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ABSTRACT: Objective To systematically evaluate the nutritional composition and quality characteristics of

different commercially available brands of ready-to-cook grilled fish. Methods Ready-to-cook grilled fish samples
from 8 different brands were collected, and variations in indicators including basic composition, amino acids, fatty acids,
sensory evaluation, total volatile basic nitrogen (TVB-N), thiobarbituric acid reactive substances (TBARs), color, shear
force and water-holding capacity were analyzed. Results There were significant differences in the moisture, crude
protein, crude fat and ash content among the 8 brands of grilled fish (P<0.05). The amino acid composition of roasted
fish was consistent, with essential amino acids (EAA)/total amino acids (TAA) at 0.45, and EAA/non-essential amino
acids (NEAA) ranging from 0.81 to 0.83. This met the standard for high-quality protein. The ready-to-cook grilled fish
contained unsaturated fatty acids (UFA) accounting for 78% of the total fatty acids, content of oleic acid and linoleic
acid was relatively high. Regarding quality characteristics, the comprehensive sensory scores of HY-1 to HY-4 were
superior to those of HY-5 to HY-8. The TVB-N (5-8 mg/100 g) and TBARs (<2.2 mg/kg) of the 3-month stored
samples were all well below the established limits, indicating good freshness and compliance with safety standards.
Significant differences in color, shear force and water-holding capacity were observed among the ready-to-cook grilled
fish products from different brands (P<0.05), which could be attributed to variations in raw materials and processing
parameters. The results of low-field nuclear magnetic resonance indicated that there were significant differences in the
content of immobilized water and free water among different brands. The grilled fish samples exhibited pronounced
signals for nitrogen oxides, methyl compounds, sulfides, alcohols, aldehydes/ketones and organosulfur compounds,
along with analogous principal component profiles. Conclusion The 8 brands of ready-to-cook grilled fish maintain
well-preserved nutritional value, freshness and edible safety, while variations in raw materials and processing techniques
among different brands give rise to significant product differences. This study aims to scientifically evaluate the overall
quality of commercially available ready-to-cook grilled fish, clarify the current situation and challenges of ready-to-cook
grilled fish, and provide a scientific basis for promoting the high-quality development of the ready-to-cook grilled fish
industry.
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Fig.1 Sample collection site from the ready-to-cook grilled fish
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Table 1 Table of sensory evaluation
S/ Wi Sk % bt )
2t T A e R Yo i AR ] &2, & AA G, BRI, KRR,
6 PR AT B T vk H Bk 6 3 T A B
s Ak, W e X e R B AT G R e PR BT,
0 AT B WA R kb €5, 1 AL B>
ke Yo e AR A 9] 6 ‘ WRiE b IR
~ y ’ £ A IR 1 ’ >
6-10 AR Ik BRRRAN FL 43 A B
W Roehs, Tk fe ALK, o e AR,
~ £ A WP, bess .
0-5 Ko kR BREHR, L R B N
1.39 3wAh

PR RS, X TURE AR 1 AR
FEOVEATZER], ME 3K, B 12447, IATGEE S mm/s,
M E 1 mm/s, WHA)EHE 5 mm/s, 2RI &%
5mm, filtk 7110 g,

1.3.10 B kKR-%bmE

SN K REOW I meMEs: HERKXTEQ cmx
2emL . B2 g AAFER E T EAnE 1 O,
@. QFFATHHE), HRILT R, HH 2 2B 402 AR
JAET 50 mL B9, 4 °C 3500 r/min 2.0 10 min )5
oD E R, HEAXINT:

H/%z%xloo% (1)
1

o H R RBESD BB 0 K-IIME my RS R, g5 my
FEOD R, go
1.3.11 Kook

2:7% Zhang " RSB, il AR R g L iR ot
B TS 6 PR v K 43404 o Kk A BB AL 1 f B (n 5]
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(1 3R 3 PRI A RHIE B EN o SENT: REARGREY
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Table 2 Proximate composition of ready-to-cook grilled fish from different brands
il K5 % BT % RN /% K5 1%
HY-1 69.96+0.89™ 16.88+0.09° 11.90:£0.34% 1.31+0.13°
HY-2 66.86+2.34" 16.65+0.29° 15.41£1.42° 0.80+0.03*
HY-3 70.89+0.80% 16.20+0.37° 12.7241.93%4 0.99+0.06"
HY-4 63.24x1.31¢ 16.62+1.08° 12.92+1.20% 1.09+0.19°
HY-5 72.38+1.24° 16.94+0.34° 10.50+1.45% 1.49+0.08°
HY-6 66.70+2.23% 18.20+0.46° 9.27+0.85¢ 1.01+0.13°
HY-7 63.68+0.99¢ 21.77+0.72° 10.97+1.37%% 0.61+0.07¢
HY-8 68.65+1.71° 19.19+0.86° 14.89+0.91* 1.060.06°
A 67.79 17.81 12.32 1.05
WA B AR/ NG Fh:FoR B 2525 5 (P<0.05)
3 TEMRAETHE GRS EEREKCEE, mg/100 g)
Table 3 Amino acid composition of ready-to-cook grilled fish from different brands (wet basis, mg/100 g)

