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In succession to the previous paper, the present study was directed to investigate the optimal pro-
cessing conditions of meat paste products with mackerel. To improve the gel forming ability of meat
paste, washing conditions with water and alkaline solution, setting time and temperature, and heating
temperature were controlled, and the influences of the freshness of raw mackerel and mixing ratios of
ordinary and dark muscle on the qualities of meat paste products were discussed.

The most effective condition for the keeping freshness of raw mackerel meat among different storage
conditions was the forozen storage at —20°C, followed by the storage at —3°C and ice storages, and
this relation was coincided with the effect for maintaining of gel forming ability among above condi-
tions, but there was no effect on keeping freshness of raw mackerel in the storage at 25°C. Gel strength
of meat washed with tap water decreased with washing time, particularly, the meat washed three times
showed higher gel strength than the meat washed more than 5 times. And the removal ratios of water
soluble protein were 60% in the meat washed three times and 90% in the meat washed nine times. Washing
effect of raw mackerel meat with alkaline solution was great at pH 6.5~7.0 of meat paste yielding
the highest gel strength in the meat washed with 0.5% sodium bicarbonate solution. Gel strength of meat
paste product decreased with the increase of mixing ratios of ordinary and dark muscle in the raw
meat. In the setting conditions of meat paste examined, 15 hours at 5°C and 2 hours at 30°C. The most
suitable temperature for gel forming in heating conditions was 99°C, followed by 109°C and 80°C.
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Table 1. Size and freshness of raw mackerel examined

) . Body Body VBN
Experiment Date examined length weight pH . "
em) (k) (meg/125z

Storage condition May 9, 1985 20~31  130~320 6.0 16,5
Washing time Feb. 15, 1985 24~30 225~360 6.1 15.4
Washing condition with alkaline soln. Feb. 11, 1985 30~33 225~340 6.1 12.8
Mixing ratio of ordinary and dark muscle Mar. 5, 1985 24~-30 180~370 6.1 15.0
Setting condition Mar. 20, 1985 21~30 115~385 5.7 18.5
Heating condition Apr. 16, 1985 23~30 115~370 6.0 13.1
Frozen mcat paste Feb. 9, 1985 23~32 130~380 5.8 12.¢
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Fig.1. Changes in pH of raw mackerel during sto-
rage under different conditions,
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Fig.3. Changes in histamine contents of raw mac-
kerel during storage under different condi-
tions.
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Fig.2. Changes in VBN contents of raw mackerel
during storage under different conditions,
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Fig.4. Changes in k values of raw mackerel during
storage under different conditions.
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Table 2. Qualities of meat paste products prepared with mackerel stored at 25°C

Control 1 I I v
pH 6.5 6.5 6.6 6.6 6.7
Moisture (%) 64.6 64.0 66.8 66. 4 64.8
Gel strength (g-cm) 520.0 284.5 144.0 102.4 96. 3
Expressible water (%) 7.9 10. 8 18.6 22.7 24.9
Folding test AA C . D D D
Organoleptic score 7.3 3.4 2.2 2.1 1.8
Harduess (kg) 8.20 5.40 3.70 3.20 2.60
Toughness (cm?) 5.74 3.80 2.19 1.74 1.50
Elasticity 0.96 0.83 0.83 0.77 0. 68
Cohesiveness 0.20 0.13 0.15 0.12 0.10
Chewiness 1.57 0.56 0.46 0.30 0.18
Brittleness (kg) — 1.60 0.50 0.20 0.20

1 : Sample stored at 25°C for 5 hrs; ] : Sample stored at 25°C for 10 hrs; [[: Sample stored at 25°C
for 15 hrs; [V: Sample stored at 25°C for 20 hrs.

