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Effect of ultrasonic treatment on the rheological properties

of liquid whole egg
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Abstract: In order to study the effect of ultrasonic treatment on
the rheological properties of liquid whole egg, the different ultra-
sonic energy density (0.4, 0.8, 1.2, 1.6, and 2.0 W/g) and the
ultrasonic time (0, 5, 10, 15, and 20 min) on the liquid whole

egg were studied, and then the rheological properties of
rheometer was measured. The static rheological experimental re-
sults showed that the egg was a pseudoplastic non-Newtonian
fluid with the shear thinning phenomenon. The rheological curve
was obedient to the Herschel-Bulkley model at the temperature of

0~40 °C. With the increase of ultrasonic time and ultrasonic en-
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ergy density, the index of rheological properties and liquidity of
liquid whole egg were increased, and the yield stress and viscosity
coefficient were decreased, which weaken the non-Newton fluid
characteristics and enhanced Newton fluid characteristics.
Dynamic rheological experimental results showed that with the
increase of ultrasonic time and ultrasonic energy density, both the
loss modulus and the storage modulus were decreased, and the
viscosity characteristics and elastic characteristics were decreased.
Finally, the liquidity of the liquid whole egg was enhanced, and
this phenomenon was consistent with the static rheological exper-
imental results.
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Figure 1 Schematic diagram of ultrasonic device
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Figure 2 Effect of temperature on apparent viscosity

of liquid whole egg
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Table 1 Effect of temperature on rheological parameters of liquid whole egg
WEE/C o JHIRNL S 60 /Pa FEFARE b/ (Pa - s')  JRAFRMEREE n D@ RECR? BTV M X°
0 0.080 0.057#% 0.931 0.999 1 0.009 5
20 0.025¢ 0.016" 0.952% 0.999 7 0.000 3
40 0.064"> 0.055% 0.863" 0.999 8 0.000 7
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Figure 4 Effect of ultrasonic treatment time on
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Figure 5 Effect of ultrasonic energy density on apparent

viscosity of liquid whole egg
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Figure 6 Effect of ultrasonic treatment time on shear

stress of liquid whole egg
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Table 2 Effect of ultrasonic treatment time on rheological parameters of liquid whole egg

YEFAmE ] /min JEARIE J1 o0/Pa B ZRE &/ (Pa« s*) AW HEE . REZRHRE FRET I X2

0 0.104# 0.087¢ 0.9494 0.999 3 0.033 4
5 0.077% 0.067" 0.957¢ 0.999 8 0.007 6
10 0.023¢ 0.049¢ 0.973 0.999 6 0.003 4
15 0.0134 0.0314 0.975% 0.999 7 0.003 3
20 0.0124 0.018¢ 0.9774 0.999 3 0.000 3

T 3 EER R #0825 5 8.3 (P<<0.05)
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Table 3 Effect of ultrasonic energy density on rheological parameters of liquid whole egg

FREBE L /(W » g7 1) JHRNIJ) o0/Pa FHBIRE L/ (Pa - s)  WRRRMESER . @ REOR? 2P X2

0.4 0.059® 0.064% 0.9504 0999 5 0.016 6
0.8 0.052¢ 0.057° 0.964¢ 0.999 4 0.014 4
1.2 0.023" 0.049¢ 0.973P 0.999 8 0.003 4
1.6 0.012¢ 0.0344 0.975" 0.999 7 0.002 6
2.0 0.009¢ 0.022¢ 0.983¢ 0.999 8 0.000 9

