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Seasoned sardine meat was prepared to extend the use of sardine for human consumption, and pro-
cessing conditions and storage stability of frozen seasoned sardine meat were studied during storage
at —20°C.

The fish was beheaded, gutted and cleaned in a washing tank. The washed fish was then put throu-
gh a belt-drum type meat separator which separates the flesh from the bone and skin. Mechanically
deboned fish meat was mixed with 20.6% emulsion curd, 0.5% table salt, 2.0% sugar, 0.4% sodium
bicarbonate, 0.22% polyphosphate, 0.1% monosodium glutamate, 0.3% onion powder, 0.1% garlic
powder, 0.1% ginger powder, 3.0% soybean protein and 0.1% sodium erythorbate. This seasoned
sardine meat was frozen with contact freezer, packed in a carton box and then stored at -20°C.
The pH, volatile basic nitrogen, viable cell counts, peroxide value, carbonyl value, thiobarbituric acid
value, taste compounds, fatty acid composition, salt extractable nitrogen, drip, texture, and color
values of the products were determined during frozen storage. The results showed that lipid content
in products could be controlled by using emulsion curd, and flavor and texture could be improved by
adding spices and soybean protein, and lipid oxidation could be retarded by 0.1 % sodium erythorbate.

Judging from the results of chemical experiments and sensory evaluation, the products can bz pre-

served in a good quality for 120 days during frozen storage.
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Table 1. Recipes for frozen seasoned sardine

meat preducts (%)
Products
Seasoning
C A B

Table salt 0.5 0.5 0.5
Sugar 2.0 2.0 2.0
Sodium bicarbonate 0.4 0.4 0.4
Polyphosphate 0.2 0.2 0.2
Monosodium glutamate 0.1 0.1 0.1
Emulsion curd® 20. 6 20.6 20.6
Onion powder 0.3 0.3
Garlic powder 0.1 0.1
Ginger powder 0.1 0.1
Soybean protein 3.0 3.0
Sodium erythorbate 0.1

a) refer to the comments in Table 2.
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Table 2. Control of lipid content in products by the emulsion curd (%)

Lipid content

Composition of emulsion curd (%

to sardine meat) Lipid content in

in raw sardine

Amount of added Products by

Soybean oil Water Soybean protein emulsion curd calculation

3 12 8 1.6 21.6 12.3
4,32 11 8 1.6 20.6 12.6
8 7 8 1.6 16.6 12.9
12 3 8 1.6 12.6 13.3
15 0 8 1.6 9.6 13.7

a) This value is the lipid content of raw sardine meat used in this experiment.
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Table 5. Changes in quality of seasoned sardine meat by adding soybean protein

Amount of added Color Textureb) Sensory score)

soybean protein L a b H T C E Color  Texture

Seasoned sardine meat® 45,9-46.4 4,7-5.3 5.4-5.8 1.8 1.32 0.39 0.85 3.8 4.0
1% 47.0-47.7 4.5-4.7 5.6-5.9 2.0 1.45 0.32 0.83 3.9 4.2
2% 47.6-48.5 4.3-4.4 5.9-6.1 2.2 1.50 0.34 0. 84 4.0 4,2
3% 49.3-50.6 4.1-4.3 6.1-6.2 2.4 1.57 0. 35 0.85 4.3 4.5
4% 50.5-50.9 4.0-4.1 6.2-6.6 3.3 2.16 0.26 0. 80 4.3 4.1

a) Seasoned sardine meat means product (C),
b) H: hardness (kg), T:

toughness (cm?), C: cohesiveness, E: elasticity,

¢) 5 scale: 5; very good, 4; good, 3; acceptable, 2; poor, 1; very poor.

Table 4. Proximate composition, pH and
volatile basic nitrogen (VBN) of
raw sardine and frozen seasoned

sardine meat products (%)
Products

Raw
Components .