Table 3. Qualities of meat paste produets prepared with mackerel stored by icing

Control I I i N
pH 6.5 6.5 6.6 6.6 6.5
Moisture (% 64.6 65. 4 66.8 63.2 67.2
Gel strength (gem) 520.0 456. 8 301.0 247.5 216.0
Expressible water (%) 7.9 8.9 10.8 11.1 16.5
Folding test AA AA B C D
Organoleptic score 7.3 6.8 5.7 4.7 4.5
Hardness (kg) 8.20 6.20 4.20 3.60 3.20
Toughness (em?) 5.74 4.74 3.39 2.29 1.80
Elasticity 0. 96 0. 96 0.93 0.89 0. 85
Cohesiveness 0.20 0.17 0.14 0.14 0.13
Chewiness 1.57 1.01 0. 55 0.45 0.35
Brittleness (kg) — 1.00 0.50 0. 40 0.20

1 : Sample stored i)y icing for 1 day; 1 : Sample stored by icing for 2 days; [[: Sample stored by
icing for 3 days; W: Sample stored by icing for 4 days.

Table 4. Qualities of meat paste products prepared with mackerel stored at —3°C

Control ] I I I
pH 6.5 6.4 6.5 6.3 6.7
Moisture (%) 64.6 64.8 65.2 68.3 66.2
Gel strength (g-cm) 520.0 478.5 457.5 442.2 383.8
Expressible water (% 7.9 7.7 8.3 8.9 10-6
Folding test AA AA AA AA A
Organoleptic score 7.3 7.3 7.0 6.9 6.5
Hardness (kg) 8.20 7.20 6. 40 6.40 5.20
Toughness (cm?) 5.74 5.32 4.26 4.34 3.32
Elasticity 0.96 0.96 0.95 0.94 0.96
Cohesiveness 0.20 0.18 0.18 0.20 0.18
Chewiness 1.57 1.24 1.09 1.20 0. 90
Brittleness (kg) — 1.00 1.00 0. 80 0. 80

[ Sample stored at —3°C for 1 day; Il : Sample stored at —3°C for 2 days; [[: Sample stored at
—3°C for 3 days; [V: Sample stored at —3°C for 4 days.
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Table 5. Qualities of meat paste products prepared with mackerel stored at —20°C

I I il N

Control
pH 6.5 6.5 6.4 6.4 6.6
Moisture (%) 64.6 65.4 61.0 63.0 64.2
Gel strength (g-cm) 520.0 504.0 490°5 487.5 425.4
Expressible water (%) 7.9 7.2 8.0 8.9 7.7
Folding test AA AA AA AA AA
Organoleptic score 7.3 7.3 7.0 6.9 " 6.8
Hardness (kg) 8.20 7.60 7.60 7.40 7.00
Toughness (cm?) 5.74 5.64 5.80 5.42 5.35
Elasticity 0.96 0.94 0.95 0.94 0.95
Cohesiveness 0-20 0.19 0.18 0.19 0.17
Chewiness 1.57 1.36 1.30 1.32 1.21
Brittleness (%g) — - 1.00 0.80 0.80

I : Sample stored at —20°C for 1 day; [ : Sample stored at —20°C for 2 days; [[: Sample stored at

—20°C for 3 days;

IV: Sample stored at —20°C for 4 days.
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Table 6. Effects of washing conditions on the properties of mackerel meat and its meat

paste products

Washing time

0 1 3 5 7 9
Washed meat
pH 6.2 6.2 6.3 6.5 6.6 6.7
Moisture (%) 72.2 75.2 79.4 82.2 84.2 80.1
Crude fat (%) 5.1 4.0 2.3 2.2 2.2 2.3
Total-N (mg/1008) 3175. 4 2392. 4 2286. 5 2212.7 2190. 4 2034.1
Water soluble protein-N (mg/100g) 1511.7 636.6 603.0 450.0 316. 3 147.8
Meat paste products :
pH 6.2 6.2 6.3 6.5 6.4 6.8
Moisture (%) 58.4 65.4 65.9 67.4 70.8 66.5
Gel strength (g-cm) 211.1 332.5 652.5 475.6 477.1 442. 3
Expressible water (% 18.0 11.8 10.3 12.6 12.1 13.9
Folding test C A AA AA AA AA
Organoleptic score 6.80 7.0 8.2 8.3 7.2 7.4
Hardness (kg) 6.80 7.00 13.20 14.00 12.00 12.80
Toughness (¢m?) 3.91 4.01 5.90 7.75 6.25 5.76
Elasticity 0.77 0.80 0.89 0.82 0.81 0.80
Cohesiveness 0.26 0. 31 0.34 0.32 0. 38 0.33
Chewiness 1.36 1.73 3.99 3.67 3.69 3.38
Brittleness (kg) 1.20 — — — 1. 20 2.20
wksr g ol BHelrE o texture (REE, toughness, Bk, ¥

