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Study on sterilization effect and process optimization of dried

bean curd bythermosonication treatment
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Abstract: In order to obtain the optimum process of thermosoni-
cation treatment( TST) sterilization of dried bean curd(DBC) ., on
the basis of single factor, the ultrasonic power, ultrasonic time
and temperature were selected as the factors, and the decreased
logarithm value of bacteria, color difference AE*, L*, a*,
b* . hardness. chewiness. resilience. springiness. cohesiveness.

protein content were used as indicators, the three-factor box
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Benhnken test was designed and the characteristic index for eval-
uating the quality of the DBC was screened out by factor analysis.,
the model was established and the best

parameters were

optimized. Results: the characteristic index for evaluating the
quality of DBC were chewiness, color difference and resilience,
The model of the decreased logarithm value of bacteria and the
characteristic index for evaluating the quality of the DBC could be
used to analyze and predict the effects of the TST parameters on
the sterilization of the DBC and its effect on quality. The optimal
process parameters for sterilization of DBC by the TST were: ul-
trasonic treating time 90 min, ultrasonic power 876 W, and tem-
perature at 78 °C. TST has the advantages of low temperature,
high bactericidal efficiency and good preservation of texture and
color of DBC. TST can be used for the DBC sterilization.

Keywords: dried bean curd; thermosonication; germicidal tech-

nology; factor analysis
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Table 1 Factor level code table of Box-Behnken test
K ABFERE]/min - BEAIE/W CifiE/C
—1 15.0 300 10
0 52.5 625 65
1 90.0 950 90

A

Y, — 40 BB AR X B L lg (CFU/g) s

N —— BT RGP S50 &0 e 4}107 CFU/ g;

N—G 5 T AW G 4 W 8, CFU /g,

(2) RIHH®E 4% GB/T 4789.3—2016 $h47.

(3) BUFTE (W 1T IR TA 75 21 IR T8 | 4 58 65 19 40 45 Bk
B 4y B # GB 4789.4—2010, GB 4789.5—2012, GB
4789.10—2010 #1447,
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AE=[(L," —L")*+(as —a* )+ —b*)H*]"*,

(2
Ao
AE—1{8 2%
Lo L*— 2 B W1 06 F0 A B )5 S8 T /Y W B2
i
ay a’ I3 90 00 e AR TR S LR T I AL R R
UTENCE O3 5 R IR AR TS SR TR B .

BEARE G I 3 RIBCF(E RS2
1.3.4 FUMIE R RS RORE & T AL R B AR
Sy 12 mm B F T BOR  BE  S RO E R SR T
5 P36/R; M E 1 mm/s; R T REHEE 1 mm/s;
JFEEE 1 mm/s; B4R E 50%, fE Rl & TR, P
FTRE 5 W, 2o d4midie KAE 5 /A, oAt 3 W 56 5K F
¥,
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Table 2 Experimental design and results of Box-Behnken

&% A B A AR AT Lo b B/ WREE EEE A R
{#/1g(CFU - g~ 1) G/ %
1 0 0 0 1.81 3.03  68.06 12.39 40.36 1 989.35 1468.41 0.39 0.90 0.75 22.99
2 —1 0o —1 1.08 3.77  69.58 13.16 40.62 2 122.88 1 874.10 0.36 0.90 0.71 22.95
3 0o —1 1 2.40 7.10  73.09 13.01 40.55 1508.37 1010.77 0.35 1.12 0.65 22.14
4 0 1 —1 2.19 6.22 72.24 12,73 41.22 1545.71 1205.13 0.40 0.93 0.77 22.01
5 1 —1 0 1.95 2.57 68.21 13.99 40.43 2 255.93 1 365.38 0.39 0.95 0.76 23.34
6 1 0 —1 2.96 3.22  68.13 13.76 39.49 2 250.63 1473.37 0.35 0.92 0.71 24.30
7 0 0 0 1.62 1.15  67.09 13.65 41.44 2 163.86 1437.20 0.38 0.94 0.75 22.90
8§ —1 0 1 2.69 6.17  69.93 12.67 37.34 1664.29 1448.71 0.36 0.98 0.72 21.31
9 o —1 —1 1.01 7.01 72.32 13.05 38.75 1506.17 1253.05 0.38 0.92 0.71 21.62
10 —1 1 0 1.90 0.89 67.00 13.66 42.08 1861.27 1496.24 0.43 0.85 0.78 22.53
11 0 0 0 1.96 1.16  65.85 13.90 40.98 1947.75 1 460.50 0.39 0.94 0.76 25.49
12 0 0 0 1.82 0.41  66.05 14.32 41.77 2093.46 1492.87 0.38 0.93 0.76 23.48
13 —1 —1 0 0.68 7.72  73.64 13.65 39.93 1761.90 1476.38 0.39 1.03 0.75 21.64
14 0 0 0 1.89 1.42  66.32 14.14 40.65 2 089.60 1 420.86 0.38 0.93 0.77 25.10
15 0 1 1 4.30 5.04 70.95 12.82 40.84 1121.79 831.18  0.38 0.94 0.71 21.54
16 1 1 0 4.15 5.45 70.85 12.38 39.74 1985.29 1 302.40 0.38 0.92 0.75 25.43
17 1 0 1 4.89 2.63  66.28 13.13 39.62 2110.57 1 305.68 0.34 0.93 0.69 22.92
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Table 3 Total variance of interpretation

