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Abstract: [ Objective] To prepare cod soup using cod as the main raw material by microwave heating, with traditional boiling as the
control, and to compare and analyze the effects of microwave decocting on the release law of flavor substances in cod soup. [Methods] Cod
soup was processed at different durations (15, 30, 45, and 60 min), followed by sensory evaluation. The changes in the contents of
trichloroacetic acid (TCA)-soluble peptides, amino acid nitrogen, flavor nucleotides, organic acids, inorganic salt ions, and free amino acids
in the soup were analyzed. [ Results] The contents of TCA-soluble peptides, amino acid nitrogen, flavor nucleotides, organic acids, and
inorganic salt ions (Na™, K™, PO} , and C1™) all increased with the extension of decocting time, and were significantly higher in the
microwave decocting group at 60 min than in the traditionally boiled group at 60 min (P<Z0.05). The sensory score, total flavor nucleotides,
total organic acids, and total free amino acids all reached their highest values at 60 min of microwave decocting. The electronic nose and

electronic tongue effectively distinguished the soups prepared by the two boiling methods. A total of 80 volatile compounds were identified
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by GC-MS, among which aldehydes, esters, and ketones were the main contributors to flavor differences. Microwave heating promoted the

formation of aromatic aldehydes, ketones, esters, and some alcohols. [ Conclusion] Microwave decocting is more conducive to the increase

of taste compounds and volatile flavor substances in cod soup, and makes a significant contribution to the overall flavor profile of the soup.
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Figure 2 Main taste values and PCA of the electronic tongue
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Table 3 Effect of decocting methods on flavor nucleotide content of cod soup
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30 5.98+0.03° 9.56+0.33¢ 5.2020.34° 20.744+0.54"
45 6.9940.12° 12.8140.02° 10.6440.13° 30.4440.12¢
60 8.17+0.34" 19.26+0.03" 12.69+0.03" 40.12+0.23"
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30 6.56+0.30° 10.5940.46° 6.46+0.49° 23.61+0.22°
45 7.6040.34° 15.3740.17° 11.4340.28° 34.4040.44°
60 9.17+0.14* 23.5440.20° 14.3740.05" 47.08+0.67"
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Table 4 Effect of decocting methods on organic acid content of cod soup
il HRIIT Tl fmin (10 Zif;L D) (10 iﬁrjﬁg[‘@:L D) (10 z‘ifinL D)
1% g8 il 15 0.7140.54¢ 1.62+0.05¢ 2.3340.20"

30 2.00-+0.08° 4.56+0.09° 6.56+0.45
45 3.62+0.09 7.74+0.06 11.36+0.44¢
60 6.45-+0.09" 13.76+0.41° 20.2140.65
Tl A& il 15 1.57+0.12¢ 2.94-+0.24¢ 4.5140.09*
30 3.03+0.35° 4.86+0.13° 7.89+0.21°
45 4.82+0.49" 8.42+0.43° 13.24+0.66°
60 8.49+0.30" 16.53+1.06" 25.02+0.88"

T RSNG R R R R 22 5 W3 (P<<0.05) .
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Table 5 Effect of decocting methods on inorganic salt ion content of cod soup

# i 7 = F 4l 5] 1] /min Cl/(mg-L™") K/(mg-L™") P/(mg-L™") Na/(mg-L™")

1L ¢ e il 15 3830+ 54" 4444 11¢ 215+2¢ 2370+ 11"
30 3 840440" 475+ 12" 22144 2280+11"
45 44204394 76149 34244 2990+4°
60 4920+42° 8244 6" 3854+3° 323046"

A % il 15 3610+ 162 342430 170=7" 22904118
30 4210+ 14° 6934 6° 315+£7° 2 640+ 12°
45 4610423° 695+4¢ 324+8¢ 2920451
60 5000+ 12° 97743¢ 43346 3630+£8°