T B R R 22 5 B 3 (P<0.05)
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Table 4 Effect of ultrasonic treatment time on tand of liquid whole egg
AR _
10.000 Hz 11.220 Hz 12.589 Hz 14.125 Hz 15.849 Hz 17.783 Hz 19.953 Hz
Fif 8]/ min
0 0.182+0.012¢ 0.18140.007¢ 0.1734+0.013¢  0.22040.005> 0.19940.006¢ 0.20840.012¢ 0.204+0.008¢
5 0.17740.002¢ 0.185-0.007¢ 0.166+0.012¢ 0.206+0.010¢ 0.20240.001¢ 0.22440.012¢ 0.22140.010¢
10 0.199+0.001¢  0.188+0.011¢ 0.23040.015> 0.23540.013> 0.252+0.012> 0.247+0.009"> 0.261+0.005"
15 0.220+0.013>  0.2194+0.007> 0.219+0.012¢  0.2284+0.012> 0.231+0.009¢ 0.25540.006> 0.27340.001"
20 0.24040.005* 0.30540.021* 0.334+0.015* 0.298+0.009* 0.29140.012* 0.32240.010* 0.30840.006%
AR -
22.387 Hz 25.119 Hz 28.184 Hz 31.623 Hz 35.482 Hz 39.811 Hz
Fsf 6] / min
0 0.20140.011¢  0.190+0.004¢  0.191+0.005¢ 0.181+0.011¢  0.1954+0.008° 0.1954+0.010°
5 0.22340.014¢  0.23740.010¢  0.22840.007¢  0.22340.009¢ 0.22240.014¢ 0.218+0.002¢
10 0.271+0.013> 0.263£0.012¢ 0.275+0.007¢ 0.26740.006> 0.261+0.010¢ 0.262+0.011°¢
15 0.278+0.012>  0.303+0.009> 0.3124+0.010> 0.33140.007* 0.3394+0.013* 0.34540.015%
20 0.323+0.004* 0.3234+0.012* 0.34640.002* 0.339+0.005* 0.32340.016" 0.32040.007"
T [R5 5 BN ) s 22 5 .35 (P<<0.05) .
R BEAHZEXNSERNREEE/MEEEE (tand) MW
Table 5 Effect of ultrasonic energy density on tand of liquid whole egg
B RR R R/
10.000 Hz 11.220 Hz 12.589 Hz 14.125 Hz 15.849 Hz 17.783 Hz 19.953 Hz
(Weg b
0.4 0.176+£0.012¢  0.171+0.007¢ 0.17840.012¢ 0.20140.014¢ 0.21340.017¢ 0.21840.010¢ 0.223+0.009¢
0.8 0.181+0.018¢ 0.18340.003> 0.1934+0.008¢ 0.2234+0.012¢ 0.22640.013¢ 0.22040.013¢ 0.237+0.007¢
1.2 0.199+0.007>  0.188+0.002> 0.2304£0.001* 0.23540.012> 0.25240.005* 0.24740.008> 0.26140.012>
1.6 0.22540.010°  0.2174£0.004* 0.2164+0.016> 0.241+0.009* 0.24040.004> 0.27540.012* 0.30240.015"
2.0 0.162+0.012¢ 0.15940.011d  0.18340.006¢ 0.23640.019> 0.26140.004* 0.27240.007* 0.30240.005"
T RE R/
22.387 Hz 25.119 Hz 28.184 Hz 31.623 Hz 35.482 Hz 39.811 Hz
(W-g
0.4 0.24740.0169  0.2614+0.002¢ 0.262£0.006¢ 0.26440.011¢ 0.27040.010> 0.26640.012¢
0.8 0.2524+0.009¢  0.254+0.015¢ 0.25240.012¢ 0.263£0.011¢  0.27240.007" 0.276+0.013"
1.2 0.27140.015¢  0.263+0.011¢  0.27540.008° 0.267+0.006° 0.2614-0.003° 0.26240.007¢
1.6 0.28440.009"  0.29940.005> 0.288£0.018"> 0.2824+0.003> 0.27640.008" 0.278£0.011"
2.0 0.30040.010*  0.32440.015* 0.33040.021* 0.34140.017* 0.35540.011* 0.387+0.002%

T [ F TR R R R 22 5 3% (P<<0.05),
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Figure 11  Effect of ultrasonic energy density on G’ of

liquid whole egg
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Figure 12 Effect of ultrasonic energy density on G” of
liquid whole egg
3 b

SR A [6) 76 7P P 6 %6 B2 Ml 75 AR P IS 1) o 4 4 o
AT AL 3, W58 AS [R) 75 2 T A AT A 78 A i S O
AR F ] A R SR A AL TS Y 4 R e — B
P AR A= WAL A L JHG UL R 5 B 5 B AR Y B R TR/ L R
P MR T )AL R AR M R 7R IR Y 0~
40 °C B}k A Herschel-Bulkley 5 8, 3h 25 1 28 i 36 3¢
AT 2 R P R R DX AR 3 1078 Ky 0.1590 ~0.50%6 . 1
LRPERN X N AT IR 2R tand WL/ T 1,
] 4 R W R AR A ] A R . B RO T IR
WA, [R) BEE RE S AE FT (] R 75 AR 5 A R R
FEAE R G R B AR 1 G /N 10 I 4 2B TR0 A Pk
AU R A e E X YRS L A S M O L A A R O R
— B, AWEIE I 72 1Y £ BE 43 BT 4 B W7 B AR T
TR R i A e L 2 R RS T LR B IO A R
PR T 5 DT A AER T T R ARG (L A 3 2 A o 8 7 L B e
I AR A DR R AT WS n e o R P R B S IR A
A0 23 X Y AR ) 2 T B A P DR B R S SR AT 5 B e

S % 3k
[1] BEMILLER J N. Pasting, paste, and gel properties of
[ J ]. Carbohydrate

starch-hydrocolloid  combinations

HESS BERLENERREHENXM

Polymers, 2011, 86(2): 386-423.

