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ABSTRACT: In recent years, the applications of non-thermal processing technology have received extensive
attention in the field of aquatic product processing. Non-thermal processing technologies have been used to modify
aquatic protein, improve its functional characteristics, increase its utilization rate, achieve its high value utilization,
and reduce the loss of heat sensitive nutrients. Compared with traditional thermal processing, non-thermal processing
technology shows a better application prospect in guaranteeing food safety and maintaining the original nutrition and
quality of food. This paper summarized the applications of non-thermal processing technologies in the processing of

aquatic protein such as ultrasonic, ultra-high pressure, high-density CO,, cold plasma, and irradiation, and described
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the influence of advanced structural and functional properties of non-thermal processing methods on aquatic protein,

which would provide theoretical support for expanding the processing and utilization of aquatic protein. However, the

emerging non-thermal processing technologies are still in the development or research stage, and large-scale

industrial applications still need more in-depth research.

KEY WORDS: non-thermal processing; ultrasonic; ultra-high pressure; dense phase carbon dioxide; cold plasma;

irradiation; aquatic products; protein
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Table 1 Effects of ultrasound on aquatic protein functional properties
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Table 2 Effect of ultra-high pressure on aquatic protein properties
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Fig.4 Schematic diagram of the low temperature plasma generator

42 REBETHNKEEBSREMHNEI

AT, %8 TIRER XK 8 E v A LEM AL
FHE B, (AIA BT SR XK= R A 28 45
WRBELE Y ] A3 F A — B M . B IR AR
HOTE R4 T M AR R O SO OGS AL Ay, X LB RS AT
VIS SR A RS KR AR, WIRHELS AR L . A SRR
4 SE AL 2% FLORA-GLADVOBFSE & B0, 1678 %5 B Tk
PEEM LI FHIAR T, pH TR, LT IR AL
HFHERARTF, o8BS BTG TR, 5 A HA ] 53
o, o-MRIEES R A E B, e, S EED
o o R S VM AR T S s A R TR0, 1
2. 3. 4, 5min)fIHLJE@40. 50, 60, 70, 80 kV)H4~Ar &
S b IR B AR ta, S BRBEE Ak 3R ] ) FE K A E R G T
N a-BRBERTIN, e g, JoMAE o]
Ak BAEAAURS AR DA AT R R, KaETE T
AR, SECGEARN . =8 k425, Mk
BB F Rl 8 SRS, S BSOS 1 1 3
IR, R BEMR /N TR, X AT RE e 55 B iR Ab
PR LR 2 2 1 B R MR e SR R T e s
W AR A2 S BUE A R R & A A, AR LR AL
FEAEAE2E 5, PIAE SR A28 ek B D 45 A G .
4.3 AFBEFAIPKEEBRINGEFHE

A BT D RERRIE 52 N TE R R A0 RN = 454 | R
P 5 3 T A 3 K /B K SRR AR 5 B4 o W /2R B
SMERZE A pH . B TR | ISR, OLATUNDE!!
S5 2R IR (90%) R (10%) TR A 7™ A 14 e 12 45 i TR Kb 3
WMt JURLF4E B 1 5~15 min, &R IVURLF4EE 1 800
TR, BEIL AR, HRMEUKEELIE S min
BFFE LR 30, 10 S I 5 Ak BT [ ) 398 A ARG . 22 R
S TR A RS (R I BT B O T AR 4%, b B
5 min A AMSSR USSR AL (b B BT RS HE, SR B
WA FITR Y . FLORA-GLADUYWFSE T 458 TR (AZS

SPOLEFEHFRI0, 2. 4. 6. 8. 10 min)X}Rg3E AN IFHLLR
AR ARSI, KBV 55 B AR 2 pH RRAIR, WUEEF
MR = RS LA T Ak, EAFARE T
W, RipsoR, whPEESEAN, AR g XS RR
RS PR R, RIS IRAMEL, 40 kv 4bHE
R B () R G40 A R AR, B | MR LA R b
EHEE, FEAR KA R K RS 3 P SRR O
Tt R R, SORBER AR, Hit, BRIk
WK R A BE ISR B | 3L | AR SR B R Y TRl e
AT KRR Hi3RE K 7™ i T o o S [ P4 86 8 - (AR 1
FEAUFIALHR AR X /K = 2R B AP FE 22 5, AREERAS
AR, 3R AR RA R AN FA =R A1
SRR, I oA SRR FH AR A AT 5 1 B A

