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Response surface optimization of disinfection process for
cattle manure using SAEW
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(College of Water Resources and Intelligence Engineering/Key Laboratory of Agricultural Engineering in Structure and
Environment of Ministry of Agriculture and Rural Affairs/State Key Laboratory of Efficient Utilization of Agricultural Water Resources,
China Agricultural University, Beijing 100083, China)

Abstract In order to obtain the optimal process parameters for killing typical mastitis pathogens in cow dung
with slightly acidic electrolyzed water (SAEW) and achieve efficient and green sterilization of regenerated cow
dung bedding, this study investigated the bactericidal effect of SAEW with different effective chlorine
concentrations on typical mastitis pathogens in cow dung, and obtained and verified the optimal sterilization
process parameters through response surface methodology. The research results showed that: 1) With the
increase of available chlorine concentration, the content of four mastitis pathogens in cow dung gradually
decreased. After treatment with an available chlorine concentration of 300 mg/L for 24 hours, the sterilization
rates of the three pathogens, except Klebsiella, were above 93%. 2)Response surface analysis was performed
with pH, available chlorine concentration, and treatment time as three factors. After the credibility of the model

was determined by variance analysis, it was determined that the contribution to the killing of Staphylococcus
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aureus and Klebsiella was available chlorine concentration = pH > sterilization time, and the contribution to

the killing of Streptococcus and Escherichia coli was pH > available chlorine concentration > sterilization time.

3) Combined with the response surface methodology, the optimal sterilization process of SAEW was finally

obtained: SAEW pH value of 5.5, available chlorine concentration of 374 mg/L, sterilization time of 34 hours,

and the content of S. aureus after sterilization was (3. 80+0. 17) Ig(CFU/g), the sterilization rate was 99. 95%,

and the other three pathogens were not detected. In conclusion, SAEW has good disinfection potential for dairy

cow manure, this contributes significantly to the advancing of green dairy farming and the promotion of

sustainable development.

Keywords mastitis pathogens; slightly acidic electrolyzed water; sterilization; response surface analysis
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Table 1 Physicochemical properties of SAEW

N i) AR e B/ (mg/1L) AL R L AL/ mV
Test No. ACC pH ORP

1 10142 6. 1140, 02° 900. 742. 5°

2 20143 6. 1340, 02° 897.745.1°

3 30145 6. 0440. 03" 912,744, 9

4 400+2 5.934-0. 03° 919. 044 4"

TE 2R P ABUI A 3 U 0 K 1 - 39 {81 - A 0l 22, AN TR) 5 RE 27 [ 910 1N BB A 7 B 25 1 22 S

(P<<0.05),

Note: The values listed in the table are the mean =+ standard deviation of the data from three

experiments. Different letters indicate that there are significant differences between the values

in the same column (P<Z0. 05).
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* indicates a significant difference between treatments (P<C0.05), ** indicates a highly significant difference (P<Z0.01), and *** indicates an
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Fig. 2 Bactericidal rates of various mastitis pathogens at different ACC
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Table 2 Experimental design and results of Box-Behnken

B:ARAWE/(mg/L)  C:ALH B A] /h

No A:pH ACC Time b ¢ d
—1 5.5 200 12
%?Oi¥ 0 6.0 300 24
1 5 400 36
1 —1 —1 0 6.19 5.94 6. 23 5.11
2 1 —1 0 6. 40 6. 50 6. 44 6. 28
3 —1 1 0 4.57 5. 34 5.08 4.78
4 1 1 0 5. 59 6. 46 5.53 5.18
5 —1 0 —1 6.01 5.80 5.58 5.35
6 1 0 —1 6. 09 6.78 6. 22 6.85
7 —1 0 1 5.88 5.76 5.14 5.08
8 1 0 1 6. 40 6. 50 5.73 5.24
9 0 —1 —1 6. 29 6. 52 6. 47 6. 54
10 0 1 —1 5.10 6.13 5. 54 5.09
1 0 —1 1 6. 23 6. 22 6.07 6.01
12 0 1 1 4.57 5.44 4.76 4.40
13 0 0 0 6. 30 5.80 5.41 5. 96
14 0 0 0 6. 02 5. 62 5.38 5.91
15 0 0 0 6. 28 5. 76 5.51 5. 64
16 0 0 0 6. 03 5. 67 5.53 5.81
17 0 0 0 6.18 5.77 5. 47 6. 05

