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Quality Characteristics of Mackerel Surimi Prepared by Alkaline
Washing under Reduced Pressure
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Department of Food Science and Technology, Kyungsung University

Abstract

An attempt was made in this study to investigate the optimum condition of washing for preparation of mackerel
surimi by alkaline washing of 1, 3, 5, and 7 times under atmospheric (760), 660, and 560 mmHg pressure. The
qualities of surimis were examined by analyzing the factors such as water content, crude lipid, pH, volatile basic
nitrogen (VBN), expressible drip, protein extractability, Mg™-, Ca*- and EDTA-ATPase activity, transglutaminase
(TGase) activity, gel strength and color. The contents of moisture, crude lipid, pH and VBN in surimis prepared by
alkaline washing under atmospheric, and reduced pressure went up to 72.0~72.9%, 4.8~5.7%, 6.9~7.0 and 6.7~7.0
mg/100 g, respectively. Protein extractability, ATPase activity and TGase activity were highest in surimis prepared
by alkaline washing under 560 mmHg. Gel strengths of surimi setting gel and cooked gel from five times washing
under 560 mmHg were 420 g-cm (atmospheric, 330 g-cm) and 485 g-cm (atmospheric, 412 g-cm), respectively.
For the preparation of mackerel surimi, optimum washing condition was five times washing under 560 mmHg.
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Fig. 1. Schematic diagram of the homogenizer for wash-
ing under reduced pressure. t: Vacuum tank (Material,
stainless steel; Internal diameter, 1,273 mm; Height, 1,983
mm; Internal volume, 2,523 L; Thickness of tank wall, 4
mmy), P,, P;: Vacuum pump, g: Manometer, M: Manhole
(Internal diameter, 400 mm), R: Rotormotor (5 Hp, 60
rpm), V;: Gauge valve, V,: Vacuum pump valve, V,, V,:
Air control valve, Vs Drain valve for washed meat, V,:
Drain valve for used water, f: Air filter, B: Bearing (UCF
208), W: Window, BL: Rotor blade, S: Shaft (Internal
diameter, 40 mm)
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Table 1. The contents of moisture, crude fat, pH and VBN of mackerel surimi prepared by alkaline washing under

reduced pressure

Pressure Washing time Moisture Crude fat H VBN
(mmHg) (numbers) (%) (%) p (mg/100 g)

Unwashed 71.0 7.0 6.0 6.9

Atmosoheri 1 72.0 5.7 6.9 6.9

‘“E‘;Z%)e“c 3 724 5.7 6.9 6.9

5 72.9 5.4 7.0 7.0

7 720 5.3 6.9 6.9

1 72.6 5.5 6.9 6.9

3 72.8 5.4 6.9 6.9

660 5 72.1 54 6.9 6.9

7 72.4 52 6.9 6.9

1 72.0 52 6.9 6.9

3 72.0 52 6.9 6.9

360 5 72.7 5.0 6.9 6.9

7 72.9 4.8 6.9 6.9

Ze] AEe A2 wEel suimi®] A Y
A Bl ol up2 43, ZAME, pH 2 VBNY #aks
4% Ao}, £AS1A] & 1F 5 £, &
Ak, pH % VBN Z}z}h 71.0%, 7.0%, 6.0 % 6.9
mg/100 golglct. Ajdted A 23 surimi®] 73, ¢
H g A3l wet fEgeke] 72.0~72.9%% 4
2 Apol7} Al o AR AstellA 73] 4
Al 5.3%, 660 mmHg®] 7F} &hollA] 73] =4 A] 5.2
%, “12] 3 560 mmHge| s} sl 73] 4] A] 4.8
%2 ol F-&4E, 283 A} Folgs
5 Zhavdhe Aol FAME S R A3
52| F7lell ule} 242 o] FradheE AL 7
o " FH A 7]Q17 Aoz Azbgdc) Ao
. pHi 6.9~7.0, 18] 3 VBNS 6.9~7.0 mg/100 go]
At

