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Abstract: In order to choose a suitable thawing method for Micropterus salmoides (room temperature thawing, running
water thawing, saltwater thawing, ultrasonic static water thawing and ultrasonic running water thawing), this paper took
Micropterus salmoides as the research subject. To investigate the effects of different thawing methods on water retention,
total volatile base nitrogen (TVB-N), malondialdehyde content, peroxide value, total sulfhydryl content and Ca*'-ATPase
activity of Micropterus salmoides. At the same time, the changes of texture properties such as hardness, elasticity and
adhesion of fish were analyzed. The results showed that the normal temperature thaw 219 min, longest, fish water retention,
lipid and protein oxidation was the most serious. Thawing water and salt water thawing time consuming 35 and 55 min,
respectively, was the shorter of the normal temperature thaw, but fish water retention, protein oxidation, quality and stru-
cture characteristics of the various quality indexes such as the change was still serious. After ultrasonic static water thawing,
the fish had better water retention and texture characteristics, and could effectively alleviate the oxidation of fish protein,
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but the lipid oxidation was more serious. Ultrasonic flow water thawing could complete the thawing of fish within 24 min-

utes, which was more efficient. Compared with other thawing methods, it could effectively maintain the water retention and

texture characteristics of fish, and effectively delay the oxidation of fish protein and lipid. Ultrasonic thawing of frozen

water, therefore, Micropterus salmoides had little effect on quality, was the most suitable thawing method.

Key words: Micropterus salmoides; thawing method; water retention; texture; oxidation; quality
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Table 1 Different thawing methods of Micropterus salmoides
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water thawing device
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under different thawing methods
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different thawing methods
TE: A/ING FRERRE R 22 7 .35 (P<0.05), 18] 4~[5] 15 [,

b
C
16 d
€
12
Wi UK WUk AR EARK
R T v
Kl 4 AT 20 R H Rz ik

Fig.4 Cooking loss rate for Micropterus salmoides under

different thawing methods
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different thawing methods

2.6 AERBFAAFNAKORGEF_ESEHI

N & s R P 0 R lE BT A AR ) B2
febrz—, Hoor 5k, UL e U AR B i v 2
F &L 13 BTN, AR 7S I E K AR RS 0 0 PP 5
=5, A 5.11 nmol/mg, iX A] GBS K A #E A5 il f ok
R Er, BRI Tk A A a S, TSP
TSR, EARM RS RN RS LR
THEF P ERF /KR, 1551 4.88 nmol/mg, iX 1] BB 5 &
TIRARIRET EBCKS, Insk T A R Ag B A AL i 3ERE, F= A
B2 WMEIRMMEYIA PO, FoKRER . EhoK R
R I K AR G B R TN S & 2= S AN ., s
AR I ARXT AR, (HEE S /K SR B (RIS —
s AR, S 4.46 nmol/mg, iX ] fgf& i Fiish il
TRESTINH VK T ) A, (e 8 PG 3 —5~0 °C 33X —
AN SRR BT B o 45 RN, RS A K AR
U] £ PR P R R RS AR S A

6-
£ ] b T
25 d c 77
g / e
e
41
% 4
1
8
3

WK RAEEK R K
filR 5
P13 R[5 2T R PR i o — R 35
Fig.13 Malondialdehyde content of Micropterus salmoides
under different thawing methods

2.7 AEEBEFRRAXAKOEBEIHTERF0
BT A Y AR T AR M AR AR, B

B kR, SR B AR BRI, T B e
FEB AR A AN 14 TR, IR A e e
i 8 5 I B IR, A 4.01x107° mol/g, 156HH 1A
TR PR BE 0T ) S AR B At s B ™ 2, 30
T HESE H TR IR ARFE R A, 0 PRI T E AR A
F v A S A ERR e, T S35 5 BRI, 33X
W 5 RSP ISl R—38 . HaR S EL K i
R TR R S5 8 P8 DK R, Fide S 29 R
4.58. 436 5 4.98x107° mol/g., M I /KR FR
e = (5.34x107° mol/g), 33X A B2 X 7R S
PEAFOK B AVER, (RN B vk sh@i b b, Xt
R ZH 205 45403 /)N, 0P 8 1 BT S A R BEAIR, PRI
ST RS . M, B A AED R BRI AA R
2T AU, DT T 0 R U T 4R 1 R s Bkl
SEAR A R, DEITHELSE | Sl S R

