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ZEB ARG K (Plasma-Activated Water, PAW)
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FREE . MR E I L E R T — B RRAE
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5, HESNZBORTE L i WURSE PR, oA AR H B 2
B

£ L, A BT BHA A KU AR IR 55 B T AR A i
&I Ee OB, A G U N TR S ] —
AT R A, BRI PRVEH 9. TR
51 Rk TARRENES, HAark. Be& g,
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1 SMREM S TIERE

1.1 BARERSELKREERE

R 55 2 I K R AR B SRS R I 1 P
FE AT R AR BRI KR S
32D (= AN =/ R ol e /K S S UG B )5 R 8 SR R E S IER N
LI, B4 DRBESHE. PR g F 2
T HL AR AN AU A, R 3 B S 4 T A A 1
JREAR L, v TR0 R P ARG Y 46 5% 7 A 3 A R AR T P
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JECHE HLAR S IR A 2 AR BRI AR AR AL B PR (] 1
HA BB B 3 RlA S TAMETER D, Hoh B sl
BEAKIRANE BRAKE 1, AR Nl B S Rt
IKIEE, JHE A it BESKGEM K H, BHXRKE B
K ERHEN, AWM. BKEE, A A Stk H
it (1 RS ETER TR o FRSNECE SN,
X 73 I IR TE S A S A AR E KEGR N T LB
i (LR ICREN DV EE, RS TR AR 2 32U
Hh— SRR A S AR A BN ETE N AR A 9 38
M S TCH AR AR L, D IS OB SR i
(025U, T A DA A7 B o e s T P P AR A 3 XA
o ARJE B S AR A A R LA (BT R
RELLHERTTIAD o SR AR A B S i) H R A
ANBEEN, il R ik s NGB RN T, RRAE
o TR AR Y S I AN RS, PR I AR X
FURTEB R AR A i ) A AR FBCRHE HH THEHLA N
HRELRE 2 25 Do ST D) o e T S IR FELRE YD v M B
IR A B S 0 e s e i e RO R AR,
PRAR s ol A B i AR e 115 SRR
P, JFa e I e A R U T e O TARBIR L R
i TAES 5L

— [k 7K it 77 7 Direction of tap water flow
e FARIE KRR T I
Direction of cabinet ventilation airflow
e WA 38 DT 1)
Direction of electrode tube ventilation airflow
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/
16 N L
LR s 2SR 3R T 4 miuE A EREAN D S
FarkENE O 6 K TARER LT 8 AMGENAN L 9
10, SRR D 1LSHR  12.480K8 13.HKE 14 B BEE R O
IS AR T 1685 MR 17 BB T 18 Al FE i
WhEHL 19 IETR AL 208550 21401k 22, 8XHL
1.High voltage alternating current (AC) power supply 2.Voltage regulator
3.High-voltage connection terminal 4.Inlet of ventilation and heat dissipation
in the electrode 5.Outlet of ventilation and heat dissipation in the cabinet
6.Inlet valve of water 7.Low voltage connection terminal 8.Inlet of the
electrode ventilation 9.Base 10. Water inlet of guide plate 11.Guide plate
12.Box for collecting water 13.Water outlet 14.Outlet of the electrode
ventilation ~ 15.Inlet of ventilation and heat dissipation in the cabinet
16.Insulated hanging plate 17. Outlet of ventilation and heat dissipation in the
electrode  18.Knob for adjusting the electrode height 19.High-voltage
discharge electrode 20.Horizontal bar 21.Cabinet 22.Blower
Ee o RIS, () .
Note: « is inclination angle of guide plate, (°).
Bl FBFTREUKLAEREETER
Fig.1 Structural schematic of Plasma-Activated Water (PAW)
generating equipment

FET I PR ) TAR R B, it 1 R A5
F v TS FEL LR (I 2) o i T L L AR T FELA T AT LAY
BN BRI, Hrh ERE R 304 AR,
SHE BIRTELS, A BUERARI SRR, R
FE09 2~3 mm. HNE ISR | DGR, AR
EWmEA SRR L, LgAE, o niaEd B
5 A A R E R SRR N N R A B A I
(B 1), SORBLA— S I ik E N B
X AT XHECR R UE RSN 304 ANMEIREL
BA R SHME, SakitdmrdsE (8D, R
0 AR I v T PR . AR SR A U R AT R Y
BOIGRRL, BN, TR, AZEk. Kiws
TR AR B R A A3, AR P AR AR T
HAEGIORAG. NEHRITR. ERG TIALHIE RN
H, HIBREEA. FRE.

