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Effect of Freshness, Manufacturing Process,
and Storage period on the Quality of
Frozen Mackerel Surimi***

Akihiko Hasmimoro*, Noboru Katon**, Norikazu Nakagawa**
b b
and Ken-ichi Arar*

Abstract

Frozen surimi was prepared using mackerel obtained from a fish market and the effect
of various factors on the quality were elucidated.

When the minced tissue was washed 3 times (first in 5 vol of 0.4%, NaHCO; and 0.15%,
NaCl; subsequent in 3 vol of water), the gel forming ability attained a maximum.
However, additional washing had no effect on this property.

In the preservation test of mackerel on ice, the gel forming ability decreased very
rapidly ; the loss was 509, after day 1 and 709, after day 2, with the original being 100%,.

Both the surimi made from red muscle only, which had very poor gel formation, and the
surimi made of mixed red and white muscle were inferior to white muscle surimi in gel
forming ability.

When the surimi was stored at —30°C, 30-409, of the original gel forming ability was
lost after 6 months.

These results shown that the freshness of fish, the washing methods, the mixing of red
and white muscle, and freezing periods markedly effected the quality of frozen mackerel
surimi. In order to improve the quality, some ideas were proposed based on the present
results.

200 4 4 ) BEEERIROEHA M ROME & 72 - 70 197TT FELIED, 43, 1 7 o OBHETHH
ikt ABLAEE D, %< OMBEEIC L - TRHEA S IR T ELTY, Big, o HRFEH
OEFERLTEILRAS b7 £S5 OBBREIL, ©IHER BEHOLSLUTTHBLTERDY,
FROBERBEITOLDICS ChOSERFFROEDFIALXE S LABETH S,

* JLEERFKEF YRR
(Laboratory of Biochemistry, Faculty of Fisheries, Hokkaido University)
*oEAsd X
(Kibun Co. Ltd.)
***  Qurimi; raw fish paste obtained by washing and dehydrating the minced tissue and then
grinding it with the addition of sugar and polyphosphate.
***x  Kamaboko ; Japanese style fish paste obtained by boiling a mixture of salt and comminuted
surimi.
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FELY, FOL D RBEICT - T, 1980-1985 i d>7 - T, TRO ¥ A% BT/ B L ~
AT (20-150 kg) BT b FALBR O ER T - C &k, ZTOFKE, TH HORE I, o
e, SR, B UGEEBROBREL EVEEYRIET I EAELHERD bR,

X B 7 &

S BRI ELETRULAL 51, 1980-1984 R BE I NETRO ~ A Ffoid o<+ %
Fvfe, BRI 25-45 cm, (A& X 450-800 g, LRA DK 51L 72-77%, pH 1% 5.7-5.9, 5L
1-16%, 35 & O K {Hi% 7-38%, 0 &RICH » 7o, BARO ALK, BERILEEFOLOT, A
HEIZ-1~2CfichTuik, BHIZ0F IR TRBREF CEKRL T FofdEcH
Too FROBER OREREL S L £ 8-30h L H#E I i, ok, —BE5 O 5IREESD K-
T, ¥, KEOHEEIMES? OHECH - TIT -7,

THEOEESE B HBEBREL, SHEALELLE, F7A 0 VK (049 REIKEF
FY YA, 015%ILF P Y v A GRBREL, VT, R - ARFARTHEDELT, A
FTADVERCEDL, K, ADOSEE (w/w) ORE7AH VK TIEFEL 2TV, 4L
B, D 3EE (w/w) OKTHELEEIRLL, i, REOWLKICIL0.3% EHikr vy
A%, BASHEY L, oS, WEO pH (1 6.8-70 OHEFAICHE Ih T e, BL
WEMERAE, B UEBCH»FY, I rESE % v e+ —n, 4% B8, 029 E&Y
VERHE), 1kg FOLFFEHREMIEL, —30C THREF L,

ATRIAORABE FIVIEDRIE BELICHETHY HiC 3% aEvm:, Moy vt

Table 1. General properties of samples used for experiments. Pacific mackerel was purchased
in a fish market. The assumed storage time after catching was about 8-30 h on ice.