5 RmBEREA

51 BmEREAEN

£ 5 R BB 4% R (food  irradiation) &4 I ©Co. ¥Cs
SETCHE AR Iy SR, Bl REF RN XSRS L B A
SERIERAN | 2T ANR AR B B AR S B S AR T
5Oy EUY SRAHEN E Y T R R R, &
VIR R PR RN AR, R SRR R BR B RR R LR R
7 H 20 D 60 ALK, AT &SI 4R B T T
LIEEGE, AR TR B DR SRl 20 4R 36 [
P 2 SN R0 e Y RN

e 1L ERERR; 2. FEARIRG 3. BRICRYIEL 4. BRICIRRE;
5. FERRARAL IR 6. y-H k.
K5 p-SEae®
Fig.5 y-ray device

52 BEmEREANKEZEESREHHFIT
R BRE AT p 2k | BT ARZRAN X SR X K™



F11

XU, S AR THRAE K™ N T B i 177

SR AT H RS, TR R IR A M A AR Ak, X A
[ 2548 7 A R, Zend y SPEm BRI, K7 Y
eI pr s B S R AR A b, JLBREE L S AT, Katig Ik
SLA Rt [ rh, AR KR [ 3, RO g
FRAERE . RIS ETSSR FRFEIRIE(L. 3. 5. 7 kGy)yH
TR AR A P, % BB A e R R, LR 2 A B
FIIY o-BEHE 2 1T R, p-Prass O BE N, R i e, AL
JREF A Y o MR R AL -4 S H B R, B
PR 24 K AR A G iR RS, WURLET 2 26 1 RR B
B, AR T IR AT VL A Bl AR R, Ak S e IR
Flt, AR A R UR A4 R, BRIz Ah,
WA KB y FHERER IR B S R UTEER, TR A M
PR R AR, IR TR R AR A A i, I
OCo-y LI MENE, T L EBEREA, 7R R
BERAR, BT EATA SR LA,

53 RMBREAIKEEBINGEFEEM

1 A B R R R 0% 3 el R A 43 14 2 R R S B
K= B R BUR AR E P, TR T AREOR ™
X1 Y A5 OV = e i - A v A 4 2 R 1 2 B R (R
UBREE D) MEAT AR IR AL BR, - o B R TR - 58 TR 4% T M
JEHLIKZE R R, oAb i B E R EE 148 7 kGy R
MR LS BB B A7, 10 kGy 8 BB b 385 g 58 2 Pt
AR 4R R AR A AR R, & 10 kGy f@d kb
HIE 7 kGy % B FRAE S o g b PR AR L e bk, L% AR
SMIEE AR, BRCRE R . BRI R
SRR K ™ B 1 o R B, (RATYS AE F SM AR AR
E T BT, A0 RH &R =R IR SR R i Ak
Rsi, 77t B I 484k 4 (lipid  peroxides, LPO)FITN ¥
(malondialdehyde, MDA)S:4 F 4 5, i i 77 5 4 HE X 26
P15 AR 5 M S B A, e K ™ SRR R 1 ) R BIL AR
Tt — AN 5,

R AR RERE K B BRI . PANG 251
SRSAMR R BEREAS, SXTREA L, fmRRA3 R B B0
FITHOULZE ¥, I it BE R/ R 1 94 I i o Ay L8
F 5% BHL R R AT R T 2 1 BB O e o 3 AR K 1k,
F, oA 2 5 i £ B8 PN R B A I e ) 2%
LERIFNE J1, 5 kGy IR & B S A AW R 16 )
HL - SRR BT AR 5 DA 5 I 00 R, A 30 e fa
JEE (25 Jie P AR K, (T 0 B 19 b Ty A 52 i i
AR, KM TAEE ATFEC A JEA 1, AR5 4 I
FEA XS 1 BE D RERFPE A SE 0, 1 T 5 R AR A 0 JBE A lin
TR

6 ZERIE

AR PN T HARAM: Sy — B R AY £ ah I TR, 7EK

PR N T A — 5 B RO TR AR AT %k
AT AR R, e LT RB R, B2 KT R 1 R
FHR, $2 K 86 (1 (AR R, T L AT AR KRR 1
W REEFRYRMBIR . HATCLIESE T#s 3, #
. FEE COy. BB TR B AR IR R S b
FJ5 AT LA RO K PR R, 3R BIK 7 R (R Rk
oo BRIM, 3K BEH LA AESIIN T AR 1 A 58 A FIK
BN SEBR A 7= R R, AR SIS A T IR R ik
R e, R AERAIN TR ARAE K = 25 1 0 AR T 2 i 3
WAk, Bl

