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Abstract: To clarify the changes that occur in non-volatile taste-active compounds found in grilled eels with different
processing levels after microwave and oven reheating, qualitative and quantitative analyses of chlorides, betaine, organic acids,
nucleotides, and free amino acids were performed. Based on these analyses, the characteristic taste profile was evaluated via
electronic tongue assessment. In addition, the contribution and umami intensity of taste-active compounds were explored using
the Taste Activity Value (TAV) and Equivalent Umami Concentration (EUC) to determine the effect processing techniques has
on the quality of grilled eels. Significant differences were observed in the content of taste-active compounds and taste attributes
among grilled eels with different processing levels after reheating. Umami, salty, and complex flavors were identified as key taste
characteristics. TAV analysis revealed that chloride, malic acid, lactic acid, succinic acid, glutamic acid, and histidine were the
six primary taste-active compounds present in grilled eels (TAV>1). Furthermore, the microwave- and oven-reheated grilled eels
demonstrated stronger taste activity when they were fully (TAV=74.73) and 70% cooked (TAV=81.83), respectively. The EUC
results confirmed that grilled eels with different processing levels displayed distinct umami characteristics. Notably, oven reheating
exhibited a more pronounced effect on enhancing umami intensity, with the highest umami contribution noted when the eels were
fully cooked (EUC=0.53 g/100 g). In summary, this study provides a theoretical foundation for further investigation into the non-

volatile taste-active compounds involved in grilled eel processing.
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Table 1 Determination of different processing maturity of roasted eel
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Fig.1 Variation of chloride content in roasted eel
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Fig.2 Change of betaine content in roasted eel
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Table 2 Changes of organic acid content in roasted eel (mg/100 g)
FRE FLER IR
BRwR/HoR (=) BRWR/ZAR (+) BROR/EER (+)
A B 337.08+£24.46° 240.55+12.86" 67.45+3.17"

HRAF T

I 367.35+12.48°  72.55+0.65% 42.36+5.08°
Qfﬁi AR 41148 +12.65° 193.06+1.94° 20.07 £0.54°
5
LR F 78586 £44.81° 195.12£0.16°  9.09 +2.92°
A 91342+62.92° 162.53+0.51°  7.31+3.71°
AR 337.08£24.46° 240.55+12.86" 67.45+3.17"
ZARF 348.97+12.53° 91.39+18.67° 51.15+2.66°
fﬁ ARF 378.01£1320° 21850 £11.76" 38.29+1.93"
BTN
LR F 849.45+29.46" 210.90+7.34" 33.51 £2.95
A 1008.53+59.34° 184.79+1.94° 28.88=2.11°

E: RANARIARANINEFBEATFTEARLE £ 7
(P<0.05), FT&R.
24 HHEBREELN

WEFR I AR A A W N B B 5 R S5 P 7
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SRHRN SRR EEN (P<0.05), HAEMME ®3 BEEPLHRNEEEN (mg/1009)
PP AR —, GMP S EIYE ET#EA, Table 3 Changes of nucleotide content in roasted eel (mg/100 g)
IMP Al AMP £ 55 T )5 R 3%, Horp = s AMP oA 4 GMP IMP AMP
e R, 4Rk 22.81 mg/100 g. 19.80 mg/100 g ; Sk (+) BRR (+) AR ()
LB IMP A B, 49 1.29 mg/100 g. AR 047%0.05°  0.36+0.11°  9.52+1.00°
1.43 mg/100 g ; A #W GMP & & & &, 75 H o EARM 06330040 086£009° 2281017
1.47 mg/100 g. 1.58 mg/100 g. H:th AMP 7& Sk t% %\j‘; AR 080£0.05°  1.19%0.03"  17.78+0.72°
T SR, HIKE GMP Al IMP, £ AMP &2 LA 1.07£0.02° 129%0.03°  16.81=0.51°
P8 A0 () E B AL TS . =R IR (ATP) /BN ) 1.47+0.02"  1.01£0.13° 1522+0.12°
BRI BT R, 7EIN Tt FReh & R A — R 91 KA AR 0472005 0360.11°  9.52+1.00°
R, AR TR (ADP) ZErhalfe), ADP 1E . ;ﬁk%‘c 0.74+0.04°  0.94+0.03' 19.80+0.15"
fig £t o AAOR B RO R R OB A IR AL AR B AMP, AMP g BRI 090£002°  112£002°  17.63+021°
HE— A0 GMP # IMP, M i 58 GMP. IMP #l AR 1.09+0.04°  1.43%0.01° 16.20+0.27°
AMP 2 5 149 5L H 48 i g 340 At 1.58+0.12°  1.17+0.02°  15.58 £0.06°

