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This study was carried out to investigate the optimal conditions for meat paste production with sardine.
To improve the gel forming ability of meat paste, washing time and condition with alkaline solution,
setting time and temperature, and heating temperature before pasteurization were controlled, and the
influences of the freshness of raw sardine and the mixing ratios of ordinary and dark muscles on the
quality of the meat paste product were discussed.

The frozen storage showed a predominant effect on keeping freshness of raw sardine at different
storage conditions and gel forming ability was maintained for 1 day at ice storage, for 3 days at —3°C
and for 4 days at frozen condition, but there was no effect on keeping freshness of raw sardine in the
storage at 25°C. Gel strength of meat paste product tended to decrease with washing time of raw meat,
and in case of washing 3 times the meat appeared excellent in gel strength, but in case of seven and nine
times the meat showed lower water holding capacity and decreased organoleptic test score in the quality
of meat paste prtoduct. Raw meat washed with alkaline solution showed a desirable effect on gel form-
ing ability compared with that washed with tap water, and in the case of washed with 0.5% sodium
bicarbonate solution exhibited the most favorable effect on gel forming. The gel strength of the meat
paste product decreased with the increase of mixing ratios of dark muscle in the raw meat. Setting time
and temperature for the gel forming ability of meat paste were good at 5°C for 20 hours and at 20°C
for 2 hours. In the heating temperature of meat paste, heating treatment at 90°C was desirable for gel

forming.

— 339 —



A T TR BB - H R

& i

g vz B A g8 S8 REH &

1 shlal AolelE Zeol g o ast FF3
2 Q=¥ E 8 @ vistd 2 FAESE gt
e Hol A8 59 SkaMeR FAsL de 4
Aol ek

olgl o] Holelel FIAEAA B e (L #
EET7 wtzz, (2) A4 pHt dot wlaf o] &
pro] w2l deolube, (3) mMAWI FBHES T
2ol flst 7‘&1 HEe BRed Hd, (O F
gt 2 BEE ol &fsls &t BER
Bt doivyl Az, (6) gl 28 &rhEe Al
o] Hl¥& sAenlg £Ely A4 9 o FAF
& o] AUa A7 = Eeleh

et Holel & FRE st 15 dEd 1Y
o] T3l oFsta, =3 Auzt dAsh s W Ee
AEFREAE FAER ZEstdrl Aol =z,
ZHel A EiEEY HEA B BiEe #4sta,
P o e HMFEY Fart Foldel wal Hele
£ FoEE 3 mEE Az B A4s aA
HAA =g

Aol s FEE & A58 Azd 23 #HEe
Aeol, FHA(1965), B/ 5 (1677, 1678, 1979), W
£33 %(1979), #1979, BB S(1978) B9 @
7 3z, $=] Vel gdelME % 5(1982)0] [k
A REEEMF] AEY Bk v Jad sl
o #WET el AL Peolrh

2HA K HEAAE A2 E THE sl o5
+ Azste REMNTEAS B37 d3t4, &
o mrENtRe o M, BRIl AkEER4, oEw
HHME, FRWY Mmiaw ¥, 2r)1FY  setting
27, MBEE R A%, AHIEY AA2 5

#

st

ol JFHIEE B 5 gl A

o} HE-Batara o,

59 el FlA=

R R &
1 Bt

& Bl AL&-3F A olv) (Serdinops melanosticta)
= 198548 38 2H+ 19854 4H 27H7HA] 2le]d
ZIHFATEN A BERET A+ TAdsded,
HHRAREAZ A8 Rpie] R Table 13} 7
o},

2. &Y AR

e ES 2 AR 58 BEsla W g3 5
o] EASR G=F Regeted MU o2 W 5%
Be B& rlsld 15 Bz wdbsta 5 -E7 4] she
KEERBES 30 ubEs F BEBksHA . BAKRE
o] Wisted 0.2% & HFEAPMERE (sodium polyphosph-
ate/sodium pyrophosphate, 1/1)& 7}8te} 587 &
717l & St olo] 3% o AT Hrtslte 2
7] Ze]2 &k th-& t}i] sorbitol @ A XS
% % 10% % Aslsted 587 mrjZel & } "/}

27 el & utA A EL X E 3.5cm e polyvi-
nylidene chloride film ¢] casings o] Zx]13}o 39°C

A 27 Fof setting@ A% T, 90°CY AT

old 4087 Atdsta ol HiAkdrel A WAd F
] 90°C 9] detell A 10 27 Azt FEHANE
stk

Ry
+ 5

-1\'!‘

3. BOHEe RN D Rl 9
FEIREES 57

polyethylene filmz XAt =17 25°C %
—3°Ce]| 9] partial freezing & —20°Col]

