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Abstract: This study aimed to study the effects of three current popular high-temperature treatments (electric roasting, air
frying and superheated steam) on the physicochemical properties and taste quality of grass carp meat. Physicochemical
properties were analyzed by measuring pH, water holding capacity, color value, thiobarbituric acid reactive substance and
protein carbonyl content of fish meat. Taste quality was characterized by measuring the free amino acids content and flavor

nucleotides content of fish meat. The results showed that compared with the raw grass carp meat in the control group, the
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indexes of physicochemical properties of grass carp meat processed by different high-temperature treatments were

significantly increased in different degrees (P<0.05), which preliminarily revealed that the quality of fish meat would

change differently under different high-temperature environments. After that, through the statistical analysis of two typical

taste substances, free amino acids and flavor nucleotides, it was concluded that the content of taste substances in grass carp

meat would also increase significantly after three high-temperature treatments (P<0.05). Among them, the change of air

frying group was the most obvious, and its highest contents of free amino acids and flavor nucleotides were up to 338.78 mg/

100 g and 1050.61 mg/100 g, which made it have the highest umami degree in the later stage. According to the

comprehensive evaluation, three treatments all did not produce adverse performance in terms of physicochemical properties,

air frying group performed well in terms of taste quality, indicating that grass carp meat treated by air frying had better

edible quality.

Key words: grass carp meat; high-temperature treatments; physicochemical properties; oxidation analysis; umami degree
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the color of the surface of grass carp
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Fig.4 Influence of different high temperature treatments
on TBARS of grass carp
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Fig.5 Influence of different high temperature treatments on
carbonyl content of grass carp
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R HAG I E 17 Fhiiy 2 2 LR, AR P R A g
TP NEERZEIENR . IR LR | wr RN —Fh, 4%
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B AR BT T A P FR AR R R SRR 1
TR, HAROD AR S R IR, S IR S L R 1 2 i A
Ao BISEIEMR I IEASERAE 0~15 min HYALBH
IR BT R B AR, R G R R
FBSZ IS i 2R R R i Ui B TR, [RIR) £y
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#(P>0.05),
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Table 2 Free amino acids content of grass carp at different high temperature treatments (mg/100 g)

L%
ST IR [Eafi:1 Al A - - - -
5 min 10 min 15 min 20 min
o RAHMAs 100 0.460.03° 0.360.024¢ 0.99:£0.01"* 0.55+0.02"° 0.38+0.01"
- W ‘Glu 30 13.75+0.60°¢ 22.22+1.52%° 37.01£2.15% 38.14+2.28% 15.46+0.86"
INEAFRThr* 260 1.10£0.11%>® 1.15£0.20"° 1.83+0.16" 1.47+0.245® 1.2340.1148
225 i Ser 150 4.63+0.21%0 3.37+0.29% 6.10£0.35" 6.03+0.15™ 3.20+0.36™
itk HAERGly 130 31.69+0.74%0* 29.67+0.40* 26.24+0.86% 26.72+1.11% 36.80+1.05
HNE R Ala 60 41.87+1.50°° 39.04:+1.224B0 53.84+2.40% 56.59+0.97% 42.17+1.02%
Jifi 22 Pro 300 3.38+0.39%0¢ 2.60+£0.26% 3.61+0.18% 3.5740.06™ 3.38+0.32%
R TRVal* 40 8.17£0.03>* 5.67+0.09% 9.40+0.18" 9.67+0.03% 5.78+0.02%
A Met 30 3.18+0.034* 2.87+0.034% 3.86+0.18" 3.76+0.034% 2.80+0.02%
S R le* 90 8.43+0.03%¢" 6.15+0.11% 9.88+0.124 10.21£0.01% 6.15+0.025¢
SEa R Leu* 190 13.05£0.04°<° 9.78+0.15% 15.59+0.227° 16.06+0.01% 9.86+0.05"
. fik S R Tyr* - 7.82+0.02°°° 4.80+0.09°° 9.17+0.13"° 9.55+0.05™ 5.52+0.03%
LS I
RN 2 2 Phe* 90 6.00+0.01°¢° 4.75+0.09% 7.21+0.124 7.48+0.06™ 4.32+0.01%
21542 His 20 29.74+2 40" 25.9440.38%¢ 34.48+0.48™ 35.22+0.39% 33.95+0.05
AR Lys* 50 44.97+0.93%%0 43.77+0.58 49.03+0.39* 49.44+0.56™ 47.17£0.37%
FEER Arg 50 8.53+0.21%¢ 5.50+0.22"% 8.57+0.30" 8.83+0.02% 7.13+0.06™
ECys - 0.69:£0.04%* 0.33+0.05"¢ 0.52+0.04"° 0.55+0.05"° 0.28+0.01%¢
UAA - 14.210.59%¢ 22.58+1.50*8° 38.00+2.12% 38.69+2.26 15.84+0.84
SAA - 82.67+2.65%° 75.83+2.014¢ 91.62+3.528® 94.38+2.45% 86.78+2.545%
BAA - 130.58+3.54%<° 109.56+1.55% 147.71+£2.05* 150.77+1.17% 122.96+0.48"
EAA - 89.540.96"<" 76.07£1.11%¢ 102.11£1.05" 103.88+0.75% 80.03+0.50"
TFAA - 227.46+7.03%4° 207.97+5.465 277.33+7.69* 283.84+5.425% 225.58+3.92%
2SIMKE IR
A KR 5 min 10 min 15 min 20 min 5 min 10 min 15 min 20 min