2. FEAS KERBT o SR
BlAE %

ECRtgel sfFRe +588 7isted 1587 343
SE7E b ABEEET 1,3,6,7 9 9EA 7
A g o] & ukEe] 2 M o A
Table 6o]=}, ZkPhel olsle] FRpe MR
vko] zt4ste] 3@ ABhgr Ze EEES R
45% 2 rastded, o Mk ARERE ¥
AL 743}A °‘~°‘D} =g, KEEel A%

3¢ KEEBRERSY 74F vd 15 Ak ¢

PC% el 58%7) F@i‘ﬂ_-_, 5[ ZAKpgel o ste

%7y hdiElgd e

Bx B KEEmEElel wE o5 ke ud,
A A ABEREI ol Wl =5}

shel M AEETE AL EHBES 3 DL ®mED

depilgl e, 2 Mk ASEERE S ARE:

SN A Fn sy 2b4ste A Jelded, 9
[ KLS A EEEY oF 21%9 BMES Jehy

vl A=A
By HEe FRT

HER e KEEEIS T

DU KEE & Ao

o H
-0

o

B R r'.

\] ol

A YA gskw,
whobel Wel Frbeled S
B Bhe dEges,

MR W BN 3~5ME KR Aol 7
A BEFE HES g Aukde BRER £ 4 3
Bl AT Rl 74 RET HiEs vebigde 2
BLES KBS & AL o3 fytke] b =iz
® AL 2949

%ﬁ?

3. FORAS o=l AlFo] oAFHBIK
Beol w1
EoRg el sf3Ee 0.1, 0.3, 0.5, 0.7, 0.9 1.1
=4 E&*& iv}E %ﬁcﬂ | 27 Al=lste 15
43 |4 REE 1| &
@ukslT 5
£ 3E dH5ste Oi-‘-”v—% =t

o:!‘&cl:

dael AAe] AW FORBIRS Atk REA
4% 2R, ¢BY FEA Froted ded 7
4% wobA 0.5% FEelA AAT Aol A% A

Blo] Aol HEES ok 42% 5 vebg o, o Bl
FY FEAAE o8l8d FATL FEolTe 1.1%

FEA A HEEY o 7Y%
el AHol o kel Al

e UEse
JgE 24,

— 357 —



AT - KR - THEYE - 22E - BT

Table 7. Washing effect of alkaline solution on the properties of mackerel meat paste

products

Concentration of sodium bicarbonate (%)

Control 0.1 0.3 0.5 0.7 0.9 1.1
Washed meat
pH 6.3 6.5 6.7 6.9 7.0 7.5 8.1
Moisture (%) 79.6 82.5 82.7 84. 4 84.2 85.1 84.3
Crude fat (%) 3.7 2.9 3.2 3.2 2.9 1.9 2.0
Total-N (mg/100g) 2418.7 2130.6 1969.9 1696.3 1676.8 1782.5 1990.8
Water soluble protein~N (mg/100g) 206.2 154. 3 88.7 86.3 100.7 147.7 159.2
Meat paste products

pH 6.4 6.6 6.6 6.7 6.8 7.0 7.3
Moisture 66.5 69. 6 69.9 69.2 69.2 69.4 71.1
Gel strength (g-cm) 527.8 877.5 892.5 960.0 1056.0 598.1 351.5
Expressible water (%) 14.1 12.8 12.9 12.5 13.1 12.5 14.1
Folding test A AA AA AA AA A A
Organoleptic score 6.2 6.4 7.2 7.8 7.3 6.6 6.6
Hardness (kg) 9.00 10. 20 10. 60 10. 20 11.00 11.00 9. 80
Toughness (cm?) 4.46 5.74 5.34 5.64 5.85 6.72 6.69
Elasticity 0.88 0.85 0.88 0.91 0. 89 0.85 0.79
Cohesiveness 0.24 0.23 0.28 0.38 0.35 0.31 0.22
Chewiness 1.90 1.99 2.61 3.67 3.42 2.90 1.70
Brittleness (%g) 4. 60 2.60 - — — - 2.40

ARBEE 922 Fb Foh ww
0.7% =l A Ak Aol Sl 4 WEE e
% 2fgledd, 9Re ¥EA “1 A °é 3&

Wel HEEY 29

95 Foixd AR 23y

Edein!

