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reduction potential) T A& A U E AN B8 I K H H A Ji
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#% (2000 mL) FHACRERARSEMWY L, T F RGN
AR SR KRR B R RSO
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a. Reduction of bacteria by slightly electrolyzed
water at different cleaning time.
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Results of single factor experiments of slightly electrolyzed water at different treatment time, cleaning time and available chlorine

concentration

A1
Fig.1
2.2 IR ERLE
2.2.1 CCD XE%it

FRAE LR ZR S a0 45 2, DU KR A 4 T 0 £ {8 A i
PAE, A R IA] . TP A B A AR B ) B K
VL gwmbs, Wk 15 BfJ5RH Design. Expert.8.0.5 {4
AT R W, BB T R S AR WAE 2, Hhads

3IANEERAK.
1 WREEFKERRE
Table I Code and level of variables used for central composite
design
K THTEI A] TN TR RIS
Levels  Treatment time x;/min  Cleaning time x /min ~ ACC x3/(mg-L™")
-1.68 1.64 1.32 60
-1 3.00 2.00 80
0 5.00 3.00 110
1 7.00 4.00 140
1.68 8.36 4.68 160
F2 MEEREEITARERSE
Table 2 Experimental design and results of response surface
methodology
MR R AR U T
SCHGEH Treatment  Cleaning b33 SEFrE Predicted
Trial time time ACC Actual Valueié value/
Xx1/min Xp/min x3/(mg‘L'l) (logio cfuvem™) (logio cfu‘cm'z)
1 5.00 3.00 110 1.06+0.076 1.06
2 3.00 2.00 140 0.73+0.134 0.75
3 1.64 3.00 110 0.30+0.023 0.30
4 7.00 4.00 140 1.41£0.036 1.46
5 5.00 3.00 60 0.52+0.056 0.51
6 5.00 3.00 110 1.03+0.071 1.06
7 5.00 1.32 110 0.59+0.084 0.60
8 5.00 3.00 110 1.10£0.041 1.06
9 5.00 4.68 110 1.07£0.151 1.03
10 5.00 3.00 160 1.30+0.241 1.28
11 5.00 3.00 110 0.94+0.027 1.06
12 3.00 4.00 80 0.25+0.039 0.28
13 5.00 3.00 110 1.13+0.047 1.06
14 7.00 4.00 80 0.99+0.206 0.98
15 5.00 3.00 110 1.10£0.078 1.06
16 3.00 4.00 140 0.92+0.037 0.90
17 7.00 2.00 80 0.60+0.019 0.62
18 7.00 2.00 140 0.94+0.109 0.92
19 3.00 2.00 80 0.35+0.093 0.31
20 8.36 3.00 110 1.06+0.026 1.04

E: ACC HARBEIE.
Note: ACCis available chlorine concentration.

2.2.2 AR E S AT ENH
FIH Design. Expert.8.0.5 #4513 2 Hh 20 41 %4k ik
REZMEIVEE S G R EIVE VIR ESE
R=1.06+0.22x,+0.13x,+0.23x3+0.097x,x,+0.034xx;
+0.046x2;-0.14x,°—0.085x,"0.057x3> (D
KA R AT A K Log 1, logy cfuw/em’s x, Jy i & i
B, min; x, AWEVERIA], min; x; WA SCEIKE, mg/L.
RIS (1) AT R e A B2 AL, S 2R LR 3.
% 3 WEFEMNER
Table 3  Variance analysis for regression model
SFITAI H H

