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Inactivation Kinetics of Escherichia coli in Egg White Liquid
by Ultrasonic-assisted Heats Treatment

CHI Yujie' YAN Lulu' ZHAO Ying® MA Yangiu'
(1. College of Food Science, Northeast Agricultural University, Harbin 150030, China
2. College of Agriculture, Northeast Agricultural University, Harbin 150030, China)

Abstract; The effect of ultrasonic-assisted heats treatment on Escherichia coli and functional properties in
egg white liquid was investigated. The inactivation kinetic of Escherichia coli was analyzed by fitting with
Weibull model. The result showed that the reduction in Escherichia coli was enhanced with an increase in
ultrasonic power, temperature or time. The reduction in Escherichia coli was enhanced from
0.67 lg CFU/mL to 1.24 lg CFU/mL with the increase of ultrasonic power from 100 W to 600 W
(50.0°C, 3 min). The reduction in Escherichia coli was enhanced from 1.01 lg CFU/mL to 1. 80 lg CFU/mL
with the increase of temperature from 45. 0°C to 57.5°C (600 W, 3 min). The Weibull model provided a
good fit to the inactivation curves of Escherichia coli at different ultrasonic-assisted heats treatment. The
simplified Weibull model could be used to predict the process of ulirasonic-assisted heats treatment
inactivation kinetic of Escherichia coli and provide a theoretical basis of microbial safety control in the
ultrasonic-assisted heats treatment processing of egg white liquid. At the same time, when the ultrasonic
power was 300 W (55.0°C, 3 min), the gel hardness was increased by 101.04% , while the foam
capacity was increased by 50% . In conclusion, ultrasonic-assisted heats treatment could control the
microbial content of egg white liquid effectively and improve the functional properties.

Key words: egg white liquid; functional properties; ultrasonic-assisted heats treatment; inactivation

kinetics

- il &,

0 =
gl N o 45,
TR R i B 2 2500 T AL PR A5 TR R HK R

HFEBWEAR 4R 0 Y EMDEK
Gk 88% A EW W E R E R H
B, o 'R ECR E A E A R

Weks H . 2019 -06-26 & H H . 2019 - 08 — 05
BEEWHE: EZEELANRITRDH (2018 YFD0400304 ) A1 BLAA Ml 7 Ml 4 A A 5t 5 % W% 4 31 H (CARS — 40 — K25)
EEB N BER963—) , L, Bz, LA I, EZNE R M2 RRE 7 M N THFSE, E-mail : yjchi323@ 126. com



314 & o Bl B ¥ iR

2020 4

e T, R Tl P 2R B B 7 1 0
BT AR L E TR R GO U, 5 R
ARV S BCH AR B Y Ab B R AR [ O R
JH B FA AL B 4% 1 9 55. 0°C b B 3 min'™ | {H 3% 4%
FIEARBIAE, T B R R E G W 4. 0C AT 4
A 12 d 24" 0 BOT KA 3 AT AT B 4
(R & NN WS SR S U= e

A7 IR AR T 20 kHz B P 3, HA R
e AR A M O A R A, R — R A S i B K
B 7 i 00 T WM 0 R L BRI TR Ok
QbR AR A R L R R TR A
5 r e 7 A e A W i R, DA B SR 2 A R B R R
37k, B2 AR P, S50 40 2 i B S 200 0 5 IR
MAET" BRI R [ I A I 23 AL A
FH R AR 00, 8 853 B 1 o 445 4 sl il 2 & AR AR A,
M S T 2V W D REE R SCik (9 T ST
TR P SO S - H -0, - OH S5 ¥E 3k 1 iy 3
Je H,0, 0957 25 | e HCAE 2 B3 R v B9/ L UE S T
A 7 U T | 2 O S R R W R i
JECPR o SCik [ 10 D3 sk 3ot 36 1E B A 7 A IR) A b PR A
IR B VR R L AT 3 3 R 80 AR R R DR I A 7 g T
A g — AT 25 10 b ) R B AR o 56 T R Ak T o
BB F 5 B ST B S L A A D BF S . SCik [ 11 ]
HIF 5% 2 0 7P A T i K 0 B 2 1 OB G s 1) 1 4%
AR AR T N H— P R R K MR . S
Mk [ 12 10 53 & B, 8 75 Ab B AT o 28 37 IR R 4 1
REROWIE A=