BEHBE
2, KL

Table 1. Size and freshness of raw sardine examined

Body Body

Experiment Date examined length weight pH VBN
(cm) (kg) (me/100 &)
Storage condition Apr. 16, 1985 16~17 40~45 5.7 10.7
Washing time Mar. 12, 1985 19~21 61~78 5.9 11.8
Washing condition with alkaline soln. Mar. 2, 1985 19~22 76~125 6.0 8.7
Mixing ratio of ordinary and dark Mar. 16, 1985 18~23 60~105 6.0 14.2
muscles

Setting condition Mar. 26, 1985 16~20 45~60 5.8 14.5
Heating condition Apr. 3, 1985 16~22 45~95 5.9 9.6
Frozen meat paste Feb. 9, 1985 17~22 40~105 5.7 11.2
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Fig. 1. Changes in pH of raw sardine during storage

under different conditions.

— 342 —



HEW GFE Rz @ galEd Az

o o Storage at 25°C
Storage time { hrs )
5 10 15 20
T T T T
)
40
@30 0
©
]
S
20
- A
Z o/ f‘g\x
g /'; T—a
O 1 L 1 1
0 1 2 3 4

Storage time ( days )

a——a Storage by icing

x——x Storage at —3°C

o——0 Frozen storage at
-20°C

Fig. 2. Changes in VBN content of raw sardine
during storage under different conditions,
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Fig. 3. Changes in histamine content of raw sardine
during storage under different conditions.
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Fig. 4. Changes in k value of raw sardine during
storage under different conditions.
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Table 3. Qualities of meat paste products prepared with sardine stored at 25°C

Control 1 I i I
pH 6.2 6.3 6.4 6.5 6.5
Moisture (%) 64.0 67.1 65.4 65.8 63.2
Gel strength (g-cm) 506. 3 297.4 152.6 141.8 84.0
Expressible water (%) 7.6 10.3 15.8 20.9, 23.8
Folding test AA C D D D
Organoleptic score 8.2 5.2 2.2 2.1 1.8
Hardness (kg) 7.40 5.20 3.90 2.80 2.40
Toughness (em?) : 5.66 3.84 2.42 1.32 0.66
Elasticity 0.97 0.90 0.76 0.70 0.67
Cohesiveness 0.38 0.30 0.20 0.16 0.10
Chewiness 2.73 1.40 0.59 0.31 0.16
Brittleness (kg) — 2.00 0.90 0.90 0.10

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

Table 4. Qualities of meat paste products prepared with sardine stored by icing

Control I I il i
pH 6.2 6.4 6.5 6.5 6.4
Moisture (% 64.0 67.7 64.4 68.8 62.5
Gel strength (g-cm) 506.3 382.8 265.5 202.5 126.0
Expressible water (%) 7.6 10.9 14.8 14.7 19.3
Folding test AA A B C D
Organoleptic score 8.2 7.7 6.6 5.8 5.2
Hardness (kg) 7.40 5.80 4.10 3.20 2.80
Toughness (¢m?) 5.66 4.50 2.68 1.50 0.82
Elastcity 0.97 0.93 0.91 0.91 0. 87
Cohesiveness 0.38 0.33 0.31 0.22 0.24
Chewiness 2.73 1.78 1.16 0.64 0. 58
Brittleness (kg) — 0.40 0.40 0. 30 0. 60

I : Sample stored by icing for 1 day; Jl: Sample stored by icing for 2 days; I[: Sample stord by icing
for 3 days; Vl: Sample stored by icing for 4 days.

Table 5. Qualities of meat paste products prepaared with sardine stored at —3°C

Control I I I v

pH 6.2 6.3 6.5 6.4 6.4
Moisture (%) 64.0 67.2 66.5 66.4 67.2
Gel strength (gecm) 506. 3 408.0 377.5 302.3 210.0
Expressible water (%) 7.6 9.0 9.5 9.6 11.3
Folding test AA AA A B C
Organoleptic score 8.2 7.8 7.7 6.7 6.2
Hardness (kg) 7.40 6.40 6. 50 6.20 6.20
Toughness (¢m?) 5. 66 5.08 5.30 4.80 4. 86
Elasticity 0.97 0.95 0.93 0.90 0.93
Cohesiveness 0.38 0.38 0.33 0.30 0.32
Chewiness 2.73 2.17 1.99 1.67 1.85
Brittleness (kg) — — 1.60 1.00 1.20

I : Sample stored at —3°C for 1 day; 1 : 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 6. Qualities of meat paste products prepared with sardine stored at —20°C