Fadtd 1.1% %

g o Sipiel

Sl AHa A HWEESY A o 2/3 WES FRfA ¥ERs mEHE BE2 RAste
debd Qe ol at o1 % Agmpet Ad mel pH  TRARE &R HlEel 5 10, 15 20, 25 %
o}e] A E wel, pH6.7~7.00]4 A#Es} s 30% Aol HAES A BET vhE o FE e
BT pHT.5 Bl LA F48 sty @ T WHEE IR sl Table 8o, HREE ¥
T 29k ol @ FBE PHT.5 o 4] sl Fy  ARSE ANE TESA

FORHAS) M ¥gol wobael wek o 52 A

HMUSEmS HE K& et MG »

RE< 2t4ste 10% BE4ET HEEY MEe o

Rl el =] of Foll @e] HeAQA A &
(198139 gt —Bshg o

BHAGE glolAe FAL AFE ot & +

RI, FEBE oA Ggul A4 251%7}
Fuot 0.9% Liks &2 yre A4 AL
2 HR Aol HEESL ¥ %d g Jehiglch
HHERE 2 texture o] goidE ¢ FESL &
obdel wel F& BRE vebiel 0.5~0.7% 4
AR Aol /M FRon, ¢ FEH S ¥
obAl® 2387 WolA = AL viehglch A
d BREZ £« FHAE 0.5~0.7% BAF4UYE
THHOE AAste AS$Ih Sk A B
sty =

38%, 20% BESBE % 31%, 30% E4EBEE < 18
%% VeI E. ol AL WEKN 5. 1085)9] Hol
2o A4sh vl matd mARERMG S ARE
Astrh FEaA, 10% BAES A% Aeld: &
BUE o 60%. wEOIE O 3% BEE vheb
ek

B A SES AN gl Belgd =l 3
Fhstel 109 RAEE HEES & 135 20% &
AEE o 145, 30% BAEE o 2.0(%% Y
AW FAdel FaFE AL 2 Fooh =y
A% HEmEE mAW 10% BAEL HEEe o
829, 20% WAEE o 0%, 30% BAEE °F 66
%% dehiglon, B U texwres] $lolA

— 358 —



Ftw GEE FHE 3 R Az

Table 8. Comparison between the properties of mackerel meat and its meat paste products
mixed with Various ratios of ordinary and red muscle of mackerel

Percent of added red muscle (%)

Control
5 10 15 20 25 30
Washed meat
pH 6.2 6.4 6.5 6.2 6.3 6.4 6.7
Moisture (%) 73.3 73.4 74.6 74.9 70.7 72.1 71.9
Crude fat (%) 3.1 1.9 1.7 1.9 2.1 2.5 2.7
Total-N (mg/100g) 2106.5 1462.1 1573.6 1919.3 2092.8 1607.5 1944.8
Water soluble protein-N (mg/100g) 151.6 220.7 154.2 180.6 150.9 154.8 103.2
Meat paste products
pH 6.3 6.4 6.3 6.3 6.2 6.5 6.3
Moisture (%) 68.6 68.0 67.7 67.7 70.9 69. 2 67.8
Gel strength (gecm) 571.3 321.8 217.0 196.8 178.5 157.5 105.0
Expressible water (% 12.6 13.2 16.0 17.2 17.6 19.9 24.8
Folding test AA AA A B C C D
Organoleptic score 8.3 7.8 7.5 6.7 6.7 6.0 5.7
Whiteness 60.0 51.6 49.1 47.3 42.1 40.5 39.8
Hardness (kg) 7.60 5.20 4.20 4.20 3.60 3.20 2.80
Toughness (cm?) 5.53 3.89 2.82 2.16 2.11 2.14 1.77
Elasticity 0.94 0.89 0.91 0.92 0.89 0.87 0.81
Cohesiveness 0.21 0.20 0.26 0.19 0.17 0.17 0.12
Chewiness 1.50 0.92 0.99 0.73 0.54 0.47 0.27
Brittleness(kg) — 0.40 0.30 1.00 0.60 0.60 0.40
Control: 100% ordinary muscle
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Table 9. Effect of setting conditions on the quality of mackerel meat paste products