sardine ca) A B
Moisture 75.5 69.7 67.2 67.0
Crude protein 18.0 14.2 15.8 16.2
Crude lipid 4.3 12.3 11.5 11.3
Crude ash 1.3 1.9 1.9 1.9
Total sugar 0.9 2.3 3.6 3.6
VBN(mg/1002) 12.7 10.7 10.6 10.2
pH 6.12 6.99 7.00 6.98

a) refer to the comments in Table 1.
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Changes in pH, volatile basic nitrogen (VBN) and viable cell counts in frozen

seasoned sardine meat products during storage at —2¢°C

Storage pH VBN (mg/100 g) Viable cell counts/g
days ca A B C A B C A B
0 6.99 7.00 6. 98 8.9 10.9 10.3 1.5x 10* 1.7x10* 1.9x10¢
30 6.91 6.93 6. 94 9.7 10.8 10.0 1.5x 10% 2.7x10% 2.4 %104
60 6.81 6.93 6. 90 10. 6 11.8 10. 1 2.6x10% 2.5x 10 1.9 x 104
90 6. 80 6.84 6. 85 12.9 12.0 11.0 2.3x 104 2.0x 104 2.9x 104
120 6.71 6. 80 6. 82 14.3 13.5 12.1 3. 0% 104 2.6x 10 2.8x 104

a) refer to the comments in Table 1.
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Fig. 1. Changes in peroxide value of frozen season- V'
ed sardine meat products during storage
at —20°C.
Sample code refer to Table 1.
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Fig. 2. Changes in carbonyl value of frozen season-
ed sardine meat products during storage
at ~20°C.

Sample code refer to Table 1.
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Fig. 3. Changes in TBA(thiobarbituric acid) value
of frozen seasoned sardine meat products
during storage at —20°C.
Sample code refer to Table 1.
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Fig. 4. Changes in decrease rates of Caz:s acid

constituting whole lipids in frozen seasoned
sardine meat products during storage at
—20°C.

Sample code refer to Table 1.
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Table 6. Changes in fatty acid composition of total lipids of raw sardine, soybean oil

and frozen seasoned sardine meat products during storage at —20°C (area %)
P R Sovh Storage days
atty aw oybean

acids sardine oil 0 30 60 90 120
ca2 A B C A B C A B C A B C A B
14:0 6.8 0.1 2.6 2.1 2.1 2.1 2.2 2.1 2.1 2.1 2.0 2.0 22 2.2 2.2 2.3 2.1
15:0 0.6 — 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.3 0.1 0.2 0.2 0.2 0.1 0.1 0.2
16:0 19.4 10.5 12.5 12.2 12.4 13.4 13.3 12.9 12.5 12.7 12.3 12.8 13.1 12.4 12.9 13.1 12.9
17:0 1.0 _ 0.3 0.3 0.4 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4
18:0 3.3 4.0 3.4 3.3 3.2 3.8 3.6 86 3.5 3.5 3.4 3.7 3.8 3.6 3.6 3.4 3.6
20:0 0.4 0.4 0.3 0.4 0.2 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.2 0.2 0.4
22:0 0.9 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3
Saturates 32. 4 15.3 19.0 18.8 18.4 20.5 20.2 19.7 19.1 19.6 18.8 19.6 20.1 19.4 19.6 19.7 19.7
16:1 8.2 0.2 2.2 2.5 2.5 2.3 2.4 2.4 2.4 2.6 2.4 2.5 2.6 2.5 2.5 2.6 2.5
18:1 13.4 23.2 20.520.8 20.4 19.9 20.0 19.9 20.3 20.5 20.2 20.1 20.1 19.7 20.1 19.8 19.7
20:1 2.3 0.3 1.2 1.1 1.2 1.6 1.2 1.1 0.9 0.9 0.8 1.0 1.0 1.0 L1 1.6 10O
Monoenes 23.9 23.7 23.9 24.4 24.1 23.6 23.6 23.4 23.7 24.0 23.4 23.6 23.7 23.2 23.7 24.6 23.2
18:2 2.5 53.0 38.4 37.8 38.3 37.9 37.0 38.1 39.0 37.9 38.0 37.5 36.3 37.5 38.1 36.5 37.6
18:3 7.0 7.8 7.2 7.2 7.5 7.1 7.2 7.2 7.3 7.3 7.3 7.3 7.2 7.5 7.2 7.3 7.5
18:4 0.2 0.2 0.2 0.1 0.3 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3
20:2 — 0.2 0.5 0.2 0.5 0.3 0.2 0.3 0.1 0.1 0.1 0.2 0.3 0.1 0.1 0.3 0.1
20:4 5.3 — .6 1.7 1.6 1.6 1.6 1.5 1.5 1.5 1.5 1.7 1.9 1.6 1.5 1.6 1.6
20:5 12.5 — 4.0 4.1 4.3 3.8 4.0 4.2 4.2 4.4 4.6 4.3 4.5 4.6 4.3 4.6 4.2
22:2 2.4 — 0.2 0.3 0.5 0.6 0.8 0.6 0.8 0.8 0.7 0.7 0.7 0.7 0.8 0.6 0.7
22:5 2.8 — 0.6 0.9 0.8 0.8 0.9 0.8 0.7 0.8 0.8 0.8 0.9 0.8 0.8 0.9 0.8
22:6 11.0 — 4.4 4.5 3.9 3.3 4.3 3.8 3.4 3.4 3.6 4.0 4.1 4.3 3.7 3.6 4.3
Polyenes 43.7 61.0 57.156.9 57.5 55.7 56.2 57.0 57.3 56.4 57.8 56.8 56.1 57.4 56.7 55.7 57.1

a) refer to the comments in Table 1.