IR HY-1 HY-2 HY-3 HY-4 HY-5 HY-6 HY-7 HY-8
Fe AR 2160.38+ 1888.24+ 2613.64+ 1737.01+ 1878.07+ 2625.44+ 2011.92+ 2615.80+
= 6.12 422 1.08 1.49 2.51 2.53 17.04 12.24
S5 1037.7+ 889.03+ 1281.08+ 819.77+ 878.87+ 1270.57+ 953.42+ 1237.68+

2.70 2.13 0.58 0.69 1.63 1.49 8.34 6.69
Ll 890.41+ 766.04= 1092.48+ 697.43+ 759.46+ 1087.87+ 84921+ 1079.72+
- 2.07 1.87 0.31 0.77 1.90 1.15 8.34 6.44
R 3033.02+ 2677.52+ 3726.7+ 2546.56+ 2650.59+ 3746.32+ 2903.53+ 3686.61+
6.93 5.21 2.27 2.05 5.38 3.63 19.81 19.55
T 976.31+ 840.15+ 1248.56+ 810.90+ 816.02+ 1295.58+ 987.15+ 1206.19+
2.70 1.73 0.31 0.98 0.76 1.35 12.50 5.23
R 1245.78+ 1067.13+ 1553.26+ 1002.67+ 1062.14+ 1555.91+ 1196.99+ 1513.30+
3.23 2.54 0.50 0.79 0.95 2.23 12.91 7.24
SR 227.07+ 22474+ 343.28+ 24130+ 24584+ 356.73+ 269.38+ 352.74+
1.53 0.81 0.82 0.65 0.75 0.81 1.54 1.55
54 1096.62+ 923 .44+ 1341.71+ 858.19+ 920.10+ 132521+ 1034.83+ 1307.79+
- 3.29 2.14 0.62 0.72 0.93 1.44 9.14 5.50
g 576.28+ 412.52+ 810.49+ 516.44+ 540.62+ 773.40+ 551.88+ 735.55+
o 1.66 1.05 0.57 0.62 0.49 0.58 4.80 3.32
G R 972.76+ 828.06+ 1216.3+ 763.49+ 823.59+ 1189.31+ 975.05+ 1173.53+
Iros 4.44 2.83 0.43 0.77 0.59 0.84 8.65 5.65
= 1702.93+ 1448.64+ 2132.92+ 1358.39+ 1453.91+ 2093.44+ 1659.19+ 2063.19+
7t 6.56 3.71 0.87 1.48 1.32 1.83 13.45 9.24
R 969.10+ 838.25+ 1198.42+ 760.89+ 840.98+ 1186.36+ 910.79+ 1183.72+
i 4.02 1.58 0.61 0.84 0.71 0.62 6.92 5.68
PR 146.76+ 151.60+ 218.92+ 130.67+ 113.10+ 260.38+ 173.37+ 165.39+
0.63 0.79 0.57 0.67 0.29 1.28 0.99 0.85
Wi 2012.94+ 1734.11% 2441.83+ 1631.09+ 1735.10+ 2447.04+ 1885.23+ 2423 .64+
> 5.67 3.36 1.89 1.11 2.02 2.01 11.32 10.11
R 513.17+ 423.68+ 64248+ 393.71+ 364.36+ 624.23+ 498.58+ 623.50+
- 1.60 1.35 0.41 3.05 100.64 0.70 3.37 2.78
0% 1347.02+ 1148.94+ 1727.63+ 1103.24+ 1146.27+ 1714.20+ 1344.02+ 1637.83+
o 2.74 2.01 0.44 1.16 1.01 1.88 8.35 7.04
TR 1030.89+ 858.42+ 1287.21+ 836.68+ 835.09+ 1304.56+ 1014.84+ 1178.28+
3.29 1.32 1.47 0.30 12.53 2.24 8.95 4.84
TAA 19939.16+ 17120.52+ 16208.46+ 24876.92+ 17064.13+  24856.57+ 19219.39+ 24184.45+
47.20 37.22 10.71 9.82 118.95 21.01 154.25 111.64
- 9028.28+ 7649.33+ 7232.65+ 11284.16+ 7670.64+ 11169.95+ 8642.35+ 10913.97+
26.94 18.04 4.56 4.68 103.69 6.43 66.58 49.66
- 10910.88+ 9471.19+ 8975.8+ 13592.76+ 9393.49+ 13686.62+ 10577.04+ 13270.47+
21.14 19.29 6.36 5.36 22.93 15.26 88.03 62.29
0.45+ 0.45+ 0.45+ 0.45+ 0.45+ 0.45+ 0.45+ 0.45+
EAA/TAA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.83+ 0.81+ 0.81+ 0.83+ 0.82+ 0.82+ 0.82+ 0.82+
EAANEAA 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00