Setting conditions

Control 5°C 30°C

5 10 15 20 25¢hr) 0.5 1.0 1.5 2.0 2.5(hr)
pH 6.4 64 63 64 63 63 64 63 64 63 6.3
Moisture (%) 66.7 64.3 65.1 64.6 64.2 66.0 64.4 66.7 66.5 658 64.8
Gel strength (g-cm) 182.1 243.6 295.6 437.3 360.4 403.0 245.3 255.4 393.8 403.6 375.8
Expressible water (%) 16.5 10.3 8.7 7.6 8.1 12.5 11.2 10.0 9.6 9.6 9.1
Folding test D C B AA AA AA C B A AA A
Organoleptic score 43 52 60 7.8 7.0 68 48 57 7.0 1.7 6.9
Hardness (kg) 2.60 3.20 4.00 6.30 6.60 5.80 3.10 3.30 5.20 6.00 5.60
Toughness (em?) .03 1.77 2.14 4.30 4.60 3.38 1.65 1.98 3.27 4.31 3.34
Elasticity 0.85 0.91 0.90 0.99 0.95 0.96 0.90 0.88 0.96 0.96 0.95
Cohesiveness 0.17 0.18 0.18 0.20 0.20 0.22 0.24 0.20 0.21 0.18 0.17
Chewiness 0.33 0.52 0.64 1.20 1.25 1.22 0.67 0.58 1.05 1.04 0.90
Brittleness (kg) 0.40 0.60 0.40 1.00 1.20 0.80 0.50 0.40 0.80 1.00 1.00

Table 10. Effect of heating conditions on the quality of mackerel meat paste products

Heating temperature (°C)

60 70 80 90 100
PH 6.2 6.3 6.4 6.3 6.4
Moisture (%) 63.9 64.4 65. 4 65.6 64.5
Gel strength (g-cm) 151.6 157.5 362.6 645.9 421.5
Expressible water (%) 17.2 12.5 8.6 6.7 7.6
Folding test D D A AA AA
Organoleptic score 2.5 3.0 7.8 8.0 8.0
Hardness (kg) 2.80 2.60 6.60 7.20 7.40
Toughness (c#:?) 0.43 0.51 4.33 5.91 5.93
Elasticity 0.65 0.70 0.89 0.96 0.94
Cohesiveness 0.14 0.10 0.18 0.20 0.19
Chewiness 0.25 0.07 1.05 1.38 1.32
Brittleness (kg) 0.20 0.20 1.20 1.44 1.60
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Table 11. Qualities of meat paste products prepared with frozen meat paste of mackerel

stored at —30°C

Storage time (day)

Control

10 20 30 40 50
pH 6.4 6.4 6.5 6.4 6.6 6.6
Moisture (%) 69.8 68.4 68.5 67.1 68.2 67.9
Gel strength (g-cm) 628.8 594.5 584.2 595.2 565.4 545.5
Expressible water (%) 6.5 6.5 7.5 6.9 8.3 8.9
Folding test AA AA AA AA AA AA
Organoleptic score 8.2 8.0 7.8 8.2 7.8 7.7
Hardness (kg) 7.60 7.20 7.60 7.30 7.10 7.00
Toughness (cm?) 5.08 4.89 4.93 4.97 4.86 4.88
Elasticity 0.91 0.93 0.90 0. 89 0.89 0.88
Cohesiveness 0.32 0.30 0.28 0.30 0.27 0.28
Chewiness 2.21 2.00 1.92 1.95 1.71 1.74
Brittleness (kg) — — 0.60 1.00 0.80 1.00

Control: Prepared with fresh mackerel meat paste
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