#20%  H23 &k TR E R Vol.29 No.23
286 2013 4F 12 H Transactions of the Chinese Society of Agricultural Engineering Dec. 2013

BE K-k EBEF IR RIS EN T Z S8
FTaRE, EWAT, KkEH, K @

(Herpfell K22 T2 ke, 2RI 430070)

#OE: RMENEEEDREK, —BEZE 20~30d. FKE40~50d. N TIREREMERIRCEE, KA -
kBRI AR, IR A F bkl BRI 75 il A P TR) A 2 i R 25, 380 B R 3 R B AT RS, I8 il
it R rh B S SR BRI T SR B AR, X S -k sl FR I AR A R R D R 0 T E S BU AT
GERR: RAFES TN 24% &R, EMEM 30°C &M FIEH] 3d, S5 iR b A 6 Eh A Tos R 15 e dpe
T23%.: &EEMEAN 140kPa, EEMKSIHE A 4 min:16 min, HAEMEMARPUNES 1 K, #EEREKSIH A
2 min:10 min, @A EAMEH K 132 min, W] DUREHIH AR B M RER, RO aH&EN 4.61%, & aHhoE
H2.12%, MiSEHBEZEMEAET 2.49%%. EEFE 4R E BB RAMM. BaE T, B, Sl ka0
HIRF o R A 77 A A LLAR B I 7 VA 40 56 T 90 %, mI R AR 1) oAb 2B P4 it R 5 2% .

XKHER: REREA, &, kAL, RFE, B4, RTBE
doi: 10.3969/j.issn.1002-6819.2013.23.039

hESHES: S851.34'7.31 XERFRERD: A

EFAER, ERA, K@M, F BEE-RIERRREBIIBGENTZSHMMA]. R TEFR, 2013,
29(23): 286—292.

Wang Shiquan, Wang Shucai, Zhang Yipeng, et al. Parameter optimization for quickly salted egg by using
ultrasonic—pulsed pressure technology[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions

XEHRS: 1002-6819(2013)-23-0286-07

of the CSAE), 2013, 29(23): 286—292. (in Chinese with English abstract)

0 3l

AT, o L el i 2 sl R AR . 2% 20~
30d. HKZE 40~50dY, DEE, g R AR 1 E
S I R [ Y 24 AR GO () — AN R L, [ 2
T4, 38 R ARvE S EE 723 i
RIFIME RIS EFR A 1B Bk ah R e e o0,
BRAR A IAR 7 vk T R B o R P e B R 228 g
i ) U)K i e, (L2 S 3¢ B B B 0 5 R B 52l
4, A AT LUE 30 1) R R e e B Sk
o R0 N AR — 5 4 R I 15 A 1 T g Y,
i P sy 20, A R B B T LA e R
fE o, H— HRS SR N AR A BT, ks
[) - s M i

ARVRIAD TR FH 7 T 1 07 T B FH 8 7 ol AT ik 3
(ke shisidE; MALE SRS R,
AR AR P TR (K AH LB Al T PR AR B 2

it

Wk H#A: 2013-04-15  1&iT H #i: 2013-10-28

HeuiH. FExARRY S (31071578)

EZE T FAUR (1987—), Y3, TLH#EZ A, BFR5 MRk i
Az, s el oRye gk, 430070,

Email: wsq@ webmail.hzau.edu.cn

RIS FMA (1966—), J, Widbzki A, WL, #dg, L
AW, ETWFOT RN TR e . s AeralkoR e T
%K, 430070, Email: wscO1l@mail.hzau.edu.cn

&, $GamER T N RI) FREaE s RTINS A s
B BeRE N sh i AR Se S IE 2R T, E
Bt MR N R IR AR DT, K o Ak
B, RN ORUE AL, A i 4 R e A A s 1) o
AU GE P Akl s 11 240, Seilid i #a
R e ZH0KY, AT IEAS R R T 2245
ore NEEERR T R4S

1 MR57IE

1.1 RIEHR

RS (Aerp R R 2E T 5 RS Gl
JEEh M EAGRATD 5 fHRE (AgNOz)  ([HZy
EFAARFIEBR AT 5 BRI (K,CrO,) (E 2y
LR R A D o
1.2 UE5&KF

EJ-200 Rl oy HO3 ML, EIgAR AR
FA2004B H 1431 CR 2 +0.001g) = gk
PRI A TR A A s RV TR WEE R
BETTR I cas ) s POEMEHRRIG AL E . Ak
2 AR kRN 0.02mm) YT G R
FHWRAFA,