Table 7. Changes in nucleotides and their related compounds of raw sardine and frozen

seasoned sardine meat products during storage at —20°C (umole/g)
Nucleotides and Raw Storage days
their related sardine 0 30 60 90 120
compounds c® A B C A B C A B C A B C A B
ATP 0.03
ADP 1.60 1.37 1.43 1.50 1.40 1.41 1.46 1.00 1.30 1.15 1.10 1.25 1.25 1.08 1.21 1.15
AMP 0.83 0.47 0.57 0.61 0.40 0.52 0.50 0.35 0.40 0.55 0.39 0.30 0.29 0.36 0.35 0.40
IMP 8.03 8.43 8.89 8.97 8.40 8.82 8.89 8.30 8.51 8.60 8.12 8.45 8.45 8.01 8.21 8.31
Inosine 1.21 2.10 1.98 1.61 2.20 1.81 1.72 2.20 1.85 1.79 2.01 1.80 1.77 1.95 1.66 1.78
Hypoxanthine 1.81 1.99 1.95 1.64 2.01 1.98 1.71 2.80 2.70 2.60 2.98 3.01 2.88 3.21 3.17 3.01
a) refer to the comments in Table 1.
= Bo} grAlE A 4] sodium erythorbate B AR-8-3F t}& o 2 hypoxanthine, ADP, inosine &] <o]gliL
024 Ao E2v] 54 &R 22:63 e F AMP ¢} ATP = 1.00 umole/g o|3tgwh. AF Az
gl Ak AkstE Eslder AAFE 4 Y€ ¢ 2 o) IMP .0 8.43~8.97 umole/g 0 B A E A
- ddd= eyt vha e e vehim Qe oA A
HAHHER HE:UE AHojel R A=Y F 74 zv)g =9 IMP ] odgo = E £ Q) =

zu4AEY A% F AR ER W5 HPLC
24 24T As}e Table 73 2w 8 Aozy
Ao IMP §-8Fo] 8.03umole/g o7 7} weroer
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Table 8. Changes in free amino acid contents of raw sardine and frozen seasoned sardine

meat products during storage at —20°C

(mg/100g, dry basis)

Amino acids Raw sardine Product(B)®)
0 day 120 days

Taurine 24.1 (1.4 19.4 (1.4) 24.8 (1.6)
Lysine 75.5 (4.2) 38.8 (2.7 41.6 (2.7)
Histidine 1364.9(76.6) 936.1(65.7) 991.2(64.4)
Arginine 90.2 (5.1) 49.3 (3.5) 32.0 2.1
Aspartic acid 11.8 (0.7) 9.3 (0.7 27.2 (1.8)
Threonine 22.0 (1.2) 12.8 (0.9) 17.2 (1.1
Serine 27.3 (1.5) 18.2 (1.3) 8.0 (0.5)
Glutamic acid 32.2 (1.8) 253.7(17.8) 247.5(16.1)
Proline 4.1 (0.2) 3.0 (0.2) 10.8 (0.7)
Glycine 31.8 (1.8) 19.4 (1.4) 11.2 (0.7)
Alanine 45.7 (2.6) 27.8 (2.0) 48.0 (3.1
Valine 8.6 (0.5) 7.2 (0.5) 11.6 (0.8)
Methionine 8.6 (0.5) 6.3 (0.4) 12.0 (0.8)
Isoleucine 7.8 (0.4) 5.4 (0.4) 5.6 (0.4
Leucine 16.3 (0.9) 11.6 (0.8) 22.0 (1.4)
Tyrosine 4.5 (0.3) 3.3 (0.2) 17.0 (1.1)
Phenylalanine 5.3 (0.3) 3.6 (0.3) 11.6 (0.8)

Total 1780.7 (100) 1425.2 (100) 1539.3 (100)

a) refer to the comments in Table 1.

