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Comparison of the Food Chemical Properties of Fish
Meat Roasted By Superheated Steam Heating and
Propane—Gas Combustion Heating

Moritsugu Hamada™!, Daisuke Terashima™'
Seito Hirayama™', Ritsuko Wada™'
Hiroyuki Ura®? and Katsuhei Nakamura™*

The food chemical properties of roasted fish meat were compared in order to clarify the difference be-
tween superheated steam (SHS) and propane-gas combustion heating using four types of fish, i.e., deep-
water redfish, Norwegian salmon trout (cultured trout at sea), Atlantic mackerel and Japanese Spanish
mackerel having different lipid contents. The optimum roasting conditions were 6 min for SHS heating
and 12 min for propane-gas combustion heating, and thus the heating time by SHS was half that of the
propane-gas heating. Both the moisture content and the yield of the roasted fish meat decreased as the de-
gree of heating increased, but no influence due to the different fish samples and heating methods, SHS
heating and gas heating, was observed. The water activity of the roasted fish meat was almost constant,
irrespective of the different sampling position, surface or inside of the muscle, or different heating
methods. The load of the penetrating plate-type plunger into the roasted meat was affected by the heating
conditions and sample fishes, but the difference between the SHS heating and the propane-gas heating was
not clear. Sensory tests by 10 panelists showed that the appearance and tenderness of the roasted fish
meat were superior to the SHS heating compared to the propane-gas heating. These results demonstrated
that the SHS heating was effective for manufacturing the roasted fish meat as the SHS heating time was
shorter than that of the propane-gas heating, and the estimation of the food chemical properties and sen-
sory tests of the roasted fish meat heated by SHS were the same compared with that of the gas heating.
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Table 1 . Temperature of the fish meat just after roasted by different heating conditions

Min-Max, unit: C

Superheated steam heating

Propane-gas combusion heating

Degree of -
Deepwater Norwegian

Atlantic Japanese Spanish

Deepwater Norwegian  Atlantic Japanese Spanish

Heating redfish  salmon trout mackerel mackerel redfish salmon trout mackerel mackerel
High 75 - 80 85-95 68 - 77 70 - 80 77 - 81 88-93 93-100 83 -86
Best 77 - 80 85-90 80 - 88 70 - 80 62-65 67-80 88-90 73-78
Low 65-78 83 -85 75 - 80 80 -85 54 - 55 62 -78 65 -78 84 - 86

Sample numbers were 3, in any cases.
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Fig. 1 . Moisture contents of the roasted fish meat at different heating conditions.
*H; High temp. heating, B; Best temp. heating, L; Low temp. heating. n= 3
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Fig. 2. The relation of the moisture content to the lipid content on the fish meat roasted by different heating methods, SHS

heating or propane-gas heating.

The degree of heating: The best temperature heating in any heating method.
A; Deepwater redfish, B; Japanese Spanish mackerel, C; Norwegian salmon trout, D; Atlantic mackerel.
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Table 2 . Process yields of the fish meat roasted by different heating conditions

Sample fish Degree of heating‘ Superheated steam  Propane-gas  Difference between
heating, % (A).  heating, % B) (A)and (B), %

H 70.1+ 8.4 72.8+74 2.7
Deepwater redfish B 69.7+£7.7 73.9+1.8 -42
L 727+11.6 747+ 14.9 2.0
Norwegian salmon H 68.1+84 73.2+40 -5.0
trout B 69.7+7.7 729+£35 -3.2
L 80.5+3.8 76.9 + 0.6 3.6
H 759+29 73.8£3.7 2.1
Atlantic mackerel B 79423 79.7+2.9 -0.3
L 840+23 829+ 1.8 1.1
Japanese Spanish H 73.8£3.5 72.6%55 12
mackerel B 825+39 788+ 1.5 37
L 830+44 823+0.6 0.7

*H; High temp. heating, B; Best temp. heating, L; Low temp. heating.

(A),(B); Mean of three measurements.

PR S BB OBLD LB S, BUH0E 5 HHE
LTWwWhEEZLNA,

R ERED ST R EERE U0 2%, h%E
DT S ITERR T ORKIARL B 2 Ly, Bitkio
FREDEZ RGOS TNBEGF L RO LLERH S,

3.6 HEOKHIEME

KAHEME (Aw) BESROEERDKIK T 2 HHKD
A, ThbbMEYIC Lo TR &N KOEEE R
To L7z T, RRBORFELER 5 LTOEREL BT
Thbdo TOAwWHSHSIED B VIEH AMBUIZ L - TE
DEICEBTHLERL 2T A0, AwdliEx
Tv, FRLOEEEFg. 3I2F LDTRT,

