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Abstract: To investigate the effects of various freezing methods on the quality of frozen prepared abalone, steamed abalone

RS EHEE: 2024-12-04

EHEWB: ;A4 EEMBRAAA B (2023B0202080003 ) ;4L 7 7 B2 K = T 2 AL o (202401) ;)7 A4 R LA FRAMZ AL (R2023PY-
JGO16 ) ;3B FAHRIA A (2022DZX018 ) ;388 & kst & = wse s KFR A (2024 ) ;388 FAH Al ST ER%ER (2022DZX020)

TEETT: 25mW (1998-) , %, #d, HFRI7 %) Rdadn L5 %4, B-mail: 14793919961 @163.com.,

*EIEIEE: Kig (1979-) , B, ¥, #FR R, AFR 77 % K= &dm T, E-mail: zhangyhgx@163.com.


https://doi.org/10.13386/j.issn1002-0306.2024120042
https://doi.org/10.13386/j.issn1002-0306.2024120042
https://doi.org/10.13386/j.issn1002-0306.2024120042
mailto:14793919961@163.com
mailto:zhangyhgx@163.com

%478 %3

TN , e AN[RIARES 7 20 Tl e AR 18] A i

Y50 - 353 -

was treated using —18 °C refrigerator freezing (RF_jg «), =35 °C refrigerator freezing (RF_s5 ), —80 °C refrigerator

freezing (RF_ g, «), liquid nitrogen freezing (LNF g, <), and immersion freezing (IF 5, ). The freezing rates,

physicochemical properties, and volatile components of abalone stored at —18 “C for 30 days were measured. The results

showed that the times taken by abalone to pass through the maximum ice crystal zone were 81 min (RF_;4 <), 39 min
(RF 35 «), 31 min (RF g <), 5 min (LNF g, ), and 13 min (IF_,; «), respectively. Both LNF g/ «. and IF ;, . groups
effectively shortened the entire freezing period and were more efficient than RF in inhibiting the formation of TBARS and

TVB-N. Abalone treated with LNF g, o and IF_;; . exhibited a more compact microstructure. During frozen storage, the

contents of nonanal and hexanal in abalone increased, leading to a stronger fishy odor. However, rapid freezing could delay

the oxidation of lipids and proteins, thereby slowing down the deterioration of quality. Both LNF ¢, . and IF 5, «

effectively maintained the quality of abalone during the freezing process. However, from the perspective of energy

consumption and equipment investment, IF_,; . demonstrated higher cost-effectiveness. The findings of this study provide

important theoretical and practical references for the selection of freezing technologies in the abalone processing and

prepared dishes industries.
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Fig.1 Effect of freezing methods on the freezing curve
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Table 1 Effect of freezing methods on the freezing

characteristics of abalone
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Fig.6 Effect of freezing methods on the TVB-N of abalone

2.6 AREIRGHAIERE FAFF RS

2& 2 FIR T A A R R R (] e A | g
PEFINANEPEAR TG O . 25 SRS, Bt 5B TR (1
i, e LR A REE R | 5o RTEL IR P 247 S S 2 vk
AP, X —AR S E A (AR I A R — 3. AR
¥ 31, RF 20 &b 38 B R | 5 0 nE g R 2 4K 1
LNF gq o FIF 54 o, BEHIPRBESVRA B TR EF R I
SR RS, RF_ g o ABFH 30 d )5, fifdfa (g fgi B b
VIR 1577.50 g FRZE 665.50 g, FI%E T RF_ 4 « %
45, RF 35 ¢ RF gg qos LNF g o R IF 5, o AR
10 6 2 = T 5.60%. 13.12%. 22.93% A
15.38%. VR45H 5N, A JBF (A4 45 AT Baska Sk A
i, X T AESE RF_ g o AEBREHE AR T 3R A UK &S, £
B AR IS, 25 5 1 IARE b LA R AT AR A 403
P BT AR PERR BE ™ EE Y VRS 30 d, RF g o 4
F P o P R B F] 6.82 mm, AHEE T RF_ g o %
45, RF 35 ¢ RF gg qon LNF g o R IF 5, o AEFEf
1S IR T 0.00%. 1.16%. 3.94% i1 3.13%.
LNF g o A IF_ 5 o ZEERASPEAS ML/ FLIRA i
FE2E 5 (P>0.05) . A, FEGBGE R, AN [RIRSY
BN ORI E L G N o S I S TR =P s PN ] SR
VU . AR IR I T i, it fa PR ARSI P i, FE
BEANAE P ROVE TR, S tn P 25 50 kA A ) vy, S
B AR AR, AR BT R, TSR REROL, o,
LNF _gq o FH IF_5q o AF 1 0 7E 00T B2 o e
PR 225, DA PZREE A T LAt o A e A
P JBAA R o