LAEGAE 2405508k 3HRE 4RNRE SaRAERk
1.Insulated gas tube 2.Insulated plug 3.Electrode tube 4.Dielectric tube
5.Metal joint of gas tube

B2 HEALEREMTER
Fig.2 Structural schematic of the high-voltage discharge electrode
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(AJREE, S P o PR A o5 7 R ] 3 T B 4
HIFE 2~15 mm JEFEA, PAGRIIE R B PR 25 AL 5 7K R
P T 1178 e R S O V= S )R W NGl 1128 s
i, A FHARCRAR A RR. I, w5
MBI AR F AR R 2Ll o BT R A o
UMM o A FTRE AR A (1D, "7
L3 3o A 1 4 A P ) e B v AT R o o K, KR
PP _ERUE R, KA S, KA B AR .
o K/ KR S ARE SRR L, TR K S A
ey, BREEA B, SEUSHESED TEKIE,
5 R OB AR, BN AR . o WTARGE IR E, 8
N 15° ~T75° , B R OB A LAE
Wk BUEITR A, . R AR RN 2 98
(A L I, e T TP P LR X AR L R K R
T AT B B AR, R 2 ) B R A O L
D R R e S NG SE T+ &2 ki N
PR  RBR TR AR PR — RPN RN, AR

KA BRI S 7 (NO™2) + WEFRIRES T (NO™)
HEMAE (H0,) « AT EF (ONOO-) . LM
BEF (NO-) « AAMREF (OH) FLMiEHEREHY
Ji, AT B TS KO
1.2 SEXRBIR

e s 28 Uit FEL R A2 SIZ B A T BEL 94 T8 FL 1 e it 4 R
TG, HIThE B AN R 2 B A . ThER B
LM-ER- SR, WE 3 s, FREARENKTE
] (Pulse Width Modulation, PWM) #437 HL . B -
ELUE R R R AR L . LC B L R T I
HLER S . o IR AST YRS N A 220 V ASTRHL, H G
JE I HAH PWM AT RERE I, 15 2R3 E 19 400 V HILHEE,
F B P CRE AL D2 R B, SR )54 0d DC-DC W& HL
HAFE] 100~400 V M ERHEIE, HEdeVr sl f
R LC JE 3 B ER 753 20 000 Hz [ S 30 & 1E 5258 HL
P aE I A e e AR R A8 3RS 5 000~20 000 V(1) 7 A iy
W, TR AR S5 Tk

TR
Plasma load

B EEPWM rectifyingcircuit

- B R H
DC-DC voltage
regulating circuit

P AL R H LC JEM LR WU R

High frequency LC filtering circuit High frequency
invertingeircuit 1

boost circuit

e Ly Liv Ls 20 AN TES B LC H BB IR FUBORIS VR FUBE, Hs Sin Sov S3v Sy NSRRI B EE B I TR 0Es Vs Vos Vs Vo iR
SCMH R AR Cv G Co MM NIEB A . LC HBER AR MR B A, Fo VT RN VD NSRRI T W AHERES.
Note: L, Ly, Lg are input filter inductor, LC series resonant inductor, and output filter inductor, respectively, H; S, >, S3, Sy are one-way silicon-controlled rectifiers for
forming a full-bridge rectifier circuit; Vy, V2, V3, V4 are one-way silicon-controlled rectifiers for modulating high frequency alternating current; Cy, C, Cs are input filter
capacitors, LC series resonant capacitors, and output filter capacitors, respectively, F; VT is switch field effect transistor; VD is freewheeling diode; 7) is step-up

transformer.
B3 SHEALRAEEIKA
Fig.3 Power circuit diagram of high voltage Alternating Current (AC) power supply

