547 % 517 i Tl B Vol. 47 No. 17
2026 4 9 H Science and Technology of Food Industry Sep. 2026

BE T, 92 I, AL, A5 AN TR TR A% 0 £ 5 6 i S50 B KUK ) B A8 52 ) (0], B Tl BHEE, 2026, 47(17): 94-104. doi:

10.13386/j.issn1002-0306.2025080028

XUE Yuyun, PENG Yucan, QI Libo, et al. Impact of Different Sterilization Conditions on the Quality Attributes and Flavor Profile of
Fish and Mutton Dishes[J]. Science and Technology of Food Industry, 2026, 47(17): 94-104. (in Chinese with English abstract). doi:
10.13386/j.1ss11002-0306.2025080028

RS -

A

2N P SEDOKEES L)
B R R BT 52 )

B, R, B0, EE T
(1.RK#F T RFRBFIR, LT KE 116034;

2. K& P AR HE AR RG], 1T K% 116034;
3JEFERSRM I AR AR E LR T, LT KiE 116034;
A E AR Sk R e TR B AR R SR R 2 %frqv:c: T T K& 116034;

5.8 RiBFERS IRFARL PO, T T RKE 116034)

,ﬂ»

 EAFRATERAARE (F=12) 2it, FALKT 115 C/42min, 118 °C/30 min, 121 °C/11 min =48
BRBEFAHARIKGYy BRAB M & F 8T BN R ARG rh, BINZHE AR, BB . ARC LR
(Thiobarbituric Acid Reactive Substances, TBARS) . 7 & A &AM . ZABLFR. ©FE&. A& E-5 T8
(Gas Chromatography-Mass Spectromrtry, GC-IMS) & & B 4¥! i%‘@?}“ﬁ, RN TR AE 7 Xt & F 8 65%)
e, EREW: MERTHRELE, BRRAEMAE O AfEEE APk ), LE%HE %244 (Equivalent
Umami Concentration, EUC) T & &% (33.99%) , RASH#REKGELF, GC-IMS %M 2 B AHEF AT
TEE, 2-FATHFAAGERAERYM, FHRABFIFPZHHK (P<0.05) , RATI 2. HBAELFRET
FORKM, AHBAARETEESTRBA (P<0.05) « EFHF AT, FRIRE A 6958485 k7
AAELEESF: 115 C/A2min KEKE) &2 FRFHALAREEMRT 2430%., HFARLREETTHRT
35.61% A M3 (Inosine Monophosphate, IMP) 4% £ #4187 65.79%, A%% L&/ %; @ 118 °C/30 min &
W AL R &89 EUC AR (10.74 mg MSG/g) BRREHS K. FL, ERIIFAFHBREATRT, 118 °C/30 min
BMEROEAHASFHFLRRANARALYL, TAAXFRAWRNRAZEREFS LR R. AFRAH L F8
AFEBFHA L ZRARET £ 22 0RIE,

KR & F 8 AW, BR, BB ALK, TR, Aok

FE 43S TS254.4 XERFRIRAD: A NEHE:1002-0306(2026)17-0094—11
DOI: 10.13386/j.issn1002-0306.2025080028 AZFF: @

Impact of Different Sterilization Conditions on the Quality
Attributes and Flavor Profile of Fish and Mutton Dishes

XUE Yuyun', PENG Yucan’, QI Libo'***, FU Baoshang'***"

(1.School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, China;
2.Dalian CNNC Irradiation Technology Co., Ltd., Dalian 116034, China;
3.State Key Laboratory of Marine Food Processing and Safety Control, Dalian 116034, China;
4.Collaborative Innovation Center of Seafood Deep Processing, Dalian 116034, China;
5.SKL of Marine Food Processing & Safety Control, Dalian 116034, China)

YRS EHA: 2025-08-11

HEEWH: BRFEFALHRAA (2023YFF1105204) .

TEE®IN: TR (1998-) , 4, MEHFR A, B H @ R (K) FFthifim T, E-mail: 2640198465@qq.com.,
*BEEE: HEd (1989-) , B, M4, SR I, BHEF 1 R TR IF A5 4348 A, E-mail: fubaoshang@dlpu.edu.cn.,


https://doi.org/10.13386/j.issn1002-0306.2025080028
https://doi.org/10.13386/j.issn1002-0306.2025080028
https://doi.org/10.13386/j.issn1002-0306.2025080028
mailto:2640198465@qq.com
mailto:fubaoshang@dlpu.edu.cn

478 17

BRI, 45 AR BAC0) (oA i 5 S KR P 5

- 95 .