FH S8 Y889 pHr} 6.0 o]3}ollA] = BHadg)
= geld AT 5= glor} 6.5~7.0004 = BHo] 73t
gelS 3AE 4= gk 319 2. Shimizu'"e ©]-§-9
pH7} 7.5 oAk = whilla] Z47ke] A7 wbid
Hol 7}3lA Ho| whhtEyAde] whels ng 93]y
o] Weoixithy sloich £ Aol AAHe
2 pH7} 6.9~7.002 5% ©o] 7}j}t gel& ALY
)& pHY| 7o) Ak Z& 4 4= stk

Ishikawa""= vEAIRE o] §-8 A FA o2 43
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g SMUE A8 o152 w8 5 kg B 100 kg
7z} A Ao W Zh aeEe] E& vksle] 5~
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HE w7l 5 kgs 9S o B} ARG WUk
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aheAlZE Abe Al Bl ok 3 stg ot ZhgkeAl A
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% Nishioka®i= Aole]-52] A9 7slAl A fels
o] Vo= Ainbake 159 =7] ¥ Ak wet
t}2m 10 mmHg 714} 3}, 1 mm Z7) A= 90%2)
A A ot 5 mm 2o e 50% A
F zA 9oz s

B ool Foll4 Aubde g dx]anr} 71} 9k Eg A
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z)-go] 31.4%% vhelydrl. o]i= Nishioka®e] Aoja] S
# vlasld FAgo] "ojx|i= o Jehded 1
AL T2 A R AolofA i= AFelw A7
Heh ¥ Age] A9 458 34 560 mmHgE
sl o]+ w3 S F3le 560 mmHg Bl ¢
g I AL ol ¥R vIAS 0] &
FEt FH A= FAF slet k4] ool =AY B g
mellA wPAEA] ooy A7 dEeld). &
A FAE AgHoE Asslald FAR {9 w
E A = g9 4E kAR 9
TNekel] A7} A7) EE ook & Zloloh.

Zteh etghel A5t Mz=st D80 surimigl gt
=g, chHEIEENM 9 ATPase B4

Table 2+= 2%-¢] surimi®] F3-& ool B 7] 93}y
FAs 2@ FASSd ael A2 Az 2%
surimi®] 719b=g §eks £33 Asje|oh Ft=g
o] gk ARkl Al 7.92-8.29%4<1 dl B]5ke} 660 U
560 mmHg Z}t44] Aol z+2b 7.04-7.42 9 6.73~
7.06%25 A o] F&pE Fhastg] o, 53] 4
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Table 2. The contents of expressible drip of mackerel
surimi prepared by alkaline washing under reduced
pressure

Pressure
(mmHg)

Washing time Expressible drip
(numbers) (%)

8.12
8.09
7.92
8.29
712
7.39
7.04
7.42
6.95
6.94
6.73
7.06

Atmospheric
(760)

660

560

N W e A L e ] N ) e

Al A 7P ol 4zt 7.04 2 6.73% (A3, 7.92%)0]
st 58] A Al ZIEER] o] ZH M2 AL A
AL A B G 5 58] FAEte] A 23 surimiz} W4
Hol 713k F33tgr] wiEels ol AHAE F
glod ol Fo] o, Xu), a8l B el §
A5 So] AA=] surimi F2] gHo] Hr} b H
TERE 3P| dioz AzEd, w3 ke ¥
B3 AUk o2 53] A7 A3 Fr)el
wre} Zhasleir) 73] 4] A] 2.3)8 Frlshed] ol
o8& AUAA FAFe 2N o Fxe W}
=0} surimi®] ¥ EH-5Ho] s A&
olgbi A=l

Table 3& A1 3 Ao k& 325

Table 3. Protein extractability of mackerel surimi pre-
pared by alkaline washing under reduced pressure

(mg/100 g)