DR i Je R SE R A 4 P, U, = kU,
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SRR CHRIIBIE, Vi U AEROUR L I, V. 2 o c s

Note: R is the equivalent resistance of the inverter load circuit, Q; L, is the
equivalent inductor of the inverter load circuit, H; C is the equivalent capacitor
of the inverter load circuit, F; U is the output voltage of Alternating Current (AC)
side in the inverter, V; Ug is the voltage across the equivalent capacitor C, V; U,
is the voltage across the equivalent inductor L, V.

B4 FHEZAGRAFEIEE {RKFHLHE
Fig.4 Power circuit of high voltage AC power supply and
equivalent circuit of load
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K U, BT s i i &, Vs Uy R
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D BRI, As £ NS AR HLER T AR,
Hz; o NABEK, rad/s; ¢ NEFE], s. $2 60 H % 5 EE 4r
Bl 5 o, FREmER. R SE S R,
T L BU(E T APEES (Digital Signal Processor,
DSP) . AI¥EEEIXB LSS . AR S R R SR R
Horb DSP I KA TESH, b3 e 5L
EURENE S, RSN RGN AR g SR, [
INF SIS MR 4% 2538 TARIRES, Sk Wl i A5 545
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HiLfiE S fi55 R4 Fault alarm
Current signal Signal acquisition
circuit T
RS S BT A B PERE ) i B
Voltage signal Digital signal —»{ Silicon-controlled
v processor rectifier drive circuit
AT sﬁ? "‘T"iﬁiﬂzi'l Lllitr;'?} c
Temperature ignal modulation l B :
5?;131 circuit - a. il REE S TR ALK
DRy B a. Preparation of plasma activated

Protection circuit

B 5 FEAWIREF WK RER
Fig.5 Principle diagram for control circuit of high voltage AC
power supply
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R 5 2 I A K R AR e % T B AR AR I

1) JFE SR, AP T P 38 KGR E A
1oy LS TR0 FEL PR A (130 X RRE T 1 A

2) VAR PR T ) AN e L R e L, Ao
RS SRR S AT, DRAEM 2 R B /NS 5T Gy
J T A 5 AR TR BESE B 2~ 15 mm) o FT T ik
ACVHIE, FA RS EATE] 150 V, TSR e H W
SRR DA E TR, e TR A AR T 1 min J5
R P e R A2 AL L YA o

3) ZARITIFHEKIE, A5 BAROKGIAN &, FrihK
FUK RS SR AT I e IR AS IR L2 AT B AR T
GO0, FERORR L, (ORI BRI

4) TAREAErh, St i e as N s A A Zh
A, I KRB R, SR FIRCR 105 BT
(SER IV

5) WA KA AU, Sek AT As, ¢ LR

B EEHARSHAINER 1 P,

R FETHREUKREREEERASH
Table 1 Main technical parameters of the Plasma-Activated
Water (PAW) generating equipment

¥ Parameters HU{H Values
#44& R~} Cabinet dimension/mm>mm>xmm 840x250%x410

JECH B AR K B Length of discharge electrode/mm 520
SRR A Inclination angle of guide plate/(°) 15~75, &L
JBCHL 7SS ] B Discharge air gap/mm 2~15, EBAI
ALK & Activated water flow rate/(mL-min™) 0~800, LW
YR IHZE Supply power/W 0~1000, ZEZA[
TAFEHE Working voltage/V 0~220, JELEAH
TAf H13% Working current/A 0~5, B4