(1) B Al E ANV ARSI T AR Z TR EA
FRHBIN TARARIEL, BEE . BEE CO, FE#n Ti%
AT ARG R TR . RS BR R R T

(2) [ N A1 5 T B — Al 0 T R kb BEK 7 2 1RO F
RRZ, ARG TAFEARBHER B o AR IF R
BT 23 IR R A WL A 5, R K PR &
TR TH AR B3 o5, TS B 4 f Rt . R
BURWHHR T B Z AR ARBA N, PASEBK = 1 &
EALFIA

(3) B b i HERIMIR T 5 B AR S AR RO T AR AE K™
i RN B AT I IR ARG, A 26 7= W 1 28 4 P
i 2 oA SR i R TV T 55 88 - M S5 A 52 s oy D v a0 40 fie
Y a2,

@A TR R I A5, AIE ML HE A1
Xif K AR A ML R Sh e A v S AR A 2 R, W
BERA AT AE BN T Ry Ab 3 S50, e i
BOARNRE, LUSEI0RS B 5 20 Tolk Ak 2k 77 .

SE

(1] M, HIBE, AoRbr, S5 RS EABEYE B SRR, KiE
WFEREE2EAR, 2020, 35(5): 775-785.

LIN ST, HU X, LI LH, et al. Research progress on bioactive peptides
derived from fishery proteins: A review [J]. J Dalian Ocean Univ, 2020,
35(5): 775-785.

[2] ®hibse, BURK, XURHE, 55 R ARAKLE A i Bk i A TR PR
R RG], B S & EE Tk, 2023, 49(9): 348-355.

ZHONG HL, HUANG XX, LIU YL, ef al. Research progress of slightly
acid electrolyzed water in sterilization and preservation of meat and
seafood products [J]. Food Ferment Ind, 2023, 49(9): 348-355.

[3] HEMNANDEZ-HEMANDEZ HM, MORENO-VILET L, VILLANUEVA-
RODRIGUZ SJ. Current status of emerging food processing technologies in
Latin America: Novel non-thermal processing [J]. Innov Food Sci Emerg,
2019, 58: 102233.

[4] REZEK JA, DONSI F, PANIWNYKL L, et al. Impact of novel nonthermal
processing on food quality: Sustainability, modelling, and negative aspects [J]. J
Food Qual, 2019. https://doi.org/10.1155/2019/2171375

[S] EKEZIE F, CHENG JH, SUN DW. Effects of nonthermal food processing
technologies on food allergens: A review of recent research advances [J].

Trends Food Sci Technol, 2018, 74: 12-25.



178 B 2 4 AR I 27 4 %14 %

(6] RvEpK, XBAzJy, ABHIRE. Frdh I A B AR AL A ) = £ i o ) Technol, 2021, 21(6): 321-330.

HII]. BT, 2017, 42(5): 16-18. [19] YU C, WU F, CHA Y, et al. Effects of ultrasound on structure and
ZHU KQ, DENG KL, YU LP. The application of non thermal processing functional properties of mussel (Mytilus edulis) protein isolates [J]. J Food
technology in flour food [J]. Grain Process, 2017, 42(5): 16-18. Process Pres, 2018, 42(8): ¢13690.

[71 EHF, skt BRER, 55 X R S UBR A 1 SOOI bR AR oY i [20] DONG X, WANG J, RAGHAVAN V. Effects of high-intensity ultrasound
JE]. &5 Kl TlL, 2023, 49(1): 297-304. processing on the physiochemical and allergenic properties of shrimp [J].
WANG X, ZHANG HL, QIU H, et al. Research progress of allergenicity Innov Food Sci Emerg Technol, 2020, 65: 102441.
reduction methods targeting shrimp tropomyosin [J]. Food Ferment Ind, [21] LIN, ZHANG KX, DU JY, et al. High-intensity ultrasound improved the
2023, 49(1): 297-304. physicochemical and gelling properties of Litopenaeus vannamei