Control I I i K
pH 6.2 6.3 6.4 6.4 6.5
Moisture (9 64.0 65.8 65.6 66.9 68.4
Gel strength (g-cm) 506. 3 528.0 488.0 369.0 365.1
Expressible water (%) 7.6 6.2 7.2 6.2 8.2
Folding test AA AA AA A A
Organoleptic score 8.2 8.1 7.8 7.6 7.2
Hardness (kg) 7.40 6.90 6.20 7.00 7.10
Toughness (cm?) 5.66 5.96 5.18 5.94 5.30
Elasticity 0.97 0.93 0.93 0.62 0.97
Cohesivenss 0.38 0.32 0.30 0.33 0.32
Chewiness ) 2.73 2.05 1.73 2.13 2.20
Brittleness (kg) — — 1.40 1.80 0-80

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

Il : Sample stored at

—20°C for 3 days; IV: Sample stored at —20°C for 4 days.
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Table 7. Effect of washing conditions on the properties of sardine meat and its meat paste
products

Washing time

0 1 3 5 7 9
Washed meat
pH 5.8 6.0 6.5 6.9 6.8 6.8
Moisture (%) 75.9 76.6 78.5 79.7 79.1 76.9
Crude fat (%) 4.3 3.3 2.8 2.4 0.2 0.1
Total-N (mg/100 ) 2886. 5 2528.6 2258.7 2299.6 2387.2 2419.3

Water soluble protein-N(mg/100 g) 1283.3 459.6 300.1 260.6 252.4 229.8
Meat paste products

pH 6.1 6.3 6.5 6.6 6.7 6.8
Moisture (%) 64.1 66.6 66.6 69.0 68.6 66.5
Gel strength (g-cm) 213.6 256.3 553.5 462.0 535.5 452.5
Expressible water (%) 14.8 14.2 12.4 13.9 17.0 16.0
Folding test C B AA AA AA AA
Organoleptic score 4.8 6.0 6.8 6.6 6.4 6.0
Hardness (kg) 3.20 4.80 5.80 5.30 4.60 4.40
Toughness (¢m?) 2.51 3.87 4.77 4.84 4.03 3.90
Elasticity 0.88 0.92 0.94 0.94 0.93 0.96
Cohesiveness 0.26 0.31 0.32 0.31 0.28 0.25
Chewiness 0.73 1.37 1.74 1.54 1.19 1.05
Brittlenss (kg) 1.20 1.80 —_ — 1.00 1.60

Table 8. Washing effect of alkaline solution on the properties of sardine meat and its
meat paste products

Concentration of sodium bicarbonate (%)

Control 0.1 0.3 0.5 0.7 0.9 1.1
Washed meat
pH 6.2 6.3 6.5 6.7 7.0 7.7 7.9
Moisture (%) 82.8 80.5 83.5 84.2 84.5 84.4 85.1
Crude fat (%) 1.3 1.2 1.3 1.4 1.7 1.1 1.6
Total-N(mg/100 &) 1923.3 2479.9 1817.1 2013.1 2068.5 2031.9 2125.6
Water soluble protein-N 277.8 265. 3 157.3 105. 3 100.6 128.3 174.2
(mg/100 &)
Meat paste products

pH 6.2 6.2 6.3 6.5 6.5 6.9 6.8
Moisture (%) 71.3 67.8 70.4 67.8 70.4 71.3 70.2
Gel strength (g-cm) 352.8 415.6 541.5 705.9 594.5 359.4 331.5
Expressible water (%) 17.5 10.7 9.5 9.4 10.6 12.2 12.6
Folding test A AA AA AA AA AA AA
Organoleptic score 5.3 6.3 7.0 7.7 8.0 7.6 7.0
Hardness (kg2) 4.80 5.20 11.00 10.00 8.00 7.80 5.60
Toughness (em?) 2.50 3.80 4.10 5.50 5.30 4.10 3.90
Elasticity 0.90 0.91 0.92 0. 96 0.93 0.93 0.90
Cohesiveness 0.31 0.31 0.32 0.30 0.31 0.21 0.21
Chewiness 1.33 1.47 2.06 2.88 2.31 1.52 1.05
Brittleness (kg) 2.80 — — —_ - 1.80 2.20
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Table 9. Comparison of the properties of sardine meat and its meat paste products by the
mixing ratios of ordinary and red muscle of sardine

Percent of added red muscle (%)

Control -
5 10 15 20 25 30
Washed meat
pH 6.5 6.4 6.5 6.3 6.5 6.5 6.6
Moisture (%) 77.4 78.8 78.3 78.5 78.2 77.6 78.2
Crude fat (%) 1.8 1.4 1.8 1.4 0.8 0.8 1.6
Total-N(mg/100 g) 2510.0 2368.1 2536.6 2343.3 2448.6 2513.8 2396.4
Water soluble protein-N 71.6 142.3 103.7 174.2 510.7 349.5 349.7
(mg/100 &
Meat paste products

pH 6.4 6.4 6.4 6.3 6.5 6.4 5.5
Moisture (%) 68.4 69.2 68.5 68.7 68. 3 68.9 69.5
Gel strength (gecm) 836.8 599.3 502.8 419.3 390.9 378.1 341.0
Expressible water (%) 6.4 7.9 7.9 10.3 10.5 11.0 12.4
Folding test AA AA AA AA A A A