2 FBEFIRENKEEIRENABREIERE

PAW BATT R AR, 72 iR B R A
IR R AT R TS, X A R i
1T PAW IRIAE B, BEREA R KR R dh LI
PR, SCRERI FAE G KB i B AR . S T RiE
TIbi) (K S5 8 RS A AOR AR B A P RCR . DAEE D) S %
FR R EAR, N B G R I ATw, e B 11k
KIS VEAL B (K AR R 25, IFAE IR AR b REAT AN [R)i
VoAb FR ) GL TR O 44 e eons t ik, I e 6
B

water

b XTEEY) B B  ARIN E B . R R H e

b. Adding bacterial suspension to c. Comparison experiments of potato
fresh-cut potato slices slices storage

Ho6 LHAERFBETHREMKIEHAERREING R A
Fig.6 Site photos for experiments of plasma activated water
sterilization and preservation of potato slices

2.1 RK@eHR

B LRI T R R oy T, R BAT R S
B TR 7K R A T % T S = o) B S S AR TS A K
TR WAL= S, LB Az, LB B
JERE R, SAbEN (NaCD 1T/ 58 i A 1L = R A TR
NE (PED 5 KIBITE (Escherichia coli) AT
] T A= A ] o O B o
2.2 HBRHE

SR FH TG B F P IR B UK o B o P T S S T 4% U 1P
Wb X RIZR, SR K- PARE T 37 CHy 9% 18~24 h; |
B IR KRR N E = LB Wik ik, BT
37 CREARTREFR 18 h, il % W ERIKE AN 10° cfu/mL.
2.3 LEIRERNHE

BRde B e A A — BN SR, H R /KIEET
F, TETCRE B TR R )R HURHT FL28 15 B2 20 mm.
JEEE 4 mm PSR FR F, fE45 EER & L K
P& S0 uL, ECE IR T4 30 min, IRIFUHY
LRER,
2.4 FEISREREEFHENACREZHEm LKL

FEL YR FL s S M) 25 5 1R A 7K R A 1L 6 H G [ i
SRR PAW BRACRRME, BT B R RS R R
FITF PAW R KMRACHE T . ARIERTHHTORLS, BRI
600 mL/min. FURARMIMA 20° = BCE AR SR
B2 S AN B 10 mm B, £ 100~200 VYR TAE RS
Bl A AT PR e P PR AR, A BT R 40 20 R 1 TS R L B
RIS, sl FaE IS TR K BRI AT A K
TSR B R T R TE VRIS, S ANk S
KR LN 10 20, E PSP AAREE R 4
BT, JEBON YA SR AR B R R A B
ARBEEE] (4, min) FIHEJEHEE (B, V) /ENRKEHE,
IR (Y, %) RNV FRFRETE B E KPR
NI, FRAKPRILEME 2 Fin, SHRKEE 3 K.
T 3 e 7 TR R 0o 4 S A A K AR BRI R B R R
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Table 2 Coding table for factors and the levels of response
surface experiment
NG E LY S R S N
Values of experiment factors at different coding levels
-1.414 -1 0 1 1.414

Experiment factors

N LRl
Sterilization time /min
CERIGENES

Power voltage /V
2.5 AREFEXRLCEHLEEDHRE R IE Lt

B R R T 3 AANFENETRALEE, SN
AEVEH, G SRR AIHITIEAAARE, (XA,
5 ONZERKIE DR, R SR8 w0 T 28 1R K
XY DR E R AT IE T BB NS S TR LK
(PAW) JHUeA, e ma B AL AR50 3R A5 1 PAW i
B YT B R T IE VAR B . R R
W SRERITRIK S, A 6 F-FaiT ot ht
R R R R B, B TRE 20 CL FHXREE
70% [ 1E R E IR AR A 24 d.
2.6 EEEHREEMKAZE

PAW R T 2% e 97 ThD P12 4 1036 DA B S R 5 82 4
Fro TEYSEH R R ko LR B FE b, X i S 4%
ERFEROEE. R, XTSRRI E .
JERERBAT IR 2, B3 d WE 1k, BN 24 d 5
il
2.6.1 ZX@&E