%474 5 3 T, & ARSIy SO ) o e AR e 1] i S B 5 - 357 -
2 URES = UH f TAA R AR R
Table 2  Effect of freezing methods on the texture of abalone
AT Ipigia| 0d 7d 15d 30d
R (g) 1577.70+8.50% 916.50+2.50% 745.00+6.00% 665.50+12.50>
RE_ 4« B (mm) 7.98+0.08" 7.15+0.03% 6.8120.05% 6.82:£0.09
RHAEPE (m)) 56.40+3.50% 36.00+2.20"° 24.15+0.85% 21.10+0.90%
R (g) 1577.70+8.50* 1112.00£97.00% 851.00+13.00 705.00£19.00%
RF 44 B (mm) 7.98+0.08 7.14£0.01% 6.93+0.055° 6.82+0.08°
REAEPE (m)) 56.40+3.50" 37.15+1.55%° 27.25+0.45% 26.30:£0.40%
Rz (g) 1577.70+£8.50* 1211.50+58.505 1065.50+30.50° 766.00+£15.00™
RF 4 Pk (mm) 7.98+0.08" 7.37+0.01%® 7.07+0.02¢ 6.90+0.01¢®
RELAEE (m)) 56.40+3.50™ 38.50+0.50%° 32.70+0.50% 27.80:£0.10°
iR (g) 1577.70+8.50* 1371.00£6.00% 1316.50+43.50% 863.50+3.50%
LNF 4 ¢ 3k (mm) 7.98+0.08" 7.51£0.09% 7.18+0.01 7.10+0.09%
ML (m)) 56.40+3.50* 49.50+2.60"% 44.60+0.50% 34.35+0.35%
fiEE (g) 1577.70+£8.50* 1316.50+43.50% 1239.50+30.50% 786.50+5.50
IF 5 5t (mm) 7.98+0.08" 7.33+0.10% 7.09+0.045 7.04+0.02¢"
ML (m)) 56.40+3.50™ 41.5540.25 34.55+0.65° 29.50+0.80
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Fig.7 Effect of freezing methods on the microstructure
of abalone
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Table 3  Effect of freezing methods on volatile compounds of abalone
Sk YR ke
. Xﬁﬂﬁéﬂ RF*]R C RF735 C RF*XO C LNF*SO C I1:730 A
B 2.16+0.54 - - - - -
S 1.06+0.12 - - - - -
A T 0.74+0.14¢ 2.110.74° 2.30+0.75" 1.88+1.15¢ 2.06+1.18" 2.06+1.18°
R 0.15+0.09 - - - - -
CLE 1.26+0.04¢ 12.31£1.04% 14.97+1.79° 11.40+0.75° 13.85+0.35% 13.85+0.35%
ey 0.13+0.02 - - - - -
. 2-Z2.3-1-CU - - 1.71+0.28° 0.30+0.01" - -
=S .
4- I - - - - - 22.04+0.39
TR - - - - - 0.63+0.3
L AR R T TR 0.28+0.13 - - - - -
[lliES P,
SRR IR 5 T 0.17+0.02 - - - - -
il beta- 45 % il - - 0.22+0.05" 0.28+0.01° - -
=P 0.60+0.12° 0.3140.03" 0.62+0.01* 0.57+0° - 0.67+0.08"
+ ke 0.20+0.06° 1.13+0.03" 1.23+0.12° 1.19+0.11° 1.2240.15° 1.4240.05°
e AN 0.12+0.13¢ - 1.09+1.35° - 0.80+0.07° 0.65+0.11°
RAYSH 0.07+0.01¢ 1.22+0.04° 1.39+0.28° 1.36+0.05° 1.42+0.05° 1.06+0.45°
. 0.06£0.07* 0.90+0.53° - - - -
Zpuke 0.05+0.05° - 0.7120.48" - - -
A 0.11+0° 0.52+0.23° 0.41+0.05° 0.40+0.03° 0.47+0.15° 3.18+0.09°
=k 0.10+0.02 - - - - 0.67+0.13°
. AV 0.02+0° 1.05+0.45" 0.44+0.27° 1.83+1.53° - -
s =k - 1.28+0.01° 1.38+0.17° 1.09+0.03° 1.10£0.07* 1.2240.15°
e
ke - 2.61£0.67° 2.97+0.65" 2.87+0.07° 3.18+0.09° 6.25+1.66°
RAY - 1.320.06° 1.28+0.2° 1.09+0.16 1.46£0.15° 0.80:£0.07°
2-J5 Uk - 0.2120.13 - - - -
u-f-puke - 0.55+0.08" 0.60+0.43" - 1.06£0.45" -
1,1,3,3-PU 2 S b - - 4.83+1.02 - - -
FIuke - 0.45+0.13° 0.510.05" 0.41£0.01° 0.610.07° 0.67+0.07°
I - - 0.52+0.55" 0.58+0.41° 0.65+0.11° -
WAL A7 be - - - 1.18+0.29 - -
N A - - - 0.36+0.18° - 0.6740.17°
B Y - - - - - 0.67+0.04
RN 3.83+0.41° - - 0.81:0.42° - -
Ve AT 0 0.1120.02° 1.2440.09 1.4340.1° 1.12+0.24¢ 1.09+0¢ 1.09+0¢
1,3,5,7-5R3¢ DU - - 3.1340.21 - - -
LIPS 13.61+0.94 - - - - -
CFH 0.27+0.04 - - - - -
paiy s 1,3- 3R - 1.1840.95% - 0.52+0.24° 2.28+0.27° 0.67+0.10®
X R - - 2.95+0.62° - - 0.67+0.11°
AR - 0.25£0.14 - -

