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Processing and Quality of Natural-tasting Steamed Fish Paste Containing
Unwashed Pufferfish Lagocephalus wheeleri Surimi
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To develop natural-tasting fish paste from the pufferfish Lagocephalus wheeleri, steamed pufferfish paste (SPP) was
prepared and its optimal processing conditions, quality metrics, and shelf-life characteristics were examined. SPP
was produced by thawing golden threadfin Nemipterus virgatus surimi (FA grade), then adding 10% unwashed puft-
erfish surimi (PS), 1.5% salt, 8.0% wheat starch, 0.25% calcium carbonate, 0.25% sugar, 0.75% sorbitol, 0.25% poly-
phosphate, and 12.0% pufferfish hot-water extract (Brix 10°). The meat was ground with a Stephan mixer, molded
at low temperature (18°C, 10 h), vacuum packed in a laminated plastic film bag, heat treated with hot water (95°C,
50 min), and cooled. As the amount of PS added increased, the whiteness, gel strength, and shear strength of the SPP
decreased slightly. However, the SPP folding test showed no deterioration in the texture. In the sensory evaluation,
the SPP received a higher rating for taste, smell, and overall taste than commercial Japanese pufferfish Kamaboko.
The total amino acid content of the SPP was 10,262.6 mg/100 g; the major amino acids were aspartic acid, glutamic
acid, alanine, valine, leucine, lysine, and arginine. The free amino acid content was 133.0 mg/100 g; the major amino
acids were taurine, glutamic acid, glycine, alanine, cystine, and lysine.
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Table 1. Formula of supplementary materials for the steamed puft-
erfish Lagocephalus wheeleri paste
(%)

Product
C PK-5 PK-10

Golden threadfin surimi (FA) 81.3 774 73.2
Pufferfish surimi - 3.9 8.1
CaCo, 0.2 0.2 0.2
Sugar 0.2 0.2 0.2
Sorbitol 0.6 0.6 0.6
Polyphosphate 0.2 0.2 0.2
NaCl 1.2 1.2 1.2
Wheat starch 6.5 6.5 6.5
Water 9.8 - -

Pufferfish extract (Brix 10°) - 9.8 9.8
Total 100.0 100.0 100.0

C, control; PK-5, steamed pufferfish paste-5 ; PK-10, steamed
pufferfish paste-10.
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Table 2. Proximate composition, pH and volatile basic nitrogen (VBN) content of rough-backed pufferfish Lagocephalus wheeleri fillet and

processing scrap

Sample Proximate composition (g/100 g) oH VBN
Moisture Crude protein Crude lipid (mg/100 g)

Fillet 79.0£0.2° 16.9+0.1° 1.0£0.12 0.80.12 6.50.0° 9.120.2°

Processing scrap 76.2+1.4° 10.1£0.32 9.5+0.1° 0.7+0.12 6.9+0.2° 7.14£0.5°

**Means with different superscript in the same column significantly differ at P<0.05.
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Table 3. Toxicity of rough-backed puffer Lagocephalus wheeleri
fillet, processing scrap and processing scrap extract

Mouse weight Death time Toxicity
Sample (@) (min) _ (MUfg)
Fillet 19.6+0.1 Live <6 (Non-toxic)
Processing scrap  20.8+0.2 Live <6 (Non-toxic)
Processing scrap 49 g4 o Live <6 (Non-toxic)
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Table 4. Proximate composition of the steamed pufferfish Lago-
cephalus wheeleri paste products

(g/100 g)
Proximate composition
Products’ - ) —
Moisture  Crude protein Crude lipid  Ash

C 70.5+0.2°>  10.5+0.3? 1.0+0.1¢  2.0+0.0°
PK-5 70.0¢0.12  11.1£0.5? 0.8+0.0° 1.9£0.12
PK-10 69.8+0.2¢  10.9+0.3? 0.9+0.1°c  2.0+0.12
JPK 74.2+0.2°  11.1+0.22 0.2+0.12  2.30.1°

IRefer to the comment in Table 1. “*“Means with different super-
script in the same column significantly differ at P<0.05. C, con-
trol; PK-5, steamed pufferfish paste-5; PK-10, steamed pufferfish
paste-10; JPK, steamed Japanese pufferfish paste.
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45 27F (12-1.7)x 105, (1.4-1.8)x 10%, (1.7-1.9)x 10° &
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Table 5. pH, volatile basic nitrogen (VBN) and amino-N (NH,-N)
contents, and viable cell count of the steamed pufferfish Lagoceph-
alus wheeleri paste products