KR (Y, %) IR TS K Y 3% 4
P VR I KRR . PAW A% B 4% 40 B T A0 4k
RIGHT, TR PAW AbFEZE RS, BEALEL 25 ¢ R4 PAW
TV D2 R RER & PAW 1S IE G Y H D4 2
FFESL S 3 0y, o RN TC R R, R AR B ER K BN TG
PSR As TR 110 MFRER, SAJE WL 1 mL ¥
W, BB 1D 10% 1:10°, 1:10° (V:IV) 3K
BAEE, T RBMBER 10 mL TR b, GIAAIE
45 CEEAWTEH LB & 7B NE 20 mL IR &35, fk
[ J5 18] B RAE 37 CHEFRFP IR 18~24 ho S ACHE AR
IR 3R, RN (3) THE R A K Y
AR ER (Y, %), BOFBIE.

y =N =M 100% (3)

K Ny ARE PAW JEHEM SR E R ERWESEG N
NE PAW JEUE G S % i ERIR T AL
2.6.2 &%

¥ CIELAB R R%, #HidYREENfaaa MW
WS FETRE L* . LS ETRE a* . BT RETRE b* . A
IS IAE, SR B2 (NH310, IR =B RHE
BRATE, ED e 3 MDA R EE,
Wk LA a*. b*, HRPER (O HEEZE AE, TR
mEE 6 I, BUFIME.

AE=\(L*~L*)+(a*—a*) +(b*-b,*)* (4

2.0 4.0 6.0 6.8

107.6 120.0 150.0 180.0 192.4

o Lo*s ag*s bo* o BN ARG AL TR 44 2[5 4G A S
FEFREL. AR PR
2.6.3 FBE

AR AR (ND 2 SUONTRSRAE 7 )RR I N
BN JJ0AE, RA A (TMS-PRO %, FTC 2
Fl, SEED X S R e BT I, [
FERIPRSL EARN 2 mm, WG 1 mmy/s, 2R 550
2mm. HHMEMBEL 10K, BCF1E.
2.6.4 AAstTd G F

FXTHSE (B, %) R IEE 5N iR
BIERKEWR G, HEER: HER Lem 1
FTFLAR X TSR (8] 25 2H 55 8% 28 1 AR S IEAT ORE R 4 11
S MR FES, FHZETEACKHEE G BETE, N
W, BN 100 mL 218K, FH S 3%{ (DDS-12DW, I
RS A PR A, HED WEPIGHE SR (K,
mS/em) ; FPREEELEME T, #E 1h)5, BHES
RN EHEEHHE B TE (), mSem) , KA
P EInAGE R 0.5 h, WEEEINZM/KE 100 mL,
MEZBERESE (B, mS/em) ; JFHRER (5) it
HOASE R M SR EW, SAHEMEE 3k, B
P

E xE
E =250 ,100% (5)

2.6.5 TEHEHHEE

AT [ TR ) 2 48 AR o b BR VA R TOK A&
Yy, TERBEFES R L BRI . ARSI, H
W TR TR S RS 5 g, FHBHERREFE &
P50, TR 4 EARET S5, BT D A (2WAT,
R EEAER A T, D WE R R T R
W B, AR ES 3R, BCFIIME.
2.6.6 JHEF

I (%) AE4a 82 B i L8 I 18] 7 J e
o EMIMEREHGRE RS, REX (6 iF
HIEEE (R, %) , HHAEE 3K, BCEFHHE.

R:EXIOO% (6)
Z

b FONFIERE A Z FE S S
2.7 BRI

F|H Design-Expert 7.0 34 1 3 [ 3056 5 %8, I
AT B[R H AT 2 8, THE AR R, B
M. 7. B FE. B35 P EULRERB R 5%
Giit4etr. 1A Excel 2010 HEATI 3O H a6 B i 4
PR ERZ], 27 BEMEA SPSS 19.0 1 Duncan’s V%
AT % BT

3 HRE5HH

3.1 FHEODHRERSEFIRIENKRE SN &%
hER

Wi o2 TR AR GG T B Rk 3 Fow, — IR
13 AiR%e, HARERREEN (98.63£0.62) %, WA
(26.01+0.34)%. iR45 3% 3 15455, FH Design-Expert
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BAFETHIEN S, FEDRER (Y, %) MoREHR
[y
Y=95.31+14.374-6.13B+0.934B-21.144°-8.53B* (7)
N 4 DRI 1A AR, B Oy LR L (K 7K TE .