[8] BRAKAK, ARAEBL, ZMh, 4. JEHIN T B AR SE 8 45 4 5V 5 i i) myofibrillar protein [J]. Ultrason Sonochem, 2022, 90: 106217.
WEFEHER[T]. & s Rl 2023, 44(7): 380-393. [22] YANG X, L1'Y, LI S, et al. Effects of ultrasound pretreatment with different
CHEN LL, SONG JQ, LI W, et al. Research progress on the effect of frequencies and working modes on the enzymolysis and the structure
non-thermal processing technology on the structural properties of starch [J]. characterization of rice protein [J]. Ultrason Sonochem, 2017, 38: 19-28.
Food Sci, 2023, 44(7): 380-393. [23] MA W, WANG J, XU X, et al. Ultrasound treatment improved the

[9] XUAN XT, CUI Y, LIN XD, et al. Impact of high hydrostatic pressure on physicochemical characteristics of cod protein and enhanced the stability

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

the shelling efficacy, physicochemical properties, and microstructure of
fresh razor clam (Sinonovacula constricta) [J]. J Food Sci, 2018, 83(2):
284-293.

WRARIS), 25V AE, BEAE, 45, s FRARSRAS TR /K™ b (e B i o AR AL
E[0). HEEHR A, 2021, 46(2): 1-7, 36.

CHEN LY, LI BS, RUAN Z, et al. Study on sensory quality changes of
different aquatic products treated with ultra-high pressure [J]. Chin Cond,
2021, 46(2): 1-17, 36.

ZWT, EBE, R, . IR ACE AR R O I RERHE TSR
W] & hhS KT, 2021, 47(5): 288-295.

JIANG X, WANG XC, PAN FT, et al. Research progress of physical
methods on modifying functional properties of fish meat protein [J]. Food
Ferment Ind, 2021, 47(5): 288-295.

HE S, FRANCO C, ZHANG W. Functions, applications and production of
protein hydrolysates from fish processing co-products (FPCP) [J]. Food
Res Int, 2013, 50(1): 289-297.

FURIE, B, Fob, S5 B BEEORAE A SN i LR A
SRR BT A BRI ], 8 TR, 2019, 40(16): 320-323, 335.

WANG JJ, ZHOU CY, WANG C, et al. The application of ultrasonic
technology in meat processing and its influence on flavor precursors [J].
Sci Technol Food Ind, 2019, 40(16): 320-323, 335.

RERE, MM, XNk, S5, R P fBE R h v it o P
ST, 2019, (6): 55-58, 61.

XIONG Y, LI QR, LIU YY, et al. A review of the effect of ultrasound on
the surimi products [J]. Farm Prod Process, 2019, (6): 55-58, 61.

SHI Z, ZHONG S, YAN W, et al. The effects of ultrasonic treatment on

vl &

the freezing rate, physicochemical quality, and microstructure of the back
muscle of grass carp (Ctenopharyngodon idella) [J]. LWT, 2019, 111:
301-308.

XS, 2EHEN, BEAG, . R ERARAE A i SE R L i
FEHEIRIT]. 5 TORHE, 2021, 42(24): 445-453.

LIU R, LI YJ, LU XY, et al. Recent advances in the application of
ultrasonic technology in the curing of meat products [J]. Sci Technol Food
Ind, 2021, 42(24): 445-453.

T PRATTRR I B AR K TR ek B R ).
2019, 40(4): 19-21.

WANG SY. Influence of ultrasonic technology on modification of soybean
protein [J]. Mod Chem Res, 2019, 40(4): 19-21.

HIE, IMR, RIRRR, SF. AR B HE 5
FEHEEN]. RS, 2021, 21(6): 321-330.

JING H, SUN J, MU YY, et al. Research advance in physicochemical

LA LHESE,

At B TR

effect of ultrasonic and its application in protein [J]. Chin Inst Food Sci

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

of oil-in-water emulsion [J]. Food Res Int, 2019, 121: 247-256.

O, E—k, X, & WP I =SNG B A G R BUEE
RYRZIT). ik Tol, 2017, 38(3): 160-163.

MA T, WANG YX, LIU Y, et al. Effect of ultrasonic treatment on the

antigenicity and conformation of salmon parvalbumin [J]. Food Ind, 2017,

38(3): 160-163.

HAO G, LIN S, JIANG Y, et al. Enhancing processed quality of roasted

eel with ultrasound treatment: Effect on texture, taste, and flavor [J]. J

Food Process Pres, 2022: ¢16641

BRIR. RN BE )y 2x e A fUELET 4l 28 1 1 i

g RIS, 2018.