[2] XUGEZR, SRAE. B R M UF s BE e [T ], & Mt s 51
K. 2006, 27(11) . 211-215.

(3] T 5 M. KGRI AL 2 Fr P RO 45 #4 g 58 LD TN
BT H T oK%, 2013: 4-5.

(4] BRINAS. el m i A2 RE B e LT 1. RO AL 24, 2000, 31
(4): 64-66.

[5] AHMED J, SINGH A, RAMASWAMY H S, et al. Effect
of high-pressure on calorimetric, rheological and dielectric
properties of selected starch dispersions[ J]. Carbohydrate
Polymers, 2014, 103(4): 12-21.

[6] Ty, BB, 3, 45, A 398 1k 18 3B B K 1% 5Bl
B RIBF ], AR RkE, 2011, 32(13): 94-101.

L7 PhBEA. 75 i A 30 R 7 43 8 7R 1 45 44 L 2 g
FE[DI. W/RE: KA, 2014, 21-22.

[8] ARZENI C. PEREZ O E, AMR P. Functionality of egg

J5 5 i) A

white proteins as affected by high intensity ultrasound[]].
Food Hydrocolloids, 2012, 29(2): 308-316.
(9] ZeJF. AR, BREN . S5, 8 75 Ak B X 5 4% 25 02 B W0 Ot 1 1 o
MRMHEE R 'SR, 2016, 37(15): 19-24.
[10] Wi, sPacse, XSt S5, 875 Ak 3R 2 v 0 %) Homi A2
Ferkmem L), fm g Rpk K= 2 4. B SRR 2 i, 2013,
42(1): 86-92.

[1L] SRIGEG . 222 Hfg . ARIGE R . A5, AN [ P I (] 4k 24 %o 4 58 3
iR s L)), SO RL2E, 2014(12) : 214-216.

[12] RPT . L@, W%, F. FREHRLRED ] £
BHE, 2015, 36(7) 36-40.

[13] Ewuk, BUBUE, BUME. 8RS P X 3R & W v Rt A8 T 11
)] AmA R TF, 2004, 26(1); 72-74.

[14] H/AE, TEARNS . PNBTEE. 2R 109 I A8 ek S LR 11
B BRI SELT ], ERGm &4, 2005(2) ¢ 53-56.

[15] XU Z . Wil IMVEE . 2. 42 fih =08 7 5 AL B0 R T4 30 2R
TR R LD ] R HLBRA 4. 2016, 47(2) : 228-236.

[16] LU Ting-jiang, LIN Jheng-hua, CHEN Jia-ci, et al. Char-
acteristics of taro (Colocasia esculenta) starches planted in
different seasons and their relations to the molecular struc-
ture of starch[ J]. Journal of Agricultural & Food Chemis-
try, 2008, 56(6) . 2 208-2 215.

(171 IhE . FE R SR I R o ST B 52 [ D], B8 1L/
K2, 2004 6-10.

(18] Bk, wilhr . T, 5. 4 Fh 2 8 3 i i 28 i bk L Be o [ .
BB, 2011, 32(15): 121-125,

[19] ¥F28h, RI5J7, TRZFRK. 2R AIT L AR LT ) &
S A AR 2011, 30(1); 32-36.

[20] ¥, Edit, HRIER, 55, w0 B E X 1w AL
PEREBFZELI]. iR, 2009, 30(23): 138-142.

[21] B Egk, pRal [, Vird B W iR X 7 i 0 o A8 e i 5 %
Je oy AR S IR LT ], £ B 2E . 2001, 22(8) ¢ 24-29.
[22] AND S 1, NISHINARI K. “Weak gel”-type rheological

properties of aqueous dispersions of nonaggregated x-carrag-
of Agricultural & Food

eenan helices [ J ]. Journal

Chemistry, 2001, 49(9): 4 436-4 441.

57