TE: R0 dJF m Bt A i T S E s = FORARR Y [FATA R T BN BT 3 22 5 (P<0.05) .
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Hy B Rl 2 e 2 00 HE R gy, B RS I 19.15.
13.97. 25.49, 15.63. 15.34 Fl1 20.36 pg/kg. &I FE
T AERT B Sh b FR e L 5 B BB A,
B AR 5, SRR A DTRkER N, B2 A
Wy e ANV T R A B IR R ™ A=, R
HATEFTAERFIREY, B2 b8 4 00 i i i
TR R A E 4G T, BA M PR K R B IR B T4
FOTIARIARD RS R b A B, BRSNS A Hh A
FERNEERD, XA e T B s im kbl K

Vo Uk R PP A MR S TR S T 8. 0 fe [ 4%
PEIRUSR B4, SRR 4 FBESM T, 43 31 ket
JHASE . 22,3 1L . -SSR SR, A il
A7 i s R SRR R (4 T, ZE )
FEB 0y SRS PRSI 1) R, 2- 2, -
- LSRR T 150 e PR A TR, A R
RSN 26 TR SO, S £ XUk A 1)
S RAZIRY. AR, TF ., o AbERZH (RS A B ik
B P {I(22.67 pg/kg), Tl IF o o TEARIF61
k7 T LA RO VR T



%478 %3

TN , e AN[RIARES 7 2O o £ A0 1] ot e P - 359 -

3 g

AWFFER 5 PSR RS Jr =X, R 70 ] fofe £
TEVRPEATR] ) S B ARk . 25 SRR, (i IF 5, o N
LNF g, o AbFREENE 25 40 iy o 100 (R R 48 o5, I 35
A5 T Bt VS VRIS TE] o [R]I), TF 50 o A1 LNF g o
T RS AR TR s £ TVB-N f1 TBARS {HAY
T, A ARy T #IO . AHEE T RF, IF 5
FINLNF g o F0F PR S Hb R SR 235 ) dk 3500 T G
fl Ab FRLH , PR3 T b i 11K, B fn (g 4 BB A5 58
# BTG, A, GC-MS 455 o, ARl )y
Ot 00 14 P A3 B RS T B By 2R T S,
BETSZ I T B AR XU PR, Oy e
JRUBAR 25 78 IR AR £ 3 ff B8 T T 2R B — s n A
B, SR IF 5 o XTESPPERE I 5 LNF g, o AH
L, {EIR A R A5 0 A P X e v o PRI, B
HIEA DI ARWTR TR, IR AN E S — P24 7%
IR, PRI R A AV URASCR AN A FH R4 T
B B R P AR BRAS R LA A r i B R
URPPBL = BRI ) B, 1235 R ARAT B /K ™
I AT AS 2N Y= N o

