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ABSTRACT: Objective To delve into the influences of slightly acidic electrolyzed water (SAEW) and ultra-high
pressure (UHP) on the bactericidal potency of Panax notoginseng tubers, and quantification of synergistic
bactericidal effect, constructing bactericidal model. Methods Fresh Panax notoginseng was selected as the raw
material, with independent variables encompassing SAEW available chlorine concentrations (25, 30, 35 mg/L),
solid-liquid ratios (1:20, 1:30, 1:40 g/mL), treatment durations (4, 6, 8 min), and pressures (200, 300, 400 MPa). The
number of deceased Escherichia coli on the surface of Panax notoginseng tubers was set as the response value. A
response surface methodology was adopted to optimize these treatment parameters and establish a coordination range
for parallel SAEW-UHP treatments while quantifying their synergistic effects, verified the prediction accuracy of the
model. Results Revealed that based on single-factor experiments, SAEW-UHP parallel technology was better than
single technology in bactericidal effect, the optimal sterilization process parameters for the SAEW-UHP parallel
technology lie within a solid-liquid ratio range of 1:26.90-1:33.34 g/mL, available chlorine concentrations range of
29.03-35.00 mg/L, treatment durations range of 5.27-6.83 min, pressure range of 295.57-400.00 MPa and the
material-to-liquid ratio was set at 1:31.28 g/mL, with an electrolyzed water concentration was set at 34.25 mg/L,
treatment duration was set at 6.79 min, and the pressure was set at 400.00 MPa, the synergistic effect predicted by the
model reached its maximum, yielding a peak quantification value of 1.87 lg(CFU/mL). Conclusion This research
quantitatively elucidates the augmented sterilization efficacy conferred by the SAEW-UHP parallel technology,
utilized the smallest dosage and the lowest processing intensity to achieve the best bactericidal effect, which
furnishing a theoretical underpinning for fresh produce storage strategies, offering novel approaches to green
processing, and providing a guarantee for food microbial safety.
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(] 6 min, B(ZF SAEW A AL (20. 25, 30, 35,
40 mg/L), AbFE5E 5N E B TE 4N

(2) SAEW BIR Lo 2

[ F SAEW ARLGR A 30 mg/L, /3% 0.1 MPa,
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Table 1 SAEW test factors and levels

K- A BN FE (g:mL) B SAEW A3 R &5 = ¥k 5 /(mg/L) C Ab B} ] /min D [:5%/MPa
-1 1:20 25 4 0.1
0 1:30 30 6 0.1
1 1:40 35 8 0.1
#2 UHP ZBEZRSKE
Table 2 UHP test factors and levels
K- AR H(gimL) B SAEW A %058 i 1t ik BE /(mg/L) C Ab P A 7] /min D Hi#/MPa
-1 1:20 0 4 200
0 1:30 0 6 300
1 1:40 0 8 400
=3 HITHALRERSKE
Table 3 SAEW-UHP test factors and levels
K AR L (g:mL) B SAEW %5 i 1t ¥k i /(mg/L) C 4bH Tt E] /min D J5%/MPa
-1 1:20 25 4 200
0 1:30 30 6 300
1 1:40 35 8 400
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Effects of SAEW single factor on the bactericidal effects of Panax notoginseng
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1:40
1:35

1:30
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4 1:20
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2 SAEW %R &2 HAR IR =L R M A R A 3D &

Fig.2 SAEW 3D diagram of the interaction of various factors on the sterilization effects of Panax notoginseng
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Fig.3 Effects of UHP single factor on the bactericidal effects of Panax notoginsen
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Fig.4 UHP 3D diagrams of the interaction of various factors on the sterilization effects of Panax notoginseng
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222 SAEW-UHP & 5 @ B % X & 5 M

A S B0, YRR e, BEERIR LI, wyEst
TR PRGN, 24 A0 R ] [ 5 i, Bl R L i,
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—o W AR
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Fig.5 SAEW-UHP 3D diagrams of the interaction of various factors on the sterilization effects of Panax notoginseng
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2.2.3 SAEW-UHP 47843 B 10 F) 3§ 5o A7
FEFFATERA AR BN T 20 36 At -, AL B. C. D #B

FAFATHA R E B E R, RIEA(D~4), LAl iR

H, SRR A [y
A1=0.0980+0.0318A+0.4204B+0.0303C+2.17D+0.106

6AB-0.4984AC+0.3575AD-0.1012BC+0.3399BD-+0.7187CD
~0.9732A2-0.4278B?-0.6480C*-0.9163D"

WXt SAEW-UHP FF47HA A B B RIS A 32841
LM, ZE AR P<0.0001, 5 RBE ., R
r’=0.9251, UEHIZBIRAIA FEE RAT, [ 28 5 50 I (5 2%
PERR WA, LIRS &