(e DA Y 2 B G B 8% S P PR % T R 5 O TR I ]
FLYR R S ARG R

=3 MEERIEAEMER

Table 3 Testing plan and results of the response surface

experiment
A AT I (1] HLJR LR AU
Test No. Sterilization time 4 ~ Power voltage B Sterilization rate Y/%
1 1 -1 93.99+0.52
2 0 1.414 70.78+0.40
3 0 0 95.95+0.44
4 0 -1.414 75.23£0.55
5 0 0 97.12+0.43
6 0 0 96.21+0.56
7 0 0 88.64+0.50
8 -1.414 0 26.01+0.34
9 1.414 0 69.55+0.38
10 1 1 74.49+0.49
11 0 0 98.63+0.62
12 -1 -1 69.14+0.47
13 1 1 45.93+0.35

T AR RN AR, A B 5350 oA R IR [E) A E R F
KB

Note: Data of sterilization rate is presented as mean + standard deviation. 4 and
B are respectively the level value of sterilization time and power voltage.

[ AR ) 75 Z oy T ah R AR 4 firoR . BHER 4 w4,
A% T ST R R P 9058 P o T 7% B 236 (10 S i 34 1l 4 25 (P<0.0 1),
—IRAZ B IO R R AN R (P>0.01) , KB (A
ORI A MR (P<0.01) , FEYEH RN R
R L # (P<0.05) o [B] V3B 2k 0 00K
(P=0.0612) , REZRF RN 09211, BAIRLEZE,

x4 AESHER
Table 4 Variance analysis table
JTERIE PR EmE B M P

BEME

Sou?ce of  Sumof Degreesof Mean Fvalues Pvalues Significance
variance square  freedom  square
157 Model 5301.24 5 1060.25 16.330 0.0010 wok
A 1 652.69 1 1652.69 25.460 0.0015 *x
B 300.16 1 300.16 4.620 0.008 6 o
AB 3.44 1 3.44 0.053 0.8245 —
A 3109.23 1 3109.23 47.900 0.0002 **
B 506.01 1 506.01  7.800 0.0268 *
FANT
Mismatch ~ 394.40 3 13147 8.760 0.0612 —
item
BUVAZE Pure g, o 4 15.00
error
B2 Total
difference 3735.64 12

e FORREE (P<0.0D) , *FREFE (P<0.05) , —RREHIALEE
(P>0.05) -

Note: ** means the effect is extremely significant (P<0.01), * means the effect is

significant (P<0.05), — means the effect is not significant (P>0.05).
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—EWT, N AR A R B TR KGR, 2 e X
BN FAAEE Y k2R AT &
KR, WiE AR A VIR 1374 V. KRB ]
4.72 min, FRISTNR R ATIA 98.74%, LARAEHETIR
PESRAFREAT 3 ORISR RS, SR R KIA (98.65+0.59) %,
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Fig.7 Response surface plot of sterilization rate effected by
sterilization time and power supply voltage