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

&% 3k

(1] ZEra. R EFH KA Xatoe &5 69 %o [D]. X
#. K% T K%, 2017. [ WANG Yang. Effect of different pre-
prepared and cooking methods on the quality of abalone(Haliotis
discus hanai) [D]. Dalian: Dalian Polytechnic University, 2017. ]
[2] R, TR, ok, 5. K TAH R R S R 45 &7 At Bl 3
AB Rt R [T]. AR S A4, 2024,40(1): 312-318. [ ZHAO
Xi, CHEN Jian, LI Huan, et al. Research progress on quality control
and intelligent monitoring technology of aquatic prepared food[J].
Modern Food Science and Technology, 2024, 40(1): 312—318. ]
[3] x4z, k2, ZER, & FHK = %A H A2 T 0 5 R
% AR BAR AR TR R [T, R Rk T A2, 2024, 48(2): 67-74.

[ LIU Yuan, HUANG Baoling, WU Juxian, et al. Progress of quali-
ty deterioration mechanism and regulation of prefabricated aquatic
products during storage [J]. Tropical Agricultural Engineering, 2024,
48(2): 67-74.]
[4] miEm, dufa, §4&, 5. A b X0 RS KA kT
AP BRI Rk A R (1], RSB AR AW IR, 2022,
13(13):4166-4173. [ SHI Zeyu, LIU Jiuyang, CAO Chuanai, et al.
Progress of quality enhancement strategies during frozen storage of
quick-frozen Chinese prepared meat dishes[J]. Journal of Food
Safety and Quality Testing, 2022, 13(13): 4166—4173. ]
(5] Bk, iafiil, 0, 5. REAZ S Xt L2 MR
e ea ], £ &4, 2024, 45(20): 232-238. [ CUI Liye,
LIN Hengxun, HU Xiaojia, et al. Effects of different freezing meth-
ods on the quality of beef dishes with roasted potatoes[J]. Food Sci-
ence, 2024, 45(20): 232-238. ]
[6] KAALE L D, EIKEVIK T M. A histological study of the mi-
crostructure sizes of the red and white muscles of Atlantic salmon
(Salmo salar) fillets during superchilling process and storage[J].