& 8 AR Fol YlelA IMP Y Hal= FE &%
Z¢] ZA] 3l phosphatase &l 2a]A]  ejiw]
o] FA9 AL —20°Colslo]l e =3 Ashgrrt
3 Etgeh Aol sze % AFY A EA
Z IMP zLE %) A43s] W ZAoR uWeol IMP 7

Aol 524 Faq Aul4Ren Fauo.

FElotn[cAte] S 48 Aol Y Aoy F
Z0] &9 freletrlmAl @ Table 83} 2ok 4
2 Aoy 8 48 ofu] mAL Fol A histidine o] 1364.9
mg/100 g o= AAY 76.6%F A Qe &
L = arginine 90.2mg/100g (5.1%) Q lysine 75.5

mg/100 £(4.2%) 59 ¢oldwh. AFBY Az 7
F Fa3 feloln]x4k-S histidine 936.1mg/100 g
(65.7%), glutamic acid 253.7 mg/100 g (17.8%),
arginine 49.3mg/100£(3.5%) = lysine 38.8mg/
100 £(2.7%) ¥ 2 2A] histidine 3+ glutamic acid 7}
B B8 138k gl glutamic acid & A% &
B Aol w4 43F SR e ol g%
xr| 2 QFgor & F ek AFBY A 120
A felebrlmale] Fhe Az A Fo v]E v}
4 FrAstgd et o sl\e bk et

HoldEQo B3l : Table 96 W= A9} Ao

Table §. Changes in nitrogenous compounds of extracts(Ex-N) of raw sardine and frozen

seasoned sardine meat products during storage at —20°C

(mg/100g, dry basis)

Product(B)®
Components Raw sardine
0 day 120 days

Ex-N 1404.3 1277.7 1323.7

Free amino acid~N 444.9(31.7)"» 329.7(25.8) 333.7(25.2)
Nucleotide-N 254.9(18.9) 252.4(19.8) 253.2(19.1)
Ammonia-N 51.5 (3.7) 73.0 (5.7) 89.4 (6.8)
TMAO-N 7.5 (0.5) 9.4 (0.7) 6.8 (0.5)
TMA-N 0.7 (=) 1.2 (0.1) 5.0 (0.4)
Total creatinine-N 336.3(23.9) 301.5(23.6) 294.6(22.3)
Betaine-N 10.6 (0.8) 7.7 (0.6) 5.9 (0.4
Recovery( %) (79.5) (76.3) (74.6)

a) refer to the comments in Table I, b) Figures in the parentheses are the percent age to Ex-N.
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Table 10. Changes in amino acid contents of raw sardine and frozen seasoned sardine

meat products during storage at —20°C (mg/100g, dry basis)
Amino acids Raw sardine Product (B)®
0 day 120 days

Lysine 6247.3 (9.6) 4271.3 (8.6) 4702.4 (9.8)
Histidine 4867.3 (7.5) 2841.7 (5.7) 2408.2 (5.0)
Arginine 3610.6 (5.6) 3266.7 (6.6) 896.7 (1.9)
Aspartic acid 8415.1(12.9) 5772.0(11.0) 5439.9(11.4)
Threonine 3815.1 (5.6) 2295.0 (4.0) 1864.4 (3.9)
Serine 3435.9 (5.3) 2624.3 (5.3) 1357.2 (2.8)
Glutamic acid 10404.1(16.0) 8551.0(17.2) 8247.3(17.2)
Proline 2620.8 (4.0) 2135.0 (4.3) 1992.7 (4.2)
Glycine 3320.0 (5.1) 2323.3 (4.7) 244.3 (0.5)
Alanine 2430.6 (3.7) 1731.0 (3.5) 3037.0 (6.3)
Valine 1149.8 (1.8) 1612.7 (3.4) 3857.7 (8.1)
Methionine 2108.6 (3.2) 1691.7 (3.4) 2072.4 (4.3)
Isoleucine 2511.4 (3.9) 2372.7 (4.8) 3302.6 (6.9)
Leucine 5742.9 (8.8) 5364.0(10.8) 4577.5 (9.6)
Tyrosine 1629.0 (2.5) 1108.0 (2.2) 1332.6 (2.8)
Phenylalanine 2918.8 (4.5) 2111.7 (4.2) 2510.2 (4.4)

Total 65227.3 (100) 50072.1 (100) 47863.0 (100)

a) refer to the comments in Table 1.