Pressure ~ Washing time 1 ) )
(mmHg) (numbers) SSP WsP* SP’

1 2588 1937 56

Atmospheric 3 2396 1359 161

(760) 5 2700 3323 82

7 2155 417 179

1 2302 949 246

3 2228 3194 138

660 5 2688 3697 89

7 2140 2299 20

1 2597 1086 41

560 3 3386 2761 710

5 3694 6036 1424

7 2875 5118 148

"Salt soluble protein.
“Water soluble protein.
YStroma protein.

surimi®] A FEA3-8 el Ziolo) 84, 4
A 9 71Ad SR R3] BE pAIHe] YE5E
F7bsle 7 gelsla 53] AR 7ol FE4d0] Aul
How F5gl Aol P 33 Aoz e
it 712 560 mmHg2] 733} slollA] 53] A8l Az
g surimi2A] o]719] H4A], 84 B 7]l ghalA
F34L 7h7} 3,694, 6,036 2 1,424 mg/100 go| )}t

Fig. 2+= AFstt, 660 2 560 mmHg2] 3Hst 3fell A
FAZGE 47 1, 3, 5 W 732 gl 4 Allxdt
5ol surimi En|2Al9] Mg”-ATPase 342 1}
W Aolct. HAH o R Bol Akt slol|A] 45}
H

RO

AZR A FARRE Z7hol et 2 Wat gl
d) ukale] 560 mmHge] 7kt slol 4] AR AL 5
A3l ol mhet BAJo] A Wlsll o 53] 4] A
o+ 0.25 pmol Pi/min/mg actomyosin & & o] Z(760
mmHg) B} 246 o]} A eyt o 73] 4] A]
+ 0.13 pmol Pi/min/mg actomyosin &2 Z}4dhe= &
A& 1)

Fig. 32 718} slellA] o] A8l A2 1%
o] surimi YE 7| 2419 A Bl4po) whE Ca*-ATPase

0.3

0.2

Mgt ATPase activity (u mole Pi/min/mg AM)

0.0 i ] i 1

Washing time (numbers)
Fig. 2. Changes in Mg”-ATPase activity of actomyosin
of mackerel surimi prepared by alkaline washing under
reduced pressure. Mg™-ATPasc activities were measured
by the assay of actomyosin (3.0 mg/ml)) with 2 mM ATP
in 10 mM Tris-maleate buffer (pH 7.0) containing 1 mM
MgCl, and 35 mM KCl at 25°C for 2 min. O—O: 760 mm
Hg, ®—@: 660 mmHg, {H{"1: 560 mmHg
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Fig. 3. Changes in Ca™-ATPase activity of actomyosin of

mackerel surimi prepared by alkaline washing under

reduced pressure, Ca™-ATPase activitics were measured by

the assay of actomyosin (3.0 mg/mL) with 2 mM ATP in

10 mM Tris-maleate buffer (pH 7.0) containing 1 mM

MgCl, and 35 mM KCl at 25°C for 2 min. O—O: 760
mm Hg, ®—@: 660 mmHg, {—1: 560 mmHg

244 Jehd 7ol Fig 304 B ule} 7ho] 560
mmHg 713} 3lellA] FAjste] A3 7o) Akt 2 660
mmHgell 4 =A% 2 ks Hubd o g &Ao] E9k
o vy 53] 4=4] A] 0.17 umol Pi/min/mg actomyosin ©. &
A o) 27760 mmHg) B} 1.8 014 A viehytc).