Crude

Sample Fish Market K-value Moisture . "
No. Date (Prefecture) (%) H (%) Iz})}n)d
0

1 May. 1980 Tsukiji 23 5.8 7171 0.6 Figs. 2,3
(Tokyo)

2 Jun. 1980 Tsukiji 28 5.7 72.0 16.0 Figs.2,3,7
(Tokyo)

3 Jul. 1980 Sakai 28 5.8 75.2 11.0 Fig. 7
(Tottori)

4 Jul. 1980 Yoichi 38 5.7 73.6 44 Fig.7
(Hokkaido)

5* Jun. 1981 Ogawa 9 5.8 75.0 13 Figs. 5,6
(Shizuoka)

6* Jun. 1981 Ogawa 7 5.7 76.3 2.2 Figs. 5,6
(Shizuoka)

7 Apr. 1982 Tsukiji 18 5.9 74.2 8.3 Fig. 4
(Tokyo)

8 Jun. 1983 Tsukiji 15 5.8 76.0 3.5 Table 2
(Tokyo)

9 Jul. 1984 Hakodate 12 5.8 75.1 - Fig. 1
(Hokkaido)

* spotted mackerel was used.
** sample was used for the experiment shown in the figure.
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# v & — (Hobart #8) THLE L2, 10-15 HHIC R 8-15°C ORI E &, “hi by —
v s, &0 nE (30°C $£ 7203 35°C T 60 5 4+90°C T 30 4) AR EANE (90°C T 30
Fy L, A=Faw@lRl L, YAHEORER, DENCRLACL 5, vie 2 -5 — (R
Eie 5 RMT-1300) #AVCHW, VE Y S v oy — (IX12mm DN, BE 16°) ¥R 0E
m2H llmm#EAZIRACEZOMEBEOELL VRO, AP T, RN & 7-REDO T
ErL) —HE (g) & L7,

BWREEE

BEOHREY) AFETOEYHETBBLY, T, v 0WAN (HH) 0B RDHE?2
R, Ty, FRETHEFRLBRALLES LBRELAVTHYEDLBEOREY
ARLTHAH, MBFRELE, HaR (HEH) &R (REel) Kol Ttroag (%) &5
L, Zhick b &, EFMALMEHORETCEDLES BEE) X, Thih43% & 8%
Ligoted, CASDMBERUMOBRE I —KTHIDTH 18, ¥, 2WHOMEHD
L 16% TH B, ThIAFROESE (3-7%) KHNB L0 i BV ERRL T
oo XK, HABYHWERSOHEE DT, 935% RRLTWed, FEECHLh LY
DELEHE (51%) It B & 0% @A T 52 Edabhok, —H, Rl v @EnL
MERDOSMREEZRLTCHHH, MEHIEOMEIL » Tk - TE D, TOLERL (MEFHD
2 O ERE /B E O £ EHE X 100), I (10%) HHLESE (38%) ~M>5 3 EEML T\, 20
BERLLUMTOHE L I —&KT 507, FHEELXBCTAX ST 2883, ME&HO—HINEE
E (B, K) O~ BTT5D, £HATOMNSHEYHET - L 3ELVI 5 Ebh
2o

KBELOHR BAOKHL TRIL, BT, BERTEREL S, ¥, YA BRAHE
FTHEKBME v A7 BB RRETHIERL ST, A=K 2 0REYEDH LD EEZ
LRTW5h, 6, FHAOES T, RldbRLELL 5K, AEHD pH #3158 fHTicfETL
TWBDT, BLIEHTpH OFRMEfTIBIELSA TS5, ZhiL, YA HRERE S BHIEMS
Mz v 2 B2 Btk pH TIo S\ T T BN LR 3707520, [RMELLTh &
DEEFET IR T 5 48BF TORBELY F/DBCIE T A b SETCHD, £TIT, ¥
ADT O HEEEETHED, THHFOSNVURECRETAKFHLOPREKHL, BHRYR 21
Rl 22T, E1EEORLITIE, F7A45 VI (04% REBEKEF + V¥ 4, 015% &E) %
v, DBOF LI S>WTHKOLZEFEA L, T, BHOBREDERLYEDBD, 1% F VU +
vX100% &t (2E) KBELOBS LT, ZORBRICL B L, KL, 2-3EfT-70& &
CHrATEREERRKERD, TORBIVELBLET-Tbr~FRa0o BB EEIH

Table 2. An edible portion of Pacific mackerel. An edible portion of muscle
tissue was dissected from Pacific mackerel. The red and white muscle were
carefully separated. For comparison, meat collected by using a roll-type
meat separater was used. Values in this table were calculated as follows ;

__ tissue obtained from fish (g)

Yield (%)= weight of whole fish (g) x 100
White Muscle Red Muscle Total Using a Meat Separater
42.8+3.29% 8.3+1.9% 51.59 34.842.7%
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Fig. 1.
B red muscle

Transverse section.
O white muscle

Fig. 2. Effect of washing on the gel form-

Times of Washing

ing ability of minced muscle of Pacific
mackerel.

