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Abstract

Sardine and mackerel so called dark muscled fish have been underutilized cue
to the disadvantages in bloody meat color, high content of fat, and postmortem
instability of protein. Recent efforts were made to overcome these defects and
develope naw types of product such as texturized protein concentrates and dark
muscle eliminated minced fish.

Approach of this study is based on the rapicl dehydration of fcamed fish-starch
paste by dielectric heating. In process comminuted sardine meat was washed more
than three times by soaking and decanting in chilled water and finally centrifuged.
The meat was ground in a stone mortar added with adequate amounts of salt,
foaming agent, and other ingredients for aid to elasticity and fcam stability. The
ground meat paste was extruded in finger shape and heated in a microwave oven
to give foamed, expanded, and porous solid structure by dehydration.

Dielectric constant (¢”) and dielectric loss (¢/) vcalues of sardine meat paste
were influenced by wavelength and moisture level. Those values at 100KHz and
15MHz were ranged 2.25~9, 86 ; 2.22~4, 18 for ¢’ and 0.24~19,24 ; 0, 16~1, 20 for
¢/, respactively, at the moisture levels of 4,2~13, 8%.

For a formula for fish-starch paste preparation, addition of 20~30% starch
(potato starch) to the weight of fish meat, 2~4% salt, and 5~10% soybean
protein was adequate to yield 4~5 folds of expansion in volume when heated.
Addition of egg yolk was of benefit to micronize foam size and better crispness.

In order to provide better foaming and dehydration, additicn of 0.2~0.5%
sodium bicarbonate foaming agent, was proper to result in foam size of 0.5~0.7
mm and foam density of 200~400/cm? which gave a good crispness.
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Heating time was depended upon the moisture level of fish-starch paste. For a
finger shaped paste (1.0cm. Dx10cm, L) heating for 150~200 sec. In a microwave
oven (700W. 2,45GHz) was sufficient to generate foams, expand, and solidify the
Dorous structure of fish-starch paste.

When the moisture content was above 55% browning and scorching was deepend
due to over-expansion and over-heating whereas the crispness was hardend by
insufficient expansion at lower moisture content.

In quality evaluation of the product, chemical composition of 30% starch and
3% salt added product was moisture 8,8%, lipid 2.4%, carbohydrate 46,7%,
protein 36,1%, and ash 6, 0%,

Eleven membered panel test evaluated that fish-starch paste was acceptable in
color, crispness, taste, except a trace of fishy odour which could be masked by

the addition of spice extracts.
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Table 1, Dielectric constants of sardine meat-starch paste at different moisture levels and freqencies

Moisture Dielectric constant (g) Dielectric loss (&%)

% 750KHz | 100KHz ' 15MHz [ 7.5MHz | 750KHz ‘ 100KHz | 15MHz | 7.5MHz

4,2 2.23 2.25 2.22 2.24 0,17 0.24 0.16 0.16

7.3 2.52 2. 61 2.41 2.45 0.27 0.34 0.16 0.17

8.1 2. 55 3.01 2.48 2.30 0.41 0.58 0.23 0.30
10.0 3.90 4,51 2.98 3.21 0.72 1.03 0.34 0.51
10.9 5.11 5.74 3. 11 3.37 1.94 2.15 0.53 0.81
13.4 6. 68 8.43 4.03 4,27 3.94 10. 68 1.18 1.45
13.8 8.43 9. 86 4,18 4,83 1.93 19.24 1.20 2. 04

Table 2. Ingredients of formed fishmeat-starch e kEe Fo00 Bk LmEY '

paste

Component Ratio*
fish meat 100
Soybeanprotein 5
Potato Starch 30
Salt 3
Sugar 6
Sodium bicarbonate 0.8
GDL L7

* Percent ratio to the weight ‘of fish meat
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Table 3. Properties of foamed and dried fish-starch paste at various mixing ratio of sodium bicarbonate

b'Sodium Hea};mg Swelling ] Rehy- Stability of
icarbonate tim> ratio Foaming status Color dration [foamed structure
(%) (szc.) (sec.) | (min.)
0 195 3.2 |lIrregular and smaller in size| Slight brown 30 30
0.2 180 4,5 |ibid. ibid. 30 30
0.4 155 5.4 | Uniform and proper in size ibid. 30 30
0.6 150 6.0 | ibid. White 20 30
0.8 150 6.0 | Uniform severe in size White 20 20
1.0 140 6.8 | ibid. White 20 20
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Table 4. Properties of foamed and dried {ish-starch paste reffered to the expanding