Abstract: Based on the equivalent sterilization intensity theory (F;=12), this study systematically compared the effects of
three high-temperature and high-pressure (HTHP) sterilization treatments (115 “C/42 min, 118 °C/30 min, 121 °C/11 min)
and 9 kGy irradiation sterilization on the quality of fish-lamb composite products. A comprehensive analysis of key flavor
compounds was conducted by measuring crude protein, crude fat, thiobarbituric acid reactive substances (TBARS), free
amino acids, flavor nucleotides, electronic tongue response, gas chromatography-ion mobility spectrometry (GC-IMS), and
sensory characteristics. The results indicated that compared to HTHP treatments, irradiation had a lesser impact on crude
protein and crude fat content, and exhibited the smallest reduction in equivalent umami concentration (EUC) (33.99%),
suggesting better umami retention. However, GC-IMS analysis revealed that irradiation induced the formation of typical
off-flavor compounds, such as butanal and 2-methylbutanal, which led to a significantly lower sensory score (P<0.05) of
only 71. HTHP sterilization significantly promoted protein hydrolysis, resulting in a significantly higher total free amino
acid content compared to the irradiation group (P<0.05). Under the equivalent F, value, different temperature-time combi-
nations of HTHP treatments significantly affected the flavor profile. The 115 °C/42 min (low-temperature long-time) treat-
ment caused the most severe flavor deterioration, characterized by a 24.30% loss in total free amino acids, a 35.61%
decrease in umami amino acids, and a significant 65.79% reduction in inosine monophosphate (IMP) content. In contrast,
the 118 “C/30 min treatment group demonstrated the highest EUC value (10.74 mg MSG/g) and sensory acceptability. In
conclusion, under the prerequisite of ensuring equivalent sterilization intensity, the 118 “C/30 min HTHP process is identi-
fied as the optimal sterilization method for the fish-lamb product, effectively ensuring microbial safety while preserving its
flavor quality. This study provides an important theoretical basis for the optimization of sterilization processes for similar

fish-lamb composite products.
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Table 1 Sensory evaluation criteria of fish and mutton dishes
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Pis R B Y 2 LR (Ser . Thr, Tyr) X4 FREURKE, A S

24 B2 ) & 2 S S SRS AHIN S8R 38 i %)
PR S R R FEA T 4 HR SIS E 5 R IR W T Lle
Leu 1 Val J& 747 JE & i 22 AL R v i 75 &) 57 fm B
] A 2GR TR, FR R BEAE i E A1 & 4= Strecker RS I
R, AR 2- - T L 3-FF - TS LA A 2-F 3k
PR ; HOR BN AT iR F2 3E & FEMR Ser A1 Thr, ‘BE14:
R RS STE Y RN . DRk, A,
4 RS B e L R R /N T e Tl v R R PR A
(R B A P S S el T — S T AR
FNZ IRAL A W v U g T R LS, (R G A AR
FIBT b i B 2 R i — ol o B8 ok, T2 5
K, AT R A AR UL LA TS ol
TEAHRI A BRI T, AR B SR T a2 et iy
SR SR TR . 121 °C ZH AT B 2 LR
TREEET 115 °C HF 118 C H(P<0.05), K
3181.88 mg/L, H. 121 °C £HF1 118 °C ZH iRk 2 3%
BRI B3 = T 115 °C 45 (P<0.05), 433k
27.58.26.96 mg/L. XHHE/&H TABESE TR
TR R Y S A T AR, Az R, DN
TG o S AT TR N, HLE RO B S AR T 5
e MRS, AR T R FUBT RIS I K A XU 4 S

K4 IR Z IR 5 YR (mg/L)

Table 4 Effect of different sterilization conditions on the content of amino acids in fish and mutton dishes soup (mg/L)

