[5ET

2023 FEERIERFAES
IEXE

FHPIRIRGT I

HETIERAWMESZS
2023- bR



R E TR AR 2 2 2RI
2R AW 5 233040

B AN S R A S B it Ju it 52

FRF ZENK EFRE RMBR
(RN R Z MR B AR P AR S S SEI0 R RE ML K22 VR A B AR 28 3 TR 50
T A ARE A=, KT 300134 )

(E-mail: songsongzhao@tjcu.edu.cn)

WE: N TRESFRNEIELZ, FRTHGHUE R b A= 05 B 78 00 I 4ERE . AR SOl 4 g A 5
BiAERRIE S, TR T RFERZRE (0 Gs. 20 Gs. 40 Gs. 60 Gs. 80 Gs Al 100 Gs) S¥%IRSE (-6 °C.
-10 °C. -14 °CHl-18 °C) XARSHII M 7T IR Y], BRI, B A% R
R RE. EMERAVREET, BURRERERA, RIS IR IR, 4= P K o i
&, ARk,

REEA: 4N ARSE MR B

0 IS

FREEFENEAR ML RFE R LR, BA RN KK T MR s ae )4
Pegh o (B H T2 REEAE U R h 25 55 52 31 5 73 AR S AMEAE M IR L R 52 e, 3 B 24 1A
FA) A BT TR PR AT T B 5 AR A1

AT, N BT BN S AR (RG>, (HA AL B A4 Y
PRIHART G R, ANRE LRI R, A HRAEE, XX S P=EmRN, SEGE
KRGy SCEFEIRR R, BAR T AR RS DU, BRI NS E . Rk, SF24- PR
M5, =R R AT R AR AS R AL 25 0K 7 0% — Pl BRI AR TR I v st A
FRNEVKIRI 5 (supercooling storage) , 2RI AL UK 5 UL R HARIE L AN R A R S5 1
— PR B AR o AT TV S VKR IR, A PRI SRR A, R T A IR S
TAEPIR A BT o HAS R5 B R, WK IS TR] DR AR 2 N BT B o (RIS 2 — FhEARAS,
FEN L R 25 5 52 2R LW B HIGE SN SEREm, SEUFRRIRIRRESS T, O T4 NIE
FIIYERR I VOIRAS 5 B2 40 B HOR BB b A 8 s UK BuAZ /O ARFFAER G5 RS,
151l 4 Fi 7 R 17 S5 15- 8100,

37 5 B VA B GE — P R, Wi K o 1 BRAR PR B = AR i, AT =i
AR IR E . Mok SEURIH ik H s (PEF) ARG (OME) & H AN MM A
REFLE-T °C W VIRAS 24 h, LFYEH LG IRFF 58, RMERIGEKILR o Lin ZEI2HRIE MF
3 I VA R AT 8 S R S T 1 R AR RF 2 P R R K B

DRI, AR SC¥E 3 5 B KR s e R AT S5 6 RN RIA VR FE, AT AS [RIRE IR B 5
FEsZm A= IS v 280 (DK RUIRE « UK IR i FE S AHAR IR [R]85 BB 9T, R FEAE-6 °C. -10 °C.
-14 °C J¢-18 °C¥ VR FE T I v I G s W 2 40
1 MRS
1.1 LRt

AP B SRR, ST OREETT AL R X R Bl i AR AR Y, TRONERE A
FAE (4-8°C) WighSEEm = 5 Rt GBI ERIEES BB, VEI3 x 3 x 3 cm?
Pe, IFFH B B A0 R R B AR A PUSCEAR N, R P AL B Al 2 AR R LAT ot
TE A R R O A N R B iR T2 S IR S
1.2 4" 5E8&



DP6010 B jife kB RYITE IRl AR AR PS-THM372 ZUE 2G50
FIRAERARAR; PEX-045B B R it JJHBHERHE AIRA R ; DAM3047N i
SRR JE B R SR K A TR A A .

it

b3
PR o

(b)
B 1 RS R G (e, B a RIS B TR R L & b Bk S ED

Fig. 1 Electromagnetic field assisted freezing and cold storage test bench ( (a) Schematic
diagram of electromagnetic field assisted freezing and cold storage; (b) Equipment physical
diagram)
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Fig. 2 Freezing curve of fresh beef under electromagnetic field treatment at -18 °C
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Fig. 3 Freezing slope curve of samples at -18 °C
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Fig. 4 Beef freezing curve under electromagnetic field treatment at -14 ‘C
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Fig. 5 Beef freezing curve under electromagnetic field treatment at -10 ‘C
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Fig. 6: Beef freezing curve under electromagnetic field treatment at -6 ‘C
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Figure 1. The preparation process and microscopic characterization of magnesium oxide nanoparticles.
(a) The preparation process of MgO. (b) The XRD result of MgO. (c-d) Transmission electron (TEM), scanning
electron microscopy (SEM) and size distribution of sheet magnesium oxide particles; (e-f) Transmission electron
(TEM), scanning electron microscopy (SEM), and size distribution of PVP coated MgO particles.
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Figure 2. Biocompatibility and biodegradable properties. Cytotoxicity of the PLM NPs. (a) 3T3 cells
viability after incubation with different concentrations of MgO@PVP NPs (0.01, 0.05, 0.1, and 0.5 mg/ml) for
6,12, 24, and 48 h. (b) The PH changes of nanoparticles cultured in different buffers for different times. (c) The
changes in magnesium ion concentration were detected after the nanoparticles (0.05, 0.1, and 0.5 mg/ml) were
cultured in cells at different times (0, 3, 6, and Sh).
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Figure 3. Antioxidant property. (a) ROS fluorescence probe intensity of cells stimulated by H202 before
and after adding MgO@PVP NPs. Different concentrations of H202 (25, 50, and 100 uM) stimulate cells to
produce oxidative stress. (b) ROS fluorescence probe intensity of cells stimulated by low temperatures (20, 4,
and -20 °C) before and after adding MgO@PVP NPs. (¢) Statistical results of mean fluorescence intensity of
H202 and (d) temperature stimulus.
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Figure 4. MgO@PVP nanoparticle’s impact on the thermal conductivity and ice crystal growth. (a)
Thermal conductivity of different concentrations of MgO@PVP. (b) The ice crystal growth with different
concentrations of MgO@PVP images, OPVP, 1 PVP, 5SPVP represent the concentration of PVP while preparing
is 0, 1, 5 mg/mL (c) Quantitative statistical comparison were performed for the ice crystal area of 0.1 mg/mL
MgO@PVP nanoparticles (with different concentration of PVP), and 0.1 mg/mL PVP solution. Scale bar: 100
pm.
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Figure 5. Cell uptake of nanoparticles. CLSM images of 3T3 cells treated with MgO@PVP NPs, the blue
and red color fluorescence indicate the cell nucleus and MgO@PVP NPs, respectively. The scale bars are 10
pm.
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Figure 6. Cryopreservation and viability of 3T3 cells after cryopreservation with the preincubation of
MgO/PVP NPs. (a) Schematic diagram of cooling and rewarming process. (b) Immediate quantitative cell
viability after cryopreservation by slow freezing with different concentrations of MgO/PVP NPs. (c)
Fluorescence micrographs of live (green) and dead (red) 3T3 cells after slow freezing with different

concentrations of MgO@PVP.
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