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Abstract: This study systematically investigated the impact of four common reheating methods, microwave, water bath,
steam, and boiling reheating, on the integrated quality of chicken soup, with emphasis on nutritional integrity, oxidative sta-
bility, volatile flavor architecture, and dynamic sensory perception. Multi-dimensional quality analysis was conducted by
determining indicators including mass loss, protein and fat contents, thiobarbituric acid reactive substances (TBARS), tem-
poral dominance of sensations (TDS), responses of electronic nose and electronic tongue, as well as identification of
volatile flavor compounds via gas chromatography-mass spectrometry (GC-MS). The findings provided an evidence-based
framework to guide both industrial-scale reheating protocol design and informed domestic preparation practices. Results
demonstrated that microwave reheating consistently outperformed other methods across all assessed dimensions. It yielded
the lowest cooking loss (10.60%), significantly lower than boiling reheating (14.66%). Protein (0.90 g/100 g) and fat (0.44 g/
100 g) retention were highest under microwave treatment, while TBARS increase remained minimal (0.31 mg MDA/kg),
indicating superior suppression of lipid oxidation. GC-MS identified 48 volatile compounds, with aldehydes (22 types) con-
stituting the dominant flavor-active class. Microwave-reheated samples exhibited total aldehyde content (13407.45 ng/g)
and concentrations of critical odorants including hexanal and (E,E)-2,4-decadienal most closely aligned with the fresh con-
trol (11975.52 and 2162.88 ng/g, respectively). TDS analysis revealed that umami and meaty notes emerged at 4 s and per-
sisted uninterrupted throughout the 60 s evaluation window precisely mirroring the temporal profile of the fresh control and
were devoid of off-notes such as fishiness or greasiness. Furthermore, principal component analysis (PCA) of electronic
nose and electronic tongue data confirmed that the flavor signature of microwave-reheated samples showed the highest con-
gruence with the fresh control, with cumulative contribution rates of 85.7% (electronic nose) and 92.1% (electronic tongue).
Cooking and reheating induced the most severe nutritional loss, with reductions of 0.64 g/100 g in protein and 0.23 g/100 g
in fat, the highest degree of lipid peroxidation evidenced by a TBARS value of 0.44 mg MDA/kg, significant shifts in the
composition of volatile flavor compounds (total aldehydes: 25480.76 ng/g), and pronounced deterioration in sensory
quality. Steam and water bath reheating delivered intermediate outcomes across all parameters. Collectively, these conver-
gent, multi-modal results robustly identify microwave reheating as the optimal method for preserving the holistic quality
encompassing nutritional value, chemical stability, and authentic sensory experience of reheated chicken soup.