6.0
55+ a T
]

]
50F c L

107 mol/g)

T 451
i}
T 4.0t
busy

)
5B

MR35

3.0
W UK hok B EOK GBS
R 1
14 ARIfRR DT R K RS SR 7 i
Fig.14  Sulfthydryl content in Micropterus salmoides under
different thawing methods

2.8 AREBEAAITAKOEEE Ca™-ATP BIE MY
20

Ca?*-ATPase 7R AEALEREE 5B MHER, B2
W A B AL A PR EE B R AR 2 — P WniE 15 Ir
7N, AR I KRR G R B Y Ca® -ATP S
PR, S 3.8 umol Pi/(mg pro-h), b (P<0.05) &
FHA R Ty 2 A P KRR L B ARR L K

a
4071 T

%7
35 %

i c
d
30 °© %
2.5
ok WK K B RK
ity v
E 15 ANEEFET T RO BTG Ca®-ATPase 1t

Fig.15 Ca’*-ATPase activity in Micropterus salmoides under
different thawing methods

Ca*-ATPase [pmol Pi/(mg pro-h)]

i

e
Bm



%44 5 22

IR, A5 HR T AR bt R H SRy i TR 317 -

RN Ca® -ATP BE Rk 2 B iR e
it Ca>'-ATP BREMEEAE [2.8 umol Pi/(mg pro-h)],
25 (P<0.05) )L T HAMAR R 7 =X, 13X T GBS B D H ia
R R, R NIERE R A A T/ E AR R
., KIOMEE P Ca?-ATPase Ih AL 1L 5 Fi Ak
S TG OOABRL, BEHH E IR R 0 SR fyfa R LB BREE
AR BB S I K R AN 2 5 | R LshEk
B P EAL, AT R T AR P & BT R T IR
FOK ARG IR Z PN, 25 RIS, AR R 72
N, KRIOHEE P Ca*>-ATPase 7% M 1 s 2R IK
SR s BRI K AR>S IR K R > ER K R R > T
IR AR H IR AROR, AR S I I /K SRR A AT AT
3 4Hig

AT A, FEEIR T, I e R R R ek
KT ARG R T BT 2 s TS P K iR S
PR | e . RHIEE AR, (E A0 P AR R A AL B h
KRS AR KPR . BT ARRTE BB B R I B4 Ak
LA TR AMEE P, (EARERAT B AH XT3, SEBRN
AP B TR A 78038 s S R /K SR i 1) £ PR R
BE gk REIERP R R TR S R K R, (B R
(Al 505 . F IR LR A . BB M B F R P A b AR
PERRBE A, EEFS I K R A S i e L 45
FATRTEA A Tl Fi s . BB, S04 = TR 2k
HLEARIRIO K O RS, AR 7S PR A & — P i
PR 7 =X, BRI LA 2 T A2 r= s =R, e n] sk
HO O 0 PR R S 45 TH I T . ARSI AFEAN
JE, WNARIRFTAS Ry =% R 1 B s £ XU | 7K 45
boa FINE SR Ty S I RS = ] b= AL IR PS J1s b 52 TN
27 T AN [R5 =0 R 1 S s fo o — 2 1
o

S 30k

[1] EF K, 20, 2340, 5. A TXURHFEH R0 LeFRgh
KR ASE T RN R EMIRT] 2SR XA FRR),
2022: 1-7. [ WANG S B, WANG X Y, LIU X G, et al. A prelimi-
nary study on the evaluation benchmark of water temperature eco-
logical suitability of largemouth bass culture pond based on litera-
ture data[J]. Fudan Journal (Natural science edition), 2022: 1-7. ]
(2] Bamm, & KBk, ABeR, . RRERALTE G X R o LoF
& WK B e R AGH R [T, B EAF R, 2020, 34(12): 68-74.

