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Research progress on the application of slightly acicic electrolyzed water

in postharvest vegetable preservation

LU Yinde, ZHAO Junfang, JIANG Changsheng, LIU Ying

(Luohe Food Engineering Vocational University, Luohe 462300, Henan, China)

Abstract: Vegetables are rich in vitamins, minerals, and other nutrients, but their quality is easy to deteriorate, leading to
significant postharvest losses. Slightly acicic electrolyzed water (SAEW) is a novel, broad-spectrum disinfectant that is
safe, efficient, green. Its application in postharvest vegetable preservation demonstrates multiple benefits, including micro-
bial inactivation, enzyme activity suppression, and quality maintenance. This review systematically elaborates the prepara-
tion principle of SAEW: The electrochemical reaction of low-concentration NaCl or dilute HCI solutions generates slightly
acidic hypochlorous water with antimicrobial properties. Regarding its preservation mechanisms, the dual effects of
SAEW - microbial sterilization and enzyme activity inhibition - are thoroughly discussed. Particular emphasis is placed
on recent advances in the combined application of SAEW with physical technologies such as ultrasonic waves, cold plas-
ma, and other techniques, which confirm that these synergistic approaches can significantly extend vegetable shelf life,
achieving an enhanced “1 + 1 > 2” preservation effect. Finally, future research directions are proposed to provide theoreti-
cal guidance for the application of SAEW combined with physical sterilization technologies in postharvest vegetable pres-
ervation.
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Table 1 Analysis of the advantages and disadvantages on preservation of vegetables

Jiik TLES A Bnd 225 3CHR
Method Types Advantages Disadvantages Reference
PR b PRI R EE O OR 6 R DR R PR B ORI, SR R BB SRR BAT IS [12-15]
Physical IR A5 3 TR A Green, convenient and efficient J 4
preservation  Low temperature preservation, modified Single physical preservation technology
atmosphere preservation, irradiation preserva- does not have universal applicability
tion, ultrasonic preservation, low-
temperature plasma preservation
RS in I3 J5 7GR TR DR L OREE AR IEOREE ARSI DT R PEEBR B BRI 22 4 S A5 3 [16-18)
Chemical Preservative preservation, antioxidant preserva- Low cost, efficient sterilization Safety risk and environmental pollution
preservation  tion, coating preservation and anti-corrosion caused by chemical residues
G7/i7S o L OREE YRR EE R OREE eV CETRRRIREEIE /N A BB SR REERCRANEE [19-20]
Biological Microbial preservation, plant extract preserva-  High safety, minimal impact on High cost, high technical requirements
preservation  tion, enzyme preparation preservation nutrition and unstable preservation effect
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Table 2 Application of SAEW and ultrasonic wave in the cooperative treatment of vegetables in fresh -keeping

I saew A it B3k
SAEW condition Ultrasonic condition Conclusion Reference
vegetable
)3 ACC (57+7) mg L', IR 70 W, i5 % SAEW-HE 5yl J AT ER A b B EE V) 258 E. coli HIA R AR B2 m T [46]
Fresh-cut  ORP (880+20) mV fif 5] 0~15 min SAEW . IR A% B ARAY , A 85 TR 5 o0 K OR M A TR B 11>
lettuce Power 70 W, cleaning 2" BLxCI B[R 0N , HA R G — 243l /) 2 A5 A
time 0-15 min SAEW ultrasonic parallel combined treatment of fresh cut lettuce E
The bactericidal effect of Escherichia coli is significantly higher than
that of SAEW alone, and the synergistic effect of the two in killing
Escherichia coli follows the "1+1>2" mode, and the bactericid
al process follows a first-order kinetic model
3 ACC 283 mg- L', kit Ih& 150 W, PR I {0 FH B S 2 S R S SRR T R Ak R B E R A [47]
Lettuce  1:15,iR/% 45°C T YEIS E) 20 min T o I FAH EC AR I v AR /K B — 5, 1 P A i B R, AR
ACC283mg-L", Power 150 W, B, 5 J5UAE P b 5 i
material to liquid ratio cleaning time 20 min ~ When used in combination, the dominant force is slightly acidic elec
1:15, temperature 45 °C trolyzed water, and the auxiliary force is ultrasound. Compared to us
ing only slightly acidic electrolyzed water, the combined use has a
shorter action time, lower cost, and is closer to the original production
quality
FiEE ACC60 mg-L', BRIy Di%0y 400 W, i Vel BROIRTEHARK B —fEH], BT hsBaR A S RER R 008 [48]
Brassica  1:20, 6% 25 °C ] 20 min 50.28% 56.66%. P LS AEEE, b S R A I R