Key words: chicken soup; reheating; volatile flavor substances; electronic nose; electronic tongue
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Table 1 Relative content of volatile flavor compounds of chicken soup during different reheating methods
—— RUE 552758 PR A BT 1) it (ng/g)
X 1R KW 714 il TR
[
Valeraldehyde IE R 647 MS+LRI  57.65+4.02° 73.04+2.84¢ 133.38+8.70" 87.40+3.57° 42.41£1.51°
Hexanal IECEE 762 MS+LRI 2079.15+118.05° 1557.70+95.30° 1973.99+126.28" 3024.49+157.24* 2011.16+95.10°
Trans-2-Hexenal J2-2- T 841 MS+LRI  11.49+0.33¢ 51.29+4.16° - 109.36+9.34° 28.39+1.15°
2-Hexen-1-al 2-CU T 841 MS+LRI  17.87+0.47 29.07+0.30° 53.56+4.23° 132.85+5.40° 49.33+0.49°
Heptanal PR 909 MS+LRI  137.27+5.70° 75.13+3.03° 174.92+6.28" 178.62+1.44°  126.05+10.88"
Heptenal (E)-2-Pefie 958 MS+LRI 1175.98+98.48' 1736.55+141.03° 1412.35+110.76° 2458.12+153.17° 1256.80+70.39°
Benzaldehyde AR 961 MS+LRI  172.07£10.11°  170.98+520°  259.56+17.37°  216.98+3.80°  236.68+13.55
Octanal IE3E R 1002 MS+LRI  225.57+6.43° 154.7548.89°  214.16£13.44°  302.10£24.27°  204.79+12.30
(E,E)-2,4-Heptadienal (E,E)-24-PBE & 1011 MS+LRI  151.06+8.33° - - - -
(2E)-2-Octenal SR -2-2E N 1058 MS+LRI 1226.98+53.10° 1417.78+102.54° 1401.57+64.03° 1924.92+132.15° 1429.15+2525
Nonanal Tt 1103 MS+LRI  921.42+26.62°  727.36£58.73%  1112.62+7.96" 1163.14+49.96"  805.30+25.84°
(2E)-2-Nonenal R -2-T M 1160 MS+LRI  481.25+32.00°  635.39+32.93°  849.29+59.78"  885.17+79.89"  635.39+22.35"
Decanal FE 1205 MS+LRI  65.9742.94° 62.48+1.38° 92.74+6.52" 94.58+4.27" 82.10+2.01°
%ﬁ:jﬁeﬁ: (E,E)-2,4-T Ml 1214 MS+LRI  478.59+12.91°  851.00+81.10°  1134.49+46.39" 1334.45+15.94°  632.86+52.64°
(2E)-2-Decenal Ral-2-5805ME 1261 MS+LRI  1166.86+44.87° 2554.06+100.54° 3166.50+83.53" 3360.57+66.69° 1941.06+104.32¢
(ZE’42£:1°3'2’4' FJT-2A- % THEE 1317 MS+LRI  2162.88499.53¢  6358.614449.35° 5737.15+345.01° 5081.80+187.12° 1915.40+16.03
(E)-2-Tridecen-1-al ~ 2-"F=(BK) MM 1349 MS+LRI  32.22+0.88° - 79.68+5.17* 47.95+0.34° -
Undecenal 2- I 1364 MS+LRI 1038.84+85.78° 2756.524229.23° 3773.32+36.28" 4667.47+98.03" 1610.83+£105.31¢
Lauryl aldehyde o 1408 MS+LRI  34.4240.46° 39.63£1.31° 51.40+4.50° 51.41£1.00° 16.2120.51¢
4'560';3“ li;}ll;ﬁe’ijl'tert' 6-MIE3-FIEE 1721 MS+LRI  112.9244.49°  137.8749.56° 12270491  136.76£5.63  134.472.07°
Octadecanal T e 1949 MS+LRI  176.42+4.41° - 79.29+3.00° 127.2546.18° 142.14+6.92"
Tetradecanal RIS 1950 MS+LRI ~ 48.65+2.91¢ 109.65+6.71° 99.97+4.79" 95.37+3.15¢ 106.90+1.21%

oy

11975.52+317.03¢ 19498.85+771.39° 21922.64+339.84° 25480.76+847.00° 13407.45+441.43¢