AN, E R R s H WA R AR SRR, ACC
EW R R TN T EEFEZEMN. 3R
ACC A7 T 18] 7K 3 (300 mg/L) i} 4b B B 6] 5 pH
(49 28 AT e Rz 1 P o e iy B Ak BB ] G i 7K
V-3 R S 1 R W0 L BE pH G B K T 1 O % Y
R, A8 HL 5 AR T W) 7 {32 7 3 K, A B ]
B AT R 1 2% TR AR 1 25 T v R B 2 7 A pH 3
KA R 1 B 4 25, B pH 76 P R 3 28 BVE P R
FEAEM . B 3Ce) R pH A7 T Hr [a] K F (6. 0) B
ACC F b BB [a] % 43 8 €5 7 45 3K 7 3% & 19 58 HAE
FH me 1 187 B . AR ACC A T AR Gt 65 7K SF- B Ak 24 s 1]
P18y 7K P 338 R o IO {473 £ AR5 4 6T R AN EE v s KO
B Ak BT ] 0 S 5 7K ST B B R L ACC S K
M 7 1 56 B I 0 /0N L 38 B S W VR R 4 o 60 2
BRI & B e RaE R s/, ACC FE M N R A2 EAE
RAEFEEAEH . B 3CO M 3Ce) 128 fL BLE AR L,
HAEAE — % F2 2 XA, 33X 5 5T ik 28 KN & R A X

LM TR R SR T 1B fEE RS E X, 7E X A
DX ] Py o 7 L7 K2 STk R R . 25
R AR X 4 B0 2 R R K A EAE TR ACC
e FENE pHIRZ . WIHER 7 SAEW K1 4
B0, 4 3K TR LI IE 9T 4 L SAEW AT B IR 4 i
TE A, 40 M 2 T HH PR A DA Kk, B PN Bt AR AL T
T MK 2 B AR, X 2 S Ak W 19 43 RIS R B 0 R B
BMAT

2.3.2 4#43%@

2% P 28 52 BAE P X% K TR %) 52 ) A0 1] 4 BT
TNo HIER AT, 3 PR 2R X o T 5T k% 25 1EL /)N
F 0.2, AT BB 7F JE 26 g5 it X 8] 22 B AE 5% mi A 2
FRI 5 TR K/ R Y 2 R i) L T A
AL AR G b ot FL R AT 50 00F o BT 4Ca) Ry A B[] 37
T KO (24 B pH 5 ACC X 85 BR B 7 5 1958
AR RN T . BE R ACC G 5 5w A 7
KL BEE pH B 3 I e R 2 RS K, 28 B 5 I AR
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Table 4 Calculated contribution rates of three factors to four mastitis-causing pathogens based on response surface analysis

K ZE TR/ %  Contribution rate of each factor

995 14 - i TR R
o A Y i N . N . .
Pathogens A: pH B AR SEELE Contribution rate
’ ACC Time
A H 00 R A BR A
" Sﬁﬁ%*[g 1. 504 2.593 0.734 B>A>C
.oaureus
—
. BEARE 2. 309 2.244 2. 145 A>B>C
Streptococcus
P
“”{_HE] 2.048 2.467 1.412 B>A>C
Klebsiella
j;%$rﬁ_] 2.307 2.092 1.367 A>B>C
. colt
@) 6.540 6436 (© 6.380
3 70— 6512 6.290 ‘ 6.048
& 62 5.764 6.144 | 15716
;% £ . 5.376 5.998 5.384
S 555
% - o 4.988 5.852 5.052
;‘gﬂ s 4.600 5.706 4720
. 4
Nl ‘o
/\'Q

A S
Lo

~ 1.0 70

AHpH, B A R E ,C oAb BEmE ) . pH B9 AL T B 9 — 1(5. 5) 8 1€6. 5) , 4 B A e B 1978 AL 35 Bl — 1 (200 mg/L) £ 1(400 mg/
LD, Ak #1722 Al 9 S — 1C12 hOF 1036 ho L h A b 19 1R 28 38 1A T 300 i & it B . T IE .

