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Analysis of Mass Transfer Kinetics during Braising Beef Using Ultrasonic

in Synergy with Vacuum
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Abstract: Beef tendon meat was taken as the research object, and the beef was braised by three methods, namely braising under different
vacuums, braising under different ultrasonic powers in synergy with vacuum, and braising under different ultrasonic frequencies in synergy with
vacuum. The changes in the salt content, moisture content and weight of the braised beef during the braising processes were measured to
examine the mass transfer patterns of the ultrasonic-vacuum braised beef. The results show that the changes in the salt content increased with the
increases of vacuum degree, ultrasonic power and ultrasonic frequency, whilst the changes in the moisture content and weight decreased with the
increases of vacuum degree, ultrasonic power and ultrasonic frequency. The kinetic parameters associated with the salt content changes of
braised beef during braising process, kj and k», of variation are related to the vacuum degree, ultrasonic power and ultrasonic frequency. Under
the conditions of vacuum degree of-0.043 MPa, ultrasonic frequency of 28 kHz and ultrasonic power of 1 000 W, the maximum effective
diffusion coefficient De for the salt content change was 1.42x10™* m?/s. The mass transfer driving force of the three braising methods had a good
positive linear relationship with /1, Vacuum braising and ultrasonic in synergy with vacuum braising had significant effects on the
microstructure of the braised beef. Therefore, ultrasonic in synergy with vacuum braising had a significant effect on the mass transfer in the
braised beef and could promote the mass transfer process. The optimal mass transfer conditions for the braising under ultrasonic in synergy with
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vacuum were: vacuum degree, -0.043 MPa; ultrasonic frequency, 28 kHz; ultrasonic power, 1 000 W; ultrasonic time, 30 min.

Key words: ultrasonic; vacuum; mass transfer kinetics; stewed beef in seasoning
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and time of stewed beef in seasoning under different vacuum

stewed cooking
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Fig.11 The square root regression curve of salt content change and

time of stewed beef in Seasoning under different power and vacuum
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Fig.12 The square root regression curve of salt content change
and time of stewed beef in seasoning under different frequency
and vacuum
xR 1 FRIEZE TFEAGRAM,  AMC ' AMRIEh HESHE (&

k) REEYFFRH (0<0.05)
Table 1 Kinetic parameter values (k1 and k2) and regression
coefficients of stewed beef in seasoning AM,", AM’ ', AM; under

different vacuum degrees (p<0.05)

847 A% E/MPa ki ko R?
-0.054 -0.11 0.08 095
_ -0.043 -0.09 0.08 0.93
-0.031 -0.10 0.07 0.92
-0.016 -0.11 007 0.93
-0.054 23393 -0.70 0.94
-0.043 3318 -0.77  0.95
AMI)
-0.031 3469 -0.71 0.94
-0.016 3477 -0.83 0.94
-0.054 2982 -0.77 0.96
-0.043 23040 -0.70 0.96
-0.031 3118 -0.69 0.98
-0.016 23205 -0.69 0.98
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*2 TEBENERNEESTEFRAM  AM '« AM BIE7H
FEHE (L k) REEVARE (<0.05)

Table 2 Kinetic parameter values (k1 and k) and regression
coefficients of AM”, AM; ', AM of stewed beef in seasoning
under vacuum with different ultrasonic power

BAR AFEW k k R
400 -0.05 0.07 0.94
600 -0.02  0.08 0.95
AM;! 800 0.04 0.08 0.97
1000 0.06  0.09 0.96
1200 006  0.09 0.97
400 -35.70  -0.64 0.80
600 -3528 -0.59 0.86
AM; 800 -34.63 -0.58 0.93
1000  -32.82 -0.65 0.87
1200 -32.81 -0.67 0.86
400 -31.03  -0.72 0.94
600 -30.31  -0.66 0.96
AM 800 -29.12  -0.70  0.96
1000  -27.19 -0.79 0.95
1200 -26.83 -0.86 0.96
%3 TRERAENFES FEEBAM  AMC . AV BIEIH
SBHME (k&) REEARY (<0/05)