3.2 BRERBFIRER

YeTR SR I A AR i 8 Bis. %A
L RN (AT 3 &) EFREERL, Rz
T RIS . ATE DAL ZE T8 K IE Ve AR b a4
UL, ANERAREZEE 15 d J5REE T RMKETA
FO4 B PARVEAL KGR (P<0.05) o Z0HTikN, D%
i Y] 5 H R 4 2152 2™ LB, AN E =Y
JRR R BRES SR, A G AR Gk A
WAR T, [RIBIE 22 51 R 2 W AL I 2 R A0 1 29 o A A
A ARER SRS, MR R K e AL B AT
DA B DA 25 2R 458 109 173 e A2 3R 10 A8 R T, R AE — 58
FEJE b B AR AR L e s 30 8] S A= 5 G AR AR I R A . 1
T gEUHA ], A5 RS K e A ) B 2 (B AR T 3
L 2H, [l ek A (R 3 DT 3, 15 d J5 I R REE A
X RE A T2 IS KA B — SRR B T
A R YR G a0 A Y R SR R 1, AT RESE T
LR R ARAE AL, [ 5 B RS AL KIS B K
FFH & BB T ATEVR A . BIKERA, ERT
{3 DA R, gt 24 d IS, ANTETR. 7%
TGP HAEN KGR H I E SR E R % AE 779
N 22.08+1.05. 13.2141.43. 7.35+0.82.
3.3 DREREENKER

B R B L — D E R R, Rt
SR ERME. KRR ES, FFRIEH 2
FEERE LM, IR EE . 3 PR D% E
Jr e g [ B AR AL ] 9 B o 3 4 B AR 85 SR LA
J5E i e N TR N B A s, HLAR B AR KB B
YRS 2 5 P AR v T ANTE DR R 28 KIS Ve . b
HTREM R, — J7 T 45 B R s K AL B BRI T %
B O PR KRR T PR, D O 1) 4T 4 R R K
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fR A2 E) T B0, AT GE 2 4N A 20 SRR Ak, 0 A
TR SOy TSR TR O SRR
W, AL, S A R AE R R, BRIK T
Xof Eh e AR BRI RIS, SR R AR g
UEAh, VEK AN S I S A KA B N KR,
AW ISR R AR R LR, A TR R
23t 24 dWE)E, AIEVEA . KB TEAMELKE
Ve Y18 4 2 R B E 43 1R (3.01£0.84)  (3.54+0.81)
(4.70+0.48) N.

—O— APt No cleaning
—8— ZERMH/KIEPE Cleaning with distilled water
—a— BB FARETLKIEYE Cleaning with plasma activated water
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t, 24t Color difference AL
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I35 I ] Storage time/d
e ANEVING FBER R A — e (B AN R A HL ) 75 5 3%, P<0.05, R,
Note: Different letters at the same storage time indicate significant differences in
the different treatments. The same below.
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Fig.8 Changes of color difference of potato slices in different
treatment groups during storage
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Fig.9 Changes of hardness of potato slices with different
treatments during storage
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SELSRUEN 10 Pis. ATCLE Y, fEERT 6 d 3 2R
FRAFDNS FL R 2RO A, 6 d J5 45 B RS AL KIB DR AR
XL R ARG, AN Ve A AR TR KIS BRI
g sgin; RN D, &8 T KIEE
LA 3 3 B IR T I AN B AN 2R B K TS e 2
(P<0.05) , W] HAHNE 32 A8 B VAL T A BARKF
KT TSR B R RO K B 7 B

KIGHFF G, BRI SRR E R, BA 1330 48 i

M IR RVEH . 20t 24 d S, ANTEBRA.

RN ISP RE A KIS P e 48 2 AR H R 4y

RN (28.00£6.43) Y% (26.7242.07) %+ (17.19£2.26) %.
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Fig.10 Changes of relative conductivity of potato slices in
different treatment groups during storage

3.5 DHRERTAMEEIESENXER

AL VA M I g R 11 B, 3 ARSI
W Y & R0 T B R IR m, XEm T SR E
TE 56k BT AT 5 P [ 4 R 2B B o s S SIS T
R ECE BTN, RS T AU A, T L
T a2, 28 P AATE ALK I e A BR 2 AR e
WP ) A R RS, HNEE 18 RITMh B
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Fig.11 Changes of soluble solids content of potato slices in
different treatment groups during storage
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0 6 d BIRKAEEE, FEIS I8N, AR 15 KIT
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(87.04+£1.63) %. (76.32£1.60) %. (52.09+1.41) %.
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Fig.12 Changes of decay rate of potato slices in different
treatment groups during storage
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Low temperature plasma-activated water generator and its application
effect test