LS R A TR B0 e Y, T R ) M T
Wy ARG BB RS R g
HIRG A, w1 R,



% 23 1

FATVIRAE P - KB s I R RS 2 (1 T E S H A 287

1 23 4 6 8

SOOD|
._?_chn' J

LSRN 20 /) 3 R 4 IROUMEHIA RS 5. BrEEmyiR
6. KX 7. A 8 B 9. REOUARIER 10 EEBET
11 AR 120 WEAERS 130 In#EE 14, BHE

1. Air compressor 2. Valve 3. Trachea 4. Pressure pickled vessel
5. Fresh duck eggs 6. Gauge 7. Safety valve 8. Intake valve
9. Pressure transmitters 10. Ultrasound transducer 11. Outlet valve
12. Temperature transmitter 13. Heating pipe  14. Control box
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Fig.1 Schematic diagram of experimental apparatus for fast
salting eggs
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Fig.2 Schematic diagram of pulsed pressure
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Fig.3 Schematic diagram of pulsed ultrasonic
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Table 1  Sensory evaluation criteria

RAEELAD VEA AR T Wi
Evaluation index Evaluation standard Full credit
B WAL, LR, A 15
Egg white JJEE & 2.0
i B , &al, era 25
Egg yolk AR i 1.0
BF: i V% 1 AN
Taste JBIRE T, PRI A 3.0
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0.5 min:10 min. 1 min:10 min. 2:10. 3 min: 10 min,
T PAERBIHLES 1R, BARIERRK 2h, &
JEWE{E 120 kPa, =ik fksht A 8 min:16 min, 14
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ZEGB A PAE K 10 1.5, 2. 250 3h XHEER
AP

3) MR X SR AR 1 52

ARSI 2 min:10 min, oAb L,
JEg% MR 90, 120, 150. 180 kPa X sl RIS .

4) e R K Bl Lo AR (1) 5 )

Ak EG A 2 min: 10 min, HoAd 44 L,
5% = R k2 e 4 min:16 min. 8 min:16 min .
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A 28% VA 1ER 30°C « A AR T I HL AR
1 KB A P EE 2 min:10 min (4602 R i) 3 d,
RN BRI B A R R A = e ikl R R
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F, CUSCRME TR ) bR, D Lo(B3)HEAT IEACIA
5, KB 2,

Fz2 EXREE
Table 2 Experimental orthogonal table

[X % Factors
RS B
High pressure
pulsation ration

KE R A
Leve Pressure
amplitude/kPa

BN C
Ultrasonic acting
time/min

/(min-min’)
1 120 4:16 108
2 140 8:16 120
3 160 12:16 132
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Sk T ek R 7 T R e AR v
WA IS, SR T ksl ok
Ao I HI I AR R 7 e TIR 6 e IR 7 ik B EE AT
AV FH B R 5% il B 2 7 AR AR K I3 1
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Kl 4, i 40050, i, EES bR A
fiksh b L B i 2 . i ., A Sk sl B
2 min:10 min BP0 & b B T — A g, 100
R PR RO AR R AR TR R, A T LA A

5 NaCl V535 . 16 i3 NaCl (K815 5T B
e IWFr B 2Z2(H T VR H, A &
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Sel e E HEAE R S b, ARSI S M.

TRGG I FE o A BIURE 75 Y ik 3 bE 3 min: 10 min fig
il (P B R — NS B ) B 1 IR B e T
HARMABAT RIS AR eI % . BARE
AP NKEI N 2 min:10 min B, G A EE
5%, {H & & sh st m, FraliE & A4 iR
B A, B LGB A ksl FEE 2 min: 10 min L
EH

g e
ik

A .
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| NGy
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T/f_f/f\f

0
0:10  0.5:10 1:10 2:10 3:10
KB L

Ultrasonic pulse ratio/(min‘min")

TE: BFERAERINBLE 1Ok, EABAERINAK 2h, wE{E 120 kPa,
kB EE A 8 min:16 min, R 30°C i 3 d.
Note: The first day of using ultrasonic for 2 h, pulse pressure amplitude is
120 kPa, high pressure holding time/ atmospheric pressure holding time
ratio is 8 min:16 min, salting 3 days at 30°C.
B4 &S EMRS A R E R
Fig.4 Effect of ultrasonic pulsation ratio on salted egg
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e 1737 77 £h 5 Salt content of egg white
ey o

i 0 10 A
Difference between egg yolk and egg white

== 553 & 55 Salt content of egg yolk

Salt content/%
~

i )

0
1.0 1.5 2.0 2.5 3.0
CEERI U ENRS
Length of Ultrasonic acting time/h

e A KEIE Y 2 min:10 min, EEAREAERBALE 1R, @ RIEE
120 kPa, kst 8 min:16 min, 1E#: 30°CHEH 3 do
Note: Ultrasonic pulsation ratio is 2 min:10 min, acting time is at the first day,
pulse pressure amplitude is 120 kPa, high pressure holding time/ atmospheric
pressure holding time ratio is 8 min:16 min, salting 3 days at 30°C.