DRI I, A% SO e 8 57 A% B Sl g 2 R I 5
170 A A BT 5 98 Y P K AT T 0 A T AR, 3
58 AN TA] 2% 128 1 P O ] A A R o 2 35 Y R O i
pigip-A s

1 #REFZE

1.1 ERt5NE

B X 2, R W T A Ml T 5 R W AT TR ( Escherichia
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Fig. 1  Fitted curves of survival of Escherichia coli in egg white liquid

after ultrasonic-assisted heats treatment with Weibull model
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(P <0.05) , i 75 By [R] A AT A5 250% KA TE WP
ARG o AL PRI [E] Dy 3 min 1, 7 2 50.0°C,
HEAE IR H 100 W3S 2 600 W, K AT 18 18 1 e
A% 1 0. 67 Ig CFU/mL 34 /i1 & 1. 24 1g CPU/mL,
BT 0.57 lg CFU/mL; #8745 T % 600 W, i B i
45. 0°CHE 2 57. 5°C , KM AT 18 1 14 ok B2 A% &= e
1.01 lg CFU/mL 3 Jin & 1.80 lg CFU/mL, 34 fi T
0.79 lg CFU/mL, 3 H K 1 18 B AR & 7 A W) Ak 22
BF ) A2 fb ke S AR DL . F O AT R S Ak B AT IR
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W, PR B8 P A 45 G 23 AR PR R AR R A Tk
A W A0 T RE 0 A NS A L R EBURUAE At T, O EL
UIES YN I E DR €S
2.2 REBHZESH
2.2.1 Weibull £ B E4r 550

ARG P (R A A B sk R o R AT T RSB T
U #5020 #6417 Weibull BERIHL 45, I 1 B4
RLA B S8 M, R* A, LLJ W Weibull 45 %Y
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Tab.1 Evaluation parameters of Weibull models under different ultrasonic-assisted heats treatments
2 min 3 min 4 min 5 min
/T M, R? Ar M, R? M, R? Af M, R? Af

45.0 0.000 2 0.997 1. 020 0. 000 7 0.994 1.028 0.001 2 0.996 1.019 0.003 6 0.992 1.029
47.5 0.000 2 0.998 1.015 0.001 4 0.991 1.034 0.001 7 0.996 1. 020 0. 000 8 0.998 1.010
50.0 0.000 5 0.994 1.030 0.002 4 0.987 1. 041 0.003 5 0.996 1.024 0.002 2 0.998 1.013
52.5 0.001 1 0. 990 1.035 0.002 0 0.991 1. 036 0. 004 4 0. 996 1.025 0.004 1 0.997 1.016
55.0 0.001 2 0.991 1.035 0.0017 0.995 1. 025 0.0222 0. 996 1. 047 0.002 1 0.999 1. 009
57.5 0.001 3 0.993 1.028 0.001 8 0.995 1.027 0.0107 0.996 1.021 0.004 0 0.998 1.011

Hi 2 1Al i, M, A~ KT 0.022 2, RPA/NTF
0.987 A% 1, Fir L Weibull 458 % ] L4 1 b fil
by RN R OB DO N: ST R S AN 7R S N RO C R
Jrid . BT A HE N FEAIEN] T Weibull 4
X UL R P I B [ A b T R M TR R TR Bl )
Frd RIS AR, SCHRL 27 TWF 52 45 SR R W], Weibull
AL AT UAR A 3t #6055 B P I3 (] Ak B A 05 vp
PR R A W S Sy . Sk [28 1R

Weibull B RUDL & T 52 T 4 — R % AL~ R WA &
A A e TR AR T T S b 4 IR TR R i
BRI A% T 3l
2.2.2 Weibull #5250

K Weibull BRI 75 21 09 5 B S 8UEZ & %%
SRS BR TS, A A A I T A Ak TR X R T
A A . A R AL B A F T Weibull #5271
e ZHmE 2 pin.