T RSNG TR R R R 22 5 W (P<<0.05) .
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VAE TR O, R — 20 B A 7 A U 8 B R 5 SRR AR R K T R
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Table 6 Effect of decocting methods on free amino acid content of cod soup mg/100 mL

x| % 48 7% i I+ 8] /min Tl g % ) 15 [ /min
Exi 15 30 45 60 15 30 45 60

Asp 4.12+0.10°  2.41+0.03" 4444023  8.16+0.13"  3.48+0.20° 4.64+023°  6.20+0.11"  7.84+0.31°
Glu 9.800.24"  820%0.12%8  16.5240.33¢ 18.44£0.23"  7.760.45%  11.2440.21° 15.20£0.19° 24.28+0.21°
Gly 17.0440.16" 35.884+0.65° 40.40+0.53°  64.0020.57° 21.92+0.38%  27.5640.35" 44.0040.41° 86.80+0.71"
Ser 4.80+0.25"  3.94+0.07" 5.36+0.09° 9.730.15*  4.44+0.12¢ 5.8440.17° 7444023  8.40+0.18"
Pro 1.46+0.03"  3.87+0.12"  4.9240.05° 20.4040.22"  1.74+0.02¢ 4.88+0.12°  8.16+0.13°  4.5240.14°
Ala 11.88420.438  19.3620.25° 34.8440.16° 41.600.18" 14.000.34"  23.8840.32 34.560.34° 51.2040.22°
Thr 4.64+020"  428+0.11°  54840.15  9.1640.13"  4.160.09¢ 5200.09°  6.9640.23°  8.88+0.22"
His 4.24+0.07°  2.83+0.07"  6.08%0.09° 7.2840.14"  3.3340.15¢ 5.16+0.14°  3.954+0.14"  7.36+£0.15"
Lie 1.8140.09° 1.64+0.05¢ 2.58+0.11¢ 3.7840.17°  1.5940.062 1.944+0.07° 2.94+0.06°  4.04+0.06"
Leu 2.1740.08°  1.7940.07"  3.424-0.05° 6.48+0.13*  1.5640.07¢ 2.5340.06°  4.76+0.08°  6.4840.15
Lys 1.07£0.02°  1.20+0.05  2.7940.12*  2.5240.11"  0.36+0.05" 0.98+0.07°  2.1940.06°  2.1940.04°
Val 2.8840.16°  2.4540.09" 4.0840.09¢ 6.08+£021"  2.5440.21" 3.0340.05°  4.8040.03°  6.68+0.15"
Arg 1.434+0.08° 1.49+0.07° 1.80+0.08¢ 3.664+0.23*  1.7940.05¢ 1.90+0.08°  2.77+0.09°  2.54+0.07°
Tyr 1.9940.03°  1.67+0.05"  2.7840.12°  4.5640.12°  1.54+0.07" 2.2240.06°  3.43+0.08"  4.60+0.28"
SUAA  13.9240.34°  10.61£0.15%8  20.9640.54° 26.5640.36" 11.24+0.65" 15.880.44° 21.4040.30° 32.1240.52°
SSAA  39.8241.10%  67.33221.20°  91.00£0.98° 144.8941.25" 46.2620.80"  67.36221.05° 108.0821.60° 159.8041.47"
SBAA  15.59+0.23%  13.0740.09" 23.53+0.20° 34.36+0.09" 12.71+0.15"  17.76+0.11° 28.27+0.09° 33.89+0.35°
SFAA  69.13%321" 91.01+£6.32" 135.4949.11° 205.8144.55" 70.21£3.228 101.005.44° 157.7543.21° 225.81+£3.45"