campestris ACC60 mg- L, material to  Power 400 W,
liquid ratio 1:20,
temperature 25 °C

cleaning time 20 min

AP 81.67%F 77.46% , B 1375 108 F= Y (42K Cnh 4
R KE FFOMREEHRT 85%

The single action of slightly acidic electrolyzed water resulted in
removal rates of 50.28% and 56.66% for dichlorvos and chlorothalo-
nil, respectively, in brassica campestris. By combining the two treat-
ments, the removal rates of dichlorvos and chlorothalonil in brassica
campestris were 81.67% and 77.46%, respectively, and the retention
rates of nutrients (vitamin C, chlorophyll, carotenoids) were all greater
than 85%
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Table 2 (Continued)
iyl’jj’;‘ SAEW % fF WA i Bk
SAEW condition Ultrasonic condition Conclusion Reference
vegetable
fii*t5 ACC(36+2) mg-L',ORP Ih3 480 W,iGEHEm AN [H) Ab 3 75 XA 40 18 20, B8 75 R BB SAEW A0 >SAEW b [49]
Snow pea  (867+0.54) mV &) 15 min P> A AR FE > R . P A AR RS 2 I VR A A
Power 480 W, KT 1.71 x10° CFU - g, 3L 2% [ HTIRMIR M SRR A0 WA X 62
cleaning time 15 min The antibacterial effect of different treatment methods, ultrasound
combined with SAEW treatment>SAEW treatment>ultrasound treat-
ment>control. The combined treatment of the two reduced the total
bacterial count of snow pea by 1.71 x10° CFU - g, delaying the deg-
radation and aging of ascorbic acid and chlorophyll content
i RERE@ED cCRIT FHF 1667 mL-s",  PFHEALLEL SAEW H— AL B LER W] A A B A [50)
Baby BFM Q25D °C R, A FACHIRI<10 um, % FF AN PR R PR LR A S B HURR R 2 B R B e T
cabbage  [A] Jii £ 9K S (0. 50, 100 fLIZSE 90% SAEW FL—AbFR . IKE AL A VR S T R IR AR B
1150 mg-L") Atomization rate: I L7t T SAEW H— b3
At low temperature cir 16.67 mL-s", atom- The comparison between the combined treatment of the two and the
culation (4 + 1) °C and izedparticles:<10um,  SAEW single treatment showed that the decrease in soluble sugar,
shelf conditions (25 + atomization humidi- soluble protein, total phenols, ascorbic acid, and isothiocyanate con-
1) °C, different concen ty: 90% tent in the combined treatment was higher than that in the SAEW
trations (0, 50, 100 and single treatment. The total bacterial count, malondialdehyde, and ni-
150 mg-L™" trite content increased in the combined treatment compared to the
SAEW single treatment
B ACC(34=1) mg-L",ORP T3 33 Wi Ui (] /4 A SAEW 73 Al b B, 22 e e (R MEBk 38 il 3R I 0 4R % [51)
Cherry (853+0.44) mV 10 min B, B R] BEACERR R AN R A2 2 . P C A A Bk — 2D [ I A
tomato Power 33 W, B2 50 S0 JE A S AN 2, ] T R A
cleaning time 10 min B, %I AE B | W35 58 BRI 4 A 35 5 5 G Y 35 R T
Both ultrasound and SAEW treatments can reduce the initial micro-
bial count on the surface of cherry tomatoes and lower their decay
rate. The combined treatment of the two further reduced the decay
rate and respiration rate of cherry tomatoes during storage, inhibited
the decrease in soluble solids content, and had no significant effect
on hardness, titratable acid, and vitamin content
H® ACC(80) mg-L",ORP IR 300 W.400 W, 7S PR SAEW ARFE, bb i — 1 A S & 4 1 VR ELAAY [52]
Sweet (800-900) mV 500 W R TRA A, ™ B R A ML B, S BE ) B 7)1, B Ryl s
potato Power 300 W, 400 W, [11], X 48] &) ZEAR AT Kl , 2 H 2 ek 44
500 W Ultrasonic assisted SAEW treatment significantly inhibited colony
diameter and spore germination compared to single use, severely
damaged cell walls, significantly separated plasma walls, and created
a large amount of void space. It has bactericidal activity against
grape stem Rhizopus and prolongs the storage period of sweet pota-
toes
BINEE ACC30mg L', ¥R 10s  TH#36 400 Wi Hemt AP A SAEW ALBEA S IR EEHFEN 6 8 d 1N, S i & &y [53]
Perilla ACC30 mg-L", soak 10s [ 10 min 581 mg- g A HEE MES5.12 x10° CFU- g AR C &

fresh leaves

Power 400 W, clean-
ing time 10 min

1.13 mg- 100 g H 4 2 5 T Hofth 3 AN #AH . Bz B A e )
SAEW Ab BB $th 2k 1 58 D B I 1) €00 L BRI R B R R
TR 3 B i HUR IR (422 3¢ OO & i L B D 25