A means pH, B means ACC, and C means treatment time. The pH value ranged from — 1 (5.5) to 1 (6.5), the ACC ranged from
— 1 (200 mg/L) to 1 (400 mg/L), and the treatment time ranged from — 1 (12 h) to 1 (36 h). The vertical axis was the predicted value of
pathogenic bacteria content after the interaction of the two factors. The same below.

Cad) A7 A MR 5 pH 5 AR JTT ) 7 10 PR 5 (o) &b R 18] 5 pH. 52 A% FTT g 1oz 1 1 5 (oD Ak 380 [ 55 A7 208 S e 32 5 AR T Wi 7 T

(a) Surface of the interaction between ACC and pH ; (b) Surface of the interaction between time and pH; (¢) Surface of the interaction between
time and ACC.
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Fig. 3 Factor interaction for S. aureus

PR BERR B 2 2 e R B K RGBS K N ACC S pH A F o ] 7K SF- (6. 0) B ACC Fi1 4 3 B[] %o 4%
X M 7 (R W) B W 2, R A K S T pHR T R A S LA T O T P Ak B R 1] 2 A 7K
fia] DY 1T - 2 B B OR AR SRR UG pH AE ISP w5 e/ i 48 R, ACC I R W I {3
RS HAEM WS R . R4HpHMACCTTIRAE W/, S H WA T 55 R & 8 2 s/, 75 1
FHIE , P BT WK 3R 3R R X o S 45 2R R R S 30K AT KT R B P R A R 5 AR B ] e D) I
-, A BB 20 G K CF BT RE R B AR S otk L ARESR TR, g e Ak B[]S ma 4 O, e
R . E 4R ACCHLF K300 mg/L) A% /K - mi B {8 45 {6 22 ACC 520 3 g 2, Bk I
I A PRI ] 5 pH A9 22 EAR R BT 1 . pH 4%k ACCTEM I R A2 BAR P md sk . 28 B R ik 4
S F18 385 R M IO FL S I 2G O , Ak BERE ) g 6 KO B0 BEER TR KOS BAE I pH R R iR B3, ACCIRZ,
R AR S W/ i 38 O, A2 BAE TR R R e B E BT A SRR ORI

W R T TR B 2 B KT (B R R 2 e 2.3.3 REME

FC PR R 25 A5 7 P P DR 3R 5 o R AT 2 L B 25 R A AR TN g B AR o i S A 5
HRVEpHEM B R BEAE P E R, B 4Ce) . 1B 5Ca) Jy &b BRI E] 37 T i K (24 h) g
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6.575
6.314

%? 6.053

Eg 5.792

= 2

%%g 5.531

#a 5270

Ry \/0

6.860 (¢ 6.370
6.592 6.202
6324 6.033
6.056 5.865
5.788 5.696
5.520 5.528

=~
)

Ca) A RO B 55 pH 22 AR FH IR 7 161 ] 5 Cb) A BR8] 5 p L 8 AR FH L 16T ] 5 CoD Ak BHLARF i) 55 5 280 4k J32 52 A FH

(a) Surface of the interaction between ACC and pH; (b) Surface of the interaction between time and pH; (¢) Surface of the mtcraction between

time and ACC.

B4 EERZXEEAMNEKRESENZIN

Fig. 4 Factor interaction for Streptococcus

pH 5 ACC 4 BR B 2 5 11 38 B4 FH e o 18 &1 . B
& ACC it B 7K - 15 I w13 A1 22 W ek /)N, B & pH 4
B 7K 1 OB B B 4G R, A2 AR TR 5 A 38
INACCTEPIN R A HAEI R EEAEM . K5
(b) R ACC i T 1 [a] 7K *F- (300 mg/L) B 4b 2 B [i]
5 pH 9 28 B FH w7 16 P A PR ) 4 5 K O 1
R 17 {32 4T B, pIH 20 5 7K SF- 188 K i o) 19 {1 516 Dk
ANJEBE R, A B AE TR FE A T A e e S

6.535

6.225
gg’g 5915
i '
® 4.985

A

KLOopHIEWI R R HAE o k3 EZAER . KIS
(c) N pH A F i fa] K- (6. 0O B ACC Fil Ak B s fi] %o
HE K T & B0 22 ELAE FH e 7 TET B . Ak 3R] RN
ACC #5 3R B Bl & 9 B 7K 1 19 35 K 58 B A T & &
BN K AR ACC Bl U T Jy (e b 6 B0 B PRy AR
16, BVACCHEM I = 2 BAE b B4 E2AEH . &5
TR TE XS S A B A K S HAE I ACC 52 i i
W& pHIRZ .

