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1.3 REHZE

1.3.1 FAE 8L VR vk R0 R H 8 R Ok
(CST) . HF A AKMIR (NUT) ., 5l 40 K fif o
(NMT) FiE 75 830 5l B 40 K i 5 (NUMT)4 Fh oA
[ e 7 7 SORT R B B A0 7, SRR PO IR B SR
2| 0 CH, AR A& R, BT .

1) CST R&S M AhE ol f 5 T 4 CokF

2) NUT R4S B R il 0 50 2 12 0 7E MNPs
75 W (0.9 mg/mL) Hr, BT M S i Bl B R kAR
(300 W .2 450 MHz) " fi## %

3) NMT R&S 1R 6 Bl o 58 42 = L 7E MNPs
HEWE (0.9 mg/mL) H, & TR 4 b (500 W2 450
MHz) i 5 .

4) NUMT R 45 19 f & B f0 50 4 0% i 76
MNPs (0.9 mg/mL) H , B F#8 7 ith 7 (300 W,
2 450 MHz) , & 75 I I & (80 (500 W .2 450
MHz) #1478 %

132 MEMaETEEAH K B % Zh
G TS, PP A EREITE 4 CF 31T
LI B B 5 B 0 KR S 5 4 A5 AR Y Tris—HCL 73
(20 mmol/L .pH 7.5)i& 4, I FH I FHLAE 5 000
v/min T 30 s, REREGPLL 6 500 x g £
L 20 min,, % M8 _EARSRIIIVE 3 Wk, LARTITE 4
5 AR B 20 mmol/L Tris -HCl & # (0.6 mol/L
NaCl,pH 7.5)# % & .0> 20 min (6 500 x g) 53 L&
TRRD R UL EF 4 25 (Myofibrillar protein, MP)
1.3.3 BRSNS T S5 e &N
(7 AR o, AR SR AEINT .

P 9 AL B B B 10 ¢ A9 MP, i A 10 mL
KIBKPEAE S 20mL A T BHIRAHA, H 1
mol/L & HCI i 847 pH = 2.0,37 C/K IR
2 h, S5 )5 H 0.5 mol/L i) NaHCO, 1% ¥ I 4y
pH £ 7.0,

B T AL B B . B 40 mL b3 B I AR,
A 40 mL N TR A 345,37 CKEBHRY 2 h,
SR 45 SR 2 mol/L HC I pH 2.0,

1.3.4  PRAMEAR R e AR X0 A 7 ik
MBS, RS AR TR T .

IRSMF R (%) = CrC 100

Ao Co ISR I & &L g5 € R IRSMNE
fLlE M E R & it e.
1.3.5 B ol £ 7 Ak J5 2R 1 RIIR o S Ak Rt e A
1.3.5.1  BREEMME  ARYE Oliver S J7 1k 7
Bek, B 2, 4-fi53IRHF (DNPH) 52 % Al i) 2
TR A
1.3.5.2 #HAEMWE KA DTNB M0 2 3
DI, it S 5, 5 RAC-R (-3 HR)
(DTNB) J5 Ji7 M i 3 % (-SH) & &, IF i A 13
600 ML REGTEA, L 54N 6Ot B R
SR E S o
1.3.53 ZERBARMWE 2% Davies F1H
FEIMUAE T, F 20 mmol/L 85 iR 15 5 W (&
0.6 mol/L KCl ,pH 7.0)44b ¥ J5 1Y &5 11 7 B 2
1 mg/mL J5 g, WESHBCNE K 325 nm,
HH 8 F .300~500 nm, FF4E T (2.5 nm,2.5
nm) . FHE i 2 A B LA 2K 71 5T 5 42 6 B (mg/
ml) 15 AL IE 5 M 9B , 45 3 AT & B A7 R
(AU,
1.3.5.4 At e ZmE e RAE Wite 5505
M) ¥, TE 532 nm AR 55 6 A 2 L 22 2 (TBA)
{H .
1.3.6 KARMME FEZIERT, #idsh &8
KR JE 3 BT Y Zetasize BATEAL MP 15 17 47
ﬁé[mlo
1.3.7 DPPH il & 2% Spripokar 511y Jr
2%, 78 517 nm P KT E DPPH {H .
1.3.8  JERIBRIMME S50 B 7R EF0 T 15 R
VEME T, X B 15 A 380~600 nm 11 [ N #E 175 6
R HEE I R WK 360 nm,
1.3.9 Fe*ZEGRENMNE 2% Xing FH 7
B DAZRE T K 0T IR vERA I B 3.7 mL 94 1B AR
i _E W .0.2 mL 5 mmol/L JE 3% B A1 0.1 mL
2 mmol/L. FeCl, & 10 mL .0, IREWA)E
ZEIR T HFE 10 min, 7F 562 nm A0 5E B 5RO
B
1.3.10 BEgeit  Prf Sem s bR e ¥4 3 A
AT, SPSS 19.0 Ge it 47 B 2K B His
ST Origin2020 AT, Hd P<0.05 1%
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T 1k R I ik 21 80.33% ,NUT il NMT 41 9 i 1k
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AR W AR IE AR AR . 18] 2 AN Rl R T
SO 5 B £ 7 Ak = W PR AL B i s e, f BT
1, CST A 320 e 56 % 2 5 e (H P 5.06 nmol/mg,
7 7.11 nmol/mg) , NUMT Ab 4 21 ¥t 3£ F 1K (B H
2.66 nmol/mg, i 1 3.86 nmol/mg) , £ 7 JH L J5 19
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Different treatment groups

