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Abstract

As an important aquaculture species in China, Procambarus clarkii is widely favored by consumers
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for its tender flesh and rich nutrition. Frozen storage is the primary approach to extending the shelf
life of Procambarus clarkii, however, conventional thawing methods tend to induce a series of qual-
ity deterioration in crayfish meat, including water loss, protein denaturation, texture degradation
and flavor loss. As an emerging non-thermal processing technology, electric field-assisted low-tem-
perature thawing has demonstrated broad application prospects in the aquatic product processing
industry by virtue of its advantages such as high thawing efficiency and superior quality retention.
This paper reviews the working principle of electric field-assisted low-temperature thawing tech-
nology, systematically analyzes the effects of this technology on the moisture state, protein charac-
teristics, texture quality and other attributes of frozen aquatic products, and discusses its underly-
ing mechanism. Finally, this paper outlines the existing challenges and future research directions
of applying this technology in the processing of frozen Procambarus clarkii, aiming to provide the-
oretical reference for the research, development and application of high-quality thawing technolo-
gies for frozen aquatic products.
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Table 1. Comparison of different thawing techniques

= 1. FEBFREARRILLR

R R ol 5T DR AF B IEA
HL 37 8 B LR A g THBTUR B, I8 AR R [28] i
R IR IS THBTUR B, R OR B R s 45 44[29] [30] %
A2 AR5 B R Bk THBR AR AR[12] [31] =
TRl B gt 2 GS Dy Ry B, AREGRIRIR . IR EAL[32] [33] H

HIZE 1 AT, A B IR AR R (A oD 35 AE T SRR, FLAE SRR K . Ik B 1 SR ARy
TR ISR o P SR R e, (A RO W] E S FULPAY S P 3 R A A R i 0, ELRE AR A R, g
FRAS T o SRR VR SRR, AR AEAE R KOS ZRATT S, A BRI AR VR 1E B 1) 28 7 o
HABGRTES S1, (HIP AR AR . $RTH 9 SIVE R RBHE S BOR T TR EE K T -

5. &itFIRE

P Al BRI AP VR B D — R BT O BRI AR TT 1%, TS A% G gt vk 07 3 S0 53 95748 ] 7t
RO THH R ZEORIRSAE T, I IR G i R e R UK ] - ARSI AR, AT R
TGS R DK S B BB, T 2 R LA AR S O B . DN, R g L3
R UIE T REIE L ARRIN, X A AR 201 (K & 2 G5 A8 5 K GAR E VAR R R 4%, 3R T AE T
WLJZ T PRI ERY 1 LR 2T 2 2200 se B 1k 5 B s AR S D e Pk SR, HEBZ BRI SRS S it Uk
[ERBEA ML SE F, ATS A5 T i T B Pk . o PR T AR RILEE, 4552 R e (HVER) K 3R
PR, HAT R Z FLERE 0 T ACHIESE . ok, TESHNAR — N RN ARG TR, Bk,
SRIE PR G E SREYRI R TS KUK A R R AR &G R R . BLAh, X TAME
ANKAIN (R 52K it (U o ERJRVESHR ), FLIZE Jl A% A £ 2 1] G AT 259 S 1 S E S s G A [ AR ) e MR M
ZESt, BIRSFERURA AL R OB QB ORI O TR

BEXT LRI RRIFOA AT AL “UEMIA R BRI, WORLFE AR AT, T RUK
K7 YL REREA R, EWEFARET =5

(1) IR AERN 7 AU . TR T I E IR 2 AF B T “ I A5 57 A2 2,
B Y7 FU ST I TRl IR AR R MUK e A% 5 AR B 15, DURCAE ISR SR A R YRR PR, M=
T A ERHELSE o J5 SR TR 5 0 T8 AR SO A BOR T B SRR ISR SR K TR
SRR 26 e R AL SRR IR I, T REEESL I SRS UK TR 5 A G RR 58 T R ST

(2) 2RI ITERIRER o B I EORE BRI« NS ) 51 Z IR EAE A7 AE AN fE A
JEE i R, AR ESES B HE DASEBL R B . AR N RGPl I A . B R SE B A
SN, WA R B L AR AR T I Th REELAME . IR R Z & IR RL R SR & AF, T s
R TT % -

(3) LA B BEMR RS20 Ao SRUS SRR A R TR 5 Tl AL R AR 7 2 ] A7 4 12 25 1) 22
5, KRR YRR IESAL R T A LR I T B R E AL . RS U R R
e [A) L7y B G BB ZE RE T AR R R T, SR MPRPIRZS I S T 5 PSR I 1, T AE PRIEAR R 250
PERIRTSE T 3T A B e