R4 REREEEETEERERNSEEN (mg/100g)

Table 4 Changes of nucleotide content in roasted eel after microwave reheating (mg/100 g)

4% (mg/100 g)

LB AT IR
AR =R R - R s
RAZER Asp gfok (+) ND ND ND ND ND
2T Glu sok (+) 29050+ 022"  36.30+0.23"  36.11+0.59 3549+028° 37.80+0.58"
“ 2 Ser R (+) 5.68+0.13°  630+0.10°  650+034°  578+020°  7.66*0.28"
H R B Gly ok (+) 725+0.16°  6.52+0.09°  6.53+026°  5.60+0.35  7.08%0.18"
R B Thr ek (+) 476+0.14  501£0.10°  543+030°  4.74+029°  6.09+0.25"
A A Ala ek (+) 1143+025" 1325+020° 13.46+0.62° 13.63+0.38" 13.95+0.46"

JHEBR Pro  #wk /Ewk (+)  3.78+0.13°  4.06+023"  455+033° 439019  5.46+0.14°
FERE Arg MR/ Rk (+) 0 1.69+0.04° 2.12£0.02° 287+023°  220£0.56°  3.59+0.22"

A Lys  #ok/Evwk (-)  6.98+0.18°  10.70+0.15° 11.00+£0.78"  921+026° 11.78+0.77°

4 2B Val Fok (-) 567+0.16°  635+021"  650+022°  6.14%021°  7.79+0.39°
B 2B Tyr Fok (-) 324+059°  3.82%0.15  325+031°  295+0.19°  4.07+0.33"
K7 2B Phe Fek (-) 3.90£0.19°  3.71£026°  3.01%£0.09"  2.74%0.10°  3.64=0.07"
F R AR Tle Fok (-) 240+0.13°  377%023"  3.01+0.19° 2.82+020°  4.40%0.33"
TR Leu Foh (-) 377024  495+036°  4.53+032"  428%0.18™  6.08+0.45"
&L Met Fek (-) 220001  3.16+026" 280%0.13°  2.76+0.11° 4.17+0.61°
28 % B2 His Fek (-) 13.17+ 030"  18.77+0.40° 13.43+0.65° 16.33+0.55° 20.89 +1.01°
SfoR FAR B 2050 £0.22°  3630+023" 36.11+0.59° 3549+028" 37.80+0.58"
AR 3459085 37.25+0.74 3933+2.08" 3633+197° 43.83+153"

LA AAR 4132+ 180" 5523+2.02° 47.54+2.69° 4723+1.80° 62.82+3.96"