KE ¥1Ji FfY Py
Type Sum of - Degree of Meansquare F value P value
P Squares freedom
17 Model 2.06 9 0.23 68.52  <0.0001
N
’ﬁﬂ”ﬂ.ﬂ 0.65 1 0.65 194.53  <0.0001
Treatment time x;
LT 0.22 1 0.22 66.64  <0.0001
Cleaning time x,
R
available chlorine 0.72 1 0.72 214.86 <0.0001
concentration x3
X% 0.076 1 0.076 2269  0.0008
X1X3 9.406x107 1 9.406x10°  2.81  0.1247
xo%3 0.017 1 0.017 511  0.0474
X’ 0.27 1 0.27 81.88  <0.0001
x° 0.10 1 0.10 31.10  0.0002
x5 0.047 1 0.047 1414 0.0037
5% 7 Residual 0.033 10 3.348x107
-
R g Ge1x10® s 1.936x10° 041  0.8270
Loss of quasi item
s
WL 0.024 5 4.761x10°
Random error
-
Rk 210 19

Total residual

K 3 BB TTRE M 45 RmT A, 2k ml A L W
(p<0.01), T RFUITMIAEZE (p=0.827) , ViR
PRI By st il A A, 9 ah, whE R A R AR
SERBLR 7390 0.984 F110.969, X3 BRI 4l & FLRE
Rif, HARMES NIRRT, 6 KE, %58
AT DL TR T FE R AR B8 R VR A AR B AT T« A 3
EATLEH, X0y xov Xav 10y X7 xas xpe U AR 1)
FEMHE L W (p<<0.0001) , xpxs Xof Wi SV T P 52 M
B (p<0.05) o VLU EEIS 1] VLR KA Ak ik
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LR B A B A 255 S P58 (38 I i 389 3% ;- Quian Z5POMB AR
Y8 F HH A7 2550 A B35 72 T A 2 Ve ol P 1 H A 7K 7% vt A FH IR
LN S AP
2.2.3 AEAERE

HIGAUE IR A T, BEVLEIT 8 ANSEE
4K 4 WATIAUFES, 45 A UE B0 (A e 2
i) HA R B8 (p<<0.0001) , HAHSEFR % R
(y=x) H 097, LT 1, XEIZHEAE DRI
5 R AR &, BRI AR ] LU T T A
T 1 PR ZAORT 66 16 2 T PR A BRI, T A 0l 1 2
HLAR 7K RS BT B B A 2 L2
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Table 4 Design and results of validation experimental

THBEIN 1] TV A RBERE SZBRAE T
Treatment time Cleaning time ACC Actual value/ Predicted value/
Xx1/min X,/min x3/(mg L") (logjo cfuem?) (logio cfuem?)
3.00 3.70 80 0.29+0.018 0.33
3.00 4.00 90 0.41+0.059 0.43
3.00 2.00 105 0.59+0.165 0.55
3.52 3.68 140 0.87+0.147 1.04
4.40 3.85 140 0.99+0.251 1.23
4.12 3.55 140 1.31+0.098 1.17
3.00 3.62 119 0.63+0.023 0.77
3.00 3.85 127 0.69+0.128 0.82

H: ACC A BRI
Note: ACC is available chlorine concentration.
2.2.4  of L& R EAR R AT

M 3 WA R I TR B e I 1) 2 8] 5
TEIRIL R (p<<0.0001) , HiHUEI ) 54 25K L
Z A A HAE R (p<0.05) SEMATARR P HUfE /K X)
RIGRME AR, W 2a Pron, SFmEEMEE, 3t
Y91 5 IS TR 0 I 1] PR A2 L A PR Jifa o T ) 3% T o4
MK, AR EATGIRE N 110 mg/L UL ] 4 2
[ RN AR T A< B A Vi 3 I 1 i A 2
(HAERE MBI (R, EIHEHARS: . {E[fE ACC 4
110 mg/L« i 8 I TA) 0 2 — [OE RN, 2% 8 4 BEETR VB I
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PBINE T2 & 2b AONGEITEAS mk th it ] 7 A Rk
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TSV R W P AR KR TR R B BRI DR 3R, TR PR
fift Kt R AR I AT BCAE S 0 HCIO, HATHEYY
LR HIPA, HCIO JBA 2 CIARTE I 80 fif, AT AL
R S5 (14745 W] LS AS TR I HL M /K AT R I TR AL
&, 1 HCI0 FEZ22 b R BRI RS S8 S i i I ) 25 A
SRR FRL AP K RE AL S AT s T T A R