Bapmdngfsto | Crspmss | Refpdiion | Toamsize | Foum densy

.2 fair 60 0.3—0.6 30—60

2.0 fair 50 0.3—0.6 50—100

3.2 good 30 0.5—0.6 80—200

4.1 excellent 20 0.5—0,7 200—389

5.3 excellent 20 0.5—0.7 220—400

6.5 good 15 0.5—2.3 230—400

7.8 good 10 0.5—2.8 250—41C J

Table 5, Properties of foamed and dried fish-

starch paste at various levels of

moisture
: Heating .

Moisture ! % | Expandi- .
(%) | (2} | me ratio Foaming
52 | 150 | 5.0 | Uniform and

i E proper in size
56 | 135 ; 5.3 | ibid.
59 | I 6.2 | Uniform but
} larger in size
63 i 174 ’ 6.5 | Irregular and
, ! partially scorched
67 ! 180 | 7.0 | Irregular and
r | over heated
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Table 6. Properties of foamed and dried fish-starch paste at various mixing ratio of starch

Starch | Heating . Rehyd- | Stability of**
content | time Ex;;a?%mg Foaming status Color ration* | foamed structure
(%) (sec.) au (sec.) (min.)
10 180 3.8 Irregular and partially | slightly brown 30 30
larger in size
20 165 5.2 Uniform and proper in | slightly brown 30 30
size
30 150 5.0 ibid. yellowish white 40 30
40 132 4.4 Uniform and too tiny ibid 40 20
in size
50 126 | 3.7 Small but hardened ibid 50 20

* The time (sec.) to gain the same amount of hydration with sample weight.
** The time (min.) to result in destruction of foamed and expanded solid structure of fish-starch paste

by hydration.
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Table 7, Properties of foamed and dried fish-starch paste at different level of barley flour

Barley fleur | Heating | s ! Rehy- [Stability of
content time 'Exlz;‘tlﬁ)mg Foaming status Color dration [foamed structure

%) (sec.) | (sec.) | {(min.)

! 5 185 3.5 Irregular in size slightly brown ] 30 30
| 10 170 4.1 | Uniform in size slightly brown | 30 30
20 160 4,3 ibid. brown 30 30

30 150 ‘ 3.6 ibid. brown 20 30

40 150 | 3.0 | Too tiny in size and | dark brown 20 20

‘ hardened
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Table 8, Properties of foamed and dried fish-staich paste at different level of soybean protein

" Soybean | . ! o |
20 | Heating | coaryin,, | Rehy- Stability of !
prottemr ¢ time 'I S“’r‘iltl;‘gg ' Forming status 1 Color dration “foamed structure
Co?g?;“ [CE I (sec.) (min.)
0 i 160 - 4.5 | Irregular and partially scorched | Slightly \ 30 30
| i ‘ brown ; |
T 160 4.5 ¢ ibid. Slightly —+ 30 | 30
? ‘_ brown : !
5 159 5.0 | Uniform in size Yellowish 20 " 30
: white
10 \ 150 . 5.0 | ibid Yellowish 20 30
; i g white |
15 140 | 3.6 ; Uniform but tco tiny in size Yellowish 20 | 20
{ f white I
20 140 | 3.7 \‘ Hardened and too tiny in size Yellowish 20 i 20
| white ’
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Table 9. Properties of foamed and dried fish-starch paste at different level of egg yolk
Rehy- |Stability of

Egg yolk | Heating

 conent time Ex]';ilt]i%ing Foaming status Color ration [foamed structure
(%) (sec.) (sec.) (min.)
1 j 150 5.1 | Uniform in s.ze Slightly brown 30 30

2 150 5.0 | Uniform in size Slightly brown 30 30 !

3 140 5.4 | ibid. Dark yellow 20 20 |

4 140 2.3 | Proper in size Dark yellow 20 20 |

5 130 2,9 | Uniform and proper in size | Dark yellow 15 20 !