B IR (total amino acids, TAA).
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2.1.3  BERrER LA R AT
I U5 T 2 24 R 40 L 174 X % A= B B T S AT S
?%%ﬁo gk 4 s, 8 A~ %E’Jk%ﬁa Kl iy 30~36 FhAg I
MR, Hp 2B Mmekf SFA & 2%4A4A, T8 H
C14:0. C16:0 1 C18:0 ZHJ%., C18:0 ﬁ%?’ﬂltliﬁﬂt%ﬂﬁlb
M55 2258 AT (4P F 9 MUFA JHRU, C16:0 HATREAIL
MRE . BACIMAS . BRI . (b ER A /E F, ol 1B
I O ML ) 2 9 R ST ARl v [ R s B Y
SFA:MUFA:PUFA B3 /& 1:1:1. H13% 4 T, 8 ALk %
i MUFA il PUFA S8 . UFA &5t 15 78%, REfE A

R AR AR ML 90+ AP %85 B i 2 11 JEL T A, il /N G e

AR AR AL AR T BRI, DAL T 99 57 I 10 A7 97 114 2 2 110
MUFA ) C18:1n-9c i, HAEM e ERs . MR
AR IS8 LA R Al L[ e e 7 1%) . PUFA 9 C18:2n-6¢ 5
RS, C18:2n-6¢ 7E PUFA it s, A4k MAE A Y
IR, S5 RPETNRE . AAE AT AP L BT A Al S AR J T
RECL. MUFA HAT 15 3h ik Ak (9 %%, PUFA B HL 4 1k
IR . TSI E R A v L AR s XU B o o)y B A e
PRAPRL T SR PY S AR B g s i SFA /N T
MUFA, PUFA &, %%%g/\ﬁhg UFA, H HY-6
) UFA &8, 18T SFA. 284 LB, #EAE UFA
B4 T RE kAR i 'ﬁﬁﬁﬁ%@ H’.o

* 4 AEImRAETHIE S B TERLE AR (T4, mg/100 g)
Table 4 Fatty acid composition of ready-to-cook grilled fish from different brands (dry sample, mg/100 g)

g iR HY-1 HY-2 HY-3 HY-4 HY-5 HY-6 HY-7 HY-8
. 3.398+ 7.773+ 0.338+ 5.887+ 2251+ 1.706+ 1.359+
TR(C4:0) 1.110 0.486 0.118 ND 2.004 0.665 0.292 0.370
ELRA(C6:0) 3.762+ 4283+ 1.771+ 2.989+ 5.924+ 3.171+ 4240+ 1.441+
’ 0.238 0.741 0.157 0.884 0.272 0.597 0.333 0.461
N 0.194+ 0.879+
FBR(C8:0) ND 0.022 ND ND ND 0.248 ND ND
e ] 0.117+ 0.123+ 0.121+ 0.024+ 0.044+

TR(C1L:0) 0.016 0.017 0.007 ND 0.002 0.012 ND ND
N ) 1.532+ 3.966+ 18.597+ 1.905+ 1.523+ 2373+ 3.945+ 1.349+
NERR(C12:0) 0.250 0.512 0.810 0.706 0.289 0.365 0.241 0.206
+=H2(C13:0) ND 0653)54; ND ND ND ND ND ND
A G5 R 66.284+ 117.379+ 104.034+ 30.192+ 80.401+ 109.491+ 395.541+ 54.893+
(C14:0) 3.228 3.132 6.407 8.106 3.814 11.060 33.562 5.766
. . 8.982+ 19.743+ 12.791+ 2.365+ 12.260+ 15.260+ 15.143+ 7.097+