R2 AEBENERLELEGT Weibull RGBS H
Tab.2 Parameters of Weibull models under different ultrasonic-assisted heats treatments
L/ 2 min 3 min 4 min 5 min
a, X a, X a, X a, X
45.0 999. 179 0. 403 542.101 0. 409 162. 461 0.387 87. 864 0.372
47.5 826. 955 0. 408 432. 148 0.396 103. 753 0. 405 70. 765 0. 406
50.0 728.322 0.382 322.612 0.385 54.096 0. 401 34.501 0. 402
52.5 583. 634 0.361 255. 698 0.389 28.093 0.364 24.413 0.410
55.0 436. 164 0.359 185. 009 0.342 18.423 0.377 12. 900 0.399
57.5 290. 595 0. 405 110. 704 0.368 5. 896 0.342 4.454 0.342

RIEZH a, SEBIEARTCH , B IZFI & AF T
19 248 TR SCR S BIVE X I Al B2 T, SR M A T P Al — >
XU T 8 9 8 75 D 3 MR 2 2 T B A TR
(3800, R M T B 5 A 3 B AR 1 A e £ BT 5 119

PR BEI A o TEARZ B o AT Sz e T il 25 1]
Mk > 1l BT ERAE il 2k SR TR AR T i 2 R A R
A R ZR 1 6 o 22 B AR A PR A s < 1 UL
WA SR A0 i 2 S B TR, A8 7R iy 2 Bl 3 i A A D R Y
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SR BEAORZ R S R 2 AT e <135
AL P I () PR A B T b, B S R R
T, K AT B 5% A7 36 1 R A0 2 W 22 i o Ay LA AT
FEATR) TAHLEE A, SCHR[29 ] M Weibull #5071 41
A A BSOS ) Al R
FREN T R MR K AT B O 2
2.2.3 Weibull #5817 {k

A3 3 a7 AL 9 Weibull KL, 73 A #5070 2 450 5
AbBRASPEIOAR OG22 R, 2 Ak BRI A — g
I, A ] 4 R B2 R 45 2 9 Weibull 458 8 RUEE 2 51
a, W L 09 TH = AR AR (P < 0.05) , R BTR
Hoa R B0 Stk 8 Y 52 41 5 55, Tk B G, K A R X
P ) SR B s RS B < 1 TR LS Y
2 1) T MDR 15 P B A D D A K S )
FAKE BT B3 R R AT TR 8 A% A ORI %

W AIG o R S U T R, R AT R S
FET:, A RSB MLk — 8. MK TS o,
AL Y AR S B« AR RN BUE R
B, AHs x E R BUE N Weibull BRI S50 1A
—A,a, AT 2L [T R A, Weibul W A] 4L, a,
(RO IR S B A P 1 A G e GRS
0. 384, Weibull 5 %1 A] f4j 1k 4
lgNﬁf - (5) (4)
i P 757 A I A R TR 6 RS ) 4% T 68 7 ) A4k
HRS B B g 2 0 AR R LA A BB T S B
G803 K& 2 Fis, AT M, R KT 0.0186,
R*>0.970,A 835 F 1, 5 S 5UEA L, WEH 2 5
BA AL BRI G RE T, B AT Ak 5 A A
JEABL

%3 ®EE Weibull EEN S5

Tab.3 Evaluation parameters of simplified Weibull models

2 min 3 min 4 min 5 min
/T M, R? Ay M, R? Ay M, R? Ay M, R? Ay
45.0 0. 000 2 0.997 1.017 0. 000 7 0.994 1.077 0.001 0 0.997 1.019 0.003 1 0.994 1.028
47.5 0.000 2 0.998 1.017 0.001 1 0.992 1. 066 0.001 7 0. 996 1.019 0.001 1 0.998 1.015
50.0 0. 000 4 0. 996 1. 030 0.002 0 0.989 1. 085 0.003 2 0. 996 1.026 0.0023 0.998 1.015
52.5 0.0010 0.991 1.036 0.001 7 0.993 1.074 0.004 3 0. 996 1.028 0.004 9 0.997 1.019
55.0 0.001 1 0.992 1.034 0.001 7 0.993 1.077 0.0186 0.988 1. 046 0.002 6 0.998 1.014
57.5 0.001 1 0.974 1.025 0.0017 0.996 1.075 0.0158 0.994 1.032 0.0118 0. 996 1.025
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2.2.4 AR B[] Weibull 417 fg 57