6 125 6.4 | Irregular and partially Dark yellow 15 15 ,

scorched J

Table 10, Properties of foamed and dried fish-starch paste at various mixing ratio of sedium chloride

. Sodium chloride Heating

; p Swelling .
content time : Foaming status Salty taste
i (%) (sec.) ratio
' 0 145 3.8 Irregular and too tiny in size Subtle
1 150 4,2 Uniform and proper in size Slight
2 150 4.6 ibid. Moderate
3 152 53 ibid. ibid.
4 150 4.8 ibid. Strong
5 150 4.8 ibid. ibid.
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Table 11, Chemical composition of dried
fish-starch paste

0.8 B 1.7%% gEinshe] s mebpsl SAELTe) Constitunt ‘ Content (%)
—f - Table 11¢] vizhdl wheb zbef, Moisture ’ 2.3 |
(2) otn] = Ake] MK Carbohydrate l 48.7 }
Aol pel AR 30%, ATRAM 5% Lipid A
0 I 4%E Fhvskel T &S o e o

w4t RS S &R Table 129 3t
o)A AowEezr ukE FPC(fish protcin

_concentrate) ] o}m] At 83 (Lee et al. 1978) Table 12, Amino acid composition of the

foamed and dried fish-starch paste

s wlwslns threonine =} serine, valine, added with 309 starch, 525 sovbean
phenylalaninz 52 t}4& 3 lysine, methio- protein and 49/ egg yolk

nins =2 r,‘i_/L Yo b obn|x4le] &Ee Amino acid I FPC* | Fls]%-:;zt:;ch
AL H] %8ty | @1N) | (gnoN
(6) REe EiEEE R R 09 £.409
Con e . ! His 1 2,61 2,109
1149 ERElpA o o2 RN crispness, Arg 4 5 41 6714
mh WAl 2 e S #EY R Table 134 Asp | 0. 49 9:435
VPE}VP GRS Aok olH A8 wlm WE Thr ' 4.98 | 6. 381
A g AsElm e A 9l 3ekgl v Ser .75 | 5.613
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Glu 14,04 14. 688
Pro 2.26 3. 260
Gly 5.32 2,778
Ala 5.83 6.938
Cys — trace
Val 4.70 5. 705
Met 2,41 1.680
Ileu 5,22 6. 044
Leu 8.32 7.706
Tyr 2.92 2.309
Phe 3.90 5. 003

* Lee et al (1978)

Table 13, Sensory evalution* of foamed and
dried fish-starch paste

lExceIlent[ Good [ Fair ’ Poor
Crispness** 4 7 — —
Taste 2 2 5 2
Flavour — 3 6 3
Color** 1 5 4 1

* Numbers indicate the number of panel persons

** Crispness and color were reffered to that of
Saeu-Kang, a commercial product of puffed
snack.,

% B2

Aol Ex BEHMEAC o= A Hingye
Bastel wkE HEe velzzs e FlMA
Bk BRE 5, R g B,
B, B2k, R BEES 2 28 RS
g mEE B BRe o 2.

1L Fel=lpmel FHEFER ()Y FEERE)
2 RAES KRl =l gEe dtox] ki
BE 4.2~13.8%2 WA FEBE-T 100KHz
9} 1I5MHz Q ) ¢ = 27 2,25~9.86, 2.22~
4.180]g o] e’ 0.24~19.24, 0.16~1.20
o] Ao},

2. MRS windy BLAIEHE ddA: B
o] HWER w4 20~30% 7t BE EE
A5 E A - P AT Bkl B
e 2=t 2 A 49 25%7F 9A g
Aol Fyvt. KEEAELS 5~10% 7+ 3
wH BRI Jdod3m e AR =&

= RS Hkdbel Fstot 6% o]AelH itk
fho] Fslx|xz zho] Wl slglct.