T ERR(C15:0) 0.542 0.827 0.844 0.451 0.527 1.503 0.813 0.800
SFA EeBICla0) 1734675 26375585 2050046k 1349.836: 1900881+  2374727%  3037.093% 1362940+
& ’ 97.539 98.872 154.946 307.018 84.149 207.589 207.595 119.530
e . 15.884+ 37.613+ 19.200+ 10.850+ 17.936+ 19.826+ 14.083+ 11.363+
FLR(CI7:0) 0.787 1.756 1.757 2.486 0.896 1.698 0.773 1.058
FESAR(C18:0) 457.959+ 821.313+ 506.190+ 419.554+ 508.666+ 590.625+ 799.193+  422.622+
H ' 29.606 75.004 50.395 88.374 6.285 48371 27.355 35.576
I, ) 21.993+ 34.793+ 31.772+ 22.048+ 24.525+ 38.774+ 18.207+ 18.014+
AEZERR(C20:0) 2.486 3.283 3.806 4.117 0.744 3.336 1.238 1.252
I 1.156+ 3.515+ 2.901+ 1.544+ 4.619+ 6.265+ ND 5.599+
(C21:0) 0.047 0.377 0.278 0.305 0.239 1.226 0.688
. . 14.620+ 19.212+ 21.149+ 19.703+ 11.982+ 20.438+ 11.441+ 11.300+
it 2(C22:0) 2.187 1.861 3.147 4.695 1.126 0.554 1.250 1.530
=], 4279+ 0.290+ 2.722+ 1.492+ 2.794+ 3.627+ 4.696+ 0.136+
(C23:0) 0.231 0.078 0.740 0.388 0.325 0.500 0.541 0.044
Z g 9.344+ 12.621+ 8.718+ 10.819+ 6.281+ 12.715+ 22.984+ 6.879+
(C24:0) 0.513 1.176 1.275 2.615 0.531 1.098 0.237 0.765
TE MR 0.640+ 0.937+ 0.744+ 0.412+ 0.190+ 0.746+ 1.247+ 0.575+
(C14:1) 0.100 0.095 0.051 0.071 0.017 0.105 0.116 0.150
T HIER 2.449+ 4277+ 4.350+ 3.002+ 2.229+
(C15:1) 0.280 0.120 0.421 0.353 ND ND ND 0.119
MUFA Fr IR 213.036+ 312.055+ 206.629+ 58.249+ 247.281+ 331.168+ 81.116+ 178.683+
(C16:1) 6.090 7.226 8.738 4.289 6.555 29.765 5.884 21.397
bR 22.648+ 20.880+ 34.067+ 10.781+ 35.017+ 37.264+ 11.878+ 41332+
(C17:1) 2.919 1.905 5.877 3.203 2.129 1.099 0.333 4.128
KM R 44.438+ 78.225+ 51.026+ 39.210+ 48.099+ 74.625+ 42264+ 43.805+
0.633b 6.651 5.532 2512 6.419 10.844 5.931 4.572