BB 2RI 105.40 £2.87° 12878 +2.99" 122.99 536" 119.05+4.05° 144.45+6.07°

E: RAVRATERRRG B FEEATEREF L7 (P<0.05), NDATAME. TAR.
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®5 BHEEHFESETEFEEERNSETN (mg/100g)
Table 5 Changes of nucleotide content in roasted eel after oven reheating (mg/100 g)
SLEA A . ‘ eF (mg/l.OO g) | |
RA-RFR Asp Bk (+) ND ND ND ND ND
B2 Glu gk (+) 29.50+0.22°  3836+0.18  37.96*0.18° 37.11+0.24° 40.01+0.77"
22 BB Ser ek (+) 5.68+0.13° 822+0.18°  7.77+0.96"  6.88+0.80° 893 +0.46"
R Gly #Hek (+) 725+0.16°  8.05+0.14°  7.83+020"  7.88+0.14°  7.69+0.12°
7 2B Thr R (+) 476+0.14"  6.44+0.24" 6.51+0.87°  5.90%0.76"  7.07*0.43"
A AL Ala ok (+) 11.43£02°c  1649+0.40" 16.07=0.71° 1422+0.73" 14.91+0.29
JERBL Pro vk /Eek (+) 378013 570+0.16" 540039  4.85+0.53°  6.29+031°
ARE Arg HR/FE0R (4) 1.69+0.04° 2.92%0.14° 320+048  3.41%0.59" 442+047
BB Lys  #ok/ 3wk (-)  6.98+0.18°  13.12+031° 13.11+0.82° 11.50£0.44° 13.39+0.22°
4R Val Eok (-) 567+0.16°  7.72+0.09"  7.51+026"  7.13+0.81°  828+0.60°
B R BR Tyr ok (-) 324+059°  478+020°  3.83+0.50"  3.58+047°  4.79+0.18
K7 2R Phe ok (-) 3.90+0.19°  4358+021°  350+041°  327+044°  436+048"
F R R 1le o () 240+0.13°  430+0.38  359+049° 335+046°  4.68+0.69"
R Leu Fok (-) 3.77+£024°  595+0.62°  539%0.70"  5.11+0.67°  6.55+0.55
R B Met ok () 220£0.01° 371036 323032 321036  4.34+0.60"
YRR B His ok (-) 13.17£0.30"  21.08+£0.36° 20.87+0.39° 23.06+0.30° 26.85+0.87"
B ok FAR R 29.50+0.22°  38.36+0.18°  37.96+0.18° 37.11+0.24 40.010.77"
HER A B 3459+0.85" 47.83+1.26" 46.77*3.61° 43.15%3.55" 4930 +2.08"
ok AR 4132+1.80° 6525+2.53°  61.02+3.89" 60.20%3.95 73.22+5.09"
BB RIRER 105.40 £2.87° 151.43 £3.97° 145.75+7.68™ 139.46+7.74° 162.54 +7.04"

" mon L tE ADREUERRSRELN™. RN
iAo J 0 0 . 5 20 O RURTR B RSN 40 5
Al s B3 PR, IRt 1S B EIER, I
i  REEREER UM (Gl AOREIER 6 (Ser.
%@%ﬁ Gly. Thr. Ala. Pro. Arg). &WREFERL 8 Fl (Lys.

| EE R Tyr 75 Val. Tyr. Phe. Ile. Leu. Met. His)o FLriamRe

A SEWR SRR (U A0 41.32~62.82 mg/100 g.
e 50 Y 5558 HH 41.32~73.22 mg/100 g), 3R HIRA
R ’s FEE (O 5 O 34.59-43.83 mg/100 g HERT Ny
E&iﬁ% 34.59~4930 mg/100 g) ¥ Ik 5 HE R (i 5 AN

Bl B e =0 29.50~37.80 mg/100 g &4 #7929.50~40.01 mg/100 &,

HE 2R 2 EEd C3 5T AR S 0 I RE R R FHVREUERR . R
P v S g . 5 B I 8 4 1 A E 3 8

3 Mt i SN A BT AE EREEMMETES (P<0.05).
Kh g R, gm i Efl, SR ERR

Fig.3 Variation heat map of free amino acid content in roasted eel
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Yy 0, Horb His A1 Lys 76 0% 5 35 & &9 5
N 13.17~20.89. 6.98~11.78 mg/100 g, 1% 4 H & 5 &
B2 9 N 13.17~26.85. 6.98~13.39 mg/100 g, i% I %
AIRRAE T T B E Ak CUHZZEKD 1k
2. ETOR SRR AE IR T 7K ot A o A 14 ] BN A e e
5, ATk FE A D P gk ™ o 8 e e R
FERR UL Ala M1 Gly AFE, FMBEENG Ala & &2 2 &1
i (P<0.05) % &~ 11.43~13.95 mg/100 g, Gly & &
NEE, S8 N 5.60~725mg/100 g ; HEEMHE AT Ala
FEEIHER, ARG, Gly 2N
g, 75N 1143~1649. 7.25~8.05 mg/100 g fif R
FAR sk, EREAEE. . E. FRERIE TS B
i, W] DA T K ah SRR E R, A BT 1 SR AR A R
B, Glu Al Asp 1E 45 7K P i Wk T8 7 HE S5 AR 5% (¥
P o G R R, FC W (R4 RT3 5 K 7 o 1 B A
EERBCRT, TR LT kAE (MSG) HIEEWR . 5
g f1 57 05 Glu & =¥ W, FH AR TR S #
J5 & BN 29.50~37.80 mg/100 g, M ENEEEN
29.50~40.01 mg/100 g. FEi A AAE H Asp. B8 0 7EN
PANE PO AR i R A R AR s, H R R AT
B2 i 2R A T S S BRI R AE A TR S R
PIEANE BE RS, SRS R mE
5 1 0 P e A A SE A S I, 3 0 0 D 0 R R R
ERMIGINEY, X 4. 5 FE 3 s R, BE
FIN TR EE &, 5 40 5 45 g fh v Y) F R  ik
B RHWREERR. R AR M i A R B =
T TR S HEE R (P<<0.05), FRWIFEHR S 0T LILE
—ERRE RS R UEOR B P, HEW R RE 2 T =
IR B S8 28R TN T e B S B R P P A
26 BT EHIERAAN

