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Investigation on Microbicidal Potential and Action Mechanism
for Botrytis cinerea of Slightly Acidic Electrolyzed Water

NAN Songjian'>  HUANG Xiaoling' WANG Shuo' YE Zhangying' ZHU Songming'
(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China
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Abstract; Slightly acidic electrolyzed water is a kind of bactericidal preparation with pH value slightly
lower than 7. 0 by electrolyzing dilute hydrochloric acid solution or electrolyzing low concentration dilute
hydrochloric acid and electrolyte ( NaCl/KCl) under non-diaphragm condition. It has a strong ability to
kill pathogenic bacteria, but there is little research on the ability and mechanism of killing fungal spores
by slightly acidic electrolyzed water. The killing effect of slightly acidic electrolytic water on pure culture
spore suspension and in situ culture of Botrytis cinerea was studied, and the germicidal mechanism of
water on Boirytis cinerea was preliminarily studied by scanning electron microscopy and transmission
electron microscopy. The results showed that the bactericidal ability of slightly acidic electrolyzed water to
Botrytis cinerea was increased significantly with the increase of sterilization time and available chlorine
concentration ( ACC ), and bactericidal rate can achieve 99.99% when the available chlorine
concentration was not less than 30 mg/L and kill time was 10 min. The growth state of Botrytis cinerea
colony in situ after treatment with slightly acidic electrolytic water showed that slightly acidic electrolytic
water could inhibit colony expansion, and the higher the concentration was, the stronger the inhibition
effect was. After 3 d of treatment with slightly acidic electrolytic water with 30 mg/L available chlorine,
the mycelium gradually turned yellow and withered until death, and the colony was stopped. It was
suggested that microacid electrolyzed water can kill the new spores of Botrytis cinerea and inhibit the
growth of mycelia. Through microscope observation of scanning and transmission electron, it was found
that treatment with acidic electrolyzed water can make separation of membrane and cell wall, cytoplasmic
overflow and abnormal lysis of organelles. It was speculated that these may be the reasons which can
achieve the bactericidal effect.
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ol H i 7K ( Slightly acidic electrolyzed water,
SAEW ) X FRIdIR M A AL FL 7 7K, F8 7E LI FE S 1
FHT SR FH Jo b B B i =X o A 5 1 s AR s
TR RN ER TR A VA RO 45 2 Y EL A R iR HL L B R B Y
PR, o pH {H— W AE 5.0 ~7.0 Z[H], 2k
w8 B AL TR A 5 H A3 ( Oxidation-reduction
potential,ORP) ( <800 mV ) Fl— & i) A %5 S ot f: vk
JEN T BRI K S R R T L K (pH (BN T
3.0,0RP fH KT 1 100 mV) EA I 8L AY 5 B SUR,
{ERR A T om PR FL AR K, L2 (e, X 42 Jm S 0B}
MR et BRI ) TR Al AR 7
P P4 P A KO T 4 £ LA /N, TR R
K ETEBEYY (5N T K& & IR S8 A T4
AR FE

DIAE I FH H Ao BB S AT R R 2
A6 b 7E 5 R M HR A K B b PR LR K, W BUCK
SENBIF 5 S B (5 I ik i e g I Ak R ] 2 0 R
KB JE 0 B 55 T B 30 s Bl FE /D ik b B R) AT R AE
Al JERE AR 0 B (WA AR | i H
FH) T 5 2 min B K AR ) A fE 3 R AR KR 2
2R, ABBASI %50 fi 5 B ri /K A0 B T 30 4 1R
(HNPABE S AR ) Y B8 5 T (S BT It
1A TN a1 e 2 i TR (AR D A ) S A s i
P ZHEAAR 2 min AR 4 ~ 8 DR, KE
SESVRIEFE A, AR LY R A R K, v R A K L
A SR AN B A T AR TR AOR, OH [ i 62
SR NPT PN e a3 11787 Ny 1 28 i o (O A 1| D
FRE RN 7, E R T4 IE F e, 2
K* Al Mg? " it i, e A 5] A9 S s ik BE KR,
PR HL AR K LSRR 1 L K S A 2 1) OH H H A,
HAMZAH %5 fif Fl A %5 580 0 & Wk B 43 51 h 60,
120 mg/L B9 R A 7K T 40 B Y H 1% R 2F
FERER IR AT T AR, 5 min 7] 435
i52.46 ~3.62 1gCFU/mL #12. 11 ~3.03 1gCFU/mL 1)
AR, HET, A G0 1 R A A 6T 40 B 178 % T
WFFT RG22 (R 5 B T A R TR AR
KHLHIBFFEIR D | H e BR ] T 35— 37 2 5% 1 ol 541
TE LR By ia 7 TR N 77

