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Sensory and processing factors affecting the palatability of frozen atka mackerel fillets for raw consumption
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In this study, we aimed to identify key sensory attributes and optimal processing, freezing, and storage conditions for Atka

mackerel (Pleurogrammus azonus) fillets intended for raw consumption. Sensory evaluation showed that perceived excess

moisture and fishy odor were key attributes strongly associated with palatability. Although some physicochemical parameters

showed significant differences, no consistent overall differences were observed, suggesting that subtle differences in muscle

quality influenced palatability. Furthermore, brine-freezing fillets from fish processed on the day of capture, followed by

storage at —40°C or below, is likely to result in limited ice crystal formation and growth. This reduced perceived excess

moisture and preserved a firm and resilient texture, enabling the production of fillets that are suitable for raw consumption.
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Table 1 Sample characteristics, freezing and storage conditions of Atka mackerel used in this study
Samplin; Sampling Mean bod: Mean bod Storage Days
Experimental use Origin piing Sampling area  Fishing gear ping Y . Y Freezing condition . g from capture
date number length (mm)  weight (g) condition .
to freezing
Measurement of ATP Wild-caught  2022/5/19 Shiribeshi A Bottom setnet 4 294+3 447 £12 — — —
;O?wmfand K value 2023/7/25 Shiribeshi B Gill net 12 — — —
clore freczing 2024/6/11  ShiribeshiC  Gill net 3 — — —
Effect of ice st
ect ol wee storage Wild-caught  2022/8/31 Shiribeshi B Gill net 45 306+ 1 419+ 4 —25°C air freezing —25°C 0, 1,0r2
duration after capture
Evaluation of sensory Wild-caught  2023/6/6 Shiribeshi C Gill net 3 303+2 479+ 8 —25°C air freezing —25°C 0
attributes affecting 2023/6/12 Shiribeshi C  Gill net 3 ~25°Cair freezing 25°C 0
palatability for raw . . . —25°C air freezi _asoc 0
consumption 2023/7/4 Shiribeshi B Gill net 3 afr reezTng
2023/11/15 Shiribeshi B Gill net 3 —25°C air freezing —25°C 0
2023/11/27 Shiribeshi B Gill net 3 —30°C ethanol brine freezing —25°C 0
2024/6/10 Shiribeshi C Gill net 9 —25°C air freezing -25°C 0,1,0r2
2024/6/20 Shiribeshi C Gill net 5 —30°C ethanol brine freezing —40°C 0
2024/9/4 Shiribeshi C Gill net 3 —25°C air freezing -25°C 0
Farmed 2023/6/19 Rearing tank Dip net 3 —30°C ethanol brine freezing —80°C 0
Effect of freezing and Air freez -20°C,
frozen storage Wild-caught  2024/6/6 Shiribeshi C Gill net 36 321+2 557+8 o v roeezmg o -25°C, 0
(-20°C, —25°C, or ~40°C) -
temperatures or —40°C
Effect of freezing Air freezing (-25°C or ~40°C) (o0
method and frozen Wild-caught  2024/6/11 Shiribeshi C Gill net 36 306+2 550+ 8 or or 40°’C 0

storage temperature

ethanol brine freezing (~30°C)
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Table 2 Forced extraction terms and excluded terms used in the text mining analysis of chef questionnaires

Items Texture Taste Odor
Forced extraction Excluded Forced extraction Excluded Forced extraction Excluded
words words words words words words
Shitazawari Abura To Naranai
(mouthfeel) B (fat) (the particle "to") (not to be) B
Mizuppoku Amasa Na Ki
(excess moisture) (non-sugar-derived sweetness) (the particle "na") (noticeable)
Mizupposa Amami Nioi
(excess moisture) (non-sugar-derived sweetness) (odor)
Hagotae Oishii Kanji
(firm and resilient textre) (palatable) (percieve)
Yoi Notte Ta
(favorable) (richness) (past-tense auxiliary verb)
Ii Yoi Nai
(pleasant) (favorable) (do not / no perceptible)
Yoi Aji Masen
(favorable / pleasant) (taste) (not)
Shokkan Bimi Ru
(texture) (pleasant taste) (the verb ending "-ru")
Kanjirarenakatta Umami
(was not perceived) (umami)
Kanjita Kanji
(was perceived) (perceive)

Kanjimashita

(was perceived)
Omoe

((was / was not) percieved)
Omou

(percieved)
Omoimasu
(percieved)

Nakatta

(was not)