(g/100 g)
Products’ pH (mg\51B (')\:) g) (mgﬂz()(’;j g) co\lﬁlr?tb(lgl(::al;g)
C 6.56+0.012 12.1+0.22 59.5+0.97 1.2-1.7x10°
PK-5 6.57£0.008 15.0£0.1® 65.0£41.2° 1.4-1.8x10°
PK-10 6.60+0.01° 15.5+0.2° 67.2+1.1° 1.7-1.9x10°
JPK 7.10£0.01¢ 11.6£1.0® 76.8+2.1° 1.5-1.9x10°

'Refer to the comment in Table 1 and 4. **Means with different
superscript in the same column significantly differ at P<0.05. C,
control; PK-5, steamed pufferfish paste-5; PK-10, steamed puffer-
fish paste-10; JPK, steamed Japanese pufferfish paste.

Table 6. Color values and whiteness of the steamed pufferfish
Lagocephalus wheeleri paste products
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Table 7. Texture profiles analysis of the steamed pufferfish Lago-

Color values cephalus wheeleri paste products
Products’ Whiteness? - -

a b AE Products’ Gel strength (g-cm) Shearing force (g) Folding test
C 72.0£0.0¢ -1.6£0.0° 6.1+0.1° 25.2+0.0° 53.7+0.2° C 505.816.7° 319.247.1° AA
PK-5 68.4+0.1° -1.5£0.1° 8.3£0.0° 29.4+0.1° 43.5+0.3° PK-5 482.447.3° 260.6+9.02 AA
PK-10  67.620.0% -1.3£0.0° 8.5+0.1¢ 30.0+0.0¢ 42.1+0.3? PK-10 479.949.9° 252.0+11.12 A-AA
JPK 70.640.1° -3.740.12 3.840.12 26.6+0.1° 59.2+0.3¢ JPK 509.644.3° 307.1+4.5° AA

IRefer to the comment in Table 1 and 4. 2L-3b. *‘Means with differ-
ent superscript in the same column significantly differ at P<0.05.
C, control; PK-5, steamed pufferfish paste-5; PK-10, steamed puft-
erfish paste-10; JPK, steamed Japanese pufferfish paste.

IRefer to the comment in Table 1. *®Means with different super-
script in the same column significantly differ at P<0.05. C, con-
trol; PK-5, steamed pufferfish paste-5; PK-10, steamed pufferfish
paste-10; JPK, steamed Japanese pufferfish paste.
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Table 8. Sensory evaluation of the steamed pufferfish Lagocepha-
lus wheeleri paste products

Sensory items?

Products’

Taste Texture Odor accc):;[e;[;l::e
C 4.0 4.0 4.0 4.0
PK-5 4.2+0.22 3.84£0.32 4.2+0.22 4.110.3?
PK-10 4.5+0.22 3.84£0.22 4.2+0.3? 4.310.22
JPK 4.5+0.22 4.2+0.2° 4.2+0.2° 4.310.22

Refer to the comment in Table 1. 25 scale score, 5: very good, 4:
good=product C (standard score), 3: acceptable, 2: poor, 1: very
poor. Means (n=9) within each column followed by the same letter
are not statistically different (P<0.05). C, control; PK-5, steamed
pufferfish paste-5; PK-10, steamed pufferfish paste-10; JPK,
steamed Japanese pufferfish paste.
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Table 9. Changes in viable cell count, volatile basic nitrogen (VBN) content, whiteness, gel strength, folding test and organoleptic texture of

the steamed pufferfish Lagocephalus wheeleri paste PK-10' during storage at 4+1°C

Storage Viable cell count VBN Whiteness? Gel strength Folding Organoleptic
days (CFU/g) (mg/100 g) (g-cm) test texture?
0 (1.4-1.8)x103 15.5+0.22 42.1£0.32 479.9+9.9° AA 3.8+0.2°
15 (1.1-2.0)x10° 15.910.42 42.2+0.22 483.0+5.5° AA 3.7+0.4°
30 (1.5-3.0)x103 16.7£0.42 42.0+0.22 492.1+5.5° A-AA 3.5+0.22