Table 3 Kinetic parameter values (k1 and k2) and regression

coefficients of stewed beef in seasoning AM,”, AM('; AM; under

vacuum with different ultrasonic frequencies

i MF/kHz k o R?
22 0.11 < 0.09 0.96
AMY! 28 0.15 = 0.10 0:96
40 005  .0.09 0.94
22 -33.42 -0.59 0.94
AM? 28 -31.70 © -0.61 ~ 0.93
40 -3441  -0.57 0.95
22 -27.99 -0.75 0.87
AM 28 -26.37 -0.82 0.93
40 -30.05 -0.65 0.96

*4 TBELTEZTEFRAM  AM! ' AM EIHFEIE (4
k) REBYAZEE (p<0.05)

Table 4 Kinetic values (k1 and k2) and regression coefficients of
stewed beef in seasoning AM,", AM{', AM; under no ultrasound
and no vacuum

432 75 X AT k 2 R?
AMS' -0.16  0.07 0.88
FARELEE AM 3871 -0.66 0.94
AMy -3536 -0.58 0.97
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Fig.13 Regression curve of mass transfer driving force (1-Y{')

and 5/ under different vacuum
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Fig.15 Regression curve of mass transfer driving force (1-¥7')

and 7%/ under different frequencies in a coordinated vacuum
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FERE e FEERMETS) /1, ik B & PERIR S
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T (20O %, AR REHEE A (6 THEE
P 508 0.021 58 BT AN (7) 153 TERB) )
—ye) 5Oz gtttz e R (813, & 14,
EI15), HiH DefH, 152085 B F R EHETR ) /)
AR
M5 RET LA, GRS B R A %
T35 3% 10 A % 75 I B RV B 1 AR A R
Ko 3FhIERMT, AP HREDe A LA
(v s Th A 3G KM W R, R AR
-0.043 MPa I 2y 6.60%10°5 m¥ss. LJZ%E )9 1:000 W i A5
A HUR L De [HA 1.17%10 mfs, AN IS P
- | T

HA

B AN B REE IR IE KA &S, fEAIR 28 kHz I
KON 142310 m?s; X FAREEZM T, MHFE K
B E R RN, R BRI 8: A
7 e P A3 P[] 2 i > A () 75 ) 2 i ) 2
B>AFE R ESRA . HAh, H2 & S
PR A I A AL TUIREN ) (L -y ) BT J7AR
R APIERIEE (05D A RIFIANER R (R?=0.95).
PRI, P e I ) 30 22 i 22 PR AT AR v i A T R
R, BAEM BOA 28 kHz, TJ%E 1000 W, H
¥ £-0.043 MPa 261 M HUR B = .

x5 ATBHNBAERNEAETESINFRERRIELEH

FEHE
Table 5 Theoretical kinetic parameter values obtained by

vacuum cooking and ultrasonic cooking of stewed beef in

seasoning
48 5 A4 De/(m¥s)  k R
-0.054MPa  6.19x10° -040 0.98
p -0.043MPa 6.60x10° -041 0.95
A=A
<0.031 MPa ~ 4.96x10° -0.37 0.95
-0.016 MPa  4.90x10° -0.38 0.96
400 W 6.34x10°  -0.38 0.97
600 W 7.34x10°  -0.39  0.99
RE D EHF
R 81x10°  -0.4 .
s £ ) 800 W 8.81x10 0.40 0.98
1000 W 1.35x10% -0.48 0.98
1200 W 1.13x10*  -043 0.99
22 kHz 1.60x10* -0.55 0.98
YNOETESAC
. 28 kH 1.72x10%  -0.50 0.98
AEEH z
40 kHz 1.40x10* -0.51 0.98
S B8 48 4.56x10°  -040 0.90
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Fig.16 Microstructure of stewed beef in seasoning under different conditions (x200)
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