The minced tissue, excluding dark
muscle, was repeatedly washed: first
in a washing solution of 5 vol of 0.49,
NaHCO, and 0.159, NaCl; subse-
quently in 3 vol of water. From 5
groups of minced tissue differing only
in washing times, surimi was prepared.
The surimi consisted of 76-77%, mois-
ture, 10-129, of protein, additives (49,
sorbitol, 49, sucrose, 0.1-0.2%, poly-
phosphate), and others (crude lipid,
ash). The pH was adjusted to 6.9-7.3.
Kamaboko (Ref. 12) was prepared by
mixing the comminuted surimi with
3%, salt and boiling in water at 90°C
for 20 min (@, a), or in water at 35°C
for 60 min and at 90°C for 20 min (O,
4). The jelly strength (g) of kamabo-
ko was evaluated using rheolometer
(Ref. 13) and expressed as mean+S.D.
(n=6). (a,») First and second wash-
ing solution includes 1%, Triton X-100.
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Fig. 3. Removal of the lipids and the water 20
soluble protein from the minced tissue in
the washing process.

As described in Fig. 2, the minced tissue
was repeatedly washed. During the
process, about 50 g of the tissue was
taken out and dehydrated until the
moisture content was about 779,. Lipid
content (%,) in the tissue was determined
by a routine method (Ref. 6). The
water soluble protein content (%,) was
determined according to the method of
Hashimoto et al. (Ref. 37).

(@) Total lipid content

<
15

10

’
[ ]

Lipids and Water soluble protein (%)

(0) Total lipid content when wash- pd —4a
ing with 19, Triton X-100; (1) once, (2) 0 | R B | L |
twice 0 1 2 3 4 5 6 7 8

(n) Water soluble protein content Times of Washing

BT ERG T, B3, OB LUEREDO, KBS v 27 BRI UEREHE (BhOR
R Y THRR) OFIRLTHEY, ZoBELeRY, 1EEOHELTCA/EL b, IKE
EXIRTVED, TOBFLERIELTCAFOHREI o7, bV P VB X AWLE,
BaBRETS 52T DHEEID b0, FYAYELHETHEREOPREEL T, &
3, WO pH L, 1 EHEOBELULKE, ST (6.8-7.0) BEIh TV, 20T &b, B
O30 HEETE, 3EOKFELRE 1BE@7 A A VHELETD) 275D L LT,

MEPEREANKEE + AT 0 H»AEAETHEERE, N2ERLELSCERFOADT
DEBREDLZ LU, OAHIRALTLBEELZLRS, MEHTXIATrnlvido
~AEENSBICE TR TE Y™, T KEL O TR T HIRE S hich s fofed, LhHEA
Ltcd = A2 0BHRIETZHOEEEALATCETLL, $4, N4, LEHOTHHI
DEste =R aD X AHKEX RLI, FOX ) ~BEEELMCEBFOLOL HEL, K
1/3 DfERRTITE R ot, RiIZ, MEXRELT (@ O&H=5:1 W/WX2ERE)
He R REoTBEIIL, FOL Y —WERERABOLD L EDOH 10% BEZHAITH I L5
bhot, LhsT, THHOXABREYEDSHIY, I&HIBRELLIIFELY
EELZOND, COMEHD Y AHUREENMEVGCEB E LT, Fo73 0 FPfBls, KtEs v
RIEREBCEETNDZ ENEBEIATV A9, oMicd, T HFh0 S AMEEYES &

600 Fig. 4. A comparison of gel forming ability

of surimi made from red and white
muscle.

Surimi was prepared from red (R) and
white (W) muscle of Pacific mackerel by
the same method as that shown in Fig. 2,
except that it was washed 3 times.
200 Kamaboko was prepared from each kind
- [—l of surimi and also from mixed surimi
. (R:W=1:5w/w); their gel strength
W R Mix was evaluated (Ref. 13).

400 -

Jelly Strengh(g)
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Fig. 5. Effect of storage on ice on some properties of mackerel muscle.
Myofibrils were prepared from the white muscle of fish stored for various periods of time
on ice and the ATPase was measured under the following condition : Ca-ATPase; 5 mM
CaCl,, 25 mM Tris-maleate (pH 7.0), 50 mM KCl, and 1mM ATP/Mg-ATPase; 1 mM
MgCl,, 0.25 mM CaCl,, 256 mM Tris-maleate (pH 7.0), 50 mM KCl, and 1 mM ATP.
K value was measured by the method of Katoh et al. (Ref. 7).

~ = 400

oo =g

~ 600 P = N "

< -

0 ~ @ 300 T——A—— _a_

= — -— W

L -+ 0 .

) - [ 2]

4> 400 << E 200 S~

w2 o |

E) — @ w2\ Ca

— \ s~ 100}

— [#e W o}

® 2004 o— &

— 1 I =X | 1
0 | 2 0 1 .
Storage Time {day) Storage Time (day)

Fig. 6. Quality of surimi prepared from mackerel differing in storage times on ice.
Surimi was prepared from the materials as shown in Fig. 5. Gel forming ability and total
ATPase activity was measured according to the method of Katoh et al. (Ref. 39) and that

shown in Figs. 2 and 5.

