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Table 1. Effect of addition concentration of calcium-based
powder from Alaska pollack bone on the ash, total and solu-
ble calcium contents, jelly strength (JS) and results in sen-
sory evaluation on texture(SET) of calcium-fortified mackerel
surimi gel

Addition concentration (%)
0 0.3 06 09 1.2 1.5

Crude ash (%) 25 27 29 32 34 36
Calcium (mg/100 g)

Total 70 940 180.0 2705 3517 4399
Soluble 29 378 711 1050 1270 1434
I8(gem) 947 950 941 937 888 859
SET” 300 29 28 28 228 21

DFive scales: 5; very good, 3;acceptable, 1;very poor
The same letters indicate insignificant difference at the 5% level using
Ducan's multiple range test



Table 2. Proximate composition, pH, volatile basic nitrogen
(VBN) and total and soluble calcium contents of calcium-for-
tified mackerel surimi gel
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Table 4. Changes in histamine contents, viable cell counts
and coliform group of calcium-fortified mackerel surimi gel
during storage at 5°C

Raw  Washed Products”
mackerel mackerel (A) (B)

Moisture (%) 71.6 770 67.7 67.2
Crude protein (%) 19.2 18.6 19.2 19.0
Crude lipid (%) 7.6 3.0 2.6 25
Crude ash (%) 0.9 1.0 25 32
pH 6.23 ND? 6.52 6.54
VBN (mg/100 g) 18.6 ND 123 126
Calcium (mg/100 g)

Total ND ND 7.0 270.5

Soluble ND ND 2.9(41.4)° 105.0(38.5)

YProduct (A):Ordinary surimi gel, Product (B):Calcium-fortifed surimi gel
This value is the soluble calcium ratio
Not determined
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Table 3.Changes in moisture content, pH and volatile basic
nitrogen (VBN) of calcium-fortified mackerel surimi gel dur-
ing storage at 5°C

Histamine Viable cells Coliform groups

Stdorage (mg/100 g) (CFU/g) (MPN/100 g)

ays

ey e ® ) ®

0 9.7 8.3 N? N N N

5 113 8.0 N N N N

10 165 105 N N N N

15 214 161 N N N N

YProduct codes (A and B) are the same as shown in Table 2.
“Not detected
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Table 5. Changes in peroxide values (POV) and brown pig-
ments (BP) of calcium-fortified mackerel surimi gel during
storage at 5°C

‘Storage __ Moisture (%) pH VBN (mg/100 g) 4 POV (meg/kg) BP (OD at 430 nm)
ays A B A B A ® Storege GRYST ®) @) ®)
0 67.7 67.2 6.52 6.54 123 12.6 0 8.2 7.8 0.158 0.132

S 67.5 67.3 6.57 6.57 13.4 13.0 5 11.7 95 0.186 0.160
10 67.1 66.7 6.65 6.60 17.6 13.8 10 16.9 11.5 0.230 0.194
15 66.6 66.4 6.78 6.66 227 14.9 15 26.4 14.0 0.324 0.254

DProduct codes (A and B) are the same as shown in Table 2.

YProduct codes (A and B) are the same as shown in Table 2.
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Table 6. Changes in fatty acid composition in total lipids of
calcium-fortified mackerel surimi gel during storage at 5°C

(Area %)
Fatty acids Raw 0 day 15 days

mackerel Ay B) A) (B)
14:0 47 4.7 4.7 53 4.9
15:0iso 04 04 03 03 03
15:0 1.0 0.9 0.9 0.9 1.0
16:0iso 0.1 0.2 0.1 0.1 trace
16:0 22.0 20.4 19.8 22.8 20.5
17:0 1.1 1.1 1.0 1.0 12
18:0 48 4.8 46 51 5.0
20:0 04 0.4 04 0.4 04
Saturates 34.5 329 31.8 359 333
16:1n-7 53 55 54 55 54
16:1n-5 0.6 0.7 0.7 0.6 0.6
18:1n-9 19.6 19.5 19.5 19.4 19.5
18:1n-7 34 35 33 35 35
18:1n-5 0.2 0.3 0.3 03 03
20:1n-9 2.1 22 23 19 2.0
20:1n-7 02 03 03 0.2 03
22:1n-7 1.6 1.6 1.7 1.2 14
24:1n-9 04 0.5 0.5 04 0.5
Monoenes 334 34.1 34.0 330 335
16:2n-4 0.2 0.2 0.1 0.1 0.5
16:3n-4 04 0.5 04 0.3 05
16:4n-3 0.5 0.6 0.5 0.4 0.6
18:2n-6 22 1.9 1.7 21 20
18:2n-4 0.2 0.2 0.2 0.1 0.2
18:3n-3 1.1 1.0 1.0 1.0 1.0
18:4n-3 25 2.2 2.6 2.2 23
20:2n-9 0.5 0.3 03 0.2 0.2
20:3n-3 0.1 0.1 0.1 0.1 0.1
20:4n-6 B 0.8 0.7 0.8 0.8 0.8
20:4n-3 0.6 0.5 0.5 05 0.5
20:5n-3 75 72 74 6.7 71
21:5n-3 0.1 0.2 0.2 0.2 0.2
22:4n-6 trace 0.1 0.1 0.1 0.1
22:5n-6 0.2 0.3 0.3 0.3 03
22:5n-3 0.8 1.1 1.3 0.9 1.0
22:6n-3 144 159 16.7 15.1 15.8
Polyenes 321 33.0 34.2 31.1 332

