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N pH Beah=rit, BEE VR4S I L AR, 20 i
HH R K 032 T A D DK S R A 5 B
pH KA HBOR WS, i T8 A st pH 22 FE A i
S NTTAEYE o BEA, £ BEAE VRN, 8 BE 2
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(P ) FER AR T 2 A 22 niad 5 A i
£(POO ) B id % A 2l 7 — DN EA ST
i 2 U1 AR e ik 4 AL 4y (POOH) | )i e
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APy AL B 10 ( Loliginidae) WLISLET i 25 1 1)
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10% 1Y 22 2 . % ( Carcharhinus amblyrhynchos ) ¥
JRAKfigE = 0 A 7 1k £ B8 ¥ VR A8 My 1T 5 Rk Bt
VR HAT ) A 58RIk, W e K e 7 4 m] DA
FRERAL GBI Ve YRR 7], JF HRA UK
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PRI B i LIN A5 B o 2 4R B e
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KNZFMBMELEY , B RZHIEN S REE
PR PSR TE B 5 H  2RK 2 7  f  JE
EAR S EREE Y . AN IRERRZ
Py 20 SR S S U Rl A B0, A DR BT )
A f gE v, OV 2 X ERCE B AR RN B
Wi o3& A1k, KER 53 SCHRER S A 20 2 By 28 S
FEPEIIRT 3 5 A BT S P A R AR BSOCR, , T IR
JEUREE FARLERAR D438, R4 J5 B9 1
CISREAU By & 37387/ PO OIE Uik - <Py L (]
FAE AL 5 D5 T T R IR AT, B 2 W 25470
RIS VE HIBLAD o



5 WK, &5 - Y VR FRLBE Sk LA B IE S 2 e 793

4 JEH

R Be ol 1Ay By 1k e B 2 1 SV VR ARk
38 30 T8 3 S T R R o S B, R T R BT R
PRINT NI = NS N o S AR 3 T B S
HA. ENIPE A A DT RY]  — LEfR R
ﬂﬂ%‘%%%*ﬁ TSRS S B W 0 BRSO R
FIBUK Y & & 22 IR i B iR, it /b, ]
Uféﬁﬁéfﬁﬁ&fﬂﬁc\nﬂ PUIREE AR PR A]
AR 5 £ B8 (1% i 35 R XUBA , T AR iy , e
B O T2 1 5 22 W 2R ) o L 1A A B 4R
ARTEE , = N AE A W5 2 W B0 R B 4R A LA
A S (g 3T 4 T LI % 1 B P e AR 1 4D
FEAERE TP G 2 5 W SRR UV ) e — A A
,ﬁ,iﬁﬁﬁgﬁiﬁ'g%%ﬁﬁ’e%%ﬂ%ﬁ
PR E LA B W, & 5 187
BN TR &%Etzzﬁb,¥iaL%§[” ﬂéﬂﬁi7
H.23 73 i (vacuum infiltration, VI) A1 &5 s ik i H,
3% (high voltage pulsed electric field, PEF) £ A&, H
AR LT ZE B Sl R 2 53 A, DT 35 38 B 4
IIBTRSOR ¥ 2R 7T DL 2% A R R BT B R 5 4%
FPSE UG HT , DA 2 5 4 b By 11 8 JBE V% VR
AR IT

B 3k
[1] Z%lk‘ﬁ(@lk(@ﬂ FHUR. L SE AR 42016 [ M.
Jeat: P E gl R, 2017.

Bureau of Fisheries, Ministry of Agriculture. China fishery
statistical yearbook-2016 [ M ].
Press, 2017.

[2] DYER W J. Protein denaturation in frozen and stored fisha
[J]. Journal of Food Science, 1951, 16(1/6) : 522-527.