6.180 6.420
5.976 6.098
5.772 5.776
5.568 5.454
5.364 5.132
5.160 4.810

Ca) A7 R MR 5 pH 3 B4R e 7 17 PR 5 (b &b 34 1) 55 pH 52 A% T o 17 1 ] 5 C o0 A 33 SF I 55 A 2000 5 3 32 5 A7 T e oz

(a) Surface of the interaction between ACC and pH; (b) Surface of the interaction between time and pH; (¢) Surface of the mtcraction between

time and ACC.

Bs5 EEXEMEAMNEESARESENZN

Fig. 5 Factor interaction for Klebsiella

2.3.4 KWATHE

2 PR 28 28 HAR X R T A5 5t 19 52 1 4 4] 6
Ji R o 6 Cad Sy b 3 ] A7 T Hp ot K P (24 h) i
pH 5 ACC XJ K Jii A 1 & f 119 32 BAE F e 1z 1o [ o
ACC i fiFh 7K - 19 38w o A1 516 16 K S5 PR3 I8 /N |
pH G B 7K AP~ 1 18 DA o 7 (18 O T 8 W R %, AS
VT o 1o {8 56 38 2R 5 98/ L 76 8 S i K T~ ACC
Xof Wi 1 A 5 ) 8 2, DA 7 AR Ak 45 X (R, pH 7

WHEZEZEER T REFEEER. K6 R ACC
A7 F 18] 7K SF (300 mg/ 1) Bt 4b B[] 5 pH 4 22 B
ﬁmmﬁﬁﬁlﬁ%mm¥%ﬁﬁWWﬁL%W
R, Ak 3BT TR] S B 7K ST £ 38 K el 7 {2 7 /)

EW%QWTWWE%MkFﬂAwfﬁﬁmm¥
BF pH T W 7 5% 0 b 25 o 2 B 7K - B A B, 7E pH
By BT AR A AR R ) A (K, AR R
pHTEM R HAEM & EZAEM . K 6(c)H
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pH 7 F Hr ] 7K S (6. 0O BsF ACC A1 Ak B 1] X6 58 £k
PR i 0 A B AR FH e R TR A . T R A ELAR R
Jo A T 1) 5 ) 5 o B A T AR AL, ACC A T IR 3R 22 L
B R ¥ EEAE T o 25 LTIk, 78 5% K A 3 R

LA
)57

KAEHAEH T pH M i % ,ACCIRZ .

6.485
6.103

=)

Eﬂ 5.721

= 5.339

it

= 4.957

N

z 4575

< B
A S Yo

2.4 EMFMHHIERKERIE

Numerical 5 11 A DUAR 95 352 % 14 225K 28 U A A

TE Design Expert 10 ) Optimization 5 #t (1)

%

PFIF AR — 2 R IO B0 T, LA S BE 4 S0
e /MESE B bR BEE A R B9 RTE Ak 5.

6.750 6.450
6.436 6.076
6.122 5.702
5.808 5328
5.494 4954
5.180 4580

Ca) A RO MR 5 pH 22 HLAF FH R 37 10 ] 5 Cb) Ak BRI 5] 5 pH 52 AR W RE 107 12 5 Cod Ak BN 1] 5 A 200 S vk 52 5 AR FH D T

(a) Surface of the interaction between ACC and pH; (b) Surface of the interaction between time and pH; (¢) Surface of the interaction between

time and ACC.
6 EEXEMEAXNAXBITERNZID
Fig. 6 Factor interaction for E. coli
RS BRI 4 ERE IR EIX K AR EMH
Table 5 Experimental constraints on the bactericidal effect of SAEW
# Bk BIF®E R B /Ig(CFU/g) & &1 /1g(CFU/g) &
Name Requirement Minimum Maximum Significance
A:pH 0 N 5.5 6.5 1
B: A A ( Lo
ﬁxﬁl%ﬂ?‘ﬁ?/ mg/ A 200 200 1
ACC
C: i 8] /h
. T H/ 115 L Y 12 36 1
T'ime
4 B (0 2 BR A
SR G /M 4.57 6. 40 1
S. aureus
BK B
HRW e /ME 5.34 6.78 1
Streptococcus
v TR H
Klebsiella e /MA 476 6.47 1
j(%ﬂ:[,i] e /ME 4.4 6.85 1
E. coli