[ SHI G P, GAO T Q, QIAN X Q, et al. Effects of different quick-
freezing treatments on quality changes of largemouth black sea bass
during freezing and storage[J]. Meat Research, 2020, 34(12): 68—
74. ]
[3] XIE X, LIU X L, FET Y. Single and combined effects of tea
polyphenols and edible chitosan coating on the shelf life improve-
ment of refrigerated dagger-tooth pike conger (Muraenesox cinereus)
[J]. International Journal of Food Properties, 2020, 23(1):2110—
2122.
[4] ALVARENGA T, HOPKINS D L, RAMOS E M, et al. Age-
ing-freezing/thaw process affects blooming time and myoglobin
forms of lamb meat during retail display[J]. Meat Science, 2019,
153: 19-25.
[ 5] JIA Guoliang, SHA Kun, MENG Jin, et al. Effect of high volt-

age electrostatic field treatment on thawing characteristics and post-
thawing quality of lightly salted, frozen pork tenderloin-Science Di-
rect[J]. LWT, 2019, 99: 268-275.
[6] 25, &%%, %ha=, F. A7 XA ARIKIR o & LR 1%
MRS R R )], AR BAUR, 2022, 38(9): 159-164. [ WANG
J, GAO X H, CHEN Y Y, et al. Effect of thawing method on mus-
cle water retention and quality of shipborne ultra-low temperature
squid[J]. Food & Machinery, 2022, 38(9): 159-164. ]
(7] AT, AT, BEet, . RR GG T Xod 8t & 8 % 4%
KM Rk R %ee [T]. A de T AR, 2022, 43(5): 322-330.
[LING SN, LIU TY, CHEN X Y, et al. Effects of different thaw-
ing methods on freshness and volatile flavor substances of anchovy
[J]. Science and Technology of Food Industry, 2022, 43(5): 322—
330. ]
[8] Zifth, mueE, Rk, 5. KRB X AR &K A
JR 8 (1], & Fe A5, 2022, 43(15):227-235. [ WAN H L,
YING X G, ZHAO B, et al. Effects of different thawing methods on
thawing quality of raw fish fillets[J] Food Science, 2022, 43(15):
227-235. ]
[9] KA, IMET, KRR, F. WA XATF W & i BAHALLEH)
# % ea (1] AR F IR, 2022, 36(8): 1607-1617. [ ZHANG L, SUN
JN, ZHU M R, et al. Effect of thawing method on quality and mi-
crostructureof mutton[J]. Journal of Nuclear Agricultural Sciences,
2022,36(8): 1607-1617. ]
[10] MRS, RG, B8, F. LA K-AMF R KR
B R s M ¥ [T, A B A, 2011(7): 109-112. [ AY-
IMGULI, CAI Y, CHEN S E, et al. Effects of repeated freezing-
thawing on beef quality and microstructure[J]. Food Science, 2011
(7):109-112. ]
[11] LIXP,LIUCK, ZHOU MY, et al. Effects of hydroxyl radi-
cal oxidation on the structure and gel properties of myofibrin in
grass carp (Ctenopharyngodon idellus) [J]. Food Science, 2017, 38
(21):30-37.
[12] Rk3R, w58, FRAE, F. ARS8 £ o7 LI 3 S
w3 om (1], & de 5 A B T 1k, 2020, 46(18): 128—135. [ LIU X R,
SHEN L, QI F S, et al. Effect of micro-freezing preservation on stor-
age quality of oriental pufferfish redfin[J]. Food and Fermentation
Industry, 2020, 46(18): 128—135. ]
[13] ZHOU A M, LIN L Y, LIANG Y, et al. Physicochemical
properties of natural actomyosin from threadfin bream (Nemipterus
spp.) induced by high hydrostatic pressure[J]. Food Chemistry,
2014, 156: 402—407.
[14] BEEBRR, TEA, F. BFEMAETHRSRAYH
(J]. A3 % #F 52 ,2017,31(11): 14-19. [ JIANG Y, CHENG T F,
WANG ] R, et al. Effect of ultrasonic thawing on pork quality[J].
Meat Research, 2017, 31(11): 14—19. ]
[ 15] SKIPNES D, STBY M L, HENDRICKX M E. A method for
characterising cook loss and water holding capacity in heat treated
cod (Gadus morhua) muscle[J]. Journal of Food Engineering, 2017,
80(4): 1078-1085.
[16] kXE, B&S, Fg, ¥ REMBAE T X5k & LA 4%
Kotk Fa kG R AR R Fn (1], et 5, 2017, 38(11): 6-11.
[ ZHU W H, GONG H Z, BU Y, et al. Effects of different thawing
methods on muscle water retention and protein oxidation degree of
Peruvian squid [J]. Food Science, 2017, 38(11): 6—11. ]
[17] LIU Z L, XIONG Y L, CHEN 1J. Protein oxidation enhances
hydration but suppresses water-holding capacity in porcine longis-
simus muscle[J]. Journal of Agricultural and Food Chemistry, 2010,
58(19): 10697-10704.