B 5 A AR RATRE 8

Fig.5 Effect of ultrasonic acting time on salted egg
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I R SRR R I AR Ak it 2 L 1
6. 1t 120 £ 160 kPa FJJu[H N, HAREIGH & hiE
FARIL 5%, fHE AT DAZER RGN (] Y B 3 5 2R i IA 3]
R, BT CARAT TR s i {1 120 £1) 160 kPa b A3E . -

6
R SR i
5 4;/—_\ Salt content of egg white
Sal A
8 Difference between
5 3 egg yolk and egg white
S3
3 i
o 2°F Salt content of egg yolk
b
b1l F
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i S

Pressure amplitude/kPa

e EAE SIS 2 min:10 min, EEAEREEHBLE 1R, @Eks)
Lt 8 min:16 min, fHik 30°CHEHI 3d.

Note: Ultrasonic pulsation ratio is 2 min:10 min, acting time point is at the
first day, high pressure holding time/ atmospheric pressure holding time
ratio is 8 min:16 min, salting 3 days at 30°C.

A6 &ERE AR R
Fig.6 Effect of pulse pressure amplitude on salted egg
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4:16 8:16 16:16 24:16 48:16
i e ksl L

High pressure pulsation ration/(min‘min')

e A BIKEIE Y 2 min:10 min, EEAEREERRALE 1R, @R
120 kPa, fHik 30 CHEEdHI 3 do

Note: Ultrasonic pulsation ratio is 2 min:10 min, acting time is at the first
day, pulse pressure amplitude is 120 kPa, salting 3 days at 30°C.

B 7 ZHERS R REGH A
Fig.7 Effect of high pressure holding time/ atmospheric
pressure holding time ratio on salted egg
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Difference between
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8 41  Salt content of egg yolk
8
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w
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EAPN 2R EIRPN
First day Second day Third day

KA Number of days/d

e EAEKEIEY 2 min:10 min, BRI 1K, m IR
120 kPa, i IEHKBILE N 8 min:16 min, {30 C.

Note: Ultrasonic pulsation ratio is 2 min:10 min, acting time is at the first day,
pulse pressure amplitude is 120 kPa, high pressure holding time/ atmospheric
pressure holding time ratio is 8 min:16 min, salting temperature is 30°C.

B8 e ot 1 2t A& 49 %
Fig.8 Effect of time of salting egg on salted egg
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SRR S Eh R R I 1) PR AR £ i
2 DI 9o AT L PR A I ] X R PR 5
JRAAAR IR o AT A T (I 8] R AE 2R 1R
e, A BEREFRCR .

W A3 £h i Salt content of egg white
=

m 5 b 2 {E Difference between egg yolk and egg white
5k O 5 #57 #h 1 Salt content of egg yolk

Salt content/%

=R
Im B
S}

Eh

S
&

EAPN CPFN EIRPN
First day Second day Third day

KA Number of days/d

e EAERAKSIE 2 min:l0 min, @ EIEA 120 kPa, s Ak
8 min:16 min, {HiE 30°CHiEH 3 d.

Note: Ultrasonic pulsation ratio is 2 min:10 min, pulse pressure amplitude is
120 kPa, high pressure holding time/ atmospheric pressure holding time
ratio is 8 min:16 min, salting for 3 days at 30°C.