Journal of Food Engineering, 2013, 114(2): 242-248.
[7] LIUL, JIAO W J, WU H, et al. Effect of rapid freezing tech-
nology on quality changes of freshwater fish during frozen storage
[J]. Food Science and Technology, 2023, 189: 115520.
(8] HER, &AM Ak X0 & 5 i 5 BACKIT 69 Y6
[J]. & & T 1 ,2023,44(1): 182-186. [ LIN Guorong, ZENG
Lingzhen. Effect of freezing method on the quality and physico-
chemical properties of abalone[J]. Food Industry, 2023, 44(1): 182~
186. ]
(9] BkFaz, 4 %, vhak. A% X5 B0 & &R0
(1. A A = A+, 2014, 30(6): 214-218,139. [ OUYANG lie,
TAN lJiayu, SHEN lJian. Effect of quick-freezing method and tem-
perature on quality of abalone[J]. Modern Food Science and Tech-
nology, 2014, 30(6): 214-218,139. ]
[10] TENG X Y, CHEN L P, XUE C H, et al. Effects of liquid ni-
trogen freezing at different temperatures on the quality and flavor of
Pacific oyster (Crassostrea gigas) [J]. Food Chemistry, 2023, 422:
136162.
[11] #E, HRE2, RiEE F RRALF XFT KBNS RO
oy [J]. & e A#H34, 2019, 44(5): 121-127. [ YANG Hui, CHEN De-
jing, CHEN Haitao, et al. Effects of different freezing methods on
meat quality of giant salamander[J]. Food Science and Technology,
2019, 44(5): 121-127. ]
[12] PRARKAFEEE L A% EF %R 2. GB5009.181-
2016 &S5 A B R AR AR P BBy E [S]. b PR
dh pa 4k, 2016. [ National Health and Family Planning Commission
of the People's Republic of China. GB 5009.181-2016 National stan-
dard for food safety Determination of malondialdehyde in food[S].
Beijing: Standards Press of China, 2016. |
[13] PARAREFEERE AR AF %R 4 GB5009.228-
2016 A5 4 B FATER S P LM LR R g2 [S]. . F
AR HiRAE, 2016. [ National Health and Family Planning Com-
mission of the People's Republic of China. GB 5009.228-2016 Na-
tional standard for food safety Determination of volatile saline nitro-
gen in food[S]. Beijing: Standards Press of China, 2016. ]
[14] vh54R. 42 3 R A2 R Bl K = 5 8 & R AR S ALILAF R
[D]. ;. & T X %,2019. [ YE Anni. Study on high pres-
sure process on quality changes of different aquatic products and its
mechanism[D]. Guangzhou: South China University of Technolo-
gy, 2019. ]
[15] 4§ . TR0 & f2 R R AR 44 T o Mok ZAAF R (D).
X i KiE T & X%, 2016. [ FU Baoshang. Study on the flavor
changes of pre-cooked abalone at different storage conditions[D].
Dalian: Dalian Polytechnic University, 2016. ]
[16] REA, 242, Fh=, ¥ RARAEREXRAET G,
AR S 8% eh [T, R K F F AR, 2021, 44(5): 958-965.
[ ZHANG Xinyue, SHI Jinming, LI Lingyun, et al. Effects of lig-
uid nitrogen flash freezing and liquid immersion flash freezing on
the edible quality of white cut chicken[J]. Journal of Nanjing Agri-
cultural University, 2021, 44(5): 958—965. ]
[17] F4, A, TR, F ORMRITS AT 87 &1 a2 F 5
Fi e %ea (3], &5 42,2017, 38(5): 281-287. [ DONG Jia, HU
Jiajie, WANG Qing, et al. Effect of liquid-impregnated freezing on
the quality of sturgeon during storage[J]. Food Science, 2017, 38
(5):281-287. ]
[ 18] LI Ting, KUANG Shiyao, HU Lihui, et al. Influence of the
pressure shift freezing and thawing on the microstructure of large-
mouth bass[J]. Innovative Food Science & Emerging Technolo-
gies, 2022, 82: 103176.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.13982/j.mfst.1673-9078.2024.1.1630
https://doi.org/10.13982/j.mfst.1673-9078.2024.1.1630
https://doi.org/10.7506/spkx1002-6630-20240327-207
https://doi.org/10.7506/spkx1002-6630-20240327-207
https://doi.org/10.7506/spkx1002-6630-20240327-207
https://doi.org/10.7506/spkx1002-6630-20240327-207
https://doi.org/10.1016/j.jfoodeng.2012.08.003
https://doi.org/10.1016/j.foodchem.2023.136162
https://doi.org/10.7685/jnau.202012010
https://doi.org/10.7685/jnau.202012010
https://doi.org/10.7685/jnau.202012010
https://doi.org/10.7685/jnau.202012010