[3] NEMETHY G, SCHERAGA H A. Structure of water and

A model for the

Journal of

Beijing: China Agriculture

hydrophobic bonding in proteins. 1.
thermodynamic properties of liquid water [ J].
Chemical Physics, 1962, 36(12) ; 3382-3400.
[4] SIKORSKI Z E, OLLEY J, KOSTUCH S, et al.
changes in frozen fish[J]. CRC Critical Reviews in Food
Science and Nutrition, 1976, 8(1): 97-129.
[5] WREE, WEE, kS, & AEAR KRBT
FIEIWFFEESRLT]. ERFTE, 2009(6) : 9-15.
PAN J F, SHEN H X, SONG Y L, et al. A review of study

Protein

on freezing denaturation of fish protein and its cryoprotectants
[J]. Meat Research, 2009(6) : 9-15.

[6] LUND M N, HEINONEN M, BARON C P, et al.
oxidation in muscle foods: a review[ J]. Molecular Nutrition

and Food Research, 2011, 55(1); 83-95.

Protein

(7]

[10]

[11]

[12]

[14]

[15]

[16]

M4, Hilg, 2\
B AR [T ]
(4):525-530.

ZENG M Y, HUANG H, LI B F. Effect of frozen storage

R IR G X 5 £ LA 2 1
[ K 2 2 4, 2003, 33

temperature on the changes of biochemical properties of
Lateolabrax japonicus muscle protein[ J]. Journal of Ocean
University of Qingdao, 2003, 33(4) : 525-530.

WER, BCRY, WRRME, 5. St P R0 fh fh 5
HEARHEVERFIRT]. PREEMHZER, 2014, 14(1)
68-73.

SHU Y Z, YANG W G, XU D L, et al. Effect of mackerel
hydrolysate on protein denaturation of hairtail surimi during
Journal of Chinese Institute of Food
Science and Technology, 2014, 14(1) ; 68-73.

PAN J F, SHEN H X, LUO Y K. Cryoprotective effects of

frozen storage [ J ].

trehalose on grass carp ( Ctenopharyngodon idellus) surimi
during frozen storage [ J]. Journal of Food Processing and
Preservation, 2010, 34(4) . 715-727.

TR, U, sk, & SIS R e 6t
(Loliginidae ) USLET 4k 2 19T AR PROK SICR St A2 (L 5%
WRFsE[I]. WS HITR, 2014, 45(5) ; 1044-1050.
DING C, XIE C, ZHANG B, et al. Different trehalose
additives of Peru Squid ( Loliginidae ) myofibril protein
antifreeze effect and conformational changes mechanism
research[ J .

(5) : 1044-1050.
LIU Q, CHEN Q, KONG B H, et al.

Oceanologia et Limnologia Sinica, 2014, 45

The influence of
superchilling and cryoprotectants on protein oxidation and
structural changes in the myofibrillar proteins of common carp
( Cyprinus carpio ) surimi [ J]. LWT-Food Science and
Technology, 2014, 57(2) : 603-611.

A, BPRFE, XK, 5. WUk AR VRECT 1Y)
P AR KT IR R [T ], Rk, 2003, 24(3) .
153-157.
ZHOU A M, ZENG Q X, LIU X, et al. Physicochemical
changes of fish muscle protein during frozen storage and its
affecting factors| J|. Food Science, 2003, 24(3) : 153-157.
BUTTKUS H. The sulthydryl content of rabbit and trout
myosins in relation to protein stability[ J]. Canadian Journal
of Biochemistry, 1971, 49(1) : 97-107.

ET, A, A S R LAV AR R
BAEANUSE FHT R TE RS [T ] & TR,
2017, 38(18) : 232-236, 246.

WANG N, LIL, LI M, et al. Influence of trehalose, sorbitol
and sodium citrate on anti-freeze denaturation of large yellow
croaker muscles proprotein[ J].

Food Industry, 2017, 38(18) : 232-236, 246.
HUNT A, PARK J W. Comparative study of sodium bicarbonate

Science and Technology of

on gelling properties of alaska pollock surimi prepared at
different freezing rates[ J]. Journal of Food Quality, 2014,
37(5) : 349-360.