S 2 437 AT 0, 24 b B AR [ B, @, B2
YLV RGN T R A, B8 o, SR R M, B
a, SURIE T (R T R RHA (a, = kT +
b) P LA B AR AR a, AR FR AT AL
A 75 3R [ b B 1] 45 0F T, 95 o, 500 56 o
B PEILA SRk b (I, 03 4 TR

F4 ZMWNE ., SEREXRNABRSERR
Tab.4 Linear fitting equation parameters and R’ of

relationship between «, and temperature

\ R A T RS )
[ [E] /min R*
k b
2 -60.273 3743.990 0.998
3 -33.331 2023. 441 0.976
4 -10. 628 606. 137 0.947
5 -6.89%4 392. 605 0.933

&4 [, a, 56 LB e R
R* >0.930, UL WLk L A 4ty . [l — R T S 5 3
JIESRAE R Bt A BRI [R) (Y BE0 k 28R 0, b 2 T
FEAR o a, KB BROR , 150 AE W 4 S8 s [R] B R A
Tk T 5 v T 2 8 BOC R A L, B RUZE W R TR AIOCR
Wi Tk ) T o i R i, A i R TR AR B T (]
(R 385 0 S 4 HOG R 3 U, [R) B A kG SR kb TR
B IE G5 B 00U OB S 80 - kb S b Ia] ¢ 64T 4 4L
HREA WA 3 4 FiR,

— kb 4330 55 I ) HE AT 48 B AT AR 2] O R N
K 3.4 PR, R >0.960 3 BA A BI04 B 447 ol
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Fig.4 Effect of processing time on b value

and exponential fitting between b and ¢
PR o, SRS T ¢ 1S58 R B
a,= —284. Tde “7'T +18 861e 7 (5)
P (5) A (4) AT 15 B KM AT 1 5 A7 %)
A lg(N/Ny) Gl D18 PR E TR IR) ¢ 1 56 R
By
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GRS E T P T 303 A28 Mg Bl LA
i PR A58 T S R U P P 45 AR A B A R E T
GRS R PO PN 7/ S el
2.2.5 BIRPRANY
P 5 R I AL 5 S5 PR A — B, B IE %
A6 TR J2 15 B 68 1 10 U000 75 () R BT 9 9
RS FF T 40 2% T AR, LA 36 P 44 O A T 3k A 6
S XoF A S A AL A, A TR B A R I X (A
He AR IEAT RIS A5 R AN S iR o
— BT R VERLA 1 P R AR R AT G
IAE 5 52 P {EL 22 S P, ST 5 T {6 — Bk
Rk VR W R 7 e i W 9 P < Bl
0, JEIEIE 5 RIS DR AT, RS 0.968 4,
PR F 1,8 0.011 3, #2305 F O, 36 B W 55
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Fig.5 Correlation between observed and predicted data
for survival rate of Escherichia coli in egg white

liquid by ultrasonic-assisted heats treatment
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Fig.6 Effect of ultrasonic-assisted heats treatment
for 3 min on egg white liquid viscosity
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TOAE L RN T r B 0L o BRI B Ay e B F 5
AN 2 A 1) 68 75 3 ) A e TR 2 R R Y 5
Wi, A5 2R AN S R .

K5 BEMWEHRLIE3Imin WESERENEM

Tab.5 Effect of ultrasonic-assisted heats treatment for 3 min on egg white liquid gel properties

g/ C YR/ W /g WEL WG4 45 % FiBE AR B (g0 s) PP R AL 8] & M 45 2 MR M2
0 (790.10 £26.94)*  (651.66 +18.77)*  (103.30 £0.84)"  (0.64 +0.01)"  (0.57 £0.01)"™  (0.71 £0.01)*
100 (1208.47 £33.67)" (788.13 £10.22)"  (106.27 £1.91)°  (0.73£0.01)% (0.58 £0.01)*  (0.77 £0.01)°
200  (1435.34 £32.87)°¢ (963.29 £20.94)¢  (128.83 £5.37)" (0.88+0.01)"  (0.59£0.01)°"  (0.80£0.01)"
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