P ENLETas
TiF 2 LR - - - ——
= H 115 °C/42 min 118 °C/30 min 121 °C/11 min R
H&R(Gly) 341.67+3.08° 260.21+1.79¢ 311.99+1.37¢ 408.91+0.89° 199.55+1.91°
e R (Thr) 127.94+0.76° 128.39+1.62° 249.83+0.87° 300.76+0.87° 95+0.8.00¢
iR S LR e
NZAL(Ala) 295.08+0.34° 208.54+1.17¢ 285.71+2.41° 468.87+1.79° 208.32+1.8¢
22 52 (Ser) 512.33+3.54° 406.9+1.67¢ 849.97+8.32° 958.31+1.24° 318.98+1.95¢
n BHEIR(Glu) 18.730.24° 15.77+0.15¢ 18.67+0.11° 22.92+0.30° 19.25+0.17°
fisf S LR J .
KRAZ R (Asp) 11.2340.12° 3.52+0.16° 8.29+0.05° 4.66+0.15¢ 12.34+0.17°
e AR (Val) 54.24+0.11° 35.13+4.19° 49.89:0.28° 38.51+0.43° 26.29+0.09¢
R SR o ) J
F i 2 (Met) 24.14+1.00° 29.21+0.39 51.94+0.71° 52.87+3.62° 20.87+0.38
it 2R (Pro) 65.540.60° 32.55+0.19¢ 79.05+0.82° 59.83+1.73¢ 19.28+0.95°
KA (Asn) 19.560.15 17.47+0.29° 18.47+0.35° 9.23+0.06° 14.2440.08¢
iR (Lys) 0.93+0.01° 0.38+0.00¢ 0.71£0.02° 0.33+0.00° 0.79+0.01°
AN 22 (Phe) 45.594+0.59° 30.24+0.18¢ 67.30+£0.46 78.23+2.47° 27.2340.46°
TR (Arg) 311.7+4.70° 238.8241.42¢ 507.58+6.31° 468.57+13.07° 190.4+9.19°
A (His) 28.49+0.37 4.44%0.02¢ 11.13+0.05° 6.34+0.11¢ 12.73+0.08"
HoAh 21 R oo i ,
St g (1le) 28.97+0.12° 22.7+0.17¢ 31.77+0.38° 55.43+0.24° 22.84+0.10°
SEE R (Leun) 55.45+0.48" 40.96+0.11¢ 50.97+0.58° 93.06+0.64* 39.28+0.07°
{652 (Trp) 16.17£0.31° 12.66+0.11¢ 17.59+0.20° 29.40+0.2° 8.41+0.06°
ik 22 (tyr) 56.46+0.43¢ 51.23+0.20¢ 77.6£0.41° 106.92+0.55° 31.64+0.22¢
BE BN (Gln) 0.93+0.01° 0.38+0.00¢ 0.712£0.02¢ 0.33+0.00° 0.79+0.01°
FMfisdR2 (Hyp) 30.7+0.48" 9.31+0.01¢ 20.84+0.36° 18.4+0.06° 11.59+0.40¢
IR LR B 1277.02+0.12° 1004.04+0.11¢ 1697.5+0.21° 2136.85+0.45 841.1+0.21¢
fif IR S LR S 29.96+0.11° 19.29+0.45¢ 26.96+0.32° 27.58+0.13° 31.59+0.11°
TR R SR 78.38+0.08° 64.34+0.67° 101.83+0.40° 91.38+0.15° 41.16£0.21°
W A AR e 2045.85+3.17° 1548.81+5.92¢ 2710.01+2.11° 3181.88+2.56" 1293.07+3.76°
TR S FE R A i i A JE TR (%) 62.42 64.83 62.64 67.16 65.05
i IR S LR R S A R (%) 1.46 1.24 0.99 0.87 2.44

H: TR NG FRER R B 25 57 (P<0.05), 5~ T[H .
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20
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REAEEHEWRZ TR . IMP XX UMP &
i /D (P<0.05), T AMP & 503 I 284
(P<0.05). LR, MEEN) IMP & T
BT 39.81%, X 1] BE T MR AL B T] i B 00s i e
Pl i M AZ 1 /K R B A A A T P, s IMP 1) S il 1
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FFRTE T 1 = b SRR RS PR e, Hoor 7
LERITEIIN T 5544 2 e AR 3F T DY, IMP &2
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K, AIFER AR ALY ATP UL ATP—>ADP—
AMP—IMP—HxR—Hx 25 L0), iR ol 4s g n]
RESENLA LA IMP 1 GMP BRI, 1 IMP 7E
RGP RT 546 AMP B¢ GMPPY, X Al GBS R FE &
SR AEEER) AMP S B N e SRR A