TE ARG T B R 7R 22 5 1825 (P<0.05)
1 FEAEANHEESEFIMELENZM0
Fig.1 Effect of different treatments groups on the
in vitro digestibility of jumbo squid
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Fig.2 Effect of different treatments groups on the protein

carbonyl content of jumbo squid post—digestion

T Ak = AR B, W 3 TR R TR S R
(B Bt 10 22 5 AR SR I AR S NUMT Ab #4205
EE&ERE, H% 61.83 nmol/mg, i H 58.56
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Fig.3 Effect of different treatments groups on sulfhydryl

content of jumbo squid post—digestion
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Fig.4 Effect of different treatments groups

on dityrosine content of jumbo squid post—digestion
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HALIE HEA NG, E— 255 /IR . BF 5% 26 B
ARG WUER B A E s L3N 8 AR W] LA % A2,
CST AbHRZ R AR i K, B AL 4 400.82 nm, 7
THALJE K 378.48 nm; NUMT 4k B 40 045 e/ |,
HALIE A 298.41 nm, 7 H AL I A 327.48 nm , fHik:
FOST B k7N 2 T 28 1 5 7 i 0 4 T 5 i
B /N B R N UT AT NMT Ak F 2 ik 65 f)E £ 47
PR T NUMT, & R 35 78 A R o 7% v X i
B8 1 U E AL, BRI RERRZE KR, Bai
SRR 5 3¢ B SR U il Ak B s R R RO AE AR 1
DA B R AT, R B AR A Y R R R R T 42
1, SR B 1T R B SR A R URE R /NG in . NUMT
Ab B2 RT RE G Ao R GO R A A 3 S B —
AV R I 7 A RGN T LR £F 4k B X AR R
Tt FH A R, PR T K A i B2, ik 2 2K 4R
RREE RifR e/, FHEC, B 1 T BORLBR R 2 1
o Ak A T A
2.4 XEAEMLE DPPH &EHE N

DPPH [ Hy B35 B R 2 18 4 05 1 1A i 551k
RERRE Y RE Ty . 7 WAL CST 4
DPPH [ 255 B R N 46.90% (H ) 1 50.73%
() ,NUMT 419 DPPH F i 53 R N
56.94% (8 ) F1 58.72% (# h ), % B NUMT 4b
HEXT DPPH [ Hh JL 35 bR g 1A BRUG e , fh pR 2R
150 7E 9 b 2o A v a3 il 7 AR Y 22 IR B S A
M2 ] BE 2 A 2 Fh A= W 6 R Li S5 7
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Fig.6 Effect of different treatments groups on particle

size of jumbo squid post-digestion
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Fig.8 Effect of different treatments groups on

fluorescence characteristic of jumbo squid post—digestion
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Fig.9 Effect of different treatments groups on Fe*
chelating capacity of jumbo squid post—digestion