MR 22 5 1 & 1F R 43 i B A5 T 41 SAEW
ATH SN U 25 Y i A A G 4 IR SR
RNHE Y I, 3 A 265 SR 3 e A1 ) 20 0 A U
BE, IR RS AR R WS, £6 Nk
O Sk 20 B K KL Jor A5 1) 190 00 {5 36 F 38 56 2 A5 1Y 52
B i LA .

B E I s AR AR RS 21 SAEW R

SR A FERE G, BERE s A R IB AT

=

3PS A 2L B 4 U TR TS K M, 4 B (0 2 K T 1Y
B R R (3.80+0.17) Ig(CFU/g) , A W R N
99.95% , R RCR B3 .

i
3.1 SAEWXRHFEHNRAENRSEZERESH

ARHFFEC LUETE SAEW 1E S —Bh & 871 3 7
TE ] T Ak P A 2 5 2 R N o i R A 2 L B R

3
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Table 6 Verification test design and results

o swems N
e AR A/ . e BERRTE R /g SEEAARECE /R AT R
25 H (mg/L) /b R R /g (CFU/g) 1g(CFU/g)  T& /Ig(CFU/g)
Category P g‘ N Time (CFU/®) e g e e e
ACC Streptococcus Klebsiella E. coli
S. aureus
Tl
U i 5. 50 374.27 33.75 4.78 5. 34 4.82 4.72
Predicted value
-
Fbn i 5.50 374 34 3.80+0.17 0 0 0
Actual value
XJ 2]
7.13+0.12 7.10£0.07 7.37+0.08 7.20+0.17

Control group

BREAA BEMRESR MREGE RS BT
VRS R IR I S5 — B, SAEW X 2 [T
BH M T Can 4 8 € 7 4 Bk AT D AR 22 P R Cn ok
Jo FF TR 35 B A 8 2800 2R TRRE D, 8 T AN TR SO T
XF SAEW B USSR AEAE ] B 25 7, AR R B K
FF TR 28 90 M 05 i 1 SRRV | T e A P ) T 27 M
SR, I S0 BT (] A% TR RO 22 S5 AT R S 20 TR Y 4
MZE A 6, iX 5 Du s R sR 45 R — 8, 2
[ B AT 119 200 e BE e AT R 2 B2 (H SAEW 1Y
BN R B R 4y /s B R R AL
ZF s 20 L RELS) THURE IR L RS A T B A B
HEAT JEMELE R AR S AT LY AL T SR A
HME Y EARAT NTTFRAIR T SAEW 192 B 1EH .
TE 4 F8 78 % 5 RMS S Br 2B 7= 5 0 T Hp, Al v
T TR AR by 5 B 80CR 1 SC BT AN 48 A L LA DR 2Rk
Ak
3.2 EAEEHEESXEERANIEIZNIES
3 3 e IO TR A BT R B, R R AICR 1) 2 R R E
H 5 S50 B AR [R5 o 6 T 4 95 6008 4 2K B N e
TR, A RCAEE (ACC) R H N, X X
SAEW {1 7% B LR 481 4500 43 T o R 3K 35
I R A MG ) A A B R X T Bk N K B T A
pHE M STk F 1t T ACC. XAl fig 2 T pHE H
B SAEW ik SR (HCIO) 5 AR AR (C1O )
RS- 4, A B 12 30T UK IR pKa L (24 7. 5) B R 1 31 855
T ORBFSE pH 5. 5~6. 5) , HCIO FF /& b4 8 s, Hi A%
BRI AL 5 T C1O ™ PR, AR SR N o 3 2o 3
Y BEAR pH AR R 32 TH B ACC RS BAR, Al Bl N
PR AR 25 197 RO o LA BEER TR AR AL v 45 P
EOTIRRZ MWD (<0.2) , KK F W\ AETE B3