2 OAI>0 B, BLRHEMF T ESEGRE R, TG
BRI K T A —H AR R ERCRZ A, AT
HARAF “1+1>2° I RBEAER; 4 Al=0 B, UEHIEAE R
TESHORE T TR G BOR AR FE T PIF R —HAR
REWHORZ AN, FFATHRA HOAR XTI B AR A 3 35 1 A
M AI<0 B, ULBHEEAMR T2 S 808E T ITHaH AR
PR /DT W B — B AR R PSSR Z 0, PR AR 2L [ 4
FAREREBEA, HATECG RORSWES R WACR, JFTCH
B A

SR BRI AL X (8], 4 AI>0 15

FHELEL A€ (—0.30, 0.33), HLfFKHSE BE(-0.19, 1.18),
bR Ce(—0.37, 0.41), JE5R DE(-0.04, 2.41),

A TS

B A (1:26.99, 1:33.34), HfEKHKE BE(29.03,
35.00), AbFERTE] CE(5.27, 6.83), Ei# D E€(295.57, 400.00),

A Al B kA5

BHEEE 1:31.28 (grmL), HLFF/KBT R 34.25 mg/L,
AEFRIHA] 6.79 min, JE5R 400.00 MPa 7EI £ T WhlRI %k
HEALTME N 1.87 1g(CFU/mL).
2.3 ISESEIR
23.1 #EEZbERBRXHAE F AR LIE

Sy B I AR T A AR, N CRL R AE(1:26.99,
1:33.34), H fif# K ¥k F BE(29.03, 35.00), 4b A [A)
CE(5.27, 6.83), JE#& DE(295.57, 400.00) X ] PN LB S2 1
SRAFIE TR UESE G

S HRUESEE T, A A MM IRZENT 5%,
UL IR RY T oA, 3 4.
232 #EZLATALRAFEAHRIE

B UEASTRAE F TR P BRI L R s it — L R RO
ik, ORI LE 1:30 (gimL), UK BTtk 35.00 mg/L,
SEPRRE] 7 min, FESE 400.00 MPa, PE{THIESEE .

DUETE S 56 HR AR R 22 {0 4.20%, 158 SAEW-UHP
FATIRA HAR R PRI IE T VA R T T, % 5.

®4 ABTEREEREIER

Table 4 Table of validation for E.coli bactericide model

- FHREC ROKTRIRE MR e e e i A2
(g:mL) /(mg/L) /min /[1g(CFU/mL)] /[1g(CFU/mL)] /%
1 1:31 34.00 7.00 400.00 1.95 1.87 2.09
2 1:33 30.00 6.50 400.00 1.49 1.47 0.68
3 1:31 34.00 7.00 400.00 1.96 1.87 2.35
4 1:29 34.00 7.50 400.00 1.64 1.81 4.93
5 1:32 35.00 6.50 400.00 1.75 1.87 3.31
®5 EEREEDIEIEER
Table 5 Table of validation for whole colony bactericide model
a5 FHREC BOKREEE e e e B R
(g:mL) /(mg/L) /[1g(CFU/mL)] /[1g(CFU/mL)] 1%
=4 1:30 0.00 7.00 0.10 6.11
A3 1:30 35.00 7.00 400.00 2.08 1.92 4.20
3 W A FLAAE SRV P IR TR H A /K A BN T iR R B,

— 2 P R AR PR A B R A G R IE Y B R
HAEREVCRT o — AR . SPGB 57 L TR 45
A R Ha A K A e R B R R I 2 AR A1 v FC 5 AR
W PAT PR TRV B 4 (0 A A5 B TR ORI SRR T 5, AEAd
SIS 8 d WA ARV B AR T —FoAR 4 3

i 60 mg/L ¥y SAEW FU AL /N IR UF 7% S KU F e 1
1.78 1g(CFU/g), #F 1% A 50 W 7] 60 mg/L A SAEW
AbFE 50 min, F]LURE/INIEER RS SR 7.17 1g(CFU/g)RE
F3.52 1g(CFU/g), AR HAALF]99.98%, LMl 60 mg/L
f1 SAEW Ab B/ Jp R B V% S EC T BE T 1.78 1g(CFU/g), 5
AT B DR AN () A A0 SR B o 9 B AR 3 = BT R K R
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JAFF BB KB . XS 98 & BRI TR A H R R
BRI T — AR, BIAEAE 2> 1 M Bp IR Rz, (H X SE A
FE M AR R AR AT A R AR AR 1+ 1>27 (1 P [F] 1S 5
BN