3 #Hig

AL A R A I S ] A R
Ty 2O b 5 00 2 11 40 A R R Ak B 5 ) A
READLTH A S 56 R o & B, MINPs 59 A 1F T Fik
i e B TP E A, SR sk I A Ak
P 6 B 0 R A A B R R R SRR
W, R R R I8 Ak BT T S R v S AR 3 b T
T 42 3% 26 B [0 1, NUMT &b B8 20 334 £k 2 i 3
aEmTHEOHEA, REM _REEAR 2T
4 AP IRAR, FEW] NUMT &b 328 ] DL i i 4k i
B A R NS BB RS nE, BT E
o 3 R B S AL T TR B S AR A, i NUMT
() 4 PR AR FE T8 BT K RN IR F ER S
Fe* 2 Re J1 3o, b fbae L TIH B AL B4
25 FRT iR MNPs 355 4 75 R mT DL 5 2 1V
AR IF IR IR 4P (P A AL RIOR , R F T &R A i fE
AT AbE DY TS AT I, ASBIF S 5 B R K
il VR AR B FF & LA B an e $5 155 K 7= A 1 B I Y
40T 1 A WS A R B 5 JE i

& % x #

(17 #wiss, Bam, AR, S5 5T 0wk

A B £0 LA i T AR B R 5k,
2019, 40(13): 6-13.
WEI W Y, ZHAO J L, ZHANG X L, et al. Re-
search on Peruvian squid muscle tenderization pro-
cess based on response surface method optimization
[JI. Food Research and Development, 2019, 40
(13): 6-13.

[2] T, AT, WA, . S B OOR A LU IR

WA A AT S AR )] BRSSO R, 2021, 42
(5): 164-171.
YU D, FU Z Y, ZHENG ], et al. Analysis and e-
valuation of nutrient composition of different tissues
of Peruvian squid[J]. Food Research and Develop-
ment, 2021, 42(5): 164-171.

[3] kI, OJCAREE, BEL, L OMRUR O EXTREUA K&
i i S R B W 5T BE D] A RS, 2014, 28
(8): 24-29.

ZHANG K, GUAN Z Q, LI M, et al. Research
progress on the effect of thawing method on the

quality of frozen meat food[J]. Meat Research, 2014,



24 4% 4 12

2 R R 2T 8 & R G T AL G BALE A ¥va

123

[4]

[5]

[10]

[11]

28(8): 24-29.
ZHU W H, GUO H F, HAN M L,

ing the effects of nanoparticles combined ultrasonic—

et al. Evaluat-

microwave thawing on water holding capacity, oxi-
dation, and protein conformation in jumbo squid
(Dosidicus gigas) mantles|]]. Food Chemistry, 2022,
402(15): 134250.

7, EUEE, JUHT, S bR & B
S K B 1 A A i 1 A B R Ak e
AL TR R S A 7). b ORI A, 2020, 35(4):

39-45.
LI F, HUANG H M, YOU X Y, et al. Effect of
heat treatment on the in wvitro trypsin digestion

properties and antioxidant properties of digestion
products of rice bran protein oxidized by peroxyl
radicals[J]. Journal of the Chinese Cereals and Oils
Association, 2020, 35(4). 39-45.

ESTEVEZ M, LUNA C. Dietary protein oxidation:

A silent threat to human health?[J]. Critical Reviews

in Food Science and Nutrition, 2017, 57 (17):
3781-3793.

ZHU W H, LI Y, BU Y, et al. Effects of
nanowarming on water holding capacity, oxidation

and protein conformation changes in jumbo squid
(Dosidicus gigas) mantles[J]. LWT-Food Science and
Technology, 2020, 129: 109511.

PRIEE, MM, WEE, F ORE TR a%M
@%@i"’ﬂﬁt%ﬁ&,ﬂéﬂiﬁlﬁﬁ A7 Wy 3 P S ). B
MRk, 2022, 43(14): 76-84.

ZHONG T J, HONG P Z, ZHOU C X, et al. Ef-
fects of gallic acid on the gelatinization properties
and in witro digestive product activity of goldfish
2022, 43(14): 76-84.
KB, AR O, SRR PRORL A A A I
PO B HE 7= Wt A ROR N ] B S LB,
2014, 30(6): 135-138.

LIU P, QI X P, ZHAN X M,

surimi|J]. Food Science,

et al. In wvitro di-
gestion simulation of recreational fish pellets and e-
valuation of antioxidant effects of their products|[J].
Food & Machinery, 2014, 30(6): 135-138.