RAE&HRAsp 0.21£0.03% 0.23+0.01% 0.39:0.02%° 0.36+0.01%° 0.37+0.03"¢ 0.24+0.01%¢ 0.47+0.03"% 0.560.02"*
HHAFRGlu 18.89+3.21%  23.81+0.31%  44.58+1.21%  34.41£0.54" 24.66£0.60"°  16.25+1.17°¢  28.18+0.51%  16.82+2.06™
IE R Thr* 0.61+0.15% 0.82+0.085% 1.11£0.27% 1.57+0.13% 0.81+0.17% 0.84+0.21% 1.97+0.154 1.61£0.174
225 @ Ser 4.1340.11% 6.65+0.36™ 6.19£0.91% 3.91+0.36™ 5.94+0.12%° 4.44+0.11% 7.10£0.20"* 5.09+0.33%°
HHEmGly 26.26+2.78%  31.3442.02%°  29.73+1.50°%  46.01+2.37A 20.0142.55%  22.20+1.89%°  32.55+£3.38%  28.76+0.94%
N Ala 42.5642.69%  61.50+1.64"  74.98+1.34%  74.89+2.13" 45.4243.03%°  41.2743.68%°  59.96£2.32%  45.82+2.38%
Jifi %2 Pro 3.32+0.347% 2.68+0.28° 3.89+0.2548  3.15+0.27%® 2.35+0.21% 5.02+0.10% 4.11£0.11%° 4.1040.40"°
AR Val* 5.12+0.04% 7.000.06™ 12.18+0.19% 8.51+£0.674° 6.74+0.59"° 4.06+0.05% 8.45+0.05 5.03+0.09%
AR Met 2.50+0.11° 3.5140.11% 4.86+0.10" 4.62+0.11%° 2.57+0.02%° 1.89:0.01% 3.29+0.10% 2.29+0.03%
St A R e 5.54+0.01% 7.79+0.06% 12.75+0.174 9.70£0.05° 7.52+0.05% 4.17£0.02° 9.19+0.04< 5.53+0.09“
AR Leu* 8.81+0.02¢ 12.14£0.03%  19.88+0.18"*  15.22+0.09"" 12.10£0.07 7.05£0.01¢ 14.3420.06% 8.8120.15%
fi% R Tyr* 4.85+0.01% 6.17+0.02% 11.9120.08* 7.34+0.41%° 7.19+0.394¢ 4.21£0.08% 8.62+0.04< 4,820,095
RN RPhe*  3.84+0.01¢ 5.810.02"% 9.29:0.14"* 7.06+0.184° 5.44+0.174 2.84+0.03 6.71£0.05< 3.75+0.075¢
AR His 28.8420.16%  31.91+0.22%  42.05+0.62**  38.71£1.34* 31.20£0.04  27.48+0.14%  33.04£0.37%  28.94+0.47°
AR Lys* 4421£0.16% 4851028  53.26x0.43%  51.69+0.18"° 45.67£0.05%°  42.14+021%¢  47.90£0.29%  44.08+0.49

Kz BiArg 6.00£0.04" 6.42£0.02%  11.38£0.22"  9.15+0.51"° 8.72+0.15"  7.64x031°"  856x0.37*  6.23+0.39°%%