TYRE R R IR — N E RO, MRS
RN R B AR BRI BT, b
T SR A R R B AT R B VR, AT
BEINEERRFIE M I WA . B 4. S ETHL A
I 0 T 0 0 8 Sl A 7] 7 52 S R I
YA — 52 AR, 5 AR P e A K /N 3R B B |
AR WA S OB WA RRRAIE G B R AT R
SRR, TER I 2T B A
5 R R e A B 1 O i R R S B R 5 R A% T R 2
TEL) P I ) 40 P 8 5 1 IR s vk f) 48 i 2 S 4 IR
JSL 75 4 1 5 FE S SR N BT S s b RURN S S R PR AR
SRR B AR RS LR T AR R D Tk
BRI EERER AR
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Fig.4 Radar chart of roasted eel taste after microwave reheating
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Fig.5 Radar chart of roasted eel taste after oven reheating
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Fig.6 Principal component diagram of response data of roasted eel electronic tongue
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Table 6 TAV of roasted eel
- i T S EECPE BE -
ZRA EARM AR AR ZAR AR kR# ep (M09
Ay 23.96 46.99 55.74 52.06 49.98 42.84 49.29 55.28 51.37 32
SR 0.24 0.26 0.50 0.59 0.42 0.28 0.54 0.60 0.43 250
FRB 6.80 7.41 8.30 15.84 18.42 7.04 7.62 17.13 20.33 49.6
LR 1.91 0.58 1.53 1.55 1.29 0.73 1.73 1.67 1.47 126
BRI 6.36 4.00 1.89 0.86 0.69 483 3.61 3.16 2.72 10.6
GMP 0.04 0.05 0.06 0.09 0.12 0.06 0.07 0.09 0.13 12.5
IMP 0.01 0.03 0.05 0.05 0.04 0.04 0.05 0.06 0.05 25
AMP 0.19 0.46 0.36 0.34 0.30 0.40 0.35 0.32 0.31 50
R Glu 0.98 1.21 1.20 1.18 1.26 1.28 1.27 1.24 1.33 30
2 5 B Ser 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.06 150
H R Gly 0.06 0.05 0.05 0.04 0.05 0.06 0.06 0.06 0.06 130
7 2B Thr 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03 260
R Ala 0.19 0.22 0.22 0.23 0.23 0.27 0.27 0.24 0.25 60
il 2B Pro 0.01 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.02 300
R Arg 0.03 0.04 0.06 0.04 0.07 0.06 0.06 0.07 0.09 50
HIAIR Lys 0.14 0.21 0.22 0.18 0.24 0.26 0.26 0.23 0.27 50
H AR Val 0.14 0.16 0.16 0.15 0.19 0.19 0.19 0.18 0.21 40
B4 2R Tyr 0.04 0.04 0.04 0.03 0.04 0.05 0.04 0.04 0.05 91
RAEFL Phe  0.04 0.04 0.03 0.03 0.04 0.05 0.04 0.04 0.05 90
SRR e 0.03 0.04 0.03 0.03 0.05 0.05 0.04 0.04 0.05 90
TR Leu 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 190
B2 B Met 0.07 0.11 0.09 0.09 0.14 0.12 0.11 0.11 0.14 30
20 R BA His 0.66 0.94 0.67 0.82 1.04 1.05 1.04 1.15 1.34 20

% TAV 41.98 62.94 71.30 74.28 74.73 59.77 66.77 81.83 80.79
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Fig.7 EUC value and TAYV of roasted eel
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