GRS AEATAS & B AE , S5 5T (9] 19 P
(RIS E S5 i £ 2 S A B () DGR AP 2 ik
TR T B AR E AT AN [RIRREE 52 . B AR BN 2L
FEMRAS B I AT s ZU I R AE , (B AE A A5 W A AE
L ENTRYBRIE 58, F ik B iR el et LR . 7E4%
Bk A BAE R, RS AR S IMP 5%
GMP 1RG5 I SR 5%, 13X 7T DLl it EUC {E Y3
SR E, e 5 AT, fa et 2ead R e A H S H
B 2R R, Hoh AR BEOR B 4109 EUC {EAHER T
HA A B2 %5, I 13.05 mg MSG/g (FHE: 745 P14
AR B 29.82%) , 2 W H P [F) 1 S A F e 55 LR
S 118 °C/30 min 21, ¥ 10.74 mg MSG/g; T 115 °C/
42 min ZHHY EUC {H /)N, VN 6.37 mg MSG/g,
W IR IR A e 55 o
2.7 ARIREFMXFEE 78R F &5 {ENF

HL 75 RV BER U R GRS N T AL AR
SO IS S R ASE A8 A A 52 FEAS O PR B SR B HE b, 18R
IHBRARAE>—13, JERIE>—6, ffpR . [RIRFIREAR(E>0
JEARIE M, ange 6 s, PUFh R KA T s
EEATRIR . TERFN IR A Wi N AE ATE B P, XA
5 R TTRRAS O, 9 R L JRBR ) BTG b 2 M 25
(P>0.05), MIHAELRE | LA RIBR B Ay na ) {H 22
5l 35 (P<0.05) o AT REZH pfefidk | 3= 5 P L A [nl ik
B AR A B T AR e i (E AOASfknT
HE 5 SR ZEL IR AN BRAZ T IR & BE B G, 25
b AT R O SRR BT 1 AR A, U S TR
I PR XA N 2 B S R

S AIFZRBE AR SRS R & i SRS 2 i AR (mg/L)

Table 5 Effects of different sterilization conditions on nucleotides content and monosodium glutamate equivalents in fish

and mutton dishes soup (mg/L)

ENEEN: 3G

A2 — -

2 115 °C/42 min 118 °C/30 min 121 °C/11 min AR ROR TR

R IRBERR (AMP) 8.04+0.02¢ 12.14+0.34° 15.69+0.46" 8.77+0.02° 9.17+0.01°
5 LR (GMP) 4.54+0.03° 4.27+0.04° 5.07+0.02° 3.39+0.03¢ 3.08+0.03°
WLt P2 (IMP) 47.3+0.08° 16.18+0.11¢ 20.63+0.12° 20.89+0.19° 28.47+0.27°
JIRH LR (UMP) 0.58+0.00° 0.39+0.00° 0.48+0.00° 0.25+0.00¢ 0.27+0.00°
SR 60.46+0.03° 32.98+0.04° 41.87+0.05° 33.3+0.01° 40.99+0.03°
EUC(mg MSG/g) 19.77+0.23 6.37+0.07¢ 10.74+0.10° 9.80:£0.20° 13.05+0.12°

F 6 AFIARRANE T AL AR ) L5 Wi (R

Table 6 Electronic tongue response values to flavor components in fish and mutton dishes soup under different sterilization conditions