https://doi.org/10.7506/rlyj1001-8123-20201113-264
https://doi.org/10.7506/rlyj1001-8123-20201113-264
https://doi.org/10.1080/10942912.2020.1845202
https://doi.org/10.1016/j.meatsci.2019.02.016
https://doi.org/10.1016/j.lwt.2018.09.064
https://doi.org/10.13652/j.spjx.1003.5788.2022.90204
https://doi.org/10.13652/j.spjx.1003.5788.2022.90204
https://doi.org/10.13386/j.issn1002-0306.2021050273
https://doi.org/10.13386/j.issn1002-0306.2021050273
https://doi.org/10.11869/j.issn.100-8551.2022.08.1607
https://doi.org/10.11869/j.issn.100-8551.2022.08.1607
https://doi.org/10.13995/j.cnki.11-1802/ts.024656
https://doi.org/10.13995/j.cnki.11-1802/ts.024656
https://doi.org/10.13995/j.cnki.11-1802/ts.024656
https://doi.org/10.1016/j.foodchem.2014.02.013
https://doi.org/10.7506/spkx1002-6630-201711002
https://doi.org/10.7506/spkx1002-6630-201711002
https://doi.org/10.1021/jf102043k

318 - £ Tl B4

2023 4F 11 H

(18] BE, xixk, $4L, F. Rtk 7 XAtk & & R o9 %
vfy [J]. A 5 & B Tk, 2021,47(1): 222-228. [MA Y F, LIU H,
SHAN Q Y, et al. Effect of different thawing methods on the quality
of little yellow croaker[J]. Food and Fermentation Industries, 2021,
47(1):222-228. ]
[19] OCANO-HIGUERA V M, MAEDA-MARTINEZ A N,
MARQUEZRIOS E, et al. Freshness assessment of ray fish stored in
ice by biochemical, chemical and physical methods[J]. Food Chem-
istry, 2017, 125(1): 49-54.
[20] Zam. FopBERIRFRAEAMRTID]. Lif: L
¥ K5, 2019. [ WANG H L. Study on changes in the quality
of grass carp in the process of postmortem[D]. Shanghai: Shanghai
Ocean University, 2019. ]
[21] 2F, 435, ZEx, F A F RS E AMATRERS
FR G o R 6 B SR [T, LR A S AHa, 2022, 38(8): 361~
371,265. [ WU P, YAO F, WANG Z Y, et al. Research progress on
the effects of ultrasonic treatment on thawing process and post-thaw
quality of livestock meat[J]. Modern Food Science and Technolo-
gy, 2022, 38(8): 361-371,265. |
[22] MOUSAKHANI-GANJEH A, HAMDAMI N, SOLTANI-
ZADEH N. Impact of high voltage electric field thawing on the
quality of frozen tuna fish ( Thunnus albacares) [1]. Journal of Food
Engineering, 2015, 156: 39—44.
(23] ET4, #hdh. REAEA T XAk 4 £ & & Rag a1,
A AE, 2020,41(23): 137-143. [ WANG X S, XIE J. Effects of
