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Abstract: Tuna samples were processed using steaming, roasting, air frying, and low-temperature boiling methods.

Changes in sensory attributes, color, texture, moisture content, pH, crude protein, and crude fat were systematically ana-

lyzed. Three prediction models—Partial Least Squares Regression (PLSR), Support Vector Regression (SVR), and Back-

Propagation Neural Network (BPNN)—were developed based on moisture content as the characteristic parameter, com-

bined with spectral preprocessing techniques, to establish a non-destructive detection method using hyperspectral imaging

technology. The results demonstrated that moist-heat treatments (low-temperature boiling and steaming) resulted in lower

hardness, effectively preserved moisture, and yielded a soft texture. In contrast, dry-heat treatments (roasting and air frying)

promoted the Maillard reaction and moisture evaporation, imparting a crisp texture and rich aroma. As the thermal pro-

cessing intensity increased, the moisture content decreased significantly (P<0.05), while the relative contents of protein and

fat increased due to the concentration effect. Among the three models developed, the BPNN model exhibited superior pre-

diction accuracy and stability compared to the PLSR and SVR models, achieving optimal performance (R*=0.9239,

RMSEP=2.0284). The BPNN model enables accurate and rapid non-destructive detection of moisture content in tuna, pro-

viding a highly reliable spectral analysis solution for quality monitoring of thermally processed tuna products.

Key words: hyperspectral; tuna; hot working; physical and chemical properties; moisture prediction
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Fig.1 Effects of different heating methods on sensory
evaluation of tuna
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Table 2  Effects of different heating methods
on color difference of tuna
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Table 3  Effects of different heating methods on texture of tuna
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Fig.2 Effects of different heating methods on moisture content
of tuna
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Fig.3 Effects of different heating methods on pH (A),
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Fig.4 Correlation analysis of physicochemical indicators
of tuna under different heating methods
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Fig.5 Hyperspectral images of tuna under different
heating methods

2.2.2 FRNEDZBEEL AN AR K Sy AR,
KT B A N E A AE (CARS) B X0 sk
S R GBI T T RMIE I B S . AR 4 BT
7, CARS M\ A003E i sl B $R B 143 M RFIEDE B,
A 5 IR BRI 12.5%, IR T TR s A sk
RN, TR, X EERHIE R BT AR 5] 45
A, Wi 2 25 42 1 I AE 935~1100, 1280~1400 L Az
1400~1650 nm &5 X [0] . 326 DX )15 443 53 X v 7K
53 O-H B =250 . O-H $E1-G iR 3h LA X
C-H # i PRSI o bl SR M SGiE# )2 HTUE

F 4 BT CARS AYRFAEDT BERIL
Table 4 Feature band extraction based on CARS

FEIEBE K (nm)

935.61 939.06 942.52 945.98 949.43 952.89 966.73 970.19
973.65 977.11 987.51 990.97 994 .43 997.9 1001.37 1008.3
1011.77 1015.24 1018.71 1022.18 1032.59 1039.53 1043 1056.9
1060.38 1063.85 1067.33 1077.76 1081.24 1084.72 1088.2 1091.68
1095.17 1102.13 1109.1 1112.58 1116.07 1119.55 1123.04 1130.01
1133.5 1136.99 1140.47 1143.96 1147.45 1150.94 1154.43 1157.93
1161.42 1164.91 1168.4 1171.9 1175.39 1178.89 1182.38 1185.88
1189.37 1192.87 1196.37 1199.87 1203.37 1206.87 1210.37 1213.87
1220.87 1224.37 1227.87 1231.38 1234.88 1238.39 1241.89 1280.48
1283.99 1287.51 1291.02 1294.53 1298.05 1301.56 1305.08 1308.59
1312.11 1315.62 1319.14 1322.66 1326.18 1329.7 1333.22 1336.74
1343.78 1347.3 1350.82 1354.35 1361.39 1382.55 1386.08 1389.61
1393.14 1396.67 1403.73 1407.26 1414.32 1421.39 1424.92 1428.46
1442.6 1456.76 1467.38 1470.92 1474.46 1481.55 1485.09 1488.64
1492.18 1513.46 1520.56 1538.32 1541.87 1545.42 1566.75 1580.99
1584.55 1588.11 1595.23 1598.79 1605.92 1616.61 1620.17 1623.74
1634.44 1638.01 1648.71 1652.29 1655.86 1663 1666.57 1670.14
1677.29 1680.87 1688.02 1702.33 1705.91 1713.07 1716.65