(C18:1n9t)
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T AE)
Mg iR HY-1 HY-2 HY-3 HY-4 HY-5 HY-6 HY-7 HY-8
52X 3 2 4303.715+ 7936.965+  4751.145+  2869.726+  6163.391+  7933.470+ 3754372+  3861.058+
(C18:1n9¢ ) 184.673 212.755 308.220 183.114 164.057 717.702 224.425 404.439
TR 107473+ 222.552+ 152.342+ 47708+ 148.731+ 250.088+ 122.274+ 115.962+
MUFA __(C20:1) 3.785 7.360 12.801 11.652 2.564 25.355 5.481 12.353
e ] 12.611+ 25.404+ 69.506+ 9.610+ 20.502+ 111.036+ 8.102+ 14.045+
JPRR(C22:1n9) 0.186 1.860 9.612 2.063 2.007 9.085 0.817 0.632
kR 6.365+ 7.295+ 8.158+ 5.240+ 4.503+ 11.602+ 3.798+ 5.411+
(C24:1) 0.593 0.739 0.846 0.095 0.617 1.168 0.285 0.700
J A TR 0.812+ 2.282+ 1.280+ 1.687+ 0.563+ 0.883+ ND 0.290+
(C18:2n6t) 0.027 0.208 0.142 0.338 0.078 0.082 0.046
MRV IHAR  2965.453+ 3527.532+  3607.646+ 3210322+  2261.566+  2763.032+  1109.825+  1518.729+
(C18:2n6¢) 350.695 227.526 215.007 816.959 32.181 266.591 72.974 156.155
PUFA  y-TFJRRER 35215+ 42537+ 35.117+ 17.922+ 36.011+ 41.241+ 44.818+ 56.804+
(n-6)  (C18:3n6) 0.706 2.365 1.956 1.195 0.950 4.744 2.142 6.742
TR 125.988+ 170.949+ 134.640+ 25.074+ 139.302+ 128.721+ 101.361+ 169.494+
(C20:3n6) 0.552 5511 11.627 5.633 3.388 9.258 0.795 13.115
A6 DA R 87.699+ 136.218+ 92.098+ 63.258+ 85.477+ 70.177+ 112.822+ 133.225+
(C20:4n6) 3.807 4.824 5.911 9.468 0.516 4.485 1.148 5.525
a-V FRIR 321.137+ 301.856+ 379316+ 328.656+ 213.607+ 311.853+ 57.835+ 145.100+
(C18:3n3) 44518 19.351 25.178 28.943 4.125 23.328 4.153 16.519
TR IR 11.787+ 18.665+ 20.103+ 3.659+ 12.877+ 25.577+ 3.642+ 5.967+
PUFA _ (C20:3n3) 2.088 1.246 2.210 0.528 0.492 2.327 0.264 0.332
(n-3) TR AIEER 13.830+ 55.012+ 21.495+ 5.206+ 54.453+ 27.723+ 10.829+ 11.377+
(C20:5n3) 0.542 3.620 2.199 0.483 1.034 2.566 0.590 0.938
T ZWANE 70260+ 154.038+ 113.862+ 17.497+ 122.219+ 132341+ 34.178+ 50.067+
2 (C22:6n3) 2.037 7.380 5.345 1.448 0.553 14.148 1.625 4.080
_— 0.827+ 0.830+ 0.821+ 0.835+ 0.833+ 0.835+ 0.645+ 0.824+
0.002 0.002 0.007 0.013 0.004 0.001 0.010 0.001
- 0.785+ 0.782+ 0.781+ 0.787+ 0.792+ 0.797+ 0.565+ 0.774+
0.002 0.004 0.010 0.016 0.004 0.001 0.013 0.002
- 0.215+ 0.218+ 0.219+ 0.213+ 0.208+ 0.203+ 0.435+ 0.226+
0.002 0.004 0.010 0.016 0.004 0.001 0.013 0.002
_— 0.434+ 0.505+ 0.416+ 0.353+ 0.538+ 0.554+ 0.405+ 0.505+
0.011 0.010 0.012 0.049 0.002 0.004 0.010 0.004
_— 0.351+ 0.277+ 0.364+ 0.434+ 0.254+ 0.243+ 0.160+ 0.270+
0.013 0.008 0.022 0.033 0.003 0.004 0.003 0.003
neb/n-3 7.703+ 7.325+ 7.270+ 9.271+ 6.258+ 6.049+ 12.853+ 8.847+
0.105 0.399 0.847 1.646 0.046 0.607 0.07 0.341
SFA:MUFA:PUFA 1:2.02:1.64  1:2.31:1.27  1:1.9:1.67  1:1.68:2.04 1:2.58:1.22  1:2.73:1.2  1:0.93:0.37 1:2.24:1.19

1 ND FRRKH,; WANE IR (saturated fatty acids, SFA); PAANEFIAG B (monounsaturated fatty acid, MUFA); £ AN Flfig i iR
(polyunsaturated fatty acid, PUFA); AN FIEIiTZ (unsaturated fatty acid, UFA); ANEFIFEHER+C18:0 (unsaturated fatty acids and C18:0, DFA).
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Fig.2 Sensory evaluation of ready-to-cook grilled fish from

different brands
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Fig.3 TVB-N of ready-to-cook grilled fish from
different brands
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Fig.5 Color parameters of ready-to-cook grilled fish from different

brands
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Fig.6  Shear force of ready-to-cook grilled fish from different
brands
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Fig.7 Water loss-oil loss rate after centrifugation of ready-to-cook
grilled fish from different brands
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Fig.8 Water content distribution of ready-to-cook grilled fish from
different brands
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Fig.9 Pseudo-color images of ready-to-cook grilled fish from
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