Fig. 4= 713} slollA] okate] S-Alste] A2 a%o
surimi &} 7] 2 419] 44| 3] off w2 EDTA-ATPase ¥
434 vhebd Aolch A3t W 660 mmHg 7k} sholA
AR AL FARTE Z7el we} 2 o] WA
Zhadbe kol o1} 560 mmHg 35t 3lol|l 4] 524
& A& 53] SAAAE A3 274k 73 44
A thas Z2shelch

Katoh %" e surimi2] 234-§ ATPase 4]
T AAF gel ZEsh= AFE BAVL Qoo 53,
Mg*-ATPase2] 7-¢- %ol surimi 2942 2 %7}
° 4 vk spgdch 2 AfelA] surimi gel®] gel 7+
= =4 #A3}Fig. 5 F 6)F ¥, Mg”, Ca*- %
EDTA-ATPase 4o 7} 2 o2 vlehd 560
mmHg, 53]8] FAE A gel Z= HA] 744 ¥
vehd o2 Wol A-H ATPase B4 3} surimi
gel HESRE A2 W7k ASE o 5 et

Fig. 2~4% &3} 25 560 mmHge] 713t 3}elA]
53] g=A5ke] A 27} surimi®] ATPase 4o 7} <F
33 72 2 velykdl o)& 560 mmHgoll A 3t
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Fig. 4. Changes in EDTA-ATPase activity of actomyosin
of mackerel surimi prepared by alkaline washing under
reduced pressure. EDTA-ATPase activities were measured
by the assay of actomyosin (3.0 mg/mL) with 2 mM ATP
in 10 mM Tris-maleate buffer (pH 7.0) containing 1 mM
MgCl, and 35 mM KCl at 25°C for 2 min. O—O: 760
mm Hg, ®—@: 660 mmHg, [—{1: 560 mmHg

(«mole Pi/min/mg AM)
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Fig. 5. Changes in gel strength of mackerel surimi setting
gels incubated at 35°C for 6 hr after alkaline washing
under reduced pressure. O—O: 760 mmHg, @—@®: 660
mmHg, (H—{73: 560 mmHg

Gel strength (

g

-

Aoz 760 H 660 mmHge] 412 shol|lA] =45}
= A B} 44 dhala ", 2t 9l vle 3
ol vl A o7 A A=) wFoleba AztEr).

2ot 2| +=A5to] M=x8 DE0| surimi setting
gel % cooked gele| EEEM

Table 4% 660 % 560 mmHg®] 7H3} sfollx] bz}
53] =A% F 35°Coll A 647} settingsled A 2g o
%] surimi setting gel®} TGase &A1& veRy 7o)
ok st BlellA] FAEte] Al23F A2 TGase AJo)
3.553 nmol/mgald] thated 660 B 560 mmHg?] 7Hat
stol| A Alste] AMlzgt A& 717t 3.623 | 3.932
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Table 4. Transglutaminase activities of mackerel surimi
setting gels incubated at 35°C for 6 hr after alkaline
washing of five times under reduced pressure

Pressure TGase activity
(mmHg) (nmol/mg)
Atmospheric 3.553
(760)
660 3.623
560 3.932
nmol/mge] it}

560 mmHg®] 7qt slollA] pA|Ble] A 27 AAA
TGase &40l 714 & & A AA S F3fod
FEAA, dolf, A B 7)e JAHE Fol A
% 660 mmHg 7}t 3l A A% A Bt o wol Al
Aslo] Aej ez 71del AED| A2 FEE Z7}
A|717] W Eoleba Ay ztxlct.

Fig. 5%= 71} sl ebabe] #Astd Axd vg
o] surimi setting gel®] =4 3l=pol] vk gel 77 x| ¥
32 el Ao} Akl og ol 560 mmHgo|
7t slollA] =A% Zo] 660 mmHgell A $=A1%F 2
Br} gel Z4r o] Fhon] 53] 53] SAF o]
420 g-cm (733, 335 g-cm)EH 7P 34Tt

Fig. 6& 719} slellA] dzte] A3t A28 75
o] surimi cooked gel®] A|Zl<ol W gel A&
vebdl Aol Mubg o2 wol 53] f4 A7A|E
ABise) Z7bel whet gel ek M3 Zbakle
v} 73] A Al 2319 oA Fhashe A Ee gl
3+ 560 mmHgdl| 4] 53] =4 A] gel 7+ 485 g-cm
sk, 412 g-em)EX 7P oo, Mk o8 560
mmHg®] 7} dlellA =43 710] 660 mmHgellA] <