OLIVER C N, AHN B W, MOERMANS E J, et

al. Age-related changes in oxidized proteins|]J]. Jour-

nal of Biological Chemistry, 1987, 262(12). 5488-
5491.
ELLMAN G L. Tissue sulthydryl groups[J]. Archives

of Biochemistry and Biophysics, 1959, 82(1): 70-

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

77.

DAVIES K J A, DELSIGNORES M E, LI S W.
Protein damage and degradation by oxygen radicals.
Il . Modification of amino acids[J]. Journal of Bio-
logical Chemistry, 1987, 260(20): 9902-9907.
WITTE V C, KRAUSE G F, BAILEY M E. A new
extraction method for determining 2 -Thiobarbituric
acid values of pork ang beef during storage[J]. Jour-
nal of Food Science, 1970, 35(5): 582-585.

LIU HT, LI Y Y, DIAO X P, et al. Effect of
porcine bone protein hydrolysates on the emulsifying
and oxidative stability of oil —in—water emulsions[]J].
Colloids and Surfaces A: Physicochemical and Engi-
neering Aspects, 2018, 538(5): 757-764.
SRIPOKAR P, BENJAKUL S, KLOMKLAO S. An-
tioxidant and functional properties of protein hy-
drolysates obtained from starry triggerfish muscle us-
ing trypsin from albacore tuna liver[J]].
and Agricultural Biotechnology, 2019, 17. 447-454.
IR RR, BB, TR, . AR T R RS
RS ADLIH A B 358 o 655 £ 2 1 Jo 44 B T A0 P 4 52 ],
franFhez, 2018, 39(20): 63-70.

HU L L, REN S J, SHEN Q, Effects of

different cooking methods and in wvitro simulated di-

Biocatalysis

et al.

gestive environment on protein oxidation and di-

gestibility of sturgeon[J]. Food Science, 2018, 39
(20): 63-70.
XING L. J, HU Y Y, HU H Y, et al. Purification

and identification of antioxidative peptides from dry—
cured Xuanwei ham|J]. Food Chemistry, 2016, 194
(1): 951-9s8.

CAO M J, CAO A L, WANG J,

magnetic

et al. Effect of
nanoparticles plus microwave or far —in-
frared thawing on protein conformation changes and
(Pagrus Major)
498 -

moisture migration of red seabream
fillets[J]. Food Chemistry, 2018, 266 (15):
507.

HU L L, SIJIE R, QING S,
of the effect of different cooking methods on protein

RSC Advances, 2017, 7

et al. Proteomic study

oxidation in fish fillets[J].
(44): 27496-27505.

ETHERIDGE M, XU Y, ROTT L, et al. RF heat-

ing of magnetic nanoparticles improves the thawing
of cryopreserved biomaterials[J]. Technology, 2014,
2(3): 229-242.
BAI X, SHI S,

KONG B H, et al. Analysis of the



124 S SIS = T SO 4 2024 445 12 )

influencing mechanism of the freeze—thawing cycles hams[J]. Meat Science, 2021, 171: 108290.

on in vitro chicken meat digestion based on protein [28] LI Z Y, WANG J Y, ZHENG B D, et al. Impact

structural changes [J]. Food Chemistry, 2023, 399 of combined ultrasound —microwave treatment on

(15): 134020. structuraland functional properties of golden threadfin
[22] SUN W Z, ZHOU F B, ZHAO M M, et al bream  (Nemipterus virgatus) wmyofibrillar proteins

Physicochemical changes of myofibrillar proteins dur- and hydrolysates|J]. Ultrasonics Sonochemistry, 2020,

ing processing of Cantonese sausage in relation to 65: 105063.

their aggregation behavior and in wvitro digestibility[J]. [29] T/NF. AN TR o AR Ak 3 T %50 %o R 25 1 BT A5 4

Food Chemistry, 2011, 129(2). 472-478. AR ZE AL 2 D] M. N R A
[23] Z=Aff, JUAIT, SN, . POb XN AL 2021.

KR AR R AN B AR A s )] b YU X F. Effects of different cooking heat treatments

fhEEAR, 2020, 20(10): 76-83. on protein structure, oxidative properties and di-

WU W, YOU X Y, HUANG H M, et al. Effect of gestibility of Penaeus vannamei |[D]. Yangzhou: Yang-

heat treatment on the in wvitro pepsin digestion prop- zhou University, 2021.

erties of malondialdehyde —oxidized rice bran protein [30] sKIESE. 730 T A B ) i 358 JE i BT B AR A1 5 Ak R P

[J]. Journal of Chinese Institude of Food Science and M52 [D]. HM . i RAE, 2019.