Organoleptic score 8.6 7.6 7.6 7.0 7.2 6.8 6.4
Whiteness 59.3 49.5 48.9 46.7 44.3 41.3 39.3
Hardness (kg) 7.80 4. 90 4.00 4. 40 4.20 2.80 2. 60
Toughness (cm?) 5.06 3.35 3.07 3.17 3.29 1.95 2.27
Elasticity 0.99 0.91 0.96 0.90 0.93 0.93 0.89
Cohesiveness 0.38 0.24 0.20 0.24 0.21 0.27 0.18
Chewiness 2.93 1.05 0.77 0.94 0.82 0.70 0. 42
Brittleness (kg) —_ 1.80 2.20 2.20 1.90 1.60 1.20

Control: 100% ordinary muscle
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Table 10. Effect of setting conditions on the qualities of sardine meat paste products

Setting condition

Control 5°C 30°C

5 10 15 20 25 (hrs) 0.5 1 1.5 2 2.5 (hrs)
rH 6.4 6.3 6.3 6.3 6.4 6.3 6.4 6.3 6.4 6.4 6.4
Moisture (%) 68.7 69.3 69.3 68.1 67.6 68.1 68.6 67.9 67.7 69.2 69.5
Gel strength (geem) 165.0 206.3 232.5 234.0 341.3 333.4 150.0 218.2 276.0 387.6 362.3
Expressible water(9%) 19.1 18.1 12.9 10.3 9.5 10.1 18.7 14.4 10.0 8.9 9.1
Folding test C C B B A A C B A AA AA
Organoleptic score 5.4 5.4 5.8 6.2 6.6 6.7 5.0 5.4 6.6 6.6 7.0
Hardness (kg) 3.80 3.20 4.40 5.80 6.40 6. 60 3.00 4.80 6.00 6.40 6.20
Toughness (cm?) 2.60 2.40 3.40 4.80 5.10 4.80 2.60 3.69 5.12 5.29 4.96
Elasticity 0.82 0.86 0.92. 0.95 0.98 0.96 0.91 0.92 0.93 0.97 0.96
Cohesiveness .22 0.27 0.30 0.38 0.38 0.37 0.25 0.34 0.30 0.43 0.37
Chewiness 0.69 0.74 1.32 2.09 2.38 2.37 0.68 1.50 1.39  2.67 2.20
Brittleness (2g) 2.40 1.80 2.00 1.00 — — 1.20 1.60 — — —
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Table 11. Effect of heating conditions on the quality of sardine meat paste products

Heantig temperature (°C)

60 70 80 30 100
pH 6.4 6.3 6.3 6.3 6.3
Moisture (%) 66.6 67.1 67.6 67.6 67.5
Gel strength (g-cm) 185.3 182.1 293.0 385.0 287.5
Expressible water (%) 18.4 15.3 11.1 10.8 10.4
Folding test D D A AA A
Organoleptic seore 1.8 2.0 5.8 6.4 6.2
Hardness (kg) 1. 60 2.40 4.10 6.40 5.40
Toughness (cm?) 1.00 1.32 3.46 5.88 3.92
Elasticity 0.72 0.72 0. 88 0. 97 0.92
Cohesiveness 0.11 0.21 0.29 0.34 0.32
Chewiness 0.13 0. 36 1.05 2.11 1.59
Brittleness (kg) 0.80 1. 40 0.60 0.40 1.00

Table 12. Qualities of meat paste products prepared with frozen meat paste of sardine

stored at —30°C

Storage time (day)

Control 10 20 30 40 50
pH 6.4 6.4 6.4 6.5 6.6 6.3
Moisture (%) 69. 3 67.3 69.2 68.6 68.3 67.7
Gel srength (g-cm) 529.9 530.0 510.6 500. 3 480.4 452.6
Expressible water (%) 9.2 8.9 9.1 9.3 10.1 12.3
Folding test AA AA AA AA AA A
Organoleptic score 7.8 7.8 7.5 7.5 7.2 6.4
Hardness (kg) 7.20 7.40 7.20 7.00 6.80 6. 80
Toughness (cm?) 5.11 5.16 5.02 4.99 4.75 4,65
Elasticity 0.92 0. 92 0.93 0. 89 0. 85 0. 86
Cohesiveness 0.21 0.22 0.20 0.19 0.20 0.18
Chewiness 1.39 1.50 1.34 1.18 1.16 1.05
Brittleness (kg) — — 1.00 1.00 1.20 1.20
Control: Prepared with fresh sardine meat paste
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