- 360 - £ Tl B4

2026 4 2 A

[19] 22 s R RMmRERGHELS Z3 RO RAFHR
[D]. X% X% T 2 X%, 2024. [ WANG Ying. Construction of
quality evaluation model and differential proteomics of abalone[D].
Dalian: Dalian University of Technology, 2024. ]
[20] A2, #ta, 24245 RR &S5 X865 T ¥
(J]. & ou 55 A B T 4k,2019,45(11): 136-142. [ TAN Mingtang,
XIE Jing, WANG lJinfeng. Effects of different freezing methods on
the quality of squid[J]. Food and Fermentation Industry, 2019,
45(11): 136-142. ]
[21] YUDUAN D, XINYI C, LISHI W, et al. Effects of immer-
sion freezing methods on water holding capacity, ice crystals and
water migration in grass carp during frozen storage[J]. Internation-
al Journal of Refrigeration, 2021, 131: 581-591.
[22] SUNQ, SUNF, XIA X, et al. The comparison of ultrasound-
assisted immersion freezing, air freezing and immersion freezing on
the muscle quality and physicochemical properties of common carp
(Cyprinus carpio) during freezing storage[J]. Ultrasonics- Sono-
chemistry, 2019, 51: 281-291.
[ 23 ] MOUSAKHANI-GANJEH A, HAMDAMI N, SOLTANIZ-
ADEH N. Impact of high voltage electric field thawing on the quali-
ty of frozen tuna fish (Thunnus albacares)[J]. Journal of Food En-
gineering, 2015, 156: 39—44.
[24] MUELA E, SANUDO C, CAMPO M M, et al. Effect of
freezing method and frozen storage duration on instrumental quality
of lamb throughout display [J]. Meat Science, 2010, 84(4): 662—669.
[25] Zdwih B2 KR, 5. RF &Lk R e @i 8 e &
K e %o ] Rk 5 R BT Ak, 2025, 51(4): 288-294. [ LI
Yadi, WEN Xin, ZHANG Shitong, et al. Effect of different freezing
rates on quality of Perca fluviatilis fillets during storage[J]. Food
and Fermentation Industries, 2025, 51(4): 288—294. |
[26] ERM, B, HAAE, 5. 0K EHIETHZ 6B RE
W], BB RS 4, 2024,45(2): 7-13. [ WANG Yuanyuan,
SHANG Shan, HUANG Xuhui, et al. Quality changes of grilled
blackfish during frozen storage[J]. Food Research and Develop-
ment, 2024, 45(2): 7-13. ]
[27] #&m, Ao, A%, ¥ A SSARGIATR Fau
A RAREEM AT ], K BF R F FIR, 2020, 35(5): 741-747.
[ YIN Leili, ZHOU Quan, ZHENG Yao, et al. Muscle nutrition,
protein composition and microstructure analysis of quick-frozen
abalone[J]. Journal of Dalian Ocean University, 2020, 35(5): 741—
747.]
[28 ] LID,ZHAO H, MUHAMMAD A 1, et al. The comparison of
ultrasound-assisted thawing, air thawing and water immersion thaw-
ing on the quality of slow/fast freezing bighead carp (Aristichthys
nobilis) fillets[J]. Food Chemistry, 2020, 320: 126614.
[29] MA Xuan, YANG Dazhang, QIU Weiqiang, et al. Influence
of multifrequency ultrasound-assisted freezing on the flavour at-

tributes and myofibrillar protein characteristics of cultured large yel-
low croaker (Larimichthys crocea)[J]. Frontiers in Nutrition, 2021,
8: 779546.

[30] Xskdm, %i&, 2% &, ¥. A &F Jifo SPME-GC-MS %
T & BOR) BTG RS Rk 0 A D], KRB FE R FFIR,
2016,31(4): 431-437. [ WU Jingna, LU Haixia, LIU Zhiyu, et al.
Changes of volatile flavor substances in abalone before and after
ripening analyzed by electronic nose and SPME-GC-MS[J]. Jour-
nal of Dalian Ocean University, 2016, 31(4): 431-437. ]

[31] WANG Y D, YAN H, ZHUANG Y, et al. Effect of soy pro-
tein isolate, egg white protein and whey protein isolate on the flavor
characteristics of silver carp (Hypophthalmichthys molitrix) surimi
[J]. Food science and technology, 2023, 186: 115237.

[32] HK#EHE, WA, L8, F AR AR ERT XK F &R
PR MR HTT]. S %AF7],2022(32): 86-89. [ ZHANG
Yanxia, YAO Dong, WANG Yingjuan, et al. Analysis of volatile
components in yellow croaker meat with different packaging meth-
ods during freezing [J]. Food Safety Journal, 2022(32): 86—89. ]
[33] HUANGY Z, LIU Y, ZHU R, et al. Multi-omics analysis of
volatile flavor components in pacific chub and spanish mackerel dur-
ing freezing using GC-MS-O[J]. Food Chemistry, 2024, 443;
138534.