32 - 1 Tl B 2026 4F 9 J
k1
T o
— RUE Y ok 5 P RUR A I A 75 (ng/g)
payiist Kt 715 il TR
=S
Pentanol B 724 MS+LRI  14.75£1.21° 18.77+0.53¢ 50.97+3.84° 79.54+6.11° -
2’4’4'Tmllilllylpeman' SHUEREE 952 MSHLRI  8.63:0.39° 15.6340.62°  2643£0.67°  1977+036"  2043+0.82°
Heptan-1-ol 1E B 974 MS+LRI  30.32+0.59" - 45.08+0.60° 44.61+2.18" -
Oct-1-en-3-ol 1-3F -3 982 MS+LRI  316.21%9.00° 152.00£6.65¢  264.42+11.93°  353.28+5.32° 159.60+4.39¢
1-Octanol 1E=ERE 1074 MS+LRI  112.75+5.45° 86.78+6.87¢ 195.23+5.33°  234.58+16.34" 90.33+5.14¢
2-Hexyl-1-decanol 2-CL AL B 1492 MS+LRI - 17.08+0.83° 19.04+0.23 - -
/N 482.67+14.76°  290.25+4.88° 601.17+19.50°  731.79+22.30°  270.36+4.12°
SEs
benzene w 621 MS+LRI  120.97+3.26 128.30+4.68° 47.51£2.77° 151.26+2.96° 148.21+7.80°
Toluene LIS 719 MS+LRI ~ 42.61£3.23° 43.74+0.78° 56.27+3.76 107.46£9.37" 57.28+3.69°
o-Xylene AR 863 MS+LRI  113.7449.70° - 99.13+5.16" 98.10+6.68" 76.17+4.19°
m-Xylene [ R 864 MS+LRI  57.22+1.64 111.50+5.02° 58.82+3.18¢ 123.0246.58° 73.19+2.44°
Decane ke 1000 MS+LRI  55.51+2.08° 80.97+2.10° 80.92+4.46 108.15+6.44* 85.24+5.98"
Undecane T 1100 MS+LRI ~ 70.95+3.84° 77.14+4.61% 74.72+1.36™ 84.50+4.30° 79.90+3.27®
3-Methylundecane 3-HEA—k 1172 MS+LRI  39.75+2.45° 49.02+1.14° 53.35+2.46° 51.08+0.80" 69.98+3.01°
Dodecane E+=k 1200 MS+LRI  185.12+12.94*  247.05+7.53° 289.78+6.39"  290.73£13.77°  344.57+6.37"
Tridecane =k 1300 MS+LRI  76.94+4.24° 51.80+0.75¢ 121.16+4.15° 116.95+6.24° 115.38+4.52°
Tetradecane IEF ke 1400 MS+LRI  80.84+7.85¢ 281.48+18.31°  435.31+25.33"  381.40+£5.49°  266.01£12.10°
Pentadecane T 1500 MS+LRI  123.26+3.66°  209.72+11.88"  278.58+10.03"°  286.43+3.77° 170.30+3.80°
2-Methyltetradecane 2- P ALY B2 4 1535 MS+LRI - 23.84+0.6° - 35.14+0.83" 250.47+11.84°
3-Methylpentadecane 3-MEE ke 1571 MS+LRI  14.58+0.15 54.61+3.12¢ 85.68+3.54* 61.29+3.40° 86.48+4.46°
Hexadecane IE+7kE 1600 MS+LRI ~ 72.70+3.21° 96.00+3.22° 66.54%5.50™ 64.65+3.04° 96.39+3.99°
n-Heptadecane Tk 1700 MS+LRI ~ 28.86+0.28° 35.6+0.44¢ 45.40+0.43° 37.82+0.46° 41.73+1.37°
Octadecane RWAN S 1800 MS+LRI  20.49+0.28° - 24.07£0.91° 25.30+0.40° -
Nonadecane T Iuke 1900 MS+LRI - 146.97+10.41°  174.91£7.04*  181.81+11.41° 53.64+0.49°
Icosane E= 2000 MS+LRI  16.70+0.33° - 24.92+0.90* - -
Nt 1120.22425.74d  1637.72426.76°  2014.94+27.57°  2205.05+9.59°  2017.07+37.38"
BN
2-Methyltetrahydrofuran ~ 2-HEDUSHEE 628 MS+LRI  11.1840.55° 7.79+0.71¢ 22.24+0.38" 13.02:0.65° 8.89+0.34¢
oAt
Naphthalene S 1182 MS+LRI  404.93+1591°  551.92426.50°  854.28+32.51°  821.04+17.34*  853.61+£34.07°

3

J

13994.51£362.65° 21986.54£827.27° 16555.24+454.45% 29251.66+849.98" 25417.39+304.92°

T [ TAN R AR R AR ) S R BSOS 144 S P R ) T 25 5 B3 (P<0.05), AT Btk 22 (n=3) Fm; “—": KA MR AL S #); MSHLRI: £

RS HT H GC-MSE PRI T 7 i, 4 BT 0 73 T 4515 B 5 4 MR B R R0 (i R BRARESS &

AEFRIZU 2 AR ERUET . BRI, 1F O R
BRI ER, BT IR AR AR, e
VAT A8 AR ARG 8 B AR, SR TMIR A AL i r= e,
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Bl 482.67 ng/g, 2 NS B i B AL IS B R
=1 (731.79 ng/g), Sl MK 7 52 HR ) 52 35 FALK, 4351

XU RE M, MR T S MR ) S50 S AR 1
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