: Fish meat sol added

10 mm Ca?*, pH 7.0, 5°C, concentration ( J5)=
fish meat solid content in fish meat sol.

H/INT B LR LT, EHERR YV ARREEL, Th
BTN L, Bk AFPP ORE (BEREM) &7
< R 2 R X D HE L, '

Fig. 113, £4«0BRABECRTS, BHENGER YV
LR TROEET 10mM L b X 5 ic Cat (CaCly) %
Lo v v (0H 7.0) oR5E (Poise) R LD
DThb, Ik, Y rORREET YV LHERCESL
KETHEERNL VARORREREREYRD, BEE
% TR Lico .

aﬁﬁF®%Mk%L,ﬂ%m%W/»@ﬁFm%ﬁ
T ERL, BRIFLEEEHRAT O LDk, BRRERE
3% BBRRTH oo —7, 10 mm Ca** FInap Vv
BFEOBENZELLETEhTEY, RREEIN ¥ T
BIFAEBEZRAYTO ZEATAETH» T Hb, 10mM
Ca* OFEINC X »C, MBRERO BYRARVES
W) ORHEREIH B EREhics by, B
FHRRNE LLED bl

%Lf(k%%ﬁMLt%m/»b5§ﬁbhAEw
OH<RaWREYRAE LA, HTRaDEY —
PR 220 g, T A MEC LW R Tho e
(Table 1), = DFERENDROL 51T LBEXDRD,
Ca T LBl Yyl FoBRKENET L, Th
CXoTRAYAOBELER LY £LT, C
TR Y AD D B L AFPP &R KEMET LT
D, TREERISTHEE L) ~ K2 OfRKEEIE, H
RIEToD, FORBIXCT vy LHEINI,

Fre, Catt BINAFPP Xy a<Aaicl okl
R FRET ARIT, AR YA OREETRE - Ca®
BT B O FEECHEET B LEN B 5o 1) BELROREE
HEEEEEE LT, RA—BROCFBEIhTVW2ESY v
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~Table 1. Improvement of kamaboko-forming
properties. of AFPP containing Ca®* by

adding Na,P,0;
Amount i Kamaboko-forming
. of Na,P,0; Degree of properties
added =~ binding Ca®* -
(mol/kg of (A Jelly ‘Bending
kamaboko) strength test
G3)
0 0 220 C
0.005 50 . 280 B
~-0.011 - 100 340 A
0.022 200 380 AA

(Kamaboko contains 0.022 mol of Ca2?+ per kg)

B, FllE, €wy vERS Y v s (NaP0p) &
13, Ca*t HHERIE LTEREEELDND,

F T, Ca* GEhn AFPP /b < K = R 8 B 5,
BARD I % B K NaP,Or RIRIMEML,
Ca? OEPEPRSL, TOFKEREL Table 1 R L o
AFPP rhicfEE+5 Cat B L, 50, 100,200% @
HPERL 05 X5, NaP,O, 2F%mL, Bbhicr <
FaORERRELCE TS, NaP,Or OFEINC X » T
F= Rz OB, BRELHESh, 20T &ZMB,

Ca? ¥in AFPP X1 v, hRhVEFLHEETIHAET
Na,P,0; w0 BEA YV vEBED ﬁﬂnﬁ%ﬁfz@% Zn
Z%o ‘

we, EEO L5 7% NabP,Or Finc & 5 Ca* ¥
AFPP o BHEIIES, Hic Ca¥ oHEFEHLET
IBHONESH, G, A4 vEEDOREN, pH o
LRI EOHBELEZBRBDT, ThbOFILDWT
TLBREE Lo Wb —iy7n Cat BRI L
TH=F LV 7T 3 vA4EEE (EDTA), 1+ VREDOE
Bx%5ENT KC, pH FROEE 2 5 51D T
NaCH %, ZhZh, Ca¥* Hin AFPP ofEKEN
2T, ki NaP,O;, HinoBe& LAy ~ 22 %H
BUTHE Uiz, % Table 2 iR,

Na,P,0; LEBED Ca* Hik (100%) Lixs X
51 EDTA Z@ LIS, o7 <K= OREITHE
FEHIE & AVEVBELABE T T 1 F VEBEY

KCl © Na,P,0; #inéRRE ([=0.140) wEmoH et
&, %7, o pH % NaOH » T NaP,0; L[F
R (pH 7.5) R LeBe0WThd, NaP0, &
IR R XLk - o '