[34] RE% 806 M T8 FREESRD R EREELL
AR AR D], k% X% Tk K%, 2020. [ ZHANG Yu-
ying. Study on the generation pathway of aldehyde flavor sub-
stances and its regulatory mechanism during thermal processing of
abalone[D]. Dalian: Dalian Polytechnic University, 2020. ]

[35] k3, 2297, A0y, 5. T KA B R AEAR MR
vk AT D). & T Ak AH3, 2024, 45(2): 75-83. [ ZHANG
Yan, WANG Shengkai, FU Xun, et al. Analysis of water distribu-
tion and key volatile flavor compounds in premade grilled fish[J].
Science and Technology of Food Industry, 2024, 45(2): 75-83. ]
(361 =T, Rarar, B, & RR R 47 X288 7 %R
w5 e [J]. A T kA3, 2025, 46(12): 81-90. [ YUAN Keyi,
ZHAO Tiantian, JIAO Wenjuan, et al. Effects of different cooking
methods on the quality of golden pomfret fillets[J]. Science and
Technology of Food Industry, 2025, 46(12): 81-90. ]

[37] #l8. A-8f 63 & e HaL A2 P S LR R oA i 0 RACHLAE AT
7 [D]. &, X% I X %, 2018. [ GONG Heng. Study on the
variation of quality and flavour substances of chilled sturgeon dur-
ing storage [D]. Wuhan: Wuhan Polytechnic University, 2018. ]
[38] MR, Fh448, AR &, & S EH I T TERMA I R
AT (1], i AT 5, 2024, 46(5): 468—479. [ YANG Xinran,
CHEN Tingting, LIN Jingying, et al. Study on optimisation of squid
slip processing technology and its quality characteristics [J]. Fishery
Research, 2024, 46(5): 468—479. |


https://doi.org/10.1016/j.ijrefrig.2021.07.037
https://doi.org/10.1016/j.ijrefrig.2021.07.037
https://doi.org/10.1016/j.ultsonch.2018.10.006
https://doi.org/10.1016/j.ultsonch.2018.10.006
https://doi.org/10.1016/j.ultsonch.2018.10.006
https://doi.org/10.1016/j.ultsonch.2018.10.006
https://doi.org/10.1016/j.ultsonch.2018.10.006
https://doi.org/10.1016/j.jfoodeng.2015.02.004
https://doi.org/10.1016/j.jfoodeng.2015.02.004
https://doi.org/10.1016/j.jfoodeng.2015.02.004
https://doi.org/10.1016/j.meatsci.2009.10.028
https://doi.org/10.12161/j.issn.1005-6521.2024.02.002
https://doi.org/10.12161/j.issn.1005-6521.2024.02.002
https://doi.org/10.12161/j.issn.1005-6521.2024.02.002
https://doi.org/10.12161/j.issn.1005-6521.2024.02.002
https://doi.org/10.16535/j.cnki.dlhyxb.2019-253
https://doi.org/10.16535/j.cnki.dlhyxb.2019-253
https://doi.org/10.1016/j.foodchem.2020.126614
https://doi.org/10.3389/fnut.2021.779546
https://doi.org/10.3969/j.issn.1674-0270.2022.32.spaqdk202232037
https://doi.org/10.3969/j.issn.1674-0270.2022.32.spaqdk202232037
https://doi.org/10.1016/j.foodchem.2024.138534
https://doi.org/10.13386/j.issn1002-0306.2023040003
https://doi.org/10.13386/j.issn1002-0306.2023040003
https://doi.org/10.13386/j.issn1002-0306.2024070006
https://doi.org/10.13386/j.issn1002-0306.2024070006
https://doi.org/10.13386/j.issn1002-0306.2024070006
https://doi.org/10.14012/j.jfr.2024035
https://doi.org/10.14012/j.jfr.2024035
https://doi.org/10.14012/j.jfr.2024035

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品处理及分组
	1.2.2 冻结曲线测定
	1.2.3 色差测定
	1.2.4 pH测定
	1.2.5 TBARS测定
	1.2.6 TVB-N测定
	1.2.7 质构测定
	1.2.8 扫描电镜
	1.2.9 挥发性成分测定

	1.3 数据处理

	2 结果与分析
	2.1 不同冻结方式对鲍鱼中心温度的影响
	2.2 不同冻结方式对鲍鱼色泽的影响
	2.3 不同冻结方式对鲍鱼pH的影响
	2.4 不同冻结方式对鲍鱼TBARS的影响
	2.5 不同冻结方式对鲍鱼TVB-N的影响
	2.6 不同冻结方式对鲍鱼质构特性的影响
	2.7 不同冻结方式下鲍鱼的微观结构
	2.8 不同冻结方式对鲍鱼挥发性物质的影响

	3 结论
	参考文献