AIPIRR] . AE SEBR AR 77 BREE N ] fRT SR b R B — 2
B L T 25 A 7 1 pH L ACC A A 1] (14 b 7]
Jic &, A RE Ik B 5 AR FLRR U AR AR .
3.3 MABAEEIEHE

AR B 538 Ao e R R AR R AR T2 S
(pH 5.5, ACC 374 mg/L, 4b B8] 34 h) , 78 5 UF
TR IR TR A Y A RSO R T L S A T
K #F B 39 oK K L 4 B8 4 3K R K R A
99. 95% , A AT X1 2 3% 45 I IS LB AR A K
S5 4% G2 I B R A LRI IS AR SOCR R FR A ) L
SAEW B 3% @ B A ERENRE,
SRR T SAEW H T4 28 0H # M RMS %42 7
WEHTBEY AT B AT A E O S T R 2 R e
R,

SR, SAEW H AR S50 28 4k ) 28 e 37 ALAR
b RMS A= 7= A1 i Bk i o & 5%, RMS 19 i A L
i 23 T FE A S RT RE HI 89 AR AR DO R DR IR
SAEW 5 R ¥ H sk & 5 B A miE . K,
SAEW (1% & 2 1 J0 H: 2 A7 &4 500 3 0 LA S R A
il & At AE R P 09 BUAS 88 25 W B ilE — 2P A . R
KW AR SAEW 5iF A LB S A YA T2
(56, R FH A 0 7 A B AR 28 5 18 B T 0 AP R R
LY, B L SAEW HEAT & i i 8, A B AR fRIE L
4 1) [ B 2 — 20 AT 2 5 A o

4 & i

AW IR b A T SAEW B T4 28 5L
J5T v A% SR L B 48 BUW A I Bk 5 A8 A
SURL NS S sl VAT Y W o v N S O o T
SAEW X LAY, 55 48 1 A B AR, JF il Sr 1 S 4
B EMLIRAET LS8, FEEBNT .
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1) Bt A A0S R BE B 36, SAEW X 4= 28 1 4%
PRI AR B 5 B O B AT B A X 3 L Py 4k L TR B0
B 7E ACC 300 mg/L 4b ¥ 24 h J5 7% B F 1 1k 2
93% LA I, ACC 400 mg/L & 24 h )5 2 B 2R ik 5
98% LA I, X v % A1 W £ ACC 400 mg/L Ab 3
24 h G AW R K F 95%, ACC K TF 300 mg/L Ji H
R BE AR A 0T A T AT W PR

2) L 4 ¥ €0 45 25 2K A RN v T A B A D e iy
{H 4 2 5k 68 F7 2% BUAR ), B o3 Wk 0 A5 20
W BE = pH > A% T I A] 5 DLAE BR 8 A K i AT 3 & i o
N S5 {F 4% DX 25 5T ik e 1 2R BUAH [R) , B SR k(8 pH > A
R B > R TR I IAD o % K A 1Y) 4% DR R DTk A 2
fH/NT 0.2, F7# 76 28 5% W Be 71 5 DTk K/
(A5 0, T 4 B A A AT ER TR Y A IR R R 22 H K T 1,
FEAE B P 3R e A4S 22 A Y DX )

3) 38 o e N 1 43 AT vk L AR B R R R R Tk
iR PE W f# K pH {H A 5.5 A RS Wk E
374 mg/L, % W N E] Ky 34 h, 78 M &5 10 F A s 4
Feh & W A W A IR W & & 3.80£0.17 g
(CFU/g), A B %K 99. 95% , HoAth 3 Fh 20 18 To i
th, SAEW LA 250 2 190 I, w] UE R 468 %
2 5 RMS A7 5 i 2 TR

ASAEW H A il £ # 80 REG E RE
RO 3 S T sk B AR L AR T AR Y
SRORTA N o AR BIFFE AT E— 25 4R SC bR TR R
M) 248 SR FE AL, S e 2 e BT
02 2% P55 DR 6 T4 2R RLCRE 9 T P ME R, Sy Lol i
0, ] HF 2 R PR R S R S HE
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