=R UTHA LI, SHSINEEAT - 2B aEEICB
BAWDNT Y FIIKE G HLETHE—EzRENS Do
foo UL, FAMETIIFEEAE X UCMEDRE I,
bod, BIEI—EThol, THDLSHSIBADSEE
AwlEERHE TI20.84~0. 93D EHBUC A L, BHEO&E
W LTI OBRE L OBRER O edh o7z, LA
L, ¥—F¥ b7 7 b CMAHDEEIHLE TIRVED
Rohids, 204H30.9~0.93TH o7, —FH, TR
HSUECIEEE ORI & 2 W IZEBRHETE DRV (2
H590.92~0.93TIHI—FETH Y, AEOBENZ LT
MEADRRE L OBICHL P ZBRER N P72,
W LT, TEE, BEORVH L WIZNEROR
Bilhrbod, AwDEEENSWZ LIZED Y idkvy,

3.7 7o v —BABMHE

4 BB OB D WT, T Yy B ABO
TH & MARE 2 ME L7z, SHSINED B\ id A A sk %
FRENIER (1, B, L) TITv, Thoofft gl
T Table 31 I7RT,

3.7.1 75 U v—BAWE

&7 FEEAEE L UE TR L, n#o 3B
BACOWTIEET 2 &, —Eicow Tk HT R4 %55
RN, FNOEY FREE AV TBME T 72
BThd, Thbb, SHSMEOEE, BMEATIIHS &
CLIng ) <, T AMBOBEITITHS L ULnsk &
DOEWMEEIR L7z, FOHMBIZHEBETIE VA, V5
B OWERIIE 7T v Yy —HEAT Ik THAN
OFFEATE D 2T WEIICH - 722 L ISRET S 2 L5
bz,

ZIT, YNOWUEELERL TET— 7 OEH % it
ThHE, TAYFEF—FET P T FTESHSIIEE L O
HAMBONTIIIBWT D, MEEEFHEL%ZBICD
NTHEEEL L ko, Thbb, Blko72, L2L,
WoNEHT T TR BMBEETOREDS, MEEICH
bOFIRF—FOHEE R L2,

EHOREVEAMBORKRTH 5%, #ANMBEORE
FEDLIERD L, BAHEISREVAROL®ETH
wA, T, F—F Y b IY P BIUOYANOIETH o 72,
CONEIEEERENEL R AETH Y, BEAWELIEES



Superheated steam heating

Propane-gas heating

0.98

0.94

0.90

0.86

0.82

0.98

0.94

0.90

0.86

SHSHIEL & # ATNELIC X 5 S PABEEL G O BRI E O i

Aw

Surface

1.

1L

H B L

B L H B L

|
i

H L
Pacific ocean perch ~ Norwegian salmon  Norwegian mackerel  Japanese Spanish
trout mackerel
Aw Center
T
H B L H B L H B L H B L
Pacific ocean perch ~ Norwegian salmon  Norwegian mackerel  Japanese Spanish
trout mackerel
Aw Surface
| | I I
1
H B L H B L H B L H B L
Pacific ocean perch Norwegian salmon Norwegian mackerel Japanese Spanish
trout mackerel
Aw Center

I

L

H |

Pacific ocean perch  Norwegian salmon  Norwegian mackerel

trout

Fish species and degree of heating

B L

Japanese Spanish
mackerel

Fig. 3 . Water activity, Aw, of the roasted fish meat at different heating conditions.
Aw value ; Average of three measurements.
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Table 3 . Breaking load and breaking depth of the fish meat roasted by different heating con-

ditions
Breaking characteristics
Sample fish i:i?g?f Breaking load ", gram Breaking depth™, cm
SHS heating Gas heating SHS heating Gas heating
Deepwater redfish 610£56 7304257 0.89+0.2 0.93+0.4
Norwegian salmon trout 879+36 684191 0.43+0.1 0.57+0.3
Atlantic mackerel 4421127 462+178 0.56+16.0 0.57+0.3
Japanese Spanish mackerel 824£117 70067 0.53+0.0 0.60£0.1
Deepwater redfish 568+56 6044216 0.6+0.1 0.86+0.3
Norwegian salmon trout B 787£106 620150 0.48+0.1 0.46+0.3
Atlantic mackerel 296135 720+188 0.54+0.3 0.72£0.1
Japanese Spanish mackerel 592£139 740468 0.48+0.1 0.77£0.2
Deepwater redfish 566+85 630185 0.76+0.1 1.02+0.3
Norwegian salmon trout L 704300 41090 0.46+0.2 0.48+0.2
Atlantic mackerel 440+196 466184 0.68+0.3 0.85+0.1
Japanese Spanish mackerel 744£73 754227 0.78+0.3 0.90+0.3

*'H; High temp. heating, B; Best temp. heating, L; Low temp. heating.
**The Plate-like plunger, 2.5X15mm, was vertically penetrated into the sample roasted fish meat.

**Mean of four measurements.
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mackerel

Fig. 4 . Results of the sensory tests by 10 panelists of the fish meat roasted by different heating methods and the degree of
heating, on a basis of 5 points.
Sensory test items: A; Taste, B; Flavor, C; Umami taste, D; Richness, E; Aroma, F; Appearance, G; Color tone, H;
Juicyness
Description of colored lines: red; High temp. heating, green; Best temp. heating, blue; Low temp. heating
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