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Abstract: To gain a deeper understanding about the effect of air on ultrasonic attenuation, the freezing efficiency of the ultrasound-assisted
immersion freezing method was determined on tissue samples with pores comprising different air contents. Radish tissue was used as a food
model. The air content in the vegetable tissues was adjusted by vacuum degassing treatments to obtain tissue pores with 9.91%, 6.46%, 4.01%,
or 0% of air. These samples were then treated by ultrasound-assisted immersion freezing at a frequency of 28 kHz and power of 0.33 W/cm?,
and the results were compared with those from samples subjected to normal immersion freezing at the same temperature. Consequently, relative
to the samples that were frozen normally, the freezing rates of the samples with 9.91%, 6.46%, 4.01%, and 0% of air were improved by 20.00%,
27.00%, 29.00%, and 33.00%, respectively, after ultrasound-assisted immersion freezing, and the phase transition times of these samples were
reduced by 16.00%, 24.00%, 27.00%, and 31.00%, respectively. With decreasing air content in the radishes, the freezing rate of the
ultrasound-assisted immersion freezing method was increased significantly (p<0.05), and the hardness, microstructure, and calcium content of
the thawed samples were significantly enhanced (p<0.05) as well. The results suggested that the higher air content in the radish tissue pores was
a major factor causing the decrease in the efficiency of ultrasound-assisted immersion freezing, and degassing treatment could effectively
improve the efficiency of this freezing technique on air-containing substances.
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Fig.1 Schematic diagram of the ultrasound-assisted immersion
freezing device
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Table 1 Methods to adjust the air content in radish tissue pores and corresponding parameters
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Table 2 Freezing treatments for radish tissues with different air contents
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Fig.2 Scheme of ultrasound-assisted immersion freezing of
radish tissues with different air contents

13 WREAS R

1.3.1 BRI T ARESE 4T

%% Lazar Drazleta Z5f77152%, HRAERTH KAl
JREEXTEE N H LR SRS E AT . BEFRRE i
1T 3 AT
1.3.2 ALF KA FHME

HTE% (GB 5009.3-2010),
1.3.3 ARE &N E

%7 Fernandez-Leon 251771, SR TA-XT2i
TR RSN RE S BE R T I 7 o DRI A2 e FH 4

174

P, FERFER N 2 mm BB PR ER SRR
FEaIEAT IR MASHE . WARTIEEE 2.00
mm/s, R 1.00 mm/s, I3 5.00 mm/s,
fil%c 71 5.00 g, EAFARTERERE 60%, LLECRIEEEN
FERM RIS R . BRI AT 6 AT
134 SRR EDMAE (CLSM) HAERL
LRRNLLE A

%7 Diirrenberger % Haiyan Cen (7771222, Hy
SHAUH T (KexBEx /B 1x1x0.1cm®), FH 0.1%MHIR
LG GL 10 min, Jetagh s -G KR =, 28
JETE 488 nm AR N X ZREET CLSM B AA .
%H Leica Application Suite X 2} #ft:4t E G347 2>
HTAbFE

14 BE& Ca 4B

141 ¥ Ca4%E

i FHE 5 - B N i K FH Kawashima 2611 77
ER HURESL 5 g, TN 65%M5EE 10 mL, ZFeAMH
1 K KA G HR B W5 F2 ) 100 mL FEHfH, FHZE
KL, [RIRIMNEEREE S AEIR, 13 S R
JHEER BT BE 538 0.5% R0 1%. DABRERES1E briE
FE, ARERE P B 2 R B VA R R BR VA IR 5 R )
AIA 0.5%F1 1%, F 2R RIS Ye e R



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

WS EEE e, B4 3 KT
142 BRAEEHS (AIS) F Ca¥seg
REh T AIS FERICR A Galetto 2517730, i
05 g FEAONGERR, @8N 25 mL ARFR 53 50h 96%11)
CBE, ¥ 2 min. ST 60 C/K 5 min. &
AN ZRFEIRGT 25 'C. 10013 g 24 FE.L 20
min. B0 G IR T RS (80%
LIEFIR 96% LI —10) . BJaTE 40 CHEUFEHHIT
TEVIEAT TR, RIONEEAAEE . AIS Hh Ca?*
SEHNIE S8 Ca? & IE 7E 3L

15 HEaar

KH SPSS #A SER AT et b, A
Tukey VEXI S APIEIHT T 200, BEEKE
N 95%; SEIGHHEY LU EMERERZER R K
Origin 8.5 A HATIER

2 ZER5i}S
21 HABFRELEXNE NALME R

B e R R S 1R AR B

101
C>F
5t — C<UF
— D%%vea>UF
) or — D3%¥mpa>UF
N — D5 wmpa>UF
® T
JuE
-10
15+
20 1 L L J
0 200 400 600 800

BFE] /s
E 3 TRSHENE MARRERLZ
Fig.3 Freezing curves of radish tissues with different air
contents
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Fig.4 Total freezing time of a unit mass (1 g) of juice in radish
tissues with different air contents
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Fig.6 Hardness of radish tissues with different air contents after
freezing treatment
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Table 3 Effects of ultrasound-assisted immersion freezing on the calcium content of radish tissues with different air contents
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