20:5422:6/16:0 0.995 1.132 1.217 0.956 1.137
YProduct codes (A and B) are the same as shown in Table 2.
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Table 7. Changes in jelly strength of calcinm-fortified mack-

erel surimi gel during storage at 5°C g cm)
Storage days Product (A)° Product (B)
0 947 937 )
5 935 917
10 922 901
15 902 888

Yproduct codes (A and B) are the same as shown in Table 2.
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Table 8. Changes in total amino acid contents of calcium-for-

tified mackerel surimi gel during storage at 5°C (g/100 g
Amino = m;tenlill Prod (: da; duct P dlst dalzlsd t
: oybean roduct roduc roduc roduc
o Mackerel e @ @ ®
Asp  13(67) 58(70) 13(67) 1263) 14(74) 13(7.0)
Thr  09(46) 34(41) 0841) 0947) 09@8) 08(43)
Ser  09(46) 49(59) 1052) 0947 0948) 08@43)
Glu  3.0(154)169(205) 35(18.1) 3.4(17.8) 3.4(181) 3.3(17.6)
Gly 10(51) 4048) 09@47) 1158 18@3) 11(.9)
Ala  L1(56) 44(53) 0947 11(58) 1053) 1159
Cys trace 0.7(0.8) trace trace trace trace
val  08(41) 42(51) 0841 0842 08(43) 08(43)
Met  07(36) 13(1.6) 06(31) 063.1) 0737 0737
Ile 09(4.6) 4048 08@.1) 0737 0737 0737
Leu  15(7.7) 6984) 157.8) 13(68) 14(74) 1.2(64)
Tyr  08@41) 2429 06(31) 0526) 0632 0527
Phe  11(56) 5769 115.7) 1263) 12(64) 11(9)
Lys  21(108) 59(72) 20(104) 20(105) 19(10.1) 2.0(10.7)
His 1682 1923) 14(73) 1368) 13(69) 13(7.0)
Arg 12(62) 61(74) 1367 1263) 11(9) 1.0(3)
Pro  06(3.1) 4150) 08@1) 0947) 0737 16(3)

Total 19.5(100) 82.5(100) 19.3(99.9) 19.1(100.1) 18.8(100) 18.7(100)
YProduct codes (A and B) are the same as shown in Table 2.

Table 9. Changes in total and soluble calcium and phos-
phorus contents of calcium-fortified mackerel surimi gel dur-

ing storage at 5°C (mg/100 g)
0 day 15 days
(G (B) A) (B)
Total  Calcium 7.0 270.5 6.8 266.7
Phosphorus 150.3 280.3 143.2 271.2
Soluble Calcium 2.9 105.0 2.8 101.7
Phosphorus 923 1652 88.4 1598

YProduct codes (A and B) are the same as shown in Table 2.
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Improvement of the Functional Properties of Surimi Gel Using Fish Bone

Jin-Soo Kim*, Dong-Min Yeum' and Dong-Sik Joo® (*Department of Marine Food Science and Technology, and
Institute of Marine Industry, Gyeongsang National University, Tongyeong 650-160, Korea; 'Department of Food
Science and Technolgy, Yangsan College, Yangsan 628-040, Korea: *Department of Food Science and Technology,

Pukyong National University, Pusan 608-737, Korea)

Abstract : As a part of investigation for quality improvement of surimi gel from fish with a red muscle by ad-
dition of calcium-based powder from fish bone, we investigated the processing condition of calcium-fortified mack-
erel surumi gel and its quality stability durixig storage at 5°C. Judging from the results of the soluble calcium con-
tent and jelly strength, the reasonable addition concentration of calcium-based powder from Alaska pollack bone
for improvement of functional properties in surimi gel was revealed 0.9% on the weight basis of the chopped mack-
erel meat. The soluble calcium content of the calcium-fortified surimi gel (105.0 mg/100 g) was more than that of
the ordinary surumi gel (2.9 mg/100 g). During cold storage of calcium-fortified surumi gel, the moisture contents,
amino acid compositions, soluble calcium and phosphorus contents were little changed, the pH, volatile basic ni-
trogen contents, histamine contents, peroxide values and brown pigment formation were slightly increased and vi-
able cell counts and coliform groups were not detected. The calcium-fortified surimi gel was superior in the lysine
and calcium contents, EPA and DHA compositions to the ordinary surumi gel. Judging from the results, it was sug-
gested that calcium-fortified surumi gel was nutritive, functional and safety foods.

Key words:seafood processing by-products, fish bone, calcium, surimi gel, fum cfional properties
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