LI CL. The effects of different treatments on myofibrillar protein

JEERISZ D). b

properties and structure of skipjack [D].
University, 2018.
GAO X, YOU J, YIN T, et al. Simultaneous effect of high intensity
ultrasound power, time, and salt contents on gelling properties of silver
carp surimi [J]. Food Chem, 2023, 403: 134478.
LIJ, DAI Z, CHEN Z, et al. Improved gelling and emulsifying properties

Shanghai: Shanghai Ocean

of myofibrillar protein from frozen shrimp (Litopenaeus vannamei) by
high-intensity ultrasound [J]. Food Hydrocolloid, 2023, 135: 108188.

YU C, LI S, SUN S, et al. Modification of emulsifying properties of
mussel myofibrillar proteins by high-intensity ultrasonication treatment
and the stability of O/W emulsion [J]. Colloid Surface A, 2022, 641:
128511.

LIU B, LIAO YL, JIANG LL, et al. Effects of ultrasound-assisted
immersion freezing on the protein structure, physicochemical properties
and muscle quality of the bay scallop (4rgopecten irradians) during frozen
storage [J]. Foods, 2022, 11(20): 3247.

ARREDONDO-PARADA I, TORRES-ARREOLA W, SUAREZ-JIMENEZ
GM, et al. Effect of ultrasound on physicochemical and foaming
properties of a protein concentrate from giant squid (Dosidicus gigas)
mantle [J]. LWT, 2020, 121: 108954.

PN, IR, BUTERR, S RSB DN VO U EF 4R
FALTERTRISZIR[T]. 6 5 R BERHL, 2022, 58(4): 20-24.

SUN X1, SHI GY, WEI Y1, et al. Effect of ultrasonic assisted freezing on
physicochemical properties of sea bass myofibrin [J]. Food Ferment Sci
Technol, 2022, 58(4): 20-24.

CHENG H, BIAN C, YU H, er al. Effect of ultrasound-assisted freezing
combined with potassium alginate on the quality attributes and myofibril
structure of large yellow croaker (Pseudosciaena crocea) [J]. LWT, 2022,
167: 113869.

GAO X, YANG S, YOU J, et al. Changes in gelation properties of silver carp



F11

XU, S AR THRAE K™ N T B i

179

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

myosin treated by combination of high intensity ultrasound and NaCl [J].
Foods, 2022, 11(23): 3830.

ARAR . R I B R A i £ S A A P PR o S B
D). B #hERE, 2020,

ZOU Q. Effect of gallic acid by ultrasound on physicochemical properties

and gel properties of lateolabrax japonicus myofibrillar protein [D].
Jinzhou: Bohai University, 2020.

PATRIGNANI F, LANCIOTTI R. Applications of high and ultra high
pressure homogenization for food safety [J]. Front Microbiol, 2016, 7:
1132.

TREHE, B, Wk, S OBREEMIN TR A IR R ERD]. &/
fin Ll 2019, 40(12): 222-225.

XU SJ, ZHAO D, GAO X, et al. Application research of ultra-pressure
food processing equipment in food industry [J]. Food Ind, 2019, 40(12):
222-225.

BOEDE, AR, SRR, S B R BRI IR LS
WD), e BTRGIE4H, 2019, 10(18): 6143-6148.

CAO YY, YANG FJ, WU JN, et al. Research progress of ultra-high
pressure technology in storage and processing of aquatic products [J]. J
Food Saf Food Qual, 2019, 10(18): 6143—-6148.

S, R EA TS BT R[] i A T A
2447, 2017, 8(2): 428-433.

GUO CF, WANG YY. Research progress on physical modification
methods of protein [J]. ] Food Saf Food Qual, 2017, 8(2): 428-433.
AE . RO 8 £ JEUYLER R 112544 -5 Dy B £ L B ) S
WEFED]. JEIT: JEITR2, 2019.

LI ZL. Studies on the structure and function of tropomyosin and eel balls
quality treated with ultrahigh pressure technology [D]. Xiamen: Xiamen
University, 2019.

VT, WL, APHe, S5 R T DL S PSS LA AR ], &
TRk, 2021, 42(13): 87-93.

GONG X, CHANG J, LI DT, et al. Effect of ultrahigh pressure on the
structure of scallop adductor muscle [J]. Food Sci, 2021, 42(13): 87-93.
GONG X, CHANG J, ZHANG Y, et al. Structural changes of the interface
material of scallop adductor under ultra-high pressure [J]. Processes, 2023,
11(2): 521.