Nai

(not / no perceptible)
Naku

(no percieved)

The upper row shows Japanese terms specified as forced extraction or excluded words; the lower row shows the corresponding English translations.
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T, ENICTEESINATBEERSH Yy 774 L 1
i (n=5) ZHEEEE Lz SRS 13 DG
AF VAT A VIZOWT, FmE2 1 CILET S F
T4CHEHRE (10820, ¥~ Ml¥tat) (2T
[ L, W7 % O o RN LCHEEIC

JEE 08 cm ORI & Z Y)Y L7z, NHERIRE EE

T VIR L) FE ot |IEJ¥%7 vy Aﬂﬁtf:o EJII
EAT o TV VIREIE 9 - 10 K12 & 0, FFsE (1

FEHEIZER S - 7 RIS E) XD FOME, KolF
&, Wz, JRob, HFA, ARE, BIUBWL
& (AR (22w CaFlli L, 25 A BIERE (Receiver
Operating Characteristic : ROC) HH#RIZ & 2 T 217 - 726
fEFTCIE, TG OEREEE (B, KolTE, T2, IR
DY, HFEAK ERZ) BHALKE L, BEHHIH
2BV S HWERE L7z, B, FFAI28
CToEH (BuL vl m (&2 Bbkwv)

-4 (EBE5THR), BLLw 5 H (2|
9) =T H GEEIZZEHIED)) 1Tk L TRITICH W72,
ROC W AHT TId, BIBIAT L B AT L OB R
13 &, SHHEHO MM THER (Area Under the Curve :

AUC) 13 112355 £ 720 RHERTIZ, AUC DR f
% 080 (Swets, 1988 ; FRIlIS, 2012 ; 2B 5, 2013) &

L, AUC R % Lo 72356 [Hy Fofilgosw L



16 fiEfi R, ot

BN L OERENTH S ] LWL 72 TS
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Table 3 ATP content and K value of Atka mackerel muscle
from Shiribeshi region

Sampling area Fishing gear ATP (umol/g) K—value (%)
Shiribeshi A Bottom setnet 0.027 £ 0.006 255+£28
Shiribeshi B Gill net 0.129 +0.029 194+1.7
Shiribeshi C Gill net 0.018 £ 0.008 21.8+2.1

Data are mean + SEM
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Fig.1 Frequent terms and their co-occurrence relationships

for (a) texture, (b) taste, and (c) odor in chef
questionnaires analyzed using text mining (n = 16
panelists). Circles connected by lines indicate co—
occurrence; words co—occurring within the same unit
of analysis are more strongly associated when circles
are closer together, and larger circles indicate higher
word frequencies. Intensity of the line color represents
magnitude of Jaccard coefficient (i.e., the strength of
co-occurrence) . Circles with same color intensity
belong to the same category.
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S BRI, ERE, i, KolTE,
- 72 (Table 4),

W72 Th

Table 4 Sensory attributes affecting the
palatability of Atka mackerel sashimi
identified by ROC curve analysis

Sensory attributes AUC
Fishy odor 0.91
Favorable color 0.86
Excess moisture 0.84
Firm and resilient texture 0.80
Umami 0.78

Fat richness 0.66
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W, IR VRS ETR L 2RISR, M Ok
WIFE O H) o2l L IR Il BEY R
L7z (p <005) (Fig.3)o F72, ACERREEAT L 1) FR
fHEDWHMESEEICE < OKEEFE 0 Hip <001, K
WHFE L H 1 p < 005), BFiE H BT o 72 A/
U720 HIFE Y v 7RIZOWT, B H M AR
SN o7z (Table 5)o LAL,MIERY v 7L
IER % 2L < 7ay b L, IR
L CHEEROME S, AP ERe 2 5 72,

Like very much 7
S B S

Neither like nor dislike 4 ~-—~ —"-'-'—’—'-é)'—"— . %) e

|

Dislike slightly 3 [--ommmmmmmmm e

Dislike moderately 2 -

Dislike very much 1

Ice Storage Period (Day)

Fig.2 Relationship between days of ice storage after capture
and palatability of sashimi prepared from ice-stored
fish. Data are mean + SEM (n = 9 panelists). Asterisks
indicate statistically significant differences from “4:
Neither like nor dislike” (** p < 0.01; Student’s —
test).