R Cys 0.21=0.01*%  0.35+0.05% 0.35£0.05*  0.31x0.07** 0.21=0.01%%  0.34+0.04% 0.20+0.03 0.11=0.02%
UAA 19.1043.21%  24.04£0.28%  44.97+1.17*  3477+0.51"°  25.03£0.62°°  16.49+1.15%  28.65+0.50“  17.38+2.03"
SAA 76.88+5.41%  102.99+4.36"  115.943.95"  129.5345.14"  74.53+5.62"°  73.774521<  105.69+£5.95*"  85.38+4.03"
BAA 109.92+0.46™  129.61£0.73%  177.91£2.02*  152.31£3.33%  127.36+1.25"  101.82+0.8%  140.30£1.29“  109.59+1.68
EAA 72.98+0.28°  88.24+0.52°  120.38+1.21*"  101.09+1.48"  8547+1.44%  6531+£0.53°  97.18£0.49°  73.63+0.96
TFAA 205.9049.54%  256.64+5.23%  338.78+7.28™  316.61+8.85"°  226.92+8.19"°  192.08+7.62°  274.64+7.53™  212.354£7.91%

e *FR T A IR, UAAF S B Z LR (umami amino acids), SAAFR/R AR Z LR (sweet amino acids), BAAFR /R % M IE TR (bitter amino acids),
EAAFIR LT 5 FEMR (essential amino acid), TFAAZR R B FEHR (total free amino acids) .

PIREEAE, T v i A BN S 2 e L s N BE R, T LA AMP 7EBMAREZ A 04 & EeA /)N, JLF-Fn ATP —
Bk o3 i 78 &k o4 ATP B, (HHH S B, T IMP W) 5 BRI Ee ), FREHFE ATP REF#
RNEARE . AMP Fll IMP 2 8 B A SEERAZ IR, ©11] TR P AMP Kt A a9 TR B W R 5 45 i, T
PR T 0 R BRI AT 4 S S e . T LU Y IMP 11453 32 ZEAIG T A SR B, BT LARE S A R AR
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Table 3 Flavor nucleotides content of grass carp at different high temperature treatments (mg/100 g)
) FHLKE
HTR () AR - - - -
5 min 10 min 15 min 20 min
ATP - 5.09+0.29°%° 10.47£1.57* 7.43£0.29%° 7.75+0.42° 7.13£0.42°
ADP - 3.96+0.16%44 8.09+0.80%¢ 9.59+0.37¢ 22.64+1.43° 47.54+1.51<
AMP 50 7.95+0.65%4 5.33+0.69%¢ 9.42+0.70% 8.55+0.438% 13.47+0.45%
IMP 25 52.20+£2.20%¢ 112.00+5.36* 129.99+9.38<* 157.94+9.26%* 101.43+14.99¢
HxR - 73.28+3.435¢0 54.98+8.18%* 107.60+5.04% 89.80+7.01¢* 105.87+10.415
Hx - 2.48+0.18%¢ 4.554+0.64% 7.38+0.32¢ 13.41£1.12<° 19.59+0.77<*
Total - 144.96+6.91°¢ 195.42+17.24° 271.41+16.10* 300.09+19.67<* 295.03+28.55
2SI A HZRIR
LRE 5 min 10 min 15 min 20 min 5 min 10 min 15 min 20 min
ATP 13.50+2.498¢ 19.18+1.90% 27.02+1.774 30.75+3.524 16.12+2.30% 15.86+0.80% 16.92+1.365 16.91+0.84%
ADP 8.85+0.69™ 54.03+3.18"¢ 135.18+13.89%° 186.19+4.617¢ 28.90+1.09"° 27.76+0.56"¢ 46.50+1.46% 56.77+1.56%
AMP 11.53+0.58¢ 8.83+0.43" 33.02+8.674¢ 22.7440.50"° 6.45+0.86" 13.54+0.60%° 18.80+0.735 11.40+0.64<
IMP 268.46+11.224  350.93+12.89%  419.93+8.61*° 445.10+£7.98* 150.05+12.87%  172.29+11.86% 289.98+11.10%  214.66+7.84™
HxR 131.57+12.74%  131.2849.93%8¢  213.27+11.02*° 297.90+8.514% 85.81+7.828° 151.88+19.68%  148.67+5.54% 80.72+9.06
Hx 7.65+1.07% 30.47+0.97% 52.64+1.16"° 67.93+1.33" 31.01+0.49%° 36.82+0.62"° 19.79+0.795¢ 36.90+1.728
Total  441.56+28.79°%  594.72+29.30"° 881.06+45.12"°  1050.61+26.45"  318.34+25.43%  418.15+£34.12%°  540.66+20.98% 417.36+21.66"°