ZHU C, CHEN L, ZENG X, et al. Effects of ultra high pressure-magnetic
field treatment on protein properties and quality characteristics of stored
shrimp (Litopenaeus Vannamei) [J]. LWT, 2022, 170: 114070.

SMITH E, CONDICT L, ASHTON J, et al. Molecular interactions
between soybean glycinin (11S) and genistein using spectroscopic and in
silico analyses [J]. Food Hydrocolloid, 2023, 139: 108523.

ZHANG H, LIAO H, LU Y, et al. Effects of high hydrostatic pressure on the
structural characteristics of parvalbumin of cultured large yellow croaker
(Larimichthys crocea) [J]. J Food Process Preserv, 2020, 44(12): e14911.
GAEER, T, SLEEH, S5 R AL T B DA R ORI Y
). B SR, 2023, 44(2): 16, 36.

JIN JY, WANG J, WU ZT, et al. Effect of ultra-high pressure treatment on
chill storage of Argopecten irradians adductor muscle [J]. Food Res Dev,
2023, 44(2): 16, 36.

BOCE, A, WA, S R R SR RO B BRI
[J/OL). ik EfRAk: 1-7. [2023-06-01]. http://kns.cnki.net/kcms/detail/
31.1737.8.20230417.0951.006.html

HE XY, SHEN J, OU YIJ, et al. Effects of ultra- high pressure on
efficiency and quality of oyster [J/OL]. Fish Mod: 1-7. [2023-06-01].
http://kns.cnki.net/kems/detail/31.1737.S.20230417.0951.006.html

CHEN M, WANG L, XIE B, et al. Effects of high-pressure treatments

[49]

[50]

[51]

[54]

[55]

[56]

[57]

[59]

(e1]

[63]

(ultra-high hydrostatic pressure and high-pressure homogenization) on
bighead carp (4ristichthys nobilis) myofibrillar protein native state and its
hydrolysate [J]. Food Bioprocess Technol, 2022, 15(10): 2252-2266.
WANG J, LI Z, ZHENG B, et al. Effect of ultra-high pressure on the
structure and gelling properties of low salt golden threadfin bream
(Nemipterus virgatus) myosin [J]. LWT, 2019, 100(3): 81-90.

SHAO Y, XIONG G, LING J, et al. Effect of ultra-high pressure treatment
on shucking and meat properties of red swamp crayfish (Procambarus
clarkia) [J]. LWT, 2018, 87: 234-240.

YU C, WU F, CHAY, et al. Effects of high-pressure homogenization on
functional properties and structure of mussel (Mytilus edulis) myofibrillar
proteins [J]. Int J Biol Macromol, 2018, 118: 741-746.

sk, KM, R Th. 8 A 3T 4 6 A ST S 0], £
i Talk, 2022, 43(04): 142-146.

ZHANG TT, WU TM, XU YS. Effects of ultrahigh pressure on the quality
of golden pomfret meat [J]. Food Ind, 2022, 43(04): 142-146.

ZHANG Y, BI 'Y, WANG Q, et al. Application of high pressure processing
to improve digestibility, reduce allergenicity, and avoid protein oxidation
in cod (Gadus morhua) [J]. Food Chem, 2019, 298(15): 125087.

ZENG X, JIAO D, YU X, et al. Effect of ultra-high pressure on the
relationship between endogenous proteases and protein degradation of
yesso scallop (Mizuhopecten yessoensis) adductor muscle during iced
storage [J]. Food Chem: X, 2022: 100438.

ZHU C, JIAO D, SUN Y, et al. Effects of ultra-high pressure on
endogenous enzyme activities, protein properties, and quality characteristics
of shrimp (Litopenaeus vannamei) during iced storage [J]. Molecules,
2022, 27(19): 6302.

LIU Q, LIN Z, CHEN X, et al. Characterization of structures and gel
properties of ultra-high-pressure treated-myofibrillar protein extracted
from mud carp (Cirrhinus molitorella) and quality characteristics of
heat-induced sausage products [J]. LWT, 2022, 165: 113691.

JEIZEIRE, FBEEAE, XUHRES, &F. w8 R Ui & il T 2R B4
Fom TAHEE AP R ]. FLLRESHOR, 2020, 43(1): 39-44.
ZHOU XF, ZHENG YR, LIU ZM, et al. A review of recent research on the
effect of dense phase carbon dioxide on protein structure and processing
characteristics in foods [J]. J Dairy Sci Technol, 2020, 43(1): 39-44.