. AR

FFRFE RS 13, ki e 1 H RIS i 2 7R L7228, i
HH B IS ERIRO bk h o7z (Fig 4). 72, 1A
E S 72 9 RO SENER D ) 5, Carbon disulfide (3
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B PEWTI g O J1 220 PEAE  (Fig. 5a) 3 X OVIE BV
v 73 (Fig. 5¢) [ 3ARIIEMLZ (p <005). —7,

Fig.3 Physical properties of sashimi prepared from fish
stored on ice after capture. White bars indicate results
for the subsurface region (O0), and black bars indicate
results for region adjacent to the horizontal septum
(m). Data are mean £ SEM (n = 8), where n indicates
the number of slices. Bars at same storage period with
asterisks indicate significant differences between
regions (** p < 0.01; * p < 0.05; Welch’s #test or
Mann—Whitney U test). Bars with different letters
indicate significant differences among ice storage
periods within the same region (p < 0.05; Steel-Dwass
test).

Table 5 Compression drip loss and slope of the fitted line
from the log—transformed plot of sashimi prepared
from ice—stored fish

(%)
Ice storage period Compression time (min)
Slope
(Day) 1 3 5
0 72+04 127404 144+04 044
1 73+£03 12.5+0.5 142403 042
2 79+0.6 12.8+0.7 13.9+0.7  0.37

Data are mean + SEM (n = 6), where n indicates the number of blocks.



Fig.4 Peak area ratios of volatile compounds in sashimi
from fish stored on ice after capture. White bars
indicate 0 days of ice storage (0), gray bars indicate 1
day of ice storage (m), and black bars indicate 2 days
of ice storage (m). Data are mean £+ SEM (n = 6),
where n indicates the number of fillets.
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T L (Fig 5b), K-olF&EssmL 72 (Fig 5d),
REFEPLOARREREOSEFM — 25 CHiE
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4 SR T O #8382 R ) B o D)1 PEE (Fig. 6a)
BIUMEFY v 75 (Fig 6c) ZHFIHEML7Z (p <

Table 6 Free amino acid content in sashimi prepared from fish stored on ice after capture

(mg/100 g)
Free amino acid Taste Days of ice storage (day)
0 1 2
Asp Umami 0.91+0.12 0.76 +£0.10 0.85+0.04
Thr Sweetness 5.67+0.99 439+0.27 6.58 +£0.24
Ser Sweetness 7.30+1.74 7.83+1.34 9.32+1.96
Glu Umami 9.94+3.61 9.77 £1.11 9.00 + 1.66
Gly Sweetness 4488 £9.71 55.53 £9.81 51.93+£2.28
Ala Sweetness  47.17 + 19.84 36.73 + 6.48 57.05+5.27
Val Bitterness 233 +0.20" 3.09+0.16° 2.12+0.26°
Cys 1.84 £ 0.64 1.40+0.14 2.38 £0.45
Met Bitterness 2.20 £0.45 2.06+£0.16 224 +£0.24
Ile Bitterness 1.19+0.25 1.23 +0.03 1.12+0.22
Leu Bitterness 2.35+0.38 2.47 +0.08 2.15+0.36
Tyr Bitterness 1.46 £0.27 1.26 £ 0.05 1.35+0.12
Phe Bitterness 2.13+£0.13 2.26 +0.08 2.09+£0.21
Lys Bitterness 20.96 £4.77 20.71 £2.55 16.60 + 1.89
His Bitterness 25.57+8.92 18.56 = 5.44 27.40 £11.32
Arg Bitterness 1.31+0.19 1.41+0.18 1.09+0.21
Pro Sweetness 1.46 £ 1.46 1.80+0.93 2.31+£0.57
Hyp 0.50 £ 0.50 1.00 £ 0.85 0.40 £0.22
Tau 105.55+10.39 11422+ 11.15 13527+12.52
Total 28472 +£61.29  299.37+£35.53  331.24+19.70

Data are mean = SEM (n = 3), where n indicates the number of fillets. Different letters indicate significant
differences in Val content among ice storage periods (p < 0.05; Tukey—Kramer test). Taste characteristics of
amino acids were based on Kawai et al. (2012).
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Fig.5 Quality changes during frozen storage of sashimi from skinless fillets statically frozen at different temperatures: (a)
physical properties measured near the horizontal septum, (b) perceived firmness and resilience, (c) compression drip loss,
and (d) perceived excess moisture. Open circles indicate the —20°C group (©), open squares indicate the —25°C group (o),
and open triangles indicate the —40°C group (£). Data are mean = SEM ((a) n = 18, (b) n= 10, (c) n =6, and (d) n = 10),
where n indicates the number of slices (a), panelists (b, d), and blocks (c). Symbols with different letters (a—c) indicate
significant differences among frozen storage periods within the same group (p < 0.05; (a) Tukey—Kramer test; (c) Steel—
Dwass test). Symbols with different letters (x—z) indicate significant differences among groups within the same frozen
storage period (p < 0.05; (a) Tukey—Kramer test; (c) Steel-Dwass test).