R4 OEERDERE

Table 4 Rotated component matrix of factor analysis

By RREM QD TR/ BBUr st/ % LD FHT1 FHF 2 FHF 3
1 4.683 46.825 16.825 2% —0.500 —0.754 —0.270
2 1.912 19.118 65.943 L~ —0.606 —0.655 —0.121
3 1.146 11.457 77.400 a* 0.156 0.809 0.050
4 0.810 8.096 85.495 b —0.200 0.684 0.523
5 0.622 6.217 91.712 i i 0.806 0.446 —0.096
6 0.414 4.144 95.857 LI 0.814 0.057 0.111
7 0.203 2.029 97.886 [E-K —0.121 0.080 0.954
8 0.137 1.367 99.253 s —0.610 0.008 —0.608
9 0.070 0.697 99.949 N R 0.297 0.230 0.834

10 0.005 0.051 100.000 AR 0.519 0.509 —0.005

F I RRAE (2 A 5 SRR (Y 77,4006, BEHTIX 3 AN PH ¥
AT LIRS B8 T 10 A BB b i 48 B 2015 B

K 1 Kaiser i ifi b B K U5 22 9% #E 47 R T e % » 74 2
JRETe i B4 o S DL A 4L RETE IR A EE UM R B I 7
AR B (A B X NG R . TR B TR R B (L4
XMETO MRS 1, A F B MR i N T . 5 1
E S AT 2 SR AR S PR R R, B T
N 0 S T R G 4 2 ER TS5 @22 AE
L™ a™ b7 4 DIEARE M BB T S5 T I (5
BRAE AR s 5 3 5 [ 5 PR AN AR 2 A48 B i A G
MmO R T S TR B AR AE . LA BB T
i F8 B0 R (LA 28 X B D S bR v 7T DAAS 2 Mg | o
Al LA 3 8 b o AE % 08 Bl a " RN BE A Y 4L 2

84 AE 2N LR G4 b B H 88 R4>0.75,
PR U 6 SBCMEL M AES N Il M 3 SR AR AR D S T 9
JEFEAE G Ao LW P 2 5 M O T 5 M 0% TSR 4E AR, 0
AR G T ORI A A EEE LT O
TR R W Y B TR R R
PRFFEEEM R E I AE fH /N AR R RS 2
JE T 22 /NS B e L T B M, T 2
TR 5 T A M S T R T LA M R TR AR A Y R
G T 0 P L B DNl 8 5 — B, Bl T
AL A6 A R 43 A R BB AR R S Y
2.3 EEEBRMEISHF

FIH] Design Expert #1472 70 M H 14, 15 5 &
FE I E] L T 38 U BE 43 S0 5 4 TR AR AR B0 (v Vi

203



204

F & B2 | DEVELOPMENT &. APPLICATION

E (o) VAE Cys) K I E P Cy ) 1 Z R 2350 8 H J5 2 -
v =1.82+0.95A + 0.81B + 0.88C + 0.25AB +
0.18BC+0.39A%2+0.69C?, (3
v, =1 455.97 — 106.07A — 151.16C + 64, 43AC +
202.28A% —248.15B%—132.79C*, 4
v;=1.43—0.85B+2.43AB+2.56 B> +2.35C*, (5)
v, =0.38 —0.010A + 1. 000E — 002B — 7. 500E —
003C—0.012AB+0.019B* —0.026C* (6)
& EARAR M TT 25 A A A R W3R 5.4 A 4R AR A [ 5
RLAY 35 g 25 (P<C0.05) , AU T AN 8. 35 (P=>0.05) , 4% 4
BIR)Pe & R4 R #9>>0.932 2, 1A 8 € &R B Riy
¥9>>0.845 5, U0 W A T 1) A0 PR B8R IR0 BOMEL L R IR L
28 R nl 52 VAR B 5 52 PR 0 400G B A0 B Ot [l )51
Xof Rl 1 o R IR TS Y % B R AR AR EAT A0 B R

x5 HEHEARRFTESHER
Table 5 Variance analysis table of each index
regression model
P{H