different thawing methods on the quality of frozen horse mackerel
[J]. Food Science, 2020, 41(23): 137-143. |
[24] ZZpg. F EFIFABEE TR RFNAIEERTES
BR[D]. M. T TH XS, 2011, [ LIXP. Study on quality evalua-
tion and freshness index protein of Chinese shrimp during refrigera-
tion[D]. Hangzhou: Zhejiang Gongshang University, 2011. ]
[25] oA, RAH, S0, 5. kT £ G 5F R M6
(J]. &5 % 8 T ik, 2013,39(3): 73-76. [ LIL J, CHAIC X, LU
X X, et al. Effect of microfreezing on texture of Penaeus vannamei
Boone [J]. Food and Fermentation Industry, 2013, 39(3): 73-76. ]
[26] #HA¥. ke AR ERAMET XA R [D]. Lk Big
HEE# K5, 2020. [ TAN M T. Research on squid freezing process and
thawing method [D]. Shanghai: Shanghai Ocean University, 2020. ]
[27] 3R, IMET, RYVE, F. R R itk 7 XoPob i 505 W R R
B RARHHra )] At P H AR, 2022,40(1): 161-171.
[ ZHANG L, SUN J N, ZHU M R, et al. Effects of different thaw-

ing methods on lipid and protein oxidation of Kazakh mutton[J].
Journal of Food Science and Technology, 2022, 40(1): 161-171. ]
(28] Eshsih, thir, FoAk, 3. ik o XxPae 4 M & & RAL,
o RAF PR AT SR a9 e [, R AL UK 4R, 2021, 52(5): 342—
349. [ WANG L L, CHEN L H, LI L Q, et al. Effects of thawing on
oxidation, functional characteristics and freshnessof yak beef pro-
tein[J]. Transactions of the Chinese Society for Agricultural Ma-
chinery, 2021, 52(5): 342-349. |

[29] LEEM A, KIM T K, HWANG K E, et al. Kimchi extracts as
inhibitors of color deterioration and lipidoxidation in raw ground
pork meat during refrigerated storage[J]. Journal of the Science of
Food andAgriculture, 2019, 99(6): 2735-2742.

(30] & mar, W4, 4k, 5. R R Mk 7 Xxh- 7308 i i a4k
e B AR F e Rk i B # %o (1], S & 24 42 3R, 2019,
10(8):2181-2189. [GE M T, LI X C, LIN L, et al. Effects of dif-
ferent thawing methods on physicochemical properties and volatile
flavor substances of early maturing crab meat[J]. Journal of Food
Safety and Quality Detection, 2019, 10(8): 2181-2189. ]

[31] OZEN B O, SOYER A. Effect of plant extracts on lipid and
protein oxidation of mackerel (Scomber scombrus) mince during
frozen storage[J]. Journal of Food Science and Technology, 2018,
55(1):120—127.