A2 AL TR 2 1T LA | Ak 22 o L R 0 K 2 1Y
INBCE FER I L  , BA) 2 E AR B T, H
TEas SRz o A, ELRTTG Yy 4 R e e =180
AR SC VAR AR 5 F0 TR A B L TR, T 5 AR M L i K X
HARE SRR R ERH e LA | i f e AR i
T P LS 7R R ) 2 0 %) B0 235 ) e A1 50, D 8
X AR F i /K ) AR LR AL A T 00204 5%

1 #R5FE

1.1 HEMEREKNREERFNRELN

fifi 1 VA 5 A DA A A BRZS |G HD -
2401, 0 S A i e H A K PIL A R F K
FRAL R MR L SR 1, 4 0 E . M A R B (R
(5 min) A[FEARCEFEEEE (10,20 .30 .40 mg/L)
(AR 1 FL AP/, A7 R B Ak B 5 A ] A 0 S i U
(10 .30 mg/L) N[RIAEAFE (0 .1.5.10.15 min)
(P AC P F el AbBE 3 RS, LATG B A H R K Ak
By xof B AT AR SE I, AT

FR1 FESEEBRKELIER
Tab.1 Physicochemical properties of slightly acidic

electrolyzed water

LK ORP {i/ AR T
sy pH i mV W/ (mgeL))
1 5.9+0.1 760 £11 10 £1
2 6.1+0.2 767 +14 20 1
3 6.2+0.2 774 +16 30 +2
4 6.5+0.3 782 £19 40 +2

K T T 8 T 5 PR 9 - B R (0T R A v
JELET. 00 ~7.70 1gCFU/mL 2 [d]) , 76/NUER R 7
A B FE A3 5 43 B, A R 1 mL B VRO A AT
8 mL f R M L K A8 oy, E AT R AT AR B 35 )
W ES A 1T mL JEE AT (0. 05% Na, S, 0,)
ZAERE"  RHIRA YA, A #LER K HEFT 10
50 BE R R, B A R EE G 0. 1 mL ¥2)38 4K T PDA
(DR EA AR ) B3R5 1 26°CHERFE 72 h
(BB 9% A o N =i I o % O/ = = B i)
E%{&EP%MS{ZUE( leCFU/mL) ,, X HEZH UK 1 mL
7 B A A 9 mL A= FEL K ik b RIS
o ST 2 AR AE 7 VR A T SR
1.2 REFAEEZEERRIINTESHE ML

FERG SR B 1 3050 H2 I A 25 0 T 98 - B, o
BT AR R 5 e TR 1.1 A5 ik, 26°C fH IR K
F22 d, K5 BER 24 h T — YRS [k B AR 1 vl
K (BAFE PR UL 1 g s 1 1 3) , ARSI JC A
Az R K SR XoF R SR FH 1 28 SRR R N o TR T L
172, R B T T B ATl %

1.3 eSS IR T
1.3.1 FHEBEWEE T

BURKE AR 5 £ K5 PDA 2l 5%, T
EEVIHL S BLIE I (0.5 em x0. 5 em) A B R R
Yo 5 N5 A TCRBEFR ML 0550 B 205 S0 o o v
10 mg/L F1 30 mg/L iR PE LR (1), 7051
X A HL AT IR AR E AL HE S min 110 min, B —ZHAE
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St BRAL, Z S5 A H A 20k R B A,
wP .

PRALBRE TEHRA AR 1.5 em BRI &
T 3% % FESEA T8 , R B 1k 98T 3207, 76 A
2L E 2SR E 10 ~ 20 min, J5 [E 2 2 h B 5E b
4 T 5 e PR R R A T2 G B K, SR A A A - 618
AU LRI EVO LS 15 BV s A T Il gE
30T .