3. Bk ez e B/l fisle R B
Zgo] 4~5u1Ql 73 --7b BB crispness, #
Hikol T3z 299 KR BEE A4 0.5~
0.7mm =719 F# 200~400 /cm® A =t

4. EIR Bl A e —k AEH mhlazzmsh
TSR (700W, 2450MHz)-2 {#FHsle] HES K
SEeE 55% R 7 3~44eld B, A
fel Bt ¥ vl ETEd. ol =2
KGaEe 3¢ BEEES BAxz A 2
3 gh3sb eabE gl a KgERel
i B2Ysl Rig—2 Qs ot 33
I kel 2R Fba Mol =iyl

5. Panel ABol o3 B Ak FHEE
(A7) vl 3g-¢ « crispness, Tk, A%
<+ 4 Xol7b gdolod G BRE AT
< dgdh 8RR wiRka =20l A4 0.6~
1.0cm ¢ finger ol pibx: =232 2 =RE
RE F3ket.

X m

Ishikawa, S. 1978, Fish jelly product(kamaboko):
and frozen minced meat(frozen surimi) made of
sardine-J[. Influence of the temperature during
the manufacturing process on the jelly strength
of kamaboko.

shikawa, S., K. Nakamura, Y. Funji, G. Yamano,
T. Sugiyama, K. Shinozaki, K. Tobisa and Yam-
aguchi. 1979, Fish jelly product(kamaboko) and
frozen minced meat(frozen surimi) made of
sardine-1. Influences of the treatment methods.
for materials just after catch on the kamaboko
forming ability of sardine meat. Bull. Tokai Reg
Fish. Res. Lab., 99 : 31~42,

J. Dyerberg and H.O. Bang (1979) ; Homostatic
Function and polyunsaturated Fatty Acids in
Eskimo, Lancet, ii. 433,

Jea, Y.G. and K.H. Lee. 1982, Condition for getl
forming ability of kamoboko with dark-fleshed
fish. Thesis for M.A. Degree, Graduate Courses,
Nat. Fith. Unv. of busan. Korea.

BEEEL 83



Kim. W.J. and K.H. Lee. 1982, Separation of dark
and ordinary muscle with specific gravity contro-
lled sugar solutions. Bull. Korean Fish. Soc. 15
(3), 185~.190,

Kurokawa, T. 1982, Quality of commercial frozen
surimi of sardine. Nippon Shokuhin -Kogyo Gakk-
aishi 29(1), 48~.54,

Lee, EH., Y.H. Park, J.H. Pyeun, S.K. Kim, S.T.
Yang and Y.O. Song. 1978, Studies on the proc-
essing and utilization of sardine protein concent-
rate. Bull. Korean Fish. Soc. 11(1), 25~.37,

Mudgett, R.E. 1982, Electrical Properties of foods
in microwave Processing. Food Tech. 2, 109~
115,

Mudgett, R.E., S.A. Goldblith, D.I.C. Wang and

W.B. Westphal. 1980, Dielectric behavior of a
semi-Solid food at low, intermediate and high
moisture contents. J. Microwvae Power, 15 : 27,

Ohlson, T., N.E. Bengtsson and P.O. Risman, 1974,
The frequency and temperature dependence of
dielectric fcod data as determined by a cavity
perturbation technique. J. Microwave Power, 9 ;
129~134,

Risman, P.0O. and N.E. Bengtsson, 1971, Dielectric
Properties of foods at 3GHz as determined by a
cavity perturbation technique.
Power 6(2) : 111~123,

V. Hippel, (1954), dielectrics and waves. The M.
I.T. Press, pp. 39~41,

J. Microwave

B EEM

R BRERA v A = REFE
B € Bilike 17E)RS ] 2 RE
=24 B Ik FRE A
L %3 Eifite BERER
2. ¥ E Bffite BB §
MBS Tl LHEEd &

&ﬁ“d’-ﬂ Hfibe fdle] HETE & o $
e olulsh ol HEstx ol &

:M srLT,
& fete] BEMME BARSE BHEstel ok T,
P mee WP EEER uHT &
f5stel ok e,

4 Ao

3. -r-El? Bttt 25 d-& BES L AESA EEshe ok ke it %

BEAZ = THE kA ¢Erh

‘. Tal HiEE W AREHG Kahe
EEICRFCERE L
A ek,

olwl & EmolE fEHstAA

RS AV B LEES £BE U FE 4% 3t

5. $EE HEifite KEYS HiTEEBR Jtd 5% HENpREE KHE

&l Rifel A& Al

FITE H357(1984.9)

olol BAR ML MAA JRiA gevh

.............................................................................................................................................................................................................................................