T SUAA NEER S FERR 2 F1; SSAA N EH R Z LR 2 1 SBAA N T R Z IR R 2 Fl; SFAA Sl i B & R 2 A Rl 4T /NG FHE AN [

FRES W E(P<0.05),
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Table 7 Effect of decocting methods on volatile components and contents of cod soup peg/L
fREAR R £ 58 # i /min TR I 2 il /min
i 2 L&Y o ‘,
[i]/min 484K 15 30 45 60 15 30 45 60
IS 3R AT E 3.78 <800 ND ND ND 0.88 ND ND ND 0.96
i3 506 <800 ND 67.88  99.66 109.33  ND 78.44  89.00 11022
CmE 532 <<800 77.52 81.69 141.68 15026  79.32  82.00 100.45 221.97
PR 9.14 897 9321 187.16 177.89 19891  94.02  99.43 186.56 245.88
VI 14.24 1025 2322 3433 4544 7633 2343 2921 3745 7721
T/ 19.18 1076  99.67 123.31 167.99 200.33 10022 111.22 166.89 233.67
2-H LI 7.54 839 ND ND ND 1.99 ND ND 0.76 4.65
il 24 2-H1 3 -4- FE il 10.11 887 ND ND 3422 7821 ND 16.44  54.11 99.22
2-F 5L -3- B 10.14 890  ND ND 19.37  44.22 ND 10.23 23.32 50.22
2.5-F -3 T 10.15 890  ND ND ND 494 ND ND 322 1061
4-H HE-2-Ji i 10.75 896  23.11 3422 4522 6521 2322 3521 4321 83.11
4,6- " H B -2- B 13.18 958  ND ND 1412 19.65 ND 1733 3332 3833
IR 2,4- P EE 1B 6.61 828  17.98 3021 43.12 4622 19.78 2754 4723 57.18
X 14.94 1032 8.99 9.66 2333 4021 10.11 1133 3087  53.24
3,3- 1O 17.38 1049 ND ND 9.07 1588 ND 5.33 1133 15.66
5- T 17.63 1052 ND ND ND 0.94 ND ND ND ND
| 0 27.81 1271 0.22 1.11 2.11 254  ND ND 2.11 321
1T Jutic s 30.08 1349  8.99 9.99 1322 1677 ND 877  10.21 11.32
1= 38.11 1558 6.23 7.72 7.72 10.11 7.00 8.12 8.88 13.21
fif 2 TR B e £ TR 2.03 <800 ND ND ND 566  ND ND ND 6.77
Sk R R R 346 <800 ND ND ND ND ND ND 6.99 9.08
2T LT 3.87 <800  11.22 2428 4899 6322  27.89 3745 5023 7423
1-Z R — 7S le L g 11.84 932 ND ND ND 0.78 ND ND ND ND
2% A kETR 24.73 1271 ND ND 1.33 3.78 0.98 2.32 2.51 3.90
B R R 32.19 1451 2.24 3.88 6.44 9.09 3.76 4.88 5.98 11.09
IS 2-2 O EE 15.73 1005 23.22 34.44 4288 5929 2599 3898 4032  60.01
2- 52 TN Fk-5-F 3k -1 - BE 23.24 1180 7.99 8.01 13.21 21.09 7.21 8.00 17.21 20.99
11-F 3 27.91 1273 ND ND ND ND ND ND ND 7.38
2-TT oy i 31.44 1444  ND ND 9.77 1799  ND 8.01 1622 18.09
Gk RHEATN L 3.03 <800 ND ND ND 0.87 ND ND ND ND
4-F o ot 7.50 846  23.22 36.99 4321 4522 22,11 37.01 4221  56.99
A3 11.51 929  ND ND ND ND ND ND 044  ND
3,5-H LB 13.01 958 0.33 ND ND ND ND ND ND 2.88
4-2, Bt 14.21 992 ND 0.21 0.78 1.23 0.11 0.13 0.98 1.56
2,4- A 14.50 995 34.22 4321  45.66 4822 3554 4122 4623 5021
b 15.70 1007 ND ND ND ND ND ND 1.44 5.89
1,1- 2 2O b 18.26 1065 34.11 4223 5277 67.89 4211 4598 5838  74.34
B R 18.41 1067 ND 11.34 1432  39.88 ND ND 2933 43.22
+ =k 23.26 1181 ND 4.55 6.89 7.89 3.21 4.44 599  12.11
RN 25.02 1227 ND ND ND ND ND ND ND 13.44
ik 25.05 1228 ND ND ND 8.99 ND ND 7.99 11.23
6,6-— 31\ b 25.41 1244 ND 0.99 1.01 ND 0.22 ND 1.32 1.41