Wk 2H 115 °C/42 min 118 °C/30 min 121 °C/11 min Ly
Il ~32.70+0.14 ~34.48+0.16° -33.31+0.31° ~32.96+0.12" —32.02+0.30°
ik 1.41+0.05 1.28+0.09° 1.29+0.07* 1.26+0.05° 1.32+0.06"
AN —6.06+0.06 —6.80+0.08¢ —6.47+0.08° —6.110.04° ~5.80+0.06"
[AlkB 2.5440.15" 1.25+0.06% 1.61£0.32b° 1.90:£0.06° 1.18+0.06¢
mlkA ~25.66+2.49° ~25.7243.20° —24.13+2 47" ~23.39+0.80° ~23.59+0.80°
fif g 8.37+0.06° 7.11£0.23¢ 7.53+0.13° 7.23+0.05% 7.87+0.12°
Fu 8.64+0.06" 7.32+0.10° 6.43+0.07¢ 5.67+0.09° 6.31+0.09°
R 6.74+0.33" 6.89+1.02° 6.35+0.91° 6.45+0.18" 6.78+0.63"
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Table 7 Qualitative and quantitative of volatile flavor compounds in fish and mutton dishes soup under different sterilization methods

AR B i (%)

2k e AR {REATEEL (REARIRI(s)  ERHTA] (ms) — -
2 H 115 °C/42 min 118 C/30 min 121 °C/11 min 58 WA

1 IECE(D) 1402.2 931.712 1.64579 0.07+0.01°  0.06+0.00° 0.05+0.00° 0.25+0.15*  0.18+0.04°

2 IECEE(M) 1404.1 934.71 1.33074 0.29+0.02° 0.47+0.02° 0.50+0.01* 0.27+0.03°  0.17+0.02°

3 IEGEE 1265.6 748.758 1.25805 0.64+0.05° 0.67+0.03° 0.70+0.04° 1.16£0.27*  0.08+0.04°

4 S 1221.9 684.86 1.23757 0.10£0.01°  0.1120.01° 0.12+0.01° 0.27+0.09°  0.17+0.01°

5 IE TR 1160.3 580.484 1.18604 0.46+0.03¢ 0.46+0.02° 0.43+0.02¢ 1.08+£0.22°  0.78+0.01°

6 EC 1104 482.209 1.26832 24.12+0.80°  21.96+0.46°  22.95+0.95°  14.39+3.21% 18.08+2.12°

B 7 EEE 1052.1 416.71 1.25492 0.05£0.00°  0.06+0.00° 0.06+0.00° 0.47+0.08°  1.61+0.80"
8 IENE(D) 1054.9 419.897 1.11096 0.83+0.02¢ 0.89+0.03¢ 0.81+0.01¢ 3.05+0.46°  3.53+0.40"

9 2- T 1037.9 400.732 1.32005 0.43+0.04"*  0.39+0.03* 0.39+0.04% 0.37+0.04  2.66+0.32"

10 iyl 1067.6 434,769 1.80816 0.96£0.10°  0.93+0.13¢ 1.02:+0.08" 1.44£0.21°  1.02+0.48

11 2- - 1- T 1109.8 491.585 1.1727 1.72+0.23° 1.27+0.45 1.13+0.05° 1.08£0.32¢  1.27+0.12°

12 1-J3075-3-1% 1176.2 611.553 0.94234 1.58+0.12° 1.53+0.05° 1.50+0.01¢ 2.09+0.33*  0.80+0.02°

13 1,3-T B 865 249.128 1.14195 8.39+0.32°  7.71£0.19° 7.88+0.02° 6.78+0.41¢  5.53£0.01°

1 IE=ERE(M) 1305.6 806.786 1.40863 0.63£0.03°  0.9120.02° 0.86+0.02° 0.56+0.08°  0.61+0.02°

2 B2 (D) 1304.9 805.911 1.821 0.174£0.01¢  0.37+0.03" 0.29:0.00° 0.16+0.02°  0.20+0.00°

3 IEBERE(M) 1201.5 656.944 1.33459 3.20+0.03"  2.89£0.07° 2.93+0.04° 2.51£0.05¢  2.29+0.02°

4 IEBEE (D) 1201.5 656.944 1.69131 2.3340.14°  2.95+0.08" 2.84+0.04° 1.23+0.38°  1.55+0.10°

5 2-CUHE 1234.9 703.29 1.178 0.11+0.01®  0.08+0.01% 0.09:0.00° 0.13+£0.02°  0.06+0.01°

_— 6 S 2-2- I 1150.2 561.384 1.10377 1.86+0.10° 1.72+0.07¢ 1.7740.15° 220£0.20°  1.22+0.11°
7 T 1003 364.062 1.19412 2.86+0.22°  2.24+0.04° 2.34%0.05¢ 3.03£0.41°  2.22+0.09°