BRI AN, AR R S5
Wi, AT 33 A 2 SR P S s I R R . 54k, i
RN AR R AR R, X AL R R b 5 32
BlyGge, e EIEAIER IR R TR R, A
DL AER R i R =, 10 HAT AT RE B ARG Gese iR
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b. Effects of cleaning time (x,) and ACC (x3)
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Fig.2 Response surface plots describing effects of treatment
time(x;), cleaning time (x,) and ACC (x3)
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Simulation of disinfection optimization of vehicle tire surface using slightly
acidic electrolyzed water

Zang Yitian, Li Xingshuo, Li Baoming, Cao Wei™
(Ministry of Agriculture, China Agricultural University, Key Laboratory of Structure and Environment in Agricultural Engineering,
Beijing 100083, China)

Abstract: The process of transport has long been considered an important risk factor for pathogens entry into farms.
Disinfection is a generally agreed concept to prevent the introduction of both endemic and epidemic infections, however,
potentially toxic, corrosive or volatile problems have arisen because of the use of chemicals as disinfecting agents.
Slightly acidic electrolyzed water (SAEW) is considered environmental friendly as it is generated from water and dilute
salt solution and reverts to water after use. Also, it has the advantages of possessing broad-spectrum antimicrobial
activity, reducing corrosion of surface and minimizing the potential of damage to human health. To reduce the risk of
enteric pathogens transmission and leave little residue in animal farms, the disinfection effectiveness of SAEW with pH
value of 5.85-6.53 for inactivating Escherichia coli (E. coli) and Salmonella enteritidis (S. enteritidis) mixture on the
surface of vehicle tires was evaluated. The coupled effects of tap water washing time (from 2 to 4 min), SAEW treatment
time (from 3 to 7 min) and available chlorine concentration (ACC) (from 80 to 140 mg/L) on the reduction of E. coli and
S. enteritidis mixture on tires were investigated using a central composite design of the response surface (RS)
methodology. The established RS model had a good fitting quantified by determination coefficient (R”) of 0.984 and
adjusted determination coefficient of 0.969 (p>0.05). The model was validated with additional random 8 conditions
within the experimental domain. The predicted value showed a good agreement with the actual values, for the points of
response values were very close to the line of 100% correlation. The results showed that the cleaning time, disinfection
time and ACC significantly affected the pathogens reduction (p<0.0001), and their influences were ranked as
ACC>disinfection time>cleaning time. The linear correlation coefficients, the quadratic term coefficients and the cross
validation coefficients between cleaning time and disinfection time, cleaning time and ACC were significant (»p<0.05).
The other term coefficient between ACC and disinfection time was not significant. The more reduction of pathogens and
the significant interactions between cleaning time and other factors were likely due to the livestock manure, which was a
strong limiting factor for disinfection of SAEW. Several authors have stated that the organic soiling could change the
formation of combined available chlorines to affect the disinfection effectiveness of SAEW. Therefore, if livestock
manure could be more removed by more cleaning time along with more SAEW treatment time and higher ACC, a more
effective disinfection would be obtained. Therefore, cleaning time is very important for SAEW disinfection when
organic matters exist. The maximum reduction of 1.38 logocfu/cm® (92.9%) for E. coli and S. enteritidis mixture was
obtained for the vehicle tire washed with tap water for 4 min followed by SAEW treatment for 5 min at an ACC of
140 mg/L. The established RS model could be used. The result proves the potential of the SAEW in disinfection of
bacterial cells on tires and in promoting the implementation of disinfection measures to control and reduce the
transmission risk of the disease.

Key words: tires; optimization; models; electrolyzed water; disinfection; poultry farm; response surface methodology
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