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Abstract: In traditional fish soup preparation, carp was rarely used as a raw material due to its strong earthy flavor and poor
meat quality. However, Qingtian carp, cultivated through the paddy field farming method, exhibits a mild earthy flavor and
soft edible scales, making it suitable for soups. To explore the flavor characteristics of Qingtian carp soup (field fish soup)
and determine the optimal simmering time for peak flavor, changes in total solids, free amino acids, flavor nucleotides, and
volatile compounds were analyzed using an amino acid analyzer, HPLC, GC-IMS, and electronic nose, combined with

sensory evaluation (compared to traditional blackfish soup). Results indicated that the total solids content of field fish soup
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exceeded that of blackfish soup before 50 min of cooking. Freshness-related amino acids (aspartic acid, glutamic acid,

glycine, and alanine) increased during cooking, with total free amino acid content comparable to blackfish soup. Prolonged

cooking (>50 min) led to higher solids in blackfish soup but increased bitterness, negatively impacting flavor. The dominant

flavor nucleotide in field fish soup was GMP (vs. IMP in blackfish soup), enhancing its umami profile. Electronic nose

analysis revealed that odor intensity in field fish soup stabilized after 50 min, whereas blackfish soup attributes gradually
increased (20~70 min). GC-IMS identified 41 volatile compounds in field fish soup and 46 in blackfish soup, both rich in

esters and aldehydes. Field fish soup contained more phenolic compounds (preferred by consumers) and fewer fishy

substances, while blackfish soup had higher ketone levels. A simmering time of 50~60 min optimizes flavor substance

release and taste harmony in both soups. Qingtian carp demonstrates comparable suitability to blackfish for soup

production, offering a novel option for diversifying fish soup varieties. This study provides practical insights for improving

field fish soup flavor.

Key words: crap soup; snakehead fish soup; gas chromatography-ion mobility spectrometry (GC-IMS); electronic nose;

flavor characteristic
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Fig.1 Effects of different simmering time on total solids
content of two types of fish stock
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Table 1 Sensory evaluation criteria of two types of fish soup
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Fig.2 Effects of different simmering times on the flavor-
presenting nucleotide content of tianyu broth (A)
and blackfish broth (B)
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Table 2 Changes of free amino acid contents in two kinds of fish broths at different simmering times

L MB£47%(mg/100 mL)
i

[H £ (mg/100 mL)

(mg/100g) 20 min 30 min 40 min 50 min 60 min

70 min 20 min 30 min 40 min 50 min 60 min 70 min

Asp 3 0.97+£0.11" 1.45+0.02° 1.82+0.02¢ 2.57+0.02° 4.41+0.20°
Thr 260 4.40+45.49¢ 5.95+0.06° 6.78+0.02¢ 8.87+0.06° 13.90+0.70°
Ser 150 2.21£0.24° 3.32+0.05' 4.09+0.02° 5.74£0.03° 9.64+0.47°

Glu 30 5.06£0.62° 6.51+0.05% 7.76+0.01* 10.62+0.08° 17.81+0.82"

Gly 130

Ala 60 9.22+1.03° 13.85+0.17¢ 17.03+0.03¢ 23.62+0.15° 39.92+1.97°
Cys - 0.00£0.00° 0.14+0.00° 0.15+0.01° 0.23+£0.01° 0.84:+0.01°
Val 40 1.01£0.09° 1.44+0.05¢ 1.73£0.01¢ 2.40+0.02° 4.20+0.19"
Met 30 0.31£0.03° 0.53+0.05° 0.66+0.01° 1.02£0.04° 2.03+0.13
Ile 90 0.66£0.03" 1.01+0.00° 1.23+0.01° 1.71+0.00° 2.89+0.15°
Leu 190 1.20+£0.017 1.86+0.00° 2.25+0.00¢ 3.09+0.01° 5.10+0.25"
Tyr - 0.58+£0.22° 1.1740.04° 1.35+0.02° 1.82+0.09° 2.82+0.17°
Phe 90 0.80£0.00° 1.14+0.01¢ 1.32+0.03% 1.77£0.01° 2.83+0.18"
Lys 50 4.60+£0.63" 7.02+0.13° 8.93+0.03¢ 12.59+0.24° 21.42+0.94°
His 20 5.92+0.75" 8.89+0.15° 11.13+0.04% 15.28+0.09° 25.58+1.16
Arg 50 1.18£0.96" 1.75£0.64° 1.61£0.00° 2.25+0.01° 4.12+0.47°
Pro 300 0.76£0.14" 1.15£0.05° 1.49+0.03% 1.94+0.02° 3.22+0.21°

5.48+0.28"  2.18+0.04° 1.97+0.12% 2.14+0.02° 3.08+0.02° 3.88+0.28° 4.72+0.29°
16.48+0.82" 2.37+0.05° 2.32+0.14° 3.51+0.02° 4.83+0.03° 5.81+0.42" 6.8+0.42°
11.85+0.58* 2.27+0.04° 2.15+0.12¢ 2.36+0.01¢ 3.45+0.03° 4.47+0.31" 5.44+0.34°
21.87+1.06*  3.4£0.07° 3.22+0.18" 3.53+0.02¢ 5.13+0.03° 6.66+0.45" 8.1+0.50°
25.96+2.43¢ 38.97+£0.66° 47.21£0.20" 65.52+0.23° 108.66+5.61° 131.91£6.12* 26.8+7.59° 11.8+0.66" 55.25+8.42* 19.91+0.12° 26.25+1.85" 49.85+8.78"
48.80+2.39°  4.96+0.05¢ 4.69+0.26° 5.5+0.09° 7.63+£0.05° 10+0.69" 12.36+0.68"
1.01£0.05*  0.25+£0.01¢ 0.27£0.02¢ 0.29+0.00° 0.44+0.00° 0.6+0.03° 0.73+0.04°
5.14+£0.27*  1.77£0.03% 1.59+0.09° 1.73+0.00¢ 2.47+0.01° 3.16+0.21" 3.81+0.23"
2.59+0.15*  0.53+0.01¢ 0.49+£0.03% 0.56£0.01¢ 0.86+0.01° 1.12+0.08* 1.35+0.09°
3.49+0.14a  0.9320.02¢ 0.86+0.05¢ 0.93+£0.01¢ 1.37+0.01° 1.81+0.12° 2.18+0.14*
6.13£0.28"  2.35+0.03% 2.09+0.12¢ 2.29+0.03% 3.33£0.04° 4.33+0.28" 5.22+0.33"
3.34+0.10°  2.78+0.12° 2.13+0.11° 2.34+0.07* 3.31+0.06* 4.3+0.29° 5.15+0.31°
3.44+0.19"  1.89+0.15% 1.33£0.06° 1.53+£0.04% 2.24+0.08¢ 3.02+0.20° 3.62+0.23"
26.61£1.28"  2.95+0.05¢ 2.71£0.15 3.02+0.02' 4.54+0.04° 6.03£0.41° 7.4+0.47°
31.06+1.44*  29.9+£0.48% 29.71+1.64" 33.34+0.21¢ 50.15+0.34° 66.0244.68" 81.23+5.03°
4.91£0.18*  2.25+0.05 2.06+0.12¢ 2.25+0.01¢ 3.27£0.02° 4.16£0.27° 5.01+0.31°
3.89+£0.18"  2.07+0.04° 2.04+0.12% 2.28+0.05¢ 3.37+0.06° 4.47+0.28" 5.67+0.41°

TE: =" IR B S HB BIE; F— AT AR EAR TR 22 A G2 B (P<0.05)
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