IRefer to the comment in Table 1. 2L-3b. 35 scale score, 5: very good, 4: good, 3: acceptable, 2: poor, 1: very poor. “Means with different

superscript in the same column significantly differ at P<0.05.
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Al 9 BofolR PK-109] felofu Al e 24
gt 23k Table 1337 gt PES| f2|ofn] it S752 2973
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Table 10. Fatty acid composition of total lipid separated from
golden threadfin Nemipterus virgatus surimi (GS), rough-backed
pufferfish Lagocephalus wheeleri surimi (PS) and steamed puft-
erfish paste (PK-10)

(Area%)

Fatty acids GS PS PK-10
14:0 22 14 1.7
15:0 1.1 0.9 0.5
16:0 239 23.0 23.7
17:0 1.2 1.8 1.2
18:0 8.7 9.0 9.5
20:0 0.5 0.3 04
Saturates 37.6 36.4 37.0
16:1n-7 35 3.1 3.6
18:1n-9 9.7 9.7 10.6
20:1n-9 0.2 0.3 0.2
22:1n-7 1.7 1.2 1.6
Monoenes 15.1 14.3 16.0
16:2n-9 0.4 0.5 0.4
18:2n-6 25 29 32

20:2n-6 0.3 0.1 0.1

18:3n-3 1.5 0.9 1.6
16:4n-1 0.1 0.1 0.3
18:4n-3 0.4 0.3 0.3
20:4n-6 22 24 24
20:4n-3 35 5.9 26
20:5n-3 13.9 11.5 13.2

22:5n-3 22 24 2.0
22:6n-3 20.3 223 20.9
Polyenes 47.3 493 47.0
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Table 11. Total amino acid contents of golden threadfin Nemip-
terus virgatus surimi (GS), rough-backed pufferfish Lagocephalus
wheeleri surimi (PS) and steamed pufferfish paste (PK-10)

(mg/100 g)
Amino Gs PS PK-10
acids
g\csiga”'C 2,028.4 ( 11.3) 1,531.2 (10.5) 1,080.4 ( 10.5)
H:O 866.6 ( 49) 7509 ( 52) 5239( 5.1)
Serine 7436 ( 42) 6615( 45) 4643 ( 45)
gﬁam"’ 29537 (16.6) 2,297.6 ( 15.8) 1,993.0 ( 19.4)
Proline  1,675.0 ( 9.3) 6934 ( 48) 270.6( 2.6)
Glycine 6655 ( 37) 7285( 50) 4687 ( 46)
Alanine 10232 ( 57) 9513( 65) 6409 ( 6.2)
Valine 8089 ( 45) 8315( 57) 6265( 6.1)
mrf;hb' 5289 ( 30) 4616( 32) 3197 ( 3.1)
Isoleu- 7304 ( 41) 701.0( 48) 4863 ( 47)
clne
Leucine 14333 ( 85) 12433 ( 85) 870.8( 85)
Tyrosine  590.7 ( 3.3) 3806 ( 2006 ( 2.1)
Phenyl-
eVl 6471 ( 36) 6113( 42) 4419( 43)
Histidine  380.8 ( 21) 3831 ( 2.6) 248.1( 2.4)
Lysine 17155 ( 9.7) 14295( 98) 998.8( 9.7)
Arginine  1,027.4 ( 57) 9127 ( 63) 6191 ( 6.0)
Total  17,818.7 (100.0) 14,569.0 (100.0) 10,262.6 (100.0)

Table 12. Mineral contents of golden threadfin Nemipterus virga-
tus surimi (GS), rough-backed pufferfish Lagocephalus wheeleri
surimi (PS) and steamed pufferfish paste (PK-10)

(mg/100 g)

Minerals GS PS PK-10

Ca 42.0+1.4 53.5+0.7 45.1+0.6
K 44.0+0.2 59.0+1.1 47.5+0.3
Mg 3.940.1 7.210.4 2.4+0.0
Na 91.7¢1.2 109.242.1 235.745.9
Fe 10.11£0.5 8.310.7 8.0£0.3
Cu 0.1£0.0 0.1£0.0 0.1£0.0
Zn 1.710.2 0.410.1 0.240.0
P 73.810.8 80.7+2.3 69.6+0.9
S 40.3+1.1 37.1£1.6 39.620.5
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Table 13. Free amino acid contents of rough-backed pufferfish Lagocephalus wheeleri extract (PE), golden threadfin Nemipterus virgatus
surimi (GS), rough-backed pufferfish surimi (PS) and steamed pufferfish paste (PK-10)