1.3.2  BHTHGMES T

T E R T H AR K A Ak S TR VR A il
10 mg/LA130 mg/L(FE 1) , AT B A WAL, 5k
U101 A5k A [E] 535024 5 min A1 10 min, 35
S B RS A R 2R R A

HRA P 5 PR B, P 1R 46 2% (0. 03 mol/LL,
pH E 7. 2) ZEM R AT B0 Ve 3 K, mTTIEY
HiN 3% B I ZE I AE 1, ) P R 34 R I
K, JE R ER e UEAT G038 WV R A, 4R )5
itk B Bl R M B R AT UEA T 20 FE JEM — 1400 35

WA T ST
2 RS54

2.1 HERMEERAREERENRERN

FH e 2 AT, Y[ A TR E R 5 min B B
A T R VR AN, o R 2 16 B Y R R R 3%
TSN, A AT R R TR B 40 me/ L B R AL
{H 3. 65 1gCFU/mL, A %355 99.97%

1 3 TN, Y A A SRR B R T
AF ] A0 2E 4, 8 B 3R AL W R A R B )
1 min B, AR HAR, ARG IR A 30 mg/LL,
R FAUN 54.29% (HAE BT E A 1 min 1 5 min
I, A 2% ST W N 30 mg/ L BB 1k R AR K R
PRI 15 A AT B IR 10 mg/ L TR 1
HUAf K , 25 5 0 3 45 R I R A I (R S it Bt A
AR v P R T T S R R AR L e [
BRI, AR BN, A R R 30 mg/L A
5 min I, RIEF) 99. 99% MY A H R,

R2 EEREARERBEKRENKEFRENRELN

Tab.2 Microbicidal potential of slightly acidic electrolyzed water at different concentrations and the same time

R AR K R BRI T R R R B/ (1gCFU-mL ") .
AT [ 1 - . . KR/ %
BT E/ (mg-L~") pH {H ORP {E/mV VIR 535
0 (X} 1R) 7.06 £0.2 280 +17 7.23 £0.19 7.23 £0. 19 0

10 +1 5.90 0. 1 760 £ 11 7.23 0. 19 6.47 £0. 17 82.62
20 +1 6.10 £0.2 767 +14 7.23 +0. 19 5.39 0. 15 98.55
302 6.20 £0.2 774 +16 7.23 0. 19 4.46 +0. 15 99. 83
40 +2 6.50+0.3 782 £19 7.23 0. 19 3.58 £0. 11 99.97

£3 TR EERRBRBKRENKEHRENRERS

Tab.3 Microbicidal potential of slightly acidic electrolyzed water at the same concentrations and different times

BTG HE S/ (1gCFU-mL~1)

BIRIE R/ (1gCFU-mL ")

X ¥ XK 2y K T It Ko 27
AT A/ N ENE AT )/ N FNCE %
) (XA ST 10 mg/L) . (B RBUABUEVR L 30 mg/L)
min N % min _ - %
Wik 5% ER WIh BB
0 7.23 £0.19 7.23 £0.19 0 0 7.23 +0. 19 7.23 +0. 19 0
1 7.23 £0.19 7.02 +0. 15 38.34 1 7.23 £0.19 6.89 +0. 17 54.29
5 7.23 +0.19 6.47 +0. 17 82. 62 5 7.23 +0. 19 4.46 +0. 15 99. 83
10 7.23 £0.19 4.21 £0.13 99. 90 10 7.23 +0. 19 3.21 +0. 16 99. 99
15 7.23 £0.19 3.19 0. 14 99.99 15 7.23 +0. 19 3.02 0. 11 99. 99

b de 2 FiEe 3 nT LA A R T iy
10 mg/L B} A FERS 8] 24 10 min B} R 8 T4
R 30 mg/L I, AL BRI E] 2 5 min
SEILRWI 70843 10 A TR I )2 PR R 27 B 80y Y o 2
2, A 80 & v Bl 30 mg/L, A 1 B[R] K
10 min B, LS BB 5 W6 B2 10 me/ L, A 147 5 1]
15 min , X KA A 769 A R R 1185 99. 99%
2.2 REFBEEERRIMIES

H TS EARMEBIE T LB B (R 4) , K&
PRk i /K A B I R A5 R T Vg B, B H A K]

B BRI K AL B 2 d I IS AR S AR A PR
ZENT L PR 2 2 S AT SR T TR B R R X R
A A A A R SETT R R h 30 me/ L A R
PERLEK , 2ot 3 d AL B B 95 45 1k AR K A R U
IR E N 10 mg/L B ACHE 3 d J5, RS A 4 KAH A
KeMe, S5 REU], R T v i K mT LR AR AN 3L
TR A A DA 75 AR MDA A SRR 1 Fi A K
AT LA B 22 SO A A A0 T, S EORK A A e
AB AT S LB | — 25 AR & B P 22 3238
AN R EE , HRAET,
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Tab.4 Colony diameter after being treated by slightly acidic electrolyzed water cm
b B E]/d
b F ]