ESTEVEZ M. Protein carbonyls in meat systems: a review

http: //www. shhydxxb. com



794

oo FE K ¥

¥k

27 %

[17]

(18]

[19]

[20]

[23]

[24]

[25]

[26]

[27]

[28]

[J]. Meat Science, 2011, 89(3) : 259-279.

PAZOS M, MAESTRE R, GALLARDO J M, et al. Proteomic
evaluation of myofibrillar carbonylation in chilled fish mince
and its inhibition by catechin[ J]. Food Chemistry, 2013,
136(1) : 64-72.

JONSDOTTIR R, GEIRSDSTTIR M, HAMAGUCHI P Y, et
al. The ability of in witro antioxidant assays to predict the
efficiency of a cod protein hydrolysate and brown seaweed
extract to prevent oxidation in marine food model systems
[J]. Journal of the Science of Food and Agriculture, 2016,
96(6) : 2125-2135.

EYMARD S, BARON C P, JACOBSEN C. Oxidation of lipid
and protein in horse mackerel ( Trachurus trachurus) mince
and washed minces during processing and storage[ J]. Food
Chemistry, 2009, 114(1) : 57-65.

WANG T T, LI Z X, YUAN F Z, et al. Effects of brown
seaweed polyphenols, a - tocopherol, and ascorbic acid on
protein oxidation and textural properties of fish mince
( Pagrosomus major) during frozen storage[ J]. Journal of the
Science of Food and Agriculture, 2017, 97(4) . 1102-1107.
SRS PR ARV R E R BTk AE LT K
7=, 1995(3) : 37-38.

YAN H Z. Frozen denaturation of fish protein and its
prevention[ J]. China Fisheries, 1995(3) : 37-38.
NOGUCHI S, MATSUMOTO J J. Studies on control of the
denaturation of the fish muscle proteins during the frozen
storage-1: preventive effect of Na-glutamate [ J]. Japanese
Society of Fisheries Science, 1970, 36(10) ; 1078-1087.
GIANNOU V, TZIA C, LE BAIL A. Quality and safety of
frozen bakery products[ M]//SUN D W. Handbook of Frozen
food Processing and Packaging. Boca Raton, FL. Taylor &
Francis, 2006 ; 482-499.

ZHOU A M, BENJAKUL S, PAN K, et al. Cryoprotective
effects of trehalose and sodium lactate on tilapia
( Sarotherodon nilotica ) surimi during frozen storage [ J ].
Food Chemistry, 2006, 96(1) : 96-103.

PATIST A, ZOERB H. Preservation mechanisms of trehalose
in food and biosystems [ J]. Colloids and Surfaces B:
Biointerfaces, 2005, 40(2) . 107-113.

PAMIES S C, PETELSKI A N, CASTRO E A, et al. Static
and dynamic study of disaccharides trehalose, maltose and
sucrose[ J]. Structural Chemistry, 2017, 28(4) : 911-924.
OSAKO K, HOSSAIN M A, KUWAHARA K, et al. Effect
of trehalose on the gel-forming ability, state of water and
myofibril denaturation of horse mackerel Trachurus japonicus
surimi during frozen storage [ J]. Fisheries Science, 2005,
71(2): 367-373.

MA L K, ZHANG B, DENG S G, et al. Comparison of the
cryoprotective  effects of trehalose, alginate, and its
oligosaccharides on peeled shrimp ( Litopenaeus vannamei )

during frozen storage[ J]. Journal of Food Science, 2015, 80
(3): C540-C546.

http: //www. shhydxxb. com

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[38]

[39]

[40]

NOPIANTI R, HUDA N, NORYATI I, et al. Cryoprotective
effect of low-sweetness additives on protein denaturation of
threadfin bream surimi ( Nemipterus spp. ) During frozen
storage[ J ]. CyTA-Journal of Food, 2012, 10 (3) . 243-
250.