Technology, 2020, 20(10): 76-83. ZHANG S W. Effect of celery on gel quality and in
[24] RYSMAN T, HECKE T V, POUCKE C V, et al. vitro  digestive properties of surimi products [D].

Protein oxidation and proteolysis during storage and Jinzhou: Bohai University, 2019.

in vitro digestion of pork and beef patties[]J]. Food [31] E4k, BUBGEHT, SR, 44 SRR 52 A ik Sh

Chemistry, 2016, 209(15): 177-184. L Ak S5 AR B A2 Ak A ACE 910 1 1% 8 L B AF 5
[25] W 5 k. A5 f0 A 1 B A KT Al M 09 52 i B (] WZAFgE, 2018, 32(1): 16-22.

X[D]. BTN . #ivLk2E, 2018. WANG L, CHENG X Y, MA X Z. Comparative

HU L L. Study on the effect of cooking on protein study of antioxidant and ACE inhibitory activities of

oxidation and digestibility of sturgeon[D]. Hangzhou: crude peptides from Jinhua ham after heating cook-

Zhejiang University, 2018. ing and in vitro simulated digestion[J]. Meat Re-
[26] WEN S Y, ZHOU G H, SONG S X, et al. Dis- search, 2018, 32(1): 16-22.

crimination of in vitro and in vivo digestion products [32] QIAN Z J, JUNG W K, KIM S K, et al. Free

of meat proteins from pork, beef, chicken, and fish radical scavenging activity of a novel antioxidative

[J]. Proteomics, 2015, 15(21): 3688-3698. peptide purified from hydrolysate of bullfrog skin,
[27] WANG W L, LI Y, ZHOU X R, et al. Changes in Rana catesbeiana Shaw[J]. Bioresource Technology,

the extent and products of in vitro protein digestion 2008, 99(6): 1690-1698.

during the ripening periods of Chinese dry —cured

Effects of Nanothawing on Oxidation Characteristics of Jumbo Squid (Dosidicus gigas)
Protein after Digestion

Zhu Wenhui, Li Wenzheng, Guo Huifang, Bu Ying, Li Jianrong, Li Xuepeng’
(College of Food Science and Engineering, Bohai University, China Light Industry Key Laboratory
of Marine Fish Processing, Jinzhou 121013, Liaoning)

Abstract To investigate the effects of different thawing methods on the oxidation characteristics of protein after in vitro
gastrointestinal digestion, four thawing methods, namely cold storage thawing (CST), MNPs combined ultrasonic thawing
(NUT), MNPs combined microwave thawing (NMT), and MNPs combined ultrasonic—microwave thawing (NUMT), were
used to simulate the gastrointestinal digestion of jumbo squid (Dosidicus gigas) in wvitro. The results showed that com-

pared with the control group CST, the three thawing methods all improved the digestibility of protein. The protein di-
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gestibility in wvitro of the NUMT treatment group was up to 80.33%. The degree of protein oxidation in the NUMT group
was the lowest after gastrointestinal digestion. Specifically, the carbonyl content was 2.66 nmol/mg in the stomach and
3.86 nmol/mg in the intestine; dipolytyrosine levels were reduced by 30.75% in the stomach and 23.73% in the intestine
compared to the CST group; the sulfhydryl group contents were 19.25 nmol/mg in the stomach and 18.68 nmol/mg in the
intestine. Additionally, the particle sizes of the NUMT group were the smallest, measuring 298.41 nm in the stomach
and 327.48 nm in the intestine. The DPPH free radical scavenging rate and Fe®* chelating ability in the NUMT treatment
group were the highest, reaching 56.94% vs 25.59% in the stomach and 58.72% vs 32.27% in the intestine, respective-
ly. In conclusion, under the four different thawing methods, the NUMT treatment group significantly reduces protein and
lipid oxidation during the thawing process of jumbo squid, demonstrating the highest antioxidant activity following gas-
trointestinal digestion.

Keywords Jumbo squid (Dosidicus gigas); nano—thawing; in wvitro digestion; oxidative properties; antioxidant capacity