S 0 1 2 3 4
SAEW1 (A3 R E 10 mg/L) 1.13 £0.09 1.42 £0.07 1.52 0. 08 1.58 £0. 06 1. 60 £0. 07
SAEW2 (AR T E B 30 mg/L) 1.14 £0.08 1.34 £0.08 1.42 £0.07 1.43 £0. 06 1.43 £0.06
X BEZH (A= FER K ) 1.13 0. 10 1.47 0. 09 1. 64 +0. 08 1.91 £0.07 2.17 £0.07

2.3 REEHBEZMBEEBKLEENMNGE SRR, e T 25w, H 2R
M ER K 53 # FEAOEH B TEEAR N B 2346 (K 1a) , 2
TR L AR AL BT K A O 3 R PRPE AR IO R R AL IS | T 22 A AN RN, A AN

BRI (B, R R 1000) , aT DU 2 HL ik RIRZIr B M B 7 I IR 964 (18 1b ~ le,

2b ~2e) , il L SR 2K AT S80S R G R A Ak B I [ 3

A TR AL R e DA 4 fL e 22 P TR SR e, R

—

(a) AHHL _ (b) BT RIE10 mgL, 5 min

(d) B R 30 mg/L, 5 min (e) {1")&5{1 Ik 32 1 30 mg/LL, 1D min
BL1 SR B ik K X o 6 A BT 5 ) 451 v 5 16

Fig. 1 SEM photos of Botrytis cinerea before and after slightly acidic electrolyzed water treatment

(o) A7 B it FE 10 mg/L, 10 min

- (d) 'ﬂm!ﬁfifﬁilf’é.’“l mgr’[,.Sn (o) A BT RR EE30 mg/L., 10 min
B2 B EE RO R A A PRS2 ) R AR

Fig.2 TEM photos of Botrytis cinerea before and after slightly acidic electrolyzed water treatment
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I, AT A AR B L, R AT T 22 B K A
60 T K5 AT 22 R T 0, R T oo o A R AT B
B, RN A 1 P v i K AT ) I 3 5 e D TR 22 DA e
oL~ A S5 R, AT 410 4] 6 5 10 S0 A AR G B 0
W AYE T

SR AHIR P H i 7 A BT 5 DR o 2 1035 S P B 4
I 2) WL RT N, A 28 v i 7K Ab B ) 96 5 Hh 2 ks
AR (Fi sk 1) BORWT  JRARFLIN | H 40 B 5T 5341 25 5)
B (K 2a) . SHUBKACERIS | KA % 8 7E fi
LR A AT o B LA (i sk 3) , HLAH M BT (i
3k 2) A B A (B 2b) ;B L gk K ik B 38 3k AT L
5o o B W, A0 A IS 4, B3R 8 AR AN KL
TN 240 6 I ) A R A6 L AN [ R R VS A (
k4) o BEHRARKAT S8R BT o A A B ) A
1, F0T 20 N 7 S IR ] 2 32 e 025 A, 4 e e ™
HAGE , A A R AR I A IR (1 2¢ ~
2e) .

FHE 0 fdc 2 A P, 9 /K T ST T ek 4 i BE R A 91

N, SFEUTRE S35, 5 5 W 5N, R AR 2
T, RN A | 20 P 4 T A R AR R
W, B0 AN e v A | B 2 S SR A 2 o B TR 11
BT

3 HRIF

TR P FL A KOG R A A f 2l B 5 A R &%
WVEM  TEABCE TR FE A 10 mg/L IS T b R
(B4 15 min, DL AR RCA =W N 30 mg/L A
PABTEA 10 min B, X A 2 3K 5] 99. 99%
R R RSO | AFI A T Bl v YR B, S A P i) T
AT H RN . SR H A KR B A AL
A TEAAM TR A FH W% 17 1 1 vl e /A T 490 1) A o
IR TE AR, KRR F gk Ak BRI S K A 2 4
TR EE A IEA TIRER | & AR I P L A /K aE A IR
FoLF6L -4 LB S5, 5 SN AR T 43 B AN RS A
MR, AR TSNS | 38 7 20 B2 v e , A B 2 4 4
X A BB AN B 62K A R SR A
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