AT RN R AL, LR ST 508 % T
WAE, FIAH Box-Behnken B&iTJREBH, FHMIH—FARSH
RO a1 5 5 R 22 05 0T 6B B AR R RO 81 H 7 R 1
Al SEACFAEPMRIRN o 38 d R AR (D)~4)15 B HpE T A
TR, FAELE Al KT 0 B9FRAY, BT A3 I TR A R
TETE“1+1>2 [ D RIS AP E o

9 TR 388 55V BT 6 oh R T S G R v R EL IR
YRR AN MR, LEA AR T AR . RS
WL, R R R R A AL M, AT S ik A
Y, 5 N T A SN . R R R A B TR A TR
VAR ANTIES, FEGIRMEYRTIZA, L2k
AT S B A P BE =122 ) (E R 8 2% B T A o 2 1R
FEPE B A AR 0 22 S 2 UHP BORTEH RSB0 R 4
% T PEE TR S BRI T 22 ER PR 24 UHP 2 354
LR AT A%, UHP AR Tl B S A i 4 8 &, Jir LA
#£ UHP b3S P90 58CHA P9 75 CRARFBCARTRL I o s e T LA i
SRS L PR L KRR AR, DT AR B T
ghR, BT AR E, ATRE S BIR R A T .
e AR g FEA AR 4 5 | AR S B e A B,
HA I RN P27 19 ], SAEW B] 45 305 K 4l
W, J& T SAEW A RACSRLY RE I il U 4 141 240 At 45
H, SERN YRR, BRI . BT R
JRAEP R, e Rt TP D SAEW-UHP 317
AT IE A 8Ot B isi/b SAEW Hof s s o
TERFAME, KA SEEEERTERD . RSy
T, AR T 258 T B R THAUR . [Fn g o
5T ¢ W 8 v TR AL PR AE R TH IR A5 M i 45 TRk fig . Rl PO
% e MBI A A2 A5 R T 3 FR AR B F7 R 300 MPa, 4b
FREFE Y 10 min, SEHGFRAEE 40 °CHY, ILALFR R P HUR 4L
KF 19.420%10°"7, TP HGH RGN | 5 B4 515 A 1) 46
Ji, FOEPUYERE R AE N NaCl i il = il A & BH,
15 R 25 A4 M A 05 85 B R BT e R R, R
2ok R RS A T LA B S PR R 2 RS A5, 4 o s
] o F L P R B R R 45 F T, SAEW R R B K
SRR TR = F A B WA 1 0 R ) £ 5 e vk SR T
St AU, HEAERTRADE, A RNESCR, #FHF
TTBRAHARA “1+1>2°RUER, (B R R FEERILHE
JE SRR

WA SAEW JiZ W TR A BA . BT BA R
Holy S, 2002 4F, RIRTE B K H AR RAE B T8 2 0
AR, SAEW ZERIEXT AAARTGE B 1% B0 8 0] LI

Tl SR B e T A i, SR AR, R AT A,
Gyl B A5, AT AR B SR MU S fin 123
EAER, HIE M ESR . BRNEETRBORR S, M5
UHP $ARARNW &, #5454l B UHP I8 F 7K 7=l
PR & LA o SR B L S A R A e 4 3R 127
SAEW Fl UHP WA B AR BRI IFJoxE R, 76 AT W A F KM
B AR 77 T, A T SR B O R £ 4T ek EL AT ) I B
FHI 5.

A FEIAEZ A TEF AL T IHATER A B ARG SRR,
KEHf -k SR AN T 2 S5O, (o Bl hn T3 22 1531
BRATHACR, AT A BB AR SEEURE i n 1
SN TARHEFRIS )y T A R R

4 % B

SAEW-UHP FH17BK G A BRAAAE VR RI G RAE L, 76 |
LB AT SAEW-UHP FH-A 7B A H AR B9 R AR 38
X ERFE LN 1:26.99~1:33.34 (g:mL), HLMR KU Ry
29.03~35.00 mg/L, AbFRHSA]2h 5.27~6.83 min, KA
295.57~400.00 MPa. il i ¥ % B AR A4 BT, 2RE
1:31.28 (g:mL), HEAR/KHESE 34.25 mg/L, XbIRMFIE] 6.79 min,
JE3% 400.00 MPa B, RIS RIS UAFE R RME, K
KAEH 1.87 1g(CFU/mL). 5o i 52 546 DA B[] 1 25 X [1] P 6
ST 2S5, LRgs RANHR2ZEE/NT 5%, RIIER
X RG2S T TI0I HEAfR  ABIp ] 185 281X ) P e B 1 2
LEBON AR IR P 8 i =LA T AR B, SEER 2 SRR
24 4.20%, B SAEW-UHP 171G H AR SR IR [F] b
AT =L SR E T, AR R T IATEG
FARMESR AN, AEHE RN TS 50X 0], A HA
FHATH A R HBAR LB I T2, SRehn TH At Ak
AR LR

SECHE
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