Zh b OfEREM B, Ca? Iiin AFPP i35 NaP,0;
winghEy, Ca¥r B REHo v ) vBAILT Y AL
LCHEI NS B, Thiis <Rz offir»HEd

BECRIOGID T ADIERT b Ich Licd O LHERX
W3 D ¥, EDTA 1z Ca* HEEsiENES bivies
T DiL, EDTA-Caii v r ) vER A L7 A (CaPyOr)
LR, AEEOETHSZ LIGERLTWBDTIE
M EEL bbb, —7F, NaPO Iimic X544+ v
HEOCHMMB IO pH 0 LR b =R 2lifiom s
Pl ) ERHFELTS DL Ebhb,

ALY LESHT=A 2B LI AFPP Q&%
#E Ca* ZEMLT, BAVADOHERZETSE, %
NAMEELCEE U AFPP 13, Fhnbh o iEsy
BT R, NaP0; 7n X Ca Hf§EHI% - haitie
5%, AFPP 2 » <A ol LCHERT 5 L CMET
BB, ’

T, Thbo Catt HERL Hoh UHRRA Y
RN L CR &, BEREEINECh b OEgEHA Catr
DIEFELER 2T, WBERECE AFPP Fo
Ca* AL EEIh B EEFEOBEL AR,

fExp Car HEFI 2 HE Lo R, EROKERH
Tix, Ca* LMD EAFEET, BERREIX
RO VY AERETE 7= VEERRIRTS E D
BADEMT =+ v OFIFENEZ bR, €r Y VBT

Yy A (NaP0p) & Ca?t MKBERCiET S &,
Ebic, TEoer ) vEaL Yy A (CaP00) %
BL, Wigd+s, Lnl, 7=vEEsr ¥ v s Nag-
CoH;;0;) RKEET + VU ¥ & (NapCOy) & Ca?* T EfFI
HEZEBE, CORKROBENEVSS, THEEDE
b ) DY AS A

B ARRETBE, KOFRORES 0~10mM &
5 X 5ic Ca?r (CaCly) %L, fFeT, o Ca*t
B EEET 5 I HE B D NayCiH;0r, Nay,COs, Na,P,Oy

Table 2. Effects of binding Ca?*, ionic strength and pH on the kamaboko-forming properties

of AFPP containing Ca?*

Amount of Ionic strength Kamaboko-forming
Additive additive Binding p. properties

(mol/kg of Ca*t (%) of kamaboko of kamaboko

kamaboko) Jelly strength (g) Bending test
Na,P,0, 0.011 100 0.137 7.5 340 A
EDTA 0.011 100 0.137 7.3 200 C
KCl 0.112 — 0.140 7.3 280 B
NaOH — R 7.5 270 B

(Kamaboko contains 0.022 mol of Ca2z+ per k )
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Fig. 2. Change in viscosity of fish meat sol
added Ca?* and various poly anjons.
®: CaCl;, m: CaCl,+Na,CH;0,, [O:
CaCl;4-Na,CO;, a: CaCly+Na,P,0,, 6% of
fish meat sol, pH 7.0.

BTN ENIMLTico Thbo BBV A (BARE 6%)
o pH % 7.0 ik U8, 10°C TF o fsEE (Poise) %
WEL, ZoEY Fig. 2 WRLk, tk, Cat i
25 10mM  of, Na,CH;0, 11 7mmM, Na,CO; %
10 mM, NaP,O; 12 5mMm &70% & 5 EA& T, FhP
NOEMT =F vEFEIN LT .