LRLEPTIE,  E A B AR R A BN £ i AT A v 2k ARAE . DU R A R % . A
SRR B TREAC N A7V 22 ek, (R ARAT S AE R o v PRODIAEL 7K™ it v B o0 1 i i DR

DOI: 10.12677/ams.2026.133029 228 HEERL LRI


https://doi.org/10.12677/ams.2026.133029

i %

HESRRIOE R, R (B 5 7 M T S LA RS -
EETH

AHIF FEAT BRI 272 B R 2 2B B3 B N 2Rt R Py 38 a7 i B AR R 3 AR 0 o D JER 8 1A it it 52 WL A 7

(No. 2025cxx1134). M B BH S sh B & BT BIITE  “AKIR AR H AL 9B BR 1) 7K 40 3T 7% R Pk A L vl Joit

10}-7

MAF 727 (No.2022qd49)Fr) % Bl

SE

1
2
3
[4
[5]
(6]

— —

]
]
]
]

(7]

[19]
[20]

[21]
[22]
[23]

[24]

Aok A AT FR iy BUE R, E SRS 2024 M. dbaG HESROl B R AL, 2024: 126-130.

SRAVHE, FERH. AR ANRVR B ARAE K= il R SRR 78 kR 7], S S5 MU, 2021, 37(1): 215-221+236.

40, X%, . ARFER 7 2K ff BT st R[], B 7t 571K, 2023, 44(12): 204-210.
R, ARR, TREL A EERR T O BN IR R AR 0 EE R AT (D). Bl DR, 2022, 43(11): 356-362.
T, MR, 274 PIBRARVRTE & W AU P AT T R (D). B SR, 2021, 42(17): 328-336.

FEAE, 3R A, MPEHSR. A AR R  E fR SRS R A LER (R AT [T]. B AR, 2023, 44(9): 123-
130.

WY, XM, B, K-IKSIZASZA B AR P65 5 TR A LB R 2 B R e R (7). | dnRL22, 2023,
44(5): 187-196.

HOKHE, TKIRR, 0. AR ATUE AR R AR &SI, 2022, 38(7): 218-223.

Bk, PSR, K. I A R B A UK AR A KA AR SRR D). & SR S LM, 2022, 38(2): 143-147.
AN, T ARG B /37 0 A 8 D VAR AR R T SRR T I AL [D]: (AL 3008 3], o8 LRI K %, 2023.
A, JRER, BhAESE. WAUR. MRV 7 2Ok g S SR ], R, 2021, 21(8): 189-197.
B, IR BURE S /R A B AR VR B AR B R R R I (AT AT [D]: [ 2R sC]. Kb AR MR R A,
2025.

WEETE, ARAE, IRKAE. VR DT AR BE | L BRI )], B AR, 2024, 45(6): 192-198.

FTEEFS . AR VR 7 306 = ST A o 5 1) B 5 T A LRI 09 S TN (D] [AR - 220 iR 5C]. R R R,
2021.

Liu, Y., Tan, Y., Luo, Y., et al. (2022) Evidence of Myofibrillar Protein Oxidation and Degradation Induced by Exudates
during the Thawing Process of Bighead Carp Fillets. Food Chemistry, 383, Article 132456.

SRHG, W, R, SRR 7 AL BN A A R IR IA] e AR LRI [T]. S TR, 2020, 41(23):
277-283.

Ekezie, F.G.C., Cheng, J.H. and Sun, D.W. (2021) Effects of Atmospheric Pressure Plasma on the Conformation and
Physicochemical Properties of Myofibrillar Proteins from King Prawn (Litopenaeus vannamei). Food Chemistry, 347,
Article 138945.

Zhu, M., Xing, Y., Zhang, J., Li, H., Kang, Z., Ma, H., et al. (2023) Low-Frequency Alternating Magnetic Field Thawing
of Frozen Pork Meat: Effects of Intensity on Quality Properties and Microstructure of Meat and Structure of Myofibrillar
Proteins. Meat Science, 204, Article 109241. https://doi.org/10.1016/j.meatsci.2023.109241

FHRETN. VAR E LA S R R S R LE T T [D]: [ 22 i 50). b BHgERE R, 2020.