B9 A E AR A RE R
Fig.9 Effect of ultrasonic acting time point on salted egg
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Table 3  Results of orthogonal experimental

TR AL

il oy bt NN RV
X% Factors Salt content of egg Sensory
N o . tent of egg .
s white/% yolk/% evaluation/%
Test number — - ———— s =
SR A r sk B B M I C
Pressure High pressure the ultrasonic
amplitude/kPa pulsation ration/min acting time/min
1 120 (D 4:16 (1) 108 (1) 5.83 1.74 7.5
2 120 8:16 (2) 120 (2) 5.26 1.10 55
3 120 12:16 (3) 132 (3) 5.58 1.99 7.3
4 140 (2) 4:16 120 5.52 1.56 6
5 140 8:16 132 4.33 223 9.2
6 140 12:16 108 3.50 1.68 6.3
7 160 (3) 4:16 132 4.23 1.95 8.6
8 160 8:16 108 2.58 1.13 51
9 160 12:16 120 4.80 1.48 8.1
i Ky 5.56 5.19 3.97
Egg ko 4.45 4.06 5.20 [X1 % F2 X Primary and secondary factor ACB
white 387 463 472 1k 75% Optimization scheme AC3Bs
i ki 1.61 1.75 1.52
Egg ko 1.82 1.49 1.38 [X1 3 F= K Primary and secondary factor CAB
yolk 152 172 2.05 £ ) % Optimization scheme CsAsB;
Ky 6.77 7.37 6.30
TR NIV
éuenile ko 7.17 6.60 6.53 [X1 % 32k Primary and secondary factor CBA
ks 7.27 7.23 8.37 77 % Optimization scheme C3B1A;

T RIS I UEAE SR TRAE ) 140 kPa, = ik
ok 4 min:16 min, AR 132 min 5%
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3) I IEAT RIS A UE RIS AT k0. K] B AT
BT IS B s RIS 2 E, H 24% & Eh e
i 30°CHER, M Eim(E 140 kPa, ik ka) Ltk
4 min:16 min, @A EAERHNPUNES 18, @A
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Parameter optimization for quickly salted egg by using
ultrasonic—pulsed pressure technology

Wang Shiquan, Wang Shucai™, Zhang Yipeng, Zhang Rong
(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The pickled cycle of salted duck eggs is a very long time. It usually takes twenty days to thirty days (in
spring and summer) and forty days to fifty days (in autumn and winter) to make the salted duck eggs. Therefore,
reducing the time of making salted eggs became the issue which domestic scholars were concerned about. The
quality of salted duck eggs has the characteristics of moderate salinity, deliciousness, pure protein, delicate, crispy
yolk, and the flow of yolk oil. Ultrasonic technology and pulsed pressure technology was applied to accelerate the
process of salting duck eggs. We fabricated a rapid salted experimental apparatus of a duck’s egg, which mainly
contained the pressure vessel, the air compressor, the circulating system, heating devices, and control systems.
The effects of the pulse pressure amplitude, the high pressure holding time/atmospheric pressure holding time
ratio, and the ultrasonic acting time on the salt contents of egg white (EWSC) and salt contents of egg yolk
(EYSC) were studied by single factor methods: the efficiency of water cycle pulse ratio on the salted eggs, the
efficiency of water cycle time on salted eggs, the efficiency of high pressure value on salted eggs, the efficiency of
high pressure pulsation ration on salted eggs, the efficiency of salting time on eggs, and an orthogonal array
design methods. The experiment based on a single factor showed that: the various water cycles it played a
significant role in increasing salt content of a egg yolk with the time point 1 d, which showed the best efficiency;
pulsating pressure has a great promotion effect on the salt content in the egg white and yolk with the range of
120-160 kPa. Under the same condition of salted time, the increase of pressure pulsating will reduce the effect of
pulsating pressure. The orthogonal experimental results showed that during the three day salting with a 24% salt
solution under 30°C. To obtain optimal quality of salted eggs and the optimum mass transfer rate, a solution was
obtained under the following conditions: pulse pressure amplitude was 140 kPa, and high pressure holding time/
atmospheric pressure holding time ratio was 4 min:16 min, the ultrasonic acting time point was the first day’s,
Ultrasonic pulsation ratio was 2 min:10 min, and the ultrasonic acting time was 132 min. The protein content was
4.61%, the egg yolk salt content was 2.12%, and the difference of salt was only 2.49%. Delicate protein, moderate
salty; crispy yolk and the flow yolk oil were evaluated by a sensory method. The production cycle of the
traditional salted eggs method was shortened by 90%, and it was conducive to the industrial production of salted
duck egg. Because the applied pressure vessel volume is limited, it cannot be used for large quantities of salted
duck egg tests. In the future, the egg-salting device can be scaled into the mechanization and automation of
production of efficient Chinese egg products processing equipment that can quickly salt duck egg without
pollution.

Key words: ultrasonic application, salts, optimization, pulsed pressure technology, fast salted, salted duck egg
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