GUNES G, BLUM LK, HOTCHKISS JH. Inactivation of yeasts in grape
juice using a continuous dense phase carbon dioxide processing system [J].
J Sci Food Agric, 2010, 85(14): 2362-2368.

JE/INH. R COy X LA XTI IUL DY it BRI R B ) 5 D).
WL JTARUETE R, 2013.

QU XJ. Effects of dense phase carbon dioxide on muscle qualities and
protein characteristics of Litopenaens vannamei [D]. Zhanjiang: Guangdong
Ocean University, 2013.

PRI, R COL N FLANE XU IER R (U B IS IR (D], L
SRR, 2015,

CHEN YL. Effect of dense phase carbon dioxide on physical properties of
Litopenaens vannamei myosin [D].
University, 2015.

DUAN W, QIU H, HTWE KK, er al. Correlation between water

Zhanjiang: Guangdong Ocean

characteristics and gel strength in the gel formation of golden pompano
surimi induced by dense phase carbon dioxide [J]. Foods, 2023, 12: 1090.
LIU S, LIU Y, LUO S, et al. Molecular dynamics simulation of the
interaction between dense-phase carbon dioxide and the myosin heavy
chain [J]. J CO, Util, 2017, 21: 270-279.

ZHENG O, SUN Q, DONG A, et al. Gelation process optimization of

shrimp surimi induced by dense phase carbon dioxide and quality



180

'’

En

2 4 J R A I 2 4

F 145

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

evaluation of gel [J]. Foods, 2022, 11: 3807.

AL, XUPH, AOKRE, S, WA LA R R CO, Vs S B fh fA BRI
T 20 &S KRBT, 2021, 47(13): 198-204.

LIR, LIU Y, ZHU YK, et al. Optimization of gelation process of surimi from
Trachinotus ovatus inducedby dense phase carbon dioxide using response
surface methodology [J]. Food Ferment Ind, 2021, 47(13): 198-204.

VKT, T, G, 5. R COL IR 1O =TI Py R BRI
SRR B a5 0 Tolk, 2022, 48(22): 26-33.

SUN QX, DONG AND, HOU Q, et al. Effect of high-density carbon
dioxide dissolution and diffusion mode on the quality of shrimp surimi
gels [J]. Food Ferment Ind, 2022, 48(22): 26-33.

TAKAI E, KITAMURA T, KUWABARA J, ef al. Chemical modification of
amino acids by atmospheric-pressure cold plasma in aqueous solution [J]. J
Phys D-Appl Phys, 2014, 47(28): 285403.

PEREZ-ANDRES JM, ALVAREZ C, CULLEN PJ, et al. Effect of cold
plasma on the techno-functional properties of animal protein food
ingredients [J]. Innov Food Sci Emerg, 2019, 58: 102205.

BAERS, B, Wiot, . RIRSEE T AT sh AR AT (Solenocera
crassicorni) AR K f SRR PE R RZ IR (D). & SR, 2021, 42(19):
141-147.

HU XM, CHEN J, DENG SG, et al. Effect of atmospheric cold plasma on
microflora and quality characteristics of Solenocera crassicorni [J]. Food
Sci, 2021, 42(19): 141-147.

BEIPE, AR, TR, SF. WSRO AR 1 R B Y A IR
SN TR O SRR (D], LG RRAF:, 2023, 44(7): 250-259.

FAN RZ, QI M, ZHANG XY, et al. Effect of cold plasma on the meat
protein and its applications in meat processing and storage: A
comprehensive review [J]. Food Sci, 2023, 44(7): 250-259.
FLORA-GLAD CHIZOBA EKEZIE. % FAibFus MLy xHiF 2
FIDTRERRERIBORE RS2 A D). T AR HIT R, 2019.
FLORA-GLAD CE. Functionality and allergenicity response of king
prawn (Litopenaeus vannamei) proteins following modification by cold
plasma [D]. Zhanjiang: South China University of Technology, 2019.
PRI, AT, REIEMS, S, ARIRAE B T IAKL SR sk 2 | e U USET 4l 2
FISAUL S 25 R sE (). il kR, 2023, 44(4): 88-95.

CHEN G, JIANG ZM, WEI ZP, et al. Cold plasma treatment accelerated
the oxidation and structural changes of myofibrillar in tilapia [J]. Sci
Technol Food Ind, 2023, 44(4): 88-95.