Xie Huanxiong®, Hu Zhichao!, Wu Huichang®, Wei Hai', Wan Lianghao?, Dai Yang?, Wang Haiou*>*
(1. Nanjing Research Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China; 2. Nanjing Suman
Plasma Technology Co., Ltd., Nanjing 211161, China; 3. School of Food Science, Nanjing Xiaozhuang University., Nanjing 211171, China)

Abstract: Plasma-activated water (PAW) has widely been accepted and proven to have broad-spectrum bactericidal properties.
It can also effectively kill microorganisms on fresh foods, further inhibiting spoilage. The emerging low-temperature PAW
sterilization has presented great potential for application in food production and safety control. However, the systematic design
of PAW generating equipment is still lacking in recent years. In this study, a piece of novel equipment to produce
low-temperature PAW was developed using the plasma generation via dielectric barrier discharge, in order to improve the
level of PAW equipment development and application. The system of this equipment included the components of dielectric
barrier discharge, ventilation channels of heat dissipation, flow channels of activated water, and the high-voltage alternating
current power supply. The components of dielectric barrier discharge were composed of a cylindrical high-voltage discharge
electrode and a flat-shaped low-voltage discharge electrode in an upper-down parallel configuration with the uniform gas gap.
Among them, the flowing water film was integrated to be used as the low-voltage electrode, thereby realizing the uniform
plasma generation, particularly for the continuous and stable production of activated water. Furthermore, the heat dissipation of
high-voltage discharge electrode was employed two bidirectional-countercurrent ventilation channels inside and outside the
electrode tube. A typical Alternating Current-Direct Current-Alternating Current (AC-DC-AC) structure was also designed as
the power circuit of a high-voltage alternating current power supply, further to realize the energy supply of thee dielectric
barrier discharge. In addition, the control circuit was utilized to monitor and adjust the operational parameters, such as
frequency, voltage, and current. Some structural and working parameters of equipment were designed to be continuously
adjustable within a certain range, including the inclination angle of stainless-steel plate for water flow, the air gap between the
high-voltage discharge electrode and the stainless-steel plate, water flow rate, discharge power, and discharge voltage, in order
to meet the diversified requirements for the application of plasma-activated water. Furthermore, an experiment was performed
on the PAW equipment to verify the effect of PAW treatment on the vegetables. The fresh-cut potato slices were simulated to
be infected with Escherichia coli before the PAW sterilization cleaning and preservation. An optimal sterilization rate was
(98.65+0.59)% for the sterilizing of PAW on Escherichia coli in the potato slices, in which the water flow was 600 mL/min,
the air gap was 10 mm, the mass ratio of material to activated water was 1:20, the power supply voltage was 137.4 V, and the
sterilization time was 4.72 min. More excellent performance was achieved under the optimal condition than before, thereby
greatly contributed to relatively higher hardness, lower color difference, lower relative conductivity, lower soluble solid
content, and lower decay rate in the bacteria-contaminated potato slices during storage. After 24 d of storage, the
bacteria-infected potato slices without cleaning, with distilled water cleaning, and with PAW cleaning achieved a hardness of
(3.01+0.84), (3.54+0.81), (4.70+0.48) N, respectively, a color difference of 22.08+1.05, 13.21+1.43, 7.35+0.81, respectively, a
relative conductivity of (28.00+6.43)%, (26.72+£2.07)%, (17.19+2.26)%, respectively, a soluble solid content of
(6.850+0.120)%, (5.430+0.006)%, (3.080+0.006)%, respectively, and a decay rate of (87.04+1.63)%, (76.32+1.60)%,
(52.09+1.41)%, respectively, indicating better advantages of sterilization and preservation. This finding can provide a sound
reference on the development and industrial application for the sterilization technology of plasma-activated water.

Keywords: design; experiments; plasma-activated water; dielectric barrier discharge; potato slices; sterilization; preservation
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