iy P 26.73 1259 ND 1.33 ND 2.22 0.89 1.11 1.98 3.21
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2R
REe RE 1% 45 % il /min T & il /min
Fift & L&Y “
[H]/min 484K 15 30 45 60 15 30 45 60
elRds 2-H ks 26.74 1259 ND ND ND ND ND ND ND 4.32
iR 26.93 1254 ND 0.94 1.43 3.45 0.43 0.98 1.43 6.44
B 27.21 1260  4.55 5.99 732 1688  ND 899 1433 1798
+ =k 27.24 1261 ND ND ND 1932 ND ND 13.76  20.11
1-18 3k -2- 75 5k — IR ot 27.64 1274 ND ND ND ND ND ND 0.88 1.33
B Y T 29.52 1358 ND ND 0.65 0.66 ND ND ND 1.34
NP5 30.45 1389 ND ND ND ND ND ND ND 0.86
e AN 32.84 1487 0.1 0.32 0.89 1.11 ND 0.33 0.65 1.32
Fp b 32.85 1487 1.23 2.21 3.33 9.43 2.98 4.56 6.99  19.33
b 32.98 1456  ND ND 0.56 198 ND 0.78 1.92 5.11
s 34.13 1481 ND ND ND ND ND ND 3.22 7.98
-T2k 34.15 1482 ND ND 0.43 1.12 ND 0.11 0.67 8.98
b 35.92 1513 ND ND ND 0.76  ND ND ND 0.65
=k 35.94 1514 ND 3.44 4.88 798  ND 18.98  18.56  16.79
Lk 38.13 1558 ND ND ND 23.22 ND 0.55 12.11 19.87
5, 14-2 T el U 38.36 1561 ND ND ND ND ND ND 10.55  21.34
HAbZ  FLBERK 229 <800 ND ND 0.32 0.33 ND ND ND ND
1-H 5L -3 DR KL TN 2.84 <800  0.98 1.12 1.56 3.98 ND 0.54 1.44 9.09
F IRk 2.87 <800 ND ND ND ND ND ND 0.56 1.34
N-H 5L e 299 <800 ND ND ND 0.88 ND 0.56 0.76 1.12
4-(2-F SV k) K 329 <800 ND ND ND ND ND ND 022 ND
FOR 475 <800 23.87 56.88  76.99 11032 27.45 4365  87.99 154.65
5-F -2 2R SE | Wk 6.35 822 ND ND 2.33 6.78 ND ND 5.67 9.88
[RE- N 7.37 837 ND 0.99 1.23 1.98 ND 2.11 ND 321
X HOR 7.69 872 2.11 6.55 9.09 14.23 3.22 6.77 8.99 19.09
i) P OR 7.71 873 6.55 1098 2021 5489 1021  19.08  57.79  89.01
25 H-5- W LR T i 11.72 928 ND ND 0.12 0.89 ND ND 0.45 2.22
2-5 KR IR 12.72 938  ND ND 0.44 1.88 ND 1.12 1.34 4.56
- S g 12.73 938 4522 6576  77.33  90.45 4576  49.66  87.56 122.45
1-F ORI = 12.73 938  ND ND ND 0.87 ND ND 0.54 1.09
FM R 19.48 1093 ND ND ND ND ND ND ND 0.98
L] 0 I 23.69 1229 ND ND 0.21 8.99 ND ND ND 11.23
2,6- T HERTR 32.27 1438 ND 0.99 1.53 4.98 ND 0.56 1.97 7.32
2,6- KU HEOR 33.32 1442 1.56 2.34 899 13.09 ND 1.65 345 1698
2,4-RUT R AT 33.72 1470  12.11 2322 2522 3413 ND 2023  25.12  35.11
3,5-TRUT HEOR 33.81 1472 1.22 2.44 7.98 12.67 ND 3.56 9.09 17.88
2,5-TRUT Sk 33.87 1479 9.09 1432 19.08 3478 ND 1890  27.88  67.89
3 édn:i/l': PO i, BT IR A VLR & & 4 S ik B 47.08,

25.02 mg/100 mL; L 75 45 5 2 7R B H a3 S w9 g

PR B 7SR B T AE S BT i b i L DA g 0 5L I B Lok 2
WO E R LIV, SR AR TR R RS R 5o g i i 2k SO R R PE R T RE K R
SERRRTR R A LR G HLER B T K B ALYk AR KU, o S 5 R0 ORI
HE DI, L B R DR K L B ) 60 min I BRI LR KRR A 10 e L, 25 XU 490 I A B



28

E Al 33 FUNDAMENTAL RESEARCH

P & 60 min BYRE SR Y o ZF b, B B R S A T4
£ 5% WR 0 JORT XA ) 5 B4 35 R 5 2 R, B T 1 KU
R R T 45 5 IR Wy 30 TR A it BT e R B PR 5[] P S < 28K 7
IR E] R FE AR T 1 b A% o s E] AU 4 S5 i 3 25 7 e HLARE
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