8  A-2-HMIE(D) 9363 303.089 1.24374 0.72+0.03®  0.52+0.03¢ 0.56+0.03< 0.75+0.03*  0.58+0.03°

9  JRK-2-BHEEREM) 11164 502.428 1.09349 2.3040.13°  2.70£0.23° 2.60+0.13¢ 2.93+0.07°  8.07+0.38"

10 THE(D) 881.1 260.391 1.11563 0.09+0.02¢ 0.17+0.01° 0.15+0.00° 0.32+0.07*  0.22+0.04°

11 TEEM) 874.6 255.812 1.28406 0.04£0.01°  0.04+0.00° 0.04+0.00° 005+0.00°  0.03+0.00°

12 2-FH LTS 947.1 312.23 1.40026 0.40+0.18°  0.78+0.01° 0.79+0.03° 1.00£0.22¢  0.99+0.09°

13 TE SRR 946 311.245 1.17705 9.90+0.32°  10.13+0.09°  10.17+0.04*  9.02+0.86°  7.31+0.14¢

1 2-P 1195.6 649.166 1.26105 0.37+0.04¢ 0.78+0.03" 0.67+0.00° 0.54+0.05°  0.35+0.01¢

2 2-CL 1 1122.8 513.115 1.20495 0.08+0.01° 0.07+0.01° 0.09+0.00° 0.10£0.04*  0.40+0.03°

3 1-134%5-3 T 1042.5 405.801 1.09045 0.71£0.01° 0.72+0.01° 0.82+0.06* 0.47£0.04°  0.71£0.01°

ik 4 3-$3E-2- TR 1298.6 798.435 1.07321 0.26+0.02°  0.26£0.01° 0.46£0.21° 0.50+0.10°  0.26+£0.02°
5 3-T-fil] 1090.9 463.611 1.38958 1.95+0.00° 1.86:0.00° 2.4240.15° 0.46+0.11¢  1.95+0.00°

6 4-F -2 1029.4 391.506 1.18009 1.39+0.09¢ 1.47+0.01° 1.87+0.27° 1.37£0.06°  1.39+0.09°

7 2,3-1% 1028 389.978 1.2317 0.24+0.01° 0.20+0.00° 0.31+0.06* 0.18+0.01¢  0.24+0.01°

8 FR 3k 2 47T 915.9 286.498 1.28232 2.89+0.01*  2.81+0.01° 1.89+0.46° 1.15£0.04°  2.89+0.01°

1 TR LB 806.7 212.234 1.06884 0.33£0.02°  0.39£0.03%¢  0.63+0.12° 0.63+£0.04°  0.93+0.08"

2 KR TR 12343 702.398 1.29957 44.9242 44" 1.95+0.00° 1.87+0.00° 2.42+0.15°  0.46£0.11°

3 PRI I T 1200.5 655.729 1.43246 11.54489.52*  0.64+0.03" 0.64+0.01° 0.59+0.03°  0.46+0.02

4 TS T 945.6 310.914 1.32595 0.47+0.02° 0.45+0.01°¢ 0.57+0.06° 1.3240.03*  0.47+0.02°
[ THRC MR 1448.1 1007.088 1.48379 1.27+0.05¢ 2.0240.08" 1.76+0.02° 1.24+0.15¢  1.23+0.03°
6 SR 1108.3 489.154 1.47402 0.28+0.04"  0.27+0.02° 0.25+0.03¢ 0.18+0.12¢  0.40+0.08"

7 2-ET IR 2T 1037.2 399.912 1.22956 0.05+0.00° 0.06+0.01° 0.05+0.00°¢ 0.08+0.00°  0.39+0.01"

8 LR ZTE(D) 923.7 292.725 1.33406 1.23+0.07° 1.99+0.11° 1.95+0.00° 1.48+0.20°  1.21%0.06°

9 LR E(M) 924.6 293.456 1.09414 0.84+0.04° 0.75+0.05° 0.81+0.02° 1.05£0.23*  0.06+0.03¢

1 2-HIETR 870.8 253.113 1.47633 1.03£0.03°  0.93+0.01° 0.92+0.03° 1.274£0.04°  0.70+0.05¢
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