ENBID I A VSTOMES NERELTELZOIh S, flzid, RIIZFRI WA, ma
BHEERBBFOTOHFPOLERELL : A vOBKKBR® BT 2 &, M 4o v 0Bl
FREh Rk, MEHR2ER, EBHX3AXLBELICREEY, T, BAAVEETOM
BHOHRE#HE Ca-ATPase iEH 12, SRHFOBEOH 1/ 2EBEDHEL MREMM o7,
FHOKARELTHRORE N5, ¥ %5vy Vv IFDEIkBLL L Z0EFRO K
flE3s & O° ATPase HLiEME DB L%, ¥, K61cit, FORBNOBE LT Y B X AR L
ATPase £iEHOENLERLTH B, ZOKRICL B L, KBIAELI-ON, Kl (BEY T8
E) kxR L, —F, ATPase FHt R« BT 2 EAEZR LY, chic LT, A
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Fig. 7. A change of quality during storage of frozen surimi. For Pacific mackerel surimi
stored at —30°C for various periods of time, the gel forming ability and the Mg-ATPase
total activity were measured according to the method shown in Figs. 2, 5, and 6.
Materials shown in Table are used for this experiment; (a) No. 2, (0) No. 3, (1) No. 4.

BB T A EZRL TR D, KEI 2% CZE LIy v 7ATE (2 BKE), ¥V —E
3BHD (OHE) H30% I THA LTV, HEIRBHLE®D 2Ar v v 4500 e 7508
i, KMER40% ¥ B2 Th, FO7XABRERERE LTEL - 3T iiFs 2 130
AA-A), ZOATRBLICY SITBRNTH -1,

7ok, KEPO XERHED pH 2, 5.7-58 DHEEKH - 1-hY, TOLKET TR, HESEOE
HRAEHLTH EhDTESH RIS, ZOZENTIHORVCRBLLICBERL TV 280
Bbh 3,

YT EOLREH KTl v370 5% -30C TAEEB L. L X0RE0E by T
LTHhbh, OB LBE, THHDY AR X U Mg-ATPase £7EM D, FFRICEEL
Al LCunion, 80 AR, ThbofEil, ThFEhbd &0, 55-709, s L 18 70-85%, i
BTz Ebibhote, REL, F1HOX Y —MHEMEVTIETR (my + 2,3) —2 A&l
Frb ¥, TOrX Ry I VKREELTEY (Fh s & + C-D), —%, RED
BuwibhF (roy bt d) TREHI»BETED Ligenlksyr A (FoliF7 x + AA-A) 2
BLTWBDT, TDOATIEHHELMCEL T,

753, T EHDKD (12-74%), pH (7.2-7.5), 5 X CHEERS (4-6%,) Offi, BEbIE—F
Thote, ¥z, IREBILOIEETH D POV (meq/kg)® O, HEDHT6-10% 1065 H
HT21-30 LK ELRTENI A 5T,

B E DEoBRYTLHEE, v BETYSORE K, FHOBE, KWELLM4 0
EHRORA, BIUVBREENMLEOERIELMCHEYRIZTZ E2lbh» 1,



d x K& E & #H 38(1), 1987

Tichb, ¥, KBLEfFCOWTE, BEHSERE (pH5.7-5.9) &ic-7cAEO pH 2
fiL, & Ehaigls, KEtEs v 7 BiEeBETHD, H3RIOWHBL (F7Lr VK
I AGGY LEEY) 2175 &, PAURERIRKCETSZ Ebhol, 20K, XHIZH
LB LT, BHPKEES v 7 BOBREDRIVLL, YA UREDRELRSHR
oo o

wie, MEHEAOHETHLHN, + - OEERILHHTOH /6 JMEH T, HREELEHN
LT BrEr L, MEHIHELACEALTEL, £LTC, 20T HHIVEalch <K=
i1, LRGOADEESCHNTEANRT L, T, YAHRERH % ETL T, o
EHIHRB LG, BATTNHFELVLELZDRIL,

T, BEIFEFOT I HOREETHHH, ¥ GET O Fi3-30C TH 6 » AORI,
F0 5 ATOREBERH 30-40% kb B Z L BB B, SORRIE, AU ETEETIE
OFEHAY, b ZDOEHDEECHAREVIEERL TR, 2O Ehb, 0D
HBETHYHITELRIRVODFERATIZENFEILVL SBbhi,

BB, BERoOBEORBETHDL, ZOMBIZLHDTKREL, Sy Vv IF0EIKRLTE
WTh, YD ATUREEL 2 HREI TS L D 30% ImE THA LT, K6 DERI D, ¥
ATEREEDHLEE Y EH L TLD EW, L0, 060X107°(/s) Lieh, Thik, Ayt v
£330 HR#15CIeEE LB a0B LBl T, ¥, Lo REH, B 8-10
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