Gel strength (g-cm)

5885683
\>

wasghing time (numbers)
Fig. 6. Changes in gel strength of mackerel surimi cooked
gels prepared by alkaline washing under reduced pres-
sure. O—CO: 760 mm Hg, ®—®: 660 mmHg, [—{1: 560
mmHg

Table 5. Color of mackerel surimi cooked gels prepared
by alkaline washing under reduced pressure

Pressure  Washing time .
(mmHg) (numbers) L a b AE
1 648 47 127 168
Atmospheric 3 666 39 134 16.6
(760) 5 664 36 13.1 168
7 643 40 133 173
1 673 37 124 168
3 679 25 125 168
660 5 684 24 133 164
7 659 24 129 181
1 66.8 38 121 169
3 674 25 124 165
560 5 718 1.8 163 170
7 660 24 13.8 18.1

Agt A Brt gel 2ot A4 Vel

age] §9 gt obde] Ay %ol surimi
cooked gel®] Ao w|x|= AiE ol Br] 938}
4 o FAZlpe uel FAlstd AMxF surimi
cooked gel®] M= E 274 5}e] Table 5o vepligict.
AAHo R Wol LI(HWE)S 560 mmHge] 74t &
o] 4] A3 7o) 660 mmHgellA] A2¥ A B} =
stom] 560 mmHgel| 4 53] A% Zleo] 71.8 (44t
6624 714 F3algrt. agh(H 4 x)e 560 mmHg
ol 53] Mgk AelA 1.8 (43h, 3.6)23 7H ISk
o ZstpAlel oA A o] ol g AR
yeldel. bz E)e 560 mmHgo|A 53] 441§
o] 163 (43}, 13.1)224 7H Fghow ZhghaA)
ol 2)3led sHe] Z71gE 21& o 4 Qi) gk AEZ:
(A3 AAE Fol] 164~18.124 FALH L 5
A B ol ahE £ Aol G2 78 A Al ok
Z7lshe 7og eyt

2 9

5o surimiE B 08 gAbkstr] A% 479
dgto g A AAE AA - Alztsia o] FHE
o]-g-s}e] ztzh Akt 560 B 660 mmHg?] 314t 3}
A ZH2r 1, 3,5 H 73] <] sk o 2 S
A3l o]l b2 315 surimi®} F3 BAE eSS
v} AA - A2 AeAR R e slgeAlrE 7t
ojon ool surimiE AEF o8 A2 5 YA
t} Ao AEAE Edlod surimi®] SEEFE
72.0~72.9%, %A1} 4.8~57% (M 8HA] & 7, 7.0
%), pH 6.9~7.0 (541312 %€ 7, 6.0), VBN 6.9~7.0



et g A% 7% surimig] A4

mg/100 g ¥ 7I)F=ER 6.7-83%0]1%.2n, whllal
2442 560 mmHg, 53] 4 A] 484, +44 2 7]
A ezl EMo] zhz}h 3,694, 6,036 X 1,424 mg/
100 go.24 Ztzt 714 E9kch Mg?- 4 Ca*-ATPase
AL 560 mmHg, 53] 54 A Ztz} 025 ¢ 0.17
pmol Pi/min/mg actomyosin® 24 7} 3k}, Setting
gel?] TGase &A1& 560 mmHg, 53] <=4 ] 3.932
nmol/mgolgl o gel 7S+ setting gel ¥ cooked gel
ol A Zkzt 420 g-cm (AH3L, 320 g-cm) W 485 g-cm (%
st 412 grem)E3 242} P gsho) b o 2 sl
3Fe] surimi AEE 9% 7P A} AR
760 mmHg, 660 mmHg = 560 mmHg 43 £ 560
mmHge] 713t sl 4] 53] Wk SAlshs Zlol2dch
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