[32] E#&D. A-Eo & AR TR G R AN F 6 BRAMM
WA D], 480 3K 5, 2019: 67-69. [ GONG H Z. Study on
protein oxidation-mediated water retention mechanism during tha-
wing of Peruvian squid[D]. Jinzhou: Bohai University, 2019: 67—
69. ]

(331 %%, #tdh, Ta4%. REMAF X0 &R0 Y0
[J]. &4, 2019,40(13): 94-101. [ TAN M T, XIE J, WANG
J F. Effects of different thawing methods on squid quality[J]. food
science, 2019, 40(13): 94—-101. |

(34 ] ARABL. 3R xT 07 R HOK & B G bR ey AF 5 [D].
F A F AR L K F, 2011:23-24. [ ZHENG W W. Study on the
effect of trehalose on preventing freezing denaturation of freshwater
surimi protein[D]. Jilin: Jilin Agricultural University, 2011:23-
24. ]

[35] Fupth, = 8bas, o 233, 5. KRR A T o ied W e A
Py Ha (0], A 5 A B Tk, 2020, 46(23): 124-131. [LIL Q,
YAN Q G, HA Y J, et al. Effects of different thawing methods on
the quality characteristics of yak meat[J]. Food and Fermentation
Industries, 2020, 46(23): 124-131. ]


https://doi.org/10.13995/j.cnki.11-1802/ts.025025
https://doi.org/10.13995/j.cnki.11-1802/ts.025025
https://doi.org/10.1016/j.jfoodeng.2015.02.004
https://doi.org/10.1016/j.jfoodeng.2015.02.004
https://doi.org/10.7506/spkx1002-6630-20191105-050
https://doi.org/10.7506/spkx1002-6630-20191105-050
https://doi.org/10.13995/j.cnki.11-1802/ts.2013.03.029
https://doi.org/10.13995/j.cnki.11-1802/ts.2013.03.029
https://doi.org/10.6041/j.issn.1000-1298.2021.05.038
https://doi.org/10.6041/j.issn.1000-1298.2021.05.038
https://doi.org/10.6041/j.issn.1000-1298.2021.05.038
https://doi.org/10.6041/j.issn.1000-1298.2021.05.038
https://doi.org/10.1002/jsfa.9441
https://doi.org/10.1002/jsfa.9441
https://doi.org/10.3969/j.issn.2095-0381.2019.08.015
https://doi.org/10.3969/j.issn.2095-0381.2019.08.015
https://doi.org/10.3969/j.issn.2095-0381.2019.08.015
https://doi.org/10.1007/s13197-017-2847-6
https://doi.org/10.7506/spkx1002-6630-20181022-246
https://doi.org/10.7506/spkx1002-6630-20181022-246
https://doi.org/10.7506/spkx1002-6630-20181022-246
https://doi.org/10.13995/j.cnki.11-1802/ts.024579
https://doi.org/10.13995/j.cnki.11-1802/ts.024579
https://doi.org/10.13995/j.cnki.11-1802/ts.024579

	1 材料和方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 原料的预处理
	1.2.2 解冻曲线的绘制
	1.2.3 解冻损失率的测定
	1.2.4 蒸煮损失率的测定
	1.2.5 持水力的测定
	1.2.6 TVB-N值的测定
	1.2.7 质构特性的测定
	1.2.8 过氧化值的测定
	1.2.9 丙二醛含量的测定
	1.2.10 巯基的测定
	1.2.11 Ca2+-ATPase活性的测定

	1.3 数据处理

	2 结果与分析
	2.1 大口黑鲈鱼的解冻曲线
	2.2 不同解冻方式对大口黑鲈鱼保水性的影响
	2.3 不同解冻方式对大口黑鲈鱼TVB-N值的影响
	2.4 不同解冻方式对大口黑鲈鱼质构的影响
	2.5 不同解冻方式对大口黑鲈鱼过氧化值的影响
	2.6 不同解冻方式对大口黑鲈鱼丙二醛含量的影响
	2.7 不同解冻方式对大口黑鲈鱼巯基的影响
	2.8 不同解冻方式对大口黑鲈鱼Ca2+-ATP酶活性的影响

	3 结论
	参考文献