Zhuang, S., Liu, Y., Gao, S., Tan, Y., Hong, H. and Luo, Y. (2023) Mechanisms of Fish Protein Degradation Caused by
Grass Carp Spoilage Bacteria: A Bottom-Up Exploration from the Molecular Level, Muscle Microstructure Level, to
Related Quality Changes. Food Chemistry, 403, Article 134309. https://doi.org/10.1016/j.foodchem.2022.134309

SRR, HEK, FERE. UKEAVRER RS R ER ALY S R R[], &S R EE T, 2021, 47(23): 199-204.
ZE—"K. R E IR RS AR R B B U [D]: [ 2A A8 5], M AR TR, 2018,

JER, AOIR, AR, & m R IR EORAE B an P A SOk R [T]. & R, 2016, 37(10): 373-
376+385.
Zhang, Y., Chen, X., Liu, Y., Li, F., Tang, J., Shi, H., ef al. (2024) Using Ice Surrounding to Improve Radio Frequency

Tempering Uniformity of Bulk Pacific White Shrimp (Litopenaeus vannamei). Journal of Food Engineering, 371, Article
111967. https://doi.org/10.1016/j.jfoodeng.2024.111967

DOI: 10.12677/ams.2026.133029 229 HEERL LRI


https://doi.org/10.12677/ams.2026.133029
https://doi.org/10.1016/j.meatsci.2023.109241
https://doi.org/10.1016/j.foodchem.2022.134309
https://doi.org/10.1016/j.jfoodeng.2024.111967

i %

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]
[33]

WO, B, AR, % SRS ERRREARTE R RG] RN AT &S kBT, 2021, 47(5):
303-308.

%, AR, TR, 2B ERTETHRISE I T A R ). B Tl RHE, 2025, 46(19): 422-430.

Mra, BAEHE, EEOCUR, S, R IS B AR RO B A T R VLR A 4R I EAI[D/OL]. IR & R, 1-
10. https://doi.org/10.13982/j.mfst.1673-9078.2027.2.1908, 2026-08-18.

JEIGR, #Z2, Tkil, 45 SR E I AR FLATE X IR LER 8 A 2SRRI SR ], 6 S R Tk, 2024,
50(11): 177-184.

Wang, Y., Yan, J., Ding, Y. and Ma, H. (2022) Effects of Ultrasound on the Thawing of Quick-Frozen Small Yellow

Croaker (Larimichthys polyactis) Based on TMT-Labeled Quantitative Proteomic. Food Chemistry, 366, Article 130600.
https://doi.org/10.1016/j.foodchem.2021.130600

Bian, C., Cheng, H., Yu, H., Mei, J. and Xie, J. (2022) Effect of Multi-Frequency Ultrasound Assisted Thawing on the
Quality of Large Yellow Croaker (Larimichthys crocea). Ultrasonics Sonochemistry, 82, Article 105907.
https://doi.org/10.1016/j.ultsonch.2021.105907

Mohsenpour, M., Nourani, M. and Enteshary, R. (2023) Effect of Thawing under an Alternating Magnetic Field on
Rainbow Trout (Oncorhynchus mykiss) Fillet Characteristics. Food Chemistry, 402, Article 134255.
https://doi.org/10.1016/j.foodchem.2022.134255

LRK, XM, BERE, & RFEIMRE T 2O/ B S R RS [T]. &S kT, 2021, 47(1): 222-228.

FRSCR. TR AR RN K o T 1 ST TR R g 7 2Rt i 4R B R (RS IR [D). SR EhEER
22021,

DOI: 10.12677/ams.2026.133029 230 HEERL LRI


https://doi.org/10.12677/ams.2026.133029
https://doi.org/10.13982/j.mfst.1673-9078.2027.2.1908
https://doi.org/10.1016/j.foodchem.2021.130600
https://doi.org/10.1016/j.ultsonch.2021.105907
https://doi.org/10.1016/j.foodchem.2022.134255

	电场辅助低温解冻对冷冻克氏原螯虾肌肉品质的影响研究
	摘  要
	关键词
	Effect of Electric Field-Assisted Low-Temperature Thawing on Muscle Quality of Frozen Procambarus clarkii
	Abstract
	Keywords
	1. 引言
	2. 电场辅助低温解冻技术的原理
	3. 电场辅助低温解冻对冷冻水产品品质的影响
	3.1. 对水分状态的影响
	3.2. 对蛋白质特性的影响
	3.3. 对质构特性的影响

	4. 技术的挑战与局限性
	4.1. 设备成本与能耗问题
	4.2. 加热均匀性问题
	4.3. 规模化生产瓶颈
	4.4. 与其他新型解冻技术的对比

	5. 结论和展望
	基金项目
	参考文献