COLLINS J, ROBINSON C, DANHOF H, et al. Dietary
trehalose enhances virulence of epidemic Clostridium difficile
[J]. Nature, 2018, 553(7688) : 291-294.

e, 2T P SR R AR R R BT R AR R BE 5 0k
JE[J]. KT, 2008 (12); 11-14.

ZHANG Y, WANG S K. Research progress of the fish protein
frozen denaturation and cryoprotectants| J]. Meat Research,
2008 (12): 11-14.

DU L H, BETTI M. Chicken collagen hydrolysate cryoprotection
of natural actomyosin: Mechanism studies during freeze-thaw
cycles and simulated digestion[ J]. Food Chemistry, 2016,
211 791-802.

NIKOO M, BENJAKUL S, RAHMANIFARAH K. Hydrolysates
from marine sources as cryoprotective substances in seafoods
and seafood products [ J]. Trends in Food Science &
Technology, 2016, 57 40-51.

KITTIPHATTANABAWON P, BENJAKUL S, VISESSANGUAN
W, et al. Cryoprotective effect of gelatin hydrolysate from
blacktip shark skin on surimi subjected to different freeze-
thaw cycles[ J]. LWT-Food Science and Technology, 2012,
47(2) . 437442.

JENKELUNAS P J, LI-CHAN E C Y. Production and assessment
of pacific hake ( Merluccius productus ) hydrolysates as
cryoprotectants for frozen fish mince [ J].
2018, 239 535-543.

NIKOO M, BENJAKUL S. Potential application of seafood-

Food Chemistry,

derived peptides as bifunctional ingredients, antioxidant -
cryoprotectant; a review [ J ]. Journal of Functional Foods,
2015, 19 753-764.

NLRR, SRR, WRIAe. KM R I B2
REIETEROBTSEHERE ()] R 274l , 2017, 32(12) .
141-146.

YING X, ZHANG L H, CHEN W H. Research advances in
bitterness formation, evaluation and function ftudies of protein
hydrolysates [ J ]. Journal of the Chinese Cereals and Oils
Association, 2017, 32(12) ; 141-146.

KIM H J, LEE J H, HUR Y B, et al. Marine antifreeze
proteins ; function,  and

structure , application  to

cryopreservation as a potential cryoprotectant [ J ]. Marine
Drugs, 2017, 15(2) . 27.

USTUN N S, TURHAN S. Antifreeze proteins: characteristics,
function, mechanism of action, sources and application to
foods [ J ]. Journal of Food Processing and Preservation,
2015, 39(6) : 3189-3197.

BOONSUPTHIP W, LEE T C. Application of antifreeze protein

for food preservation: effect of type III antifreeze protein for

preservation of gel - forming of frozen and chilled actomyosin



534

WK, &5 - Y VR FRLBE Sk LA B IE S 2 e 795

[41]

[43]

[44]

[45]

[47]

[J]. Journal of Food Science, 2003, 68(5) ; 1804-1809.
WA, KBrws, B, . BRI E PTG g fh
BEPUARBCR BT FE (], Rl T R p 2 4, 2013, 22
(5): 796-800.

TANZ Y, DIX Q, BAI Y L, et al. Study on cryoprotective
effects of new cryoprotectants on bighead carp surimi during
frozen storage [ J ]. Journal of Shanghai Ocean University,
2013, 22(5) : 796-800.

WANG W L, CHEN M S, WU J H, et al. Hypothermia
protection effect of antifreeze peptides from pigskin collagen
on freeze-dried Streptococcus thermophiles and its possible
action mechanism[ J]. LWT-Food Science and Technology,
2015, 63(2) . 878-885.

WANG S Y, DAMODARAN S. Ice-structuring peptides derived
from bovine collagen[ J]. Journal of Agricultural and Food
Chemistry, 2009, 57(12) ; 5501-5509.