005)o —7F, — 40 CHEEBEE /2T T4 VaiFEz -
40 CHUME L 7-BEClE, GO E M 28 U ThEn

Pk L OME R v FREGEROEZ R L2, $72,

- 25 CHEHGE 721379 1 v olikith — 25 CH o
L7ZBRIZHART, — 40 TRHESUR 72137 7 A > afUfi
— 40 CH BT L7 BETIE, Sl 3 70 3 s ARSI
JEFY v FHEPEEIENEE R L7 (p <005)0
72 2122w T, RREIRIC L B ERERHE T,
40 CHHEMGKG R — 40 CHolfRE L2HZ RV 2VIh
DOREL, WHERE 5 7 ARICFFEAHI L7 (Fig. 6b)o
—7J5C, CATA {EZ X 2 BRERHiCIE, — 25 CH B0
th— 25 CHWHIRE LR RV 72T NoBES  woll ik

BS A ABICHg OW 272 2 7 JIRE L 2o RSB LA
L7z (Table 7a), Ko lE&IZDOWT, SFEEIZL L ERE
ST, 77 A 3R - 40 CTHaURE LzfEICB W
T, GHE 3 7 ABLUBICEES2%A L7 (Fig. 6d).
CATA #EIZ X 2 BHREFHIC b FERIZ, 7T 1 ¥ B0 #% -
40 CHHIRAEE L2 BEIC B W, HaiRE 3 HiRbIkIC
T DRSNS 2 ME L 2HBERIP WAL L7
(Table 7b), 7B, HHDKSITE %2 HE L 72w
X, 77 AV aUREtR - 40 CHERE L 7B S e SRS
MEBLTROLD R, — 25 CHBERER - 25 THH
BE LSRR E -7,



EREHER Yy r OREEGFE BV L SOEK 21
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Fig.6 Quality changes during frozen storage of sashimi from skinless fillets frozen by different methods and stored at different
temperatures: (a) physical properties measured near the horizontal septum, (b) perceived firmness and resilience, (c)
compression drip loss, and (d) perceived excess moisture. Open circles indicate samples statically frozen and stored at —25°C
(0), open squares indicate samples brine-frozen and stored at —25°C (o), closed circles indicate samples statically frozen and
stored at —40°C (@), and closed squares indicate samples brine-frozen and stored at —40°C (m). Data are mean + SEM ((a) n
=18, (b) n =10, (c) n = 6, and (d) n = 10), where n indicates the number of slices (a), panelists (b, d), and blocks (c).
Symbols with different letters (a—c) indicate significant differences among frozen storage periods within the same group (p <
0.05; (a) Tukey—Kramer test; (c) Steel-Dwass test). Symbols with different letters (x—z) indicate significant differences
among groups within the same frozen storage period (p < 0.05; (a) Tukey—Kramer test; (b, ¢) Steel-Dwass test).

Table 7 Changes in the number of panelists detecting sensory attributes (CATA) in sashimi prepared from skinless fillets
frozen and stored under different conditions: (a) perceived firmness and resilience, (b) perceived excess moisture

(a)
. . Frozen storage period (Month)
Freezing and storage conditions 0 3 s Cochran's Q value
—25°C air freezing — —25°C frozen storage 8 8 9 0.4
—30°C ethanol brine freezing — —25°C frozen storage 10 10 7 6.0*
—40°C air freezing — —40°C frozen storage 10 9 8 2
—30°C ethanol brine freezing — —40°C frozen storage 10 10 9 2
Q)
. . Frozen storage period (Month)
Freezing and storage conditions 5 3 5 Cochran's Q value
—25°C air freezing — —25°C frozen storage 7 9 6 2.8
—30°C ethanol brine freezing — —25°C frozen storage 6 8 5 2.8
—40°C air freezing — —40°C frozen storage 5 6 6 0.3
—30°C ethanol brine freezing — —40°C frozen storage 5 2 3 1.8

(a, b) n =10 panelists. Asterisk indicates significant differences among the different frozen storage periods within the same freezing and
storage condition. (* p <0.05; Cochran’s Q test).
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