Ca?* & Na;CH,0; #7#13 NayCO; % Lot
13, Ca¥ BMOBE L RIERRED HIEETHRENE
Bibhi, Lal, NaP0, & Cat* o oBas,
B bAhvie NaP,Op 78 Ca*t ORSEETRE L HF T

BT ERTERE,

Wiz, 10 mm CaCl, 10 mm CaCl,+7 mm Na,CgH; 0y,
Z 1T 10 mM CaCl,+-10 mm Na,CO, o 3 EEOEE
BCRAYV Y (BRRE 9%) %REL, ToxE, pH
PREL, EHCEBETRELITV, Bbhic AFPP 2
By Ko w i L, SEHEEESY Table3 R L
oo ;

Na,C:H;0; 3 X OF Na,CO; oiimc L -»C, A Y
ADPH LR ED LD, TOMES Calt Bl
NP ER L, Cat oRiEE TR £

AR « I8 - AE

Bich ot ChbOBA YA RIEZER LRI,
Ca® 28 Na,CeH;0; % Na,CO; » REME 25
L, B hicinr, Car MO BE X b, Bbh
7o AFPP 07 <= Fa Bl L, Lal, Cat
BEHMUREEREN, £0 7 =8 2 BREELE
<, WRTNERE LTV 2RV,

RBMES P INVERFMNAFPP QRIS BiHY cks
T, KEEs v r7ED X5 hEUHERELRA YLD
HEXETIRAEHEN DD EHBTD bR,

BREEY 6% L, Thiel~rd4Y olig7r7 3
VEHEINLTER YL 0H 7.0) /B LT, Lok
B HIE Ui, #55% Table 4 R LT,

Table 4. Viscosity of fish meat sol added egg

albumin
Egg Fish Total
albumin meat protein Viscosity
content. content ~ content (Poise)
%) (%) (%)
0 6 6 990
1 6 7 340
2 6 8 . 135
3 6 9 90
4 6 10 50
(pH 7.0)

E7AT I VBERICL D, BRYADER v_s4
BB brbb T, BERET L

T, KEWEZ VA 7BELT, SRR L 0h=—
RV AP BRENERIEIN LA Y AR TR L, TR
iR 1L C AFPP %787, BRIV APOKEEL vy
BoRE, RARE, HE pH SIOHEZBRESD
Nz AFPP o~ A =2EHE% Table 5 Wi Lico

B v Db v oSy SR 125 OFF, HEE 170~
180 Poise CThH by, RIFINEFEZRENTRETH 1o L
L, Bohic AFPP o b <R agRiErHBRE TN &
boTREr ot Tris, WADHE, w=—x vty
B, b~ RaBBol goMREC X5 €Y —
MEQEIMMSEED bhicd, Lo FFETFTA Mk

Table 3. Kamaboko-forming properties of AFPP contained Ca®* -and various poly anions

Fish meat sol

Kamaboko-forming
properties of AFPP

Salt content

Fish meat Viscosity pH ) Jelly strength Bending test
content (%) (Poise) @ '
None 3 _ 150 7.0 410 AA
10 mm CaCl, 9 120 7.0 220 C
10 mM CaCl, 9 180 7.2 330 A
+7 mm Nay;C,H;0,
10 mm CaCl, 9 160 7.2 300 B

--10 mM Na,CO;
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Table 5. Kamaboko-forming properties of AFPP added water-solbule proteins

1549

Fish meat sol

Kamaboko-forming

properties of AFPP

. Water-soluble Fish meat Viscosity pH Jelly strength ‘ Bending test
protein content (%) content (%) (Poise) (©)

None 3 150 7.0 410 AA

Egg white 2 6 130 7.1 © 320 A

Egg white 3 9 180 7.0 310 B

Whey protein 2 6 110 7.0 260 B

Whey protein 3 9 170 6.9 240 B

FAIRL DTl wico 2DX 5, Kz V-7
BOFRMT X v ARV LVOREET Lich, Bohic
AFPP T B Vv OREERT I8/ LiokgkE & v
SRIBEHRBELTWBIDE, £0h <A 2 URaRITE
WD b DRt VBB RERE T~ T

BRESE R L7- AFPP Q8LE%k Ca*, Ca** L5
DEM7 =4 v, KEER v 7 Bis EORIMER, &
A YL OREETCREHTHBH, AFPP oa<A=
R CHEET N EERIBELR R - T LORRA
%, BBV AVOERECER LicEL AFPP HiIc
BELTWALHEELbRS, :

2T, BRYVARREET BRICRR YL oRIEEL
CEN B DS, BEEERC AFPP 2 beihE
ENB LS EHERE AL b, ChbofE
BRI BT TH B,

BRI sRnC, RV vO pH 283 b LT
IoT, BRAVADHERKRESED LR LI, &
PIBRESY% ofap v A 0.1 N HC % X 00 0.1 N NaOH
2ETLC, 20opH% 63-83 KfHElL, *0OHEY
P Lo #55UT Fig. 3 KRTX51, MR
VA DREEEZE L ET Lo

Lo L, B cHbAR L 51T, BELEREO

(Poise)
900}
700t

500

VISCOSITY

300

100}

PH

Fig. 3. Change in viscosity of fish meat sol at
various pH. 5% of fish meat sol.