%, ZREITRREY IMP & B ST S
FAT—3, 2SN A e B R (P<0.05), 7F
20 min B35 445.10 mg/100 g, 3F FAZE V5 2H F v 1
ZHAF 15 min B 35 8 & & & &, S0 o 289.98 Fl
157.94 mg/100 g, #F—2-UiBA T 25 Sy EALBE AT L ik
FOE AN R B EEBR AR . HxXR Al Hx 2572 4E 1T
Bahn Sk, L Hx S22, Hofr il 5 FHAEPERIK 7= &
HEERE AGFE RN, =P ER T SRR ER IR T
fI1H & & (P<0.05), H i F Hx B9 & &I Am, 1M
HxR A=A 8 BRSOV FEARIR K, RIS AMP 2
A S XU B8 58 A R, AT DA S5 R 4 = 2, BT LA
HxR Fl Hx X160 227725 A RFZIRTR /N
2.9 TAV oth

PURPELRY R AT TAV (HANFER 4 PR, 0T LA H
FAEFRZH A Asp B TAV (H 2 5N 2 HARTE 0.01
LAY, AMP 1Y) TAV {0 B L E TR0 EHEE DRI

# 4 AFERAE DT SR Y T TAV
Table 4 TAV of umami substances at different high
temperature treatments

Ib 3T At ] (min) Asp Glu AMP IMP
R 0 0.005 0.458 0.159 2.088
5 0.004 0.741 0.107 4.480
10 0.010 1.234 0.188 5.200
L%
15 0.006 1271 0.171 6.318
20 0.004 0.515 0.269 4.057
5 0.002 0.630 0.231 10.738
n— 10 0.002 0.794 0.177 14.037
= 15 0.004 1.486 0.660 16.797
20 0.004 1.147 0.455 17.804
5 0.004 0.822 0.129 6.002
10 0.002 0.542 0.271 6.892
SHGE R
MR 15 0.005 0.939 0.376 11.599
20 0.006 0.561 0.228 8.586

HRTE 0.7 LA, 2 B & AT %5 10 A & R 14 B3 BRAN /DS o
M Glu iy TAV {H R AR ATHEIER /DT 1, (i BB 2 AE
10 min B, 28 YEZHTE 15 min B, H TAV (E 4G
KT 1, T HZEIRHAE 15 min B 19 TAV B U115 F)
0.939, ZHH Glu X A (1 SR AE A —E I DTk . 4%
ZH IMP 19 TAV H¥I KT 1, B IMP 2 A H £
TR R, a8 IMKEH B TAV EH 5 K, 7
20 min B35 ] 17.804, JL YR J2 i #AZE VR 40 R R 5
H, ENTAE 15 min B E & &0 TAV H, 55518
11.599 F1 6.318, FHULAT LAAS H 25 S KE AL BT 1)
W PR HLAE AR R I v, AR . TR B
JE = A7 AEAL PR 15 min J5 LA T A BEBRY) TR 1
TAV {HHERA BT [, I a] a) ) miE IR & i
AR R A FLS, PRI TR 2 il g iR A B A
3 i

ST RE py At AR B, LR L A Sl RE L
FRIR PP A PRy S FEA R R I A T
WAL P S BT . Gl pHL R PR BEE Y 4
Br4l S, ATAT A5 H v AL P AR R AR 2 PR A4 Y
FRIABE, B R MK A28, #Em5 | & N8 BRI &R H 5
KA PERIRR . TBA {HAILEIREIH T a5 ~hE
AL IR A PR R B AR R B R i, TR PR EL Y
SR 2 BT HR I AR YR A B (A5 2R BT 4R
TR o G iR AL PR R o 1) U i S
o, WEES EFERRAY S ML R A A MEAL R e
10 R PR | RITIR L R (LR 1 AR e 2 (LA
Glu. Gly. Ala, His, Lys & &), X145 THEMA
EEBTEACRRE . BT RRIVES R BN IKIHZZS
SAMKELH Y A By, HLH P R 4 S s R AR
i IMP AT AMP & 1t 2 I 2530wy, O O ik #4295
VRIS . TAV BISHTEE IR IE T &2 S amkE



<92 - £ Tl B4

2024 4F 10 A
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A7 A AL BRI RIERAS B 12085 15 min, 75700255
B A BRI RIS o LG RE A IR Y
A RS TR PR R B I = b, HEE AR
BERMZEIR AR BRI LEAS I 57, RWTTZAL BT Hi i P B
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