75 5 A R

Y1 V2 hE Vi
e <€0.000 1 <C0.000 1  0.002 5 0.001 4
A <20.000 1 0.000 3 0.129 3 0.008 2
B <20.000 1 0.074 2 0.041 1 0.008 2
C <C0.000 1  <C0.000 1 0.799 0 0.029 0
AB 0.007 0 0.394 2 0.001 5 0.014 5
AC 0.258 4 0.025 6 0.164 3 0.539 2
BC 0.027 8 0.192 3 0.530 5 0.539 2
A? 0.000 5 <C0.000 1 0.736 5 0.171 5
B? 0.548 1 <C0.000 1 0.001 0 0.001 4
C? <20.000 1 0.000 6 0.001 6 0.000 2

U 04427 00796 04889 01376

R? 0.994 6 0.981 9 0.932 2 0.943 6
Ry 0.987 7 0.958 7 0.845 5 0.871 1

25 PR X A0 TR AR AR X B 1Y 5 e 3 A g L C°
Xt A T A 50 5 AU X B0 A AR S R I, A® RN 38 LT
AB.BC $ Wi & 2 5 4% IR T X REL O 4 5% 0] 4 R /AR Uk 2
C>A>B, A” B X E g M A A 2 25 1 5% ), CF i1 38 L 3
AC 52 i 2 5 4% IR X €8 22 52 i 1) KM IR & B> A>
C.B* \C* M58 B AB 52 g 2 5 45 B 7 XoF [0 42 52 el 1y
KR SE A=B>C,B* .C* fIzg .0 AB X} [8] & 4 ) 5%
W) {8 3
2.4 FEILEZHMMKL

250 v 0 PR R I X BB A 4,72 1g(CFU/ @) B
FLAS AL EE Y T P % B BUIR T 750 CFU/g, £ #1 DB
34/T 720.2—2009, 7EXES S HGE B P9, DUAH T 803 1K
XHE >4.72 1g(CFU/g) , 8,25 {8 e /1N » MG A [m] 43
R KRR F ] Designer-Expert 7.0.0 {4 % & T 5%
LT G AL . 15 3 R Bl R R B de i
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ZBHCH G I 90.00 min, B I % 875.90 W R B
78.11 °C . 2 iR B 5 b 2R 7 45 4 K 8 7 ) R R B 43 )1
PR AR 876 W A 78 “C L HE IR LSBT LA 5 5 A
T E AN & 6 BT .
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Table 6 Prediction effect table of regression equation
e VREBREROEC L e ex man
{H/1g(CFU « g~ 1)
T A 4.72 1 266.80 3.93 0.37
S L 4.73 1270.50  3.91 0.38
CwmEMm/% 0.21 029 —051 263

M 6 W LLFE W, B E S S0 H Rz
H<2.63% BRI Al S A0, HAEUL A T AL B &
JEE T 14 40 PR B R AT X MBS 4.73 1g (CFU/ @) | NHL I
1 270.50 6 2% 3.91 & ¥k 0.38, K ig & E/N T
40 MPN/100 g,3 Fi S0 s 4 Ak s
5 ik

LI T P DR 75 N T T2 e R0 B A
] 90 min #8722 876 W iR 78 'C. #u Al B i 7 I
Ao 3B VR B AR S TR K 1R AT A e AR R T T B
AN R AT T S0 T R . A BB R AR
Ry — R B A B B R T — 25 I 7E B R B AL B ) S
Bl b TP R GE A Tl Ak 2R 7= 1 AR B R R R B R T

5% ik

L] #fif. v8 bk S T L R AR A9 BF 55 [DJ. B8 . 1L K
2, 2012,

(2] FASEDL, KRR, EWAR. % XTRELZMHFRLDL &
dh Tl BHE . 2009(6) 2 199-201.

(3] A&, KK BF. AHFECTTHMIBEAH RSN T TE0
FElJ]. RER%, 2011, 30(4): 697-699.

[4] CHANDRAPALA J, OLIVER C, KENTISH S. Ultrasonics
in food processing[J]. Ultrasonics Sonochemistry, 2012, 19
(5): 975-983.

[5] PIYASENA P, MOHAREB E, MCKELLAR R C. Inactiva-
tion of microbes using ultrasound a review [J]. International
Journal of Food Microbiology, 2003, 87(3): 207-216.

(6] BHE, AICH, BILT M. PR B R Ok Ab 20T o s ok T 5
R RS R L], & Tk R . 2019(1) : 6-10.

[7] E&0], £ WREARSGES TREMBMPIRELI] &M
Tk B . 2014, 35(13): 124-128.

[8] KROKIDA M K, MAROULIS Z B. Effect of microwave dr-
ying on some quality properties of dehydrated products[]J].
Drying Technology., 1999, 17(3) . 449-466.

[o] WAEAG, T M4, BRI, S & 0 A 5 07 A G T
MWFFEL) ] B AR K24 4 ARFLF R, 2012, 29(2) .
126-131, 135.