SRS, TRARLL, TREG, SF. (RIRAE B O R 25 R R 2R B
P TR G5 AL 1 B (D] B 5 A TR ARG 2 4, 2022, 13(10):
3083-3089.

TANG LL,YAN JH, XU HQ, et al. Effects of cold atmospheric plasma on
protein properties and structure of Penaeus vannamei [J]. J Food Saf Qual,
2022, 13(10): 3083-3089.

OLATUNDE OO, SINGH A, SHIEKH KA, et al. Effect of high voltage
cold plasma on oxidation, physiochemical, and gelling properties of
myofibrillar protein isolate from asian sea bass (Lates calcarifer) [J].
Foods, 2021, 10(2): 326.

WiTT, taiak, B, SF. (RIS T MO B A Y i BT S ],
£ ih R, 2018, 43(10): 180-185.

SI XK, YANG HL, WEI X, et al. Effect of low temperature plasma on the
quality of grass carp [J]. Food Sci Technol, 2018, 43(10): 180-185.

XA, ARGANE. R B A R BRSBTS AR T,
2022, (2): 128-130.

DENG C, ZOU ZH. Study on the effect of irradiation on the nutrient
composition of food [J]. China Food Saf Magaz, 2022, (2): 128-130.

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

WA, FWE, R, SF. AR TR I P SR 5
PEIR[D]. & SHLIE, 2019, 35(5): 219-223, 230.

GUO YX, WANG MS, CHENG JH, et al. A review on elimination of food
allergens by non-thermal processing technologies [J]. Food Mach, 2019,
35(5): 219-223, 230.

PILLAI SD, SHAYANFAR S. Electron beam technology and other
irradiation technology applications in the food industry [J]. Top Curr
Chem, 2017, 375(1): 6.

TS, mR, EALZE, A5 LT AR AR A U AT AR B A AR
FICHIGEmAT]. 5 FH, 2019, 40(13): 81-86.

ZHANG H, GAO X, XUAN SF, et al. Effect of electron beam irradiation
on biochemical properties and structure of myofibrillar protein from
Lateolabrax japonicus meat [J]. Food Sci, 2019, 40(13): 81-86.

AR R Ak TG £ A S B FC 2 A XU A BORFSE (D). AR
HRAAMOCE, 2013,

LI F. Study on effect of irradiation on quality of roast eel and its risk
assessment [D]. Fuzhou: Fujian Agriculture and Forestry University, 2013.
XDEH], ETAN, wekEbE, . G RRAL B A2 SR (SR A
JRAGFEMA[T]. BT R4 (B ARREER), 2009, 48(2): 287-292.

LIU GM, WANG YS, HUANG YY, et al. The effects of irradiation on the
allergenicity of crab tropomyosins [J]. J Xiamen Univ (Nat Sci), 2009,
48(2): 287-292.

AR R G IR A A B PR IR e G ISR 1 AR b S R SR
S3HTD]. dbat: sV FABE, 2014,

MOU H. Immunoreactivity variation of epitopes in shrimp allergen under
irradiation and heat treatment and analysis on amino acid of epitopes [D].
Beijing: Chinese Academy of Agricultural Sciences, 2014.

I, U, BEYEAL, AF. CCo-y HTLRHE HERFBE S i T MR PRI
ML), B2 AT, 2022, 13(8): 2457-2464.

ZHENG D, BAI C, XIONG GQ, et al. Effects of “Co-y radiation on
quality and volatile substances of Monopterus albus [J]. J Food Saf Qual,
2022, 13(8): 2457-2464.

PANG S, WANG Y, HAO R, et al. UV irradiation improved gel properties
and chill-stored stability of surimi gel [J]. Int J Food Sci Technol, 2022,
57(9): 5973-5981.

WS, PR, AIERRE, A, R IR 5 P9 TR A S T e Tl K
JRRFE R T]. AR, 2020, 41(11): 71-76.

YANG R, XU ANQ, ZHU YK, et al. Effect of irradiation on endogenous
transglutaminase and gel properties of hairtail surimi [J]. Food Sci, 2020,
41(11): 71-76.

CGriEsh#: A @ THH)

& &N

XFH, TERRFEAIERBES
I
E-mail: 13431790832@163.com

B, EL, BER, EEHARFE
AEFERRESMI.

E-mail: weishuaiws@126.com