(mg/100 g)

Amino acids PE GS PS PK-10

Phser 20( 0.7) 02( 04) 1.1( 04) 0.7 ( 0.5)
Taurine 64.0 ( 21.5) 13.2 ( 27.7) 88.8 ( 30.0) 33.5 ( 26.3)
Phea’ 34 ( 0.2) 0.1( 0.2) 0.3( 0.1) 0.1( 0.1)
Urea 105 ( 3.5) - (-) - (=) - ()
Aspartic acid 02( 0.1) tr (- ) tr (-) tr (- )
Hypro! 73.9 ( 24.9) - (- - (=) 09 ( 0.7)
Threonine 56 ( 1.7) - (- tr (-) tr (- )
Serine 73( 24) 0.3 ( 0.6) 1.9( 0.7) 1.0 ( 0.7)
Glutamic acid 82( 28) 20.0 ( 41.9) 57.9 ( 19.6) 53.8 ( 40.0)
Proline 75( 2.5) tr( -) 16 ( 0.5) 1.0( 0.7)
Glycine 15.1 ( 5.1) 27( 5.7) 41.3 ( 14.0) 9.2( 6.8)
Alanine 17.8 ( 6.0) 0.7 ( 1.5) 30.9 ( 10.4) 48 ( 3.6)
Valine 27 ( 0.9) 02( 04) 1.5( 0.5) 32( 24)
Cystine/2 0.2 ( 0.1) 22 ( 4.6) 11.2( 3.8) 52 ( 3.9)
Methionine 1.7 ( 0.6) 02( 04) 06 ( 0.2) 0.5( 04)
Isoleucine 21( 0.8) 02( 04) 1.2( 04) 09( 0.7)
Leucine 37( 12) 04 ( 0.8) 22( 0.7) 1.2( 0.9)
Tyrosine 23( 0.8) 0.3 ( 0.6) 1.3 ( 04) 1.0( 0.7)
Phenylalanine 3.0( 1.0) 05( 1.1) 33( 1.1) 15( 1.1)
Homocys - (-) 04 ( 0.8) 1.6 ( 0.5) 0.7 ( 0.5)
y-ABA! 1.8 ( 0.6) 04 ( 0.8) 25( 0.9) 1.0 ( 0.7)
Ethanolamine 36( 12) 02( 04) 14 ( 0.5) 1.2( 0.9)
Ornithine 76 ( 25) 0.1( 0.2) 04 ( 0.1) 05( 0.5)
Lysine 39.8 ( 13) 46 ( 9.6) 42.0 ( 14.2) 11.1( 8.2)
Histidine 3.0( 1.0 02( 04) 05( 0.2) 0.3 ( 0.2
Arginine 10.3 ( 3.4) 06 ( 1.3) 3.0( 1.0) 24 ( 1.8)
Total 297.3 (100.0) 46.9 (100.0) 293.0 (100.0) 133.0 (100.0)

Phser, phosphoserine; Phea, phosphoethanolamine; Hypro, hydroxyproline; Homocys, homocystathionine; y-ABA, y-Aminobutyric acid,;

tr, trace.

proline, glycine, alanine, ornithine, lysine ¥ arginine 5-°] =
Sgjofm)Atol gt} o] thg AZ % hydroxyproline
‘I"\z% T Aegatol A GEE S Tl o)A R
0.8 AZkEIT), AlmelE 42]n], Bof u]5414:2]u] d Rol
o] & PK-102] G-2jojn| Al ZeF2 7171 46.9, 293.0 2 133.0
mg/lOO g= Fol H|pAe|u|7} ghgo] 7P wekod, A=
Al BAE 717 Ae)E S2ju)7} g 1 gl elot]
ixu 242 Y& $2ju] 253} PK-10 Alo]ofl Arhglako] Al
AFst Zjol & B U A 2 taurine, glutamic acid glycine,
alanine, cystine ¥ lysine 50| =8 f-2]otv]izAto] it}

Al AL
H bl g8 H o] 49l o 2 2| UL vho} 423 ¥ A}3|ukEE
AFele g At sHLINCH) SAAY o At AakyTh
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