©62 - i Tl B

2026 4F 8 A

S, TR AR AR I B 55 At R R S0 R R 45 245
18 FRAFIRZS LA oK 535 08 /48 s AE BAE v
BEAHSR, A Eesd s G HER 7K 43 TS AL AL T S
PG
223 &Mk o IR AL Ny @7 PLSR 8L
Y SVR A7 BPNN BERIZELR AN 5 iR, bR
PLSR. SVR Fll BPNN = Ff #5151 (14 % 455 556 S & R,
PLSR " HIERRIUE RS E B2 EdET, HIUMAR
HER 25 5 BRI 22 28 BN, FRUTECAER 2 RS,
A H BT B A . SVR B E RS = T bR
B, Widlli=22 % T PLSR, 0] fEAFTEAR AL Z AL e 15
55 AR, BPNN FEE bR B Be R ZE Y, Rcal=
0.9565 H. RMSEC=1.5972, {H #i | v B R* T (& =
0.9239, RMSEP JI & 2.0284, FBLAAE—E L5 A

[, {H LB IR 22T =3 A1, SoEAH e i,
ZEE RN, BRI, PLSR FaE tEAsm, BPNN
TR BB S (H ARSI LG, SVR JHUEH .

5 KO BN AL,

Table 5 Modeling results of moisture content prediction model
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Table 6 Prediction results of moisture content by PLSR
prediction model

B (/100 g) T (2/100 g) 2 (g/100 )
5331 4742 5.89
61.77 59.41 2.36
71.02 67.83 3.19
71.98 71.48 0.50
70.37 70.90 -0.53
72.85 73.36 -0.51
69.97 70.85 -0.88
66.51 65.49 1.02
67.26 64.06 3.20
67.19 64.45 274
66.96 67.80 ~0.84
72.15 72.95 ~0.80
51.97 52.51 -0.54
54.44 53.43 1.01
66.89 65.07 1.82
71.34 72.31 ~0.97
71.76 70.96 0.80
72.52 70.70 1.82
67.04 68.23 ~1.19
71.69 72.17 —0.48

# 8 BPNN FilA RIS 5 R HI 4
Table 8 Prediction results of moisture content by BPNN
prediction model

HSE (g/100 g) T {E (g/100 g) 12 (g/100 g)
53.31 50.20 3.11
61.77 58.30 3.47
71.02 72.20 -1.18
71.98 71.75 0.23
70.37 70.29 0.08
72.85 72.88 —0.03
69.97 70.60 —0.63
66.51 66.39 0.12
67.26 64.58 2.68
67.19 64.08 3.11
66.96 66.78 0.18
72.15 71.74 0.41
51.97 51.13 0.84
54.44 53.20 1.24
66.89 66.98 —0.09
71.34 72.20 —0.86
71.76 70.70 1.06
72.52 71.40 1.12
67.04 67.54 —0.50
71.69 71.80 —0.11

SRS A K 3B B 0 LS A B A T
FEXFREAS ¢ K656, 252 L3R 9, PLSR TIF %Y . SVR
THIMASERI AN BPNN TR A 2555 ¢ K 49045 RS2
£ Fh T AES3514 0.797. 0.69 F1 2.016, ¥1/NF 10.05
(20)=2.086, I FLSAH SHAY YT E Z [l A7 AE
A EE2E S, SRR DX A £ 7K 533 T
MAE .

H9 ALK RO ¢ Rt
Table 9 t-Test results of moisture content models
for validation set samples

7 SVR BUAARLK 555 T 45
Table 7 Prediction results of moisture content by SVR
prediction model

HY{H(g/100 g) THRIM{E (2/100 g) PR2(g/100 g)
5331 53.06 0.25
61.77 58.38 3.39
71.02 68.02 3.00
71.98 71.03 0.95
70.37 70.46 -0.09
72.85 72.28 0.30
69.97 69.52 0.45
66.51 65.86 0.65
67.26 62.51 475
67.19 63.41 3.78
66.96 68.70 -1.74
72.15 72.03 0.12
51.97 52.88 —-0.91
54.44 57.58 -3.14
66.89 66.93 —0.04
71.34 71.93 -0.59
71.76 69.14 2.62
72.52 72.18 0.34
67.04 69.46 -2.42
71.69 72.29 -0.60

i) TfH E]:i053 P
PLSRTUMIAR L 2L 51 5 Tl {4 0.797 19 0.435
SVRFIIAR L B 51 5 Tl (4 0.690 19 0.498
BPNNT A S5 5 e 2.016 19 0.058
TE: 10.05(20)=2.086.,
3 g
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SRS FEIK it BT ARG IR S g o AH OGS
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