BEHEVAIE (773 y) OBME, BERT
RLELL, PEMETR DL ER M bR T
%o BB, BMATEAR Y LORBERFELSCETTS
30D, Bbhd AFPP on<RaURELETTS
et kﬁg%ﬁgéiéo

T, RAYVARTEEBE LTERLTRR Y VO
ME R FECAET &2, KT, HBRRRICTh5E
&ichkE sh, AFPP BB LI\ X 5 tBOER Y
Toize

FEO X S Inf Bl dRE LT, BaBH O
B, REBEHACBEZ L L, ARV V2T 5E,
EK (0°C) FICRBF AR ERALZ LR L -T, REE
KEED, ThrHAVWTRRA YA ZRE L, chicX
b, RV 2O PHIL 63 BECEITETL, BEAV L
DOREEEL AR 9% T 140 Poise 12 % TET Lo

OEMEER VA RBEGRTA L, BAV AN
MBS/ A LEBSIPCEE S BB, RENT
CO; & Hy,O i, BRI VBRI DR
BOSELBERL X - T, BAD pH (ZFR T 0 A
HCRBICD, BRARXVAIE (77 34vY) OF
HRFEDRICEI L OB S DEHE LS, Table 6 1ZR
B, R, BiERxAVTC, BBV (BEEE 9% o
pH % 6.3 WL, TR L1 AFPP 0 pH & »
< R 2 PRRER IE LR TH S,

TEZEIRET R » HRT B RBEEVICES, AR
SV DEREITESTHD, BIFTERERITRET
BHoleo TLT, BERZEREBTELII: AFPP © pH
TR EL BN U eiB&GE—F L, Foh<h=
WHEbLEWEYRL, ¥V -ME, HTT2 M
METEHETHTco —H, BEE, Higic L OEER
IR — R T 5 2Kk AFPP FhIciEB®gT 5
X5 Br AVIcEE, Bbhic AFPP o pHIMEL,
BEGRTIDBAE VA I7BEOERELELL, =R
AR DIE T AL LA » oo

T, REEXGMUCAR Y A RRETs L
kb, TOBEYET IS CRIFREELRY i
L, 3Bk, MERRRCRBIIFRBCOM HELT
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Table 6. - Viscosity of fish meat sol and the kamaboko-forming properties of AFPP added various

acids
Fish meat sol AFPP _
) . s Kamaboko-forming
Acid Fish meat Viscosity rH pH proporties
content (%) (Poise) ’ -
) Jelly strength Bending
. ® test
None 3 150 7.1 7.1 410 AA
Carbonic acid 9 140 6.3 7.1 390 AA
Hydrochloric acid 9 135 6.3 6.5 240 C
Acetic acid 9 140 6.3 6.4 230 C
AFPP it iz B LV AES RV s hic o b . ‘ s ik
LY, EEED AFPP ZuhiR X {AEET B0 R D) R BLe HERRE - MBEER « THAE—8:
Wi RN Nt - . B 7k gk, 48, 999-1004 (1982).
2) fZK B FnEHERE « EHEE BB BHAKE,
A ) ] 49, 85-89 (1983).
LAk, AFPP B M » C, W VA OERELT R 3) kB« ERES - BB Ak,
L LT 40D HERRE Lic, HBRHOKE, Rty 50, 681-687 (1984),
Buva s AFPP offiiENERIEL, o, HE 4 R CBLMERER « ARG EB Rk B8,
50, 689-694 (1984), :
@* X 2T W T D) . . : B .
FRODIEEDDEDCRORTECHEEEHL 5 Sp ) o 2l - BEET: SEASK
oo : o ' EERIRE, 6,39-47 (1963).

6) oK BAe EAEE—E: H/KE, 48, 1133-
1137 (1982).
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