A Fxe % AFY AnALY wisE Jehligle
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- Fig. 5. Changes in salt extractable nitrogen of fro-
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zen seasoned sardine meat products during

acid, aspartic acid, lysine ¥ leucine 5-o] %=}, - storage at —20°C.
Pl d 4 20w %}% Vekel A= are) A Sample code refer to Table 1.
gtotr]xAbel lysine o] T4 AHolHE T2 ST Ax & wuwlde 2% axtal XA o)A

AAgoe AL JIHHE o9 gle dol @ goa feER e, ADASE, sEudagE o
T Avn Eh AF®Y A% T FAI=A egwacludd gAHE T oHIs 589
T WSS AL A A 1204 A AL A el AB@6IA dAHRS HEoz 2.

&¥ AgE Bolx glovt Z H3e sk E oEme Rolg zuo]=e FAAR T ALtk

o

HBYCHHY Wt : SAAR T ATETE wae wWae FuNRe Arstnzy orAx
“8e 484 gAY Wste Fig. 59 Aok A gAY 4 gz AR

AF 25 &4 de] Fiste AgE JEp REE8 ¥ Jtd=Rlel Wat: ey} Ags
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Table 11. Changes in TPA(fexture profile analysis) parameters of frozen seasoned sardine
meat products during storage at —20°C

Storage days

'gfr‘g eters 0 30 60 00 120

c¥» A B C A B C A B C A B C A B
Hardness(k2) 1.3 2.0 2.1 1.4 2.1 2.3 2.0 2.7 2.8 1.9 2.8 2.8 1.7 2.6 2.7
Toughness(cm?) 1.17 1.32 1.45 1.30 1.50 1.49 1.61 1.90 1.85 1.64 2.01 1.95 1.59 1.97 1.99
Elasticity 0.82 0.87 0.85 0.80 0.87 0.83 0.75 0.83 0.85 0.76 0.79 0.80 0.75 0.80 0.79
Cohesiveness 0.33 0.40 0.44 0.27 0.41 0.43 0.29 0.37 0.44 0.24 0.40 0.41 0.25 0.39 0.40

a) refer to the comment in Table 1.
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Table 12. Changes in color values of frozen seasoned sardine meat products during
storage at —20°C

Storage days

Color
value 0 30 60 90 120
Csd A B cC A B C A B cC A B C A B
L Sh 45.9 49.6 49.8 45.0 49.0 49.3  43.2 47.8 48.5 42.5 47.0 47.9 41.8 46.4 47.1
C 46.1 49.8 49.8 46.0 49.5 49.5 45.5 49.2 49.3  44.9 48.8 48.9 44.4 48.1 48.2
a S 5.4 4.2 4.3 5.0 4.0 4.1 4.8 3.7 3.9 4.6 4.1 4.4 4.4 4.1 4.5
C 5.5 4.3 4.3 5.2 4.1 4.1 5.0 4.0 4.0 4.8 3.9 4.1 4.9 3.9 4.0
b S 5.7 6.2 6.1 5.9 6.8 6.5 6.3 7.1 6.8 6.7 7.4 7.1 7.0 7.6 7.2
C 5.9 6.3 6. 5.8 6.5 6.4 6.0 6.6 6. 6.1 6.9 6. 6.4 6.8 6.6
a) refer to the comments in Table 1, b) S :surface of products, C : cross-section of products.
Table 13. Results of sensory evaluation of frozen seasoned sardine meat products
Sensory Storage days
. 0 30 60 90 120
attributes chA B C A B C A B C A B C A B
Color?) 3.3 3.5 3.5 3.1 3.4 3.5 3.2 3.3 3.4 3.1 3.2 3.4 3.0 3.1 3.3
Oder® 3.4 4.2 4.2 3.2 4.0 4.1 3.1 3.0 4.0 3.0 3.8 4.1 2.8 3.8 4.0
Textured 3.5 4.0 4.0 3.4 3.9 4.0 3.2 3.6 3.9 3.1 3.5 3.8 3.0 3.4 3.7
Taste?) 3.5 4.4 4.5 3.5 4.3 4.4 3.4 4.2 4.4 3.2 4.0 4.3 3.1 4.0 4.3

Overall acceptance®) 3.5 4.2 4.3 3.5 4.2 4.2 3.2 4.0 4.1 3.1 3.9 4.1 3.0 3.9 4.2

a) refer to the comment in Table 1, b) significant at the 5% level, c¢) significant at the 1% level,
5 scale: 5; very good, 3; acceptable, 1; very poor.
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