MAQSOOD S, BENJAKUL S, SHAHIDI F. Emerging role of
phenolic compounds as natural food additives in fish and fish
products [ J ]. Critical Reviews in Food Science and
Nutrition, 2013, 53(2) : 162-179.

LIN C C, LIN C S. Enhancement of the storage quality of
frozen bonito fillets by glazing with tea extracts[ J]. Food
Control, 2005, 16(2) : 169-175.

EYMARD S, JACOBSEN C, BARON C P. Assessment of
washing with antioxidant on the oxidative stability of fatty fish
mince during processing and storage [ J ]. Journal of
Agricultural and Food Chemistry, 2010, 58 (10): 6182-
6189.

SHI C, CUIJ Y, YIN X F, et al. Grape seed and clove bud
natural  antioxidants  in

extracts  as silver  carp

( Hypophthalmichthys molitrix) fillets during chilled storage :

[48]

[49]

[51]

[52]

[53]

effect on lipid and protein oxidation [ J].
2014, 40 134-139.

R, BIE, NG, A ZURRET B SR O R
fth BEHUARPEREROSZ R [T ]. K77 27 4R, 2017, 41(2):
311-318.

GAOY L, LIJL, YAN X J, et al. Extraction of floridoside

Food Control,

and the effect of floridoside on Ctenopharyngodon idella surimi
during frozen storage [ J]. Journal of Fisheries of China,
2017, 41(2) : 311-318.

BABAKHANI A, FARVIN K H S, JACOBSEN C. Antioxidative
effect of seaweed extracts in chilled storage of minced atlantic
mackerel ( Scomber scombrus) : effect on lipid and protein
oxidation [ J ]. Food and Bioprocess Technology, 2016, 9
(2): 352-364.

ISHIT T, MORI T, ICHIKAWA T, et al. Structural characteristics
of green tea catechins for formation of protein carbonyl in
human serum albumin [ J ].
Chemistry, 2010, 18(14) ; 48924896.

MONTERO P, GIMéNEZ B, PEREZ-MATEOS M, et al.

Bioorganic & Medicinal

Oxidation stability of muscle with quercetin and rosemary
during thermal and high-pressure gelation [ J ]. Food
Chemistry, 2005, 93(1): 17-23.

ESTEVEZ M, HEINONEN M. Effect of phenolic compounds
on the formation of «-aminoadipic and +y-glutamic
semialdehydes from myofibrillar proteins oxidized by copper,
iron, and myoglobin [ J ].
Chemistry, 2010, 58(7) ; 44484455

JAMES C, PURNELL G, JAMES S J. A review of novel and

Food and

Journal of Agricultural and Food

innovative food freezing technologies [ J ].

Bioprocess Technology, 2015, 8(8) : 1616-1634.

http: //www. shhydxxb. com



796 (SR (T E NI S S 1 27 45

Progress on green cryoprotectants for frozen surimi

YANG Xianging', YUAN Yue'?, ZHAO Yonggiang', LI Laihao', WU Yanyan', WEI Ya', CEN Jianwei'
(1. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture; South China Sea Fisheries Research Institute, Chinese
Academy of Fishery Science, Guangzhou 510300, Guangdong, China; 2. College of Food Science and Technology, Shanghat
Ocean University, Shanghai 201306, China)

Abstract; As an important method for surimi preservation, frozen storage can cause degeneration of
myofibrillar protein , resulting in the decrease of surimi quality. Addition of cryoprotectants is considered to
be one of the most effective ways to prevent denaturation of aquatic protein. In this paper, the regularity of
protein freeze denaturation, physicochemical change and mechanism of cryoprotectants were discussed. On
this basis, the progress of research and application of trehalose, algae extract, polyphenols, protein
hydrolysates and other green antifreeze agents were reviewed. Finally, the existing problems of cryoprotectant
were analyzed, and its development trend was prospected, aiming to provide reference for the frozen surimi
industry.

Key words: frozen surimi; protein oxidation; frozen degeneration; cryoprotectant; cryoprotective effect
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