After 8 days of storage, the total flavonoid content, total microbial
colony count of 5.12x10° CFU - g, and vitamin C content of fresh
perilla leaves treated with ultrasound and SAEW were 5.81 mg- g,
1.13 mg- 100 g, and significantly higher than the other three treat-
ment groups. In summary, ultrasound combined with SAEW treat-
ment effectively maintains the color of fresh perilla leaves, reduces
weight loss rate, maintains good chlorophyll content, ascorbic acid
(vitamin C) content, and total flavonoid content

5 90 A A, R A L B PR A S TR R AL T R
24 N 4 R A5 00 3 P S S 5 A ) 4 M R

i R AR E i 5 S A L BR RNA/DNA, i

JCAR B W48 AR A RO KA A TR I X B i
R AHE A W B AOR . RIR A & T AR AR
NN AN SR+ Ga S /R L A AN g o/ v S i
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Table 3 Application of SAEW and otherphysical technology in the cooperative treatment of vegetables in fresh -keeping

FIHR Sppw & RIRARE gy 2430k
Type of . Other physical condi- .
SAEW condition . Conclusion Reference
vegetable tion
NEERE  ACC10-30) mg- L', 254E: 254 nm BB HICA LI (SAW-3)/NIRERL IR, 5 SAW-1 il SAW-5 ZbHEAHEL,  [63]
Liumei morel ORP(474.3£3.0) mV I 30 min SAW-3 AL FLAE o/ T BT (R0 40 AN LR SR, B e S A s
Ultraviolet radiation B s PRI AE AR 28 C O, BRAK 2 M AL G I S A M B MR 25 T
254 nm, processing T 5E A5 R, FT DA 7S 2 2 i B 7 D it 2 4 48 A A4k,
time 30 min The combined treatment of the two with Liumei morel showed that
compared with the SAW-1 and SAW-5 treatments, the SAW-3 treat-
ment reduced the surface adhesion of bacteria and fungi, increased
the content of superoxide dismutase and vitamin C, and reduced the
activity of polyphenol oxidase and peroxidase, which was more ef-
fective in improving the browning and texture softening of Liumei
morel during storage
(e ACC60mg-L',ORP  HRAMLARIEREE  PIEICS I3, R TR E & KB B 0157 BRIEHRE [64]
Coriander (474.3+3.0) mV, AF 240 pW-cm?, Bt SAEW 43 5l #2 7 1 8.6x10° CFU- g Fil 5.6x10° CFU- g, L1
5 5] 5 min pistdin | H UV-LED 4} 542 7 1.57x10° CFU- g 1 1.35x10° CFU - g
ACC 60 mg-L"',ORP 30 min The combined treatment of coriander with both increased the sur-

(474.3£3.0) mV, pro-
cessing time 5 min

Ultraviolet radia-
tion 240 pW -cm?,
processing time 30
min

face Salmonella and Escherichia coli O157 sterilization rates by
8.6x10° CFU - g'' and 5.6x10° CFU - g'', respectively, compared to
SAEW alone, and by 1.57x10° CFU - g" and 1.35x10° CFU - g",
respectively, compared to UV-LED alone

<10 -
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Table 3 (Continued)
FRBE sanw it A a1 5%
SAEW condition . Conclusion Reference
vegetable tion
EYIES ACC 30 mg - L', ORP A3 SRy P38 G A 3 Il 25 /D )1 5 T R T AT v A0, ) AR A, B [39]
Fresh cut (474343.00 mV, &3 (o, 5RO, N 5%, VIFENSEEZR COTIEEEEY) oy & 20 R E Bk, 4 ke 5L
lettuce IS ] 5 min CO, N 10% , No Ol it o 528 A X IR 414 e, PPO A1 POD 3 1 43 J3l) B2 AIG 1
ACC 30 mg - L', ORP 85% 81.5 U g' min’ M 53.6 U-g"' min’
(4743 £ 3.0) mV, Modified atmosphere The combined treatment of the two significantly reduced the total
processing time 5 min packaging: the gas number of bacterial colonies on the surface of fresh cut lettuce,
composition (vol- inhibited its browning, and showed no significant changes in the
ume) is 5% O, 10% vitamin C, soluble solids, and total phenolic content of fresh cut
CO,, and 85% N, lettuce, maintaining its quality. Compared with the control group,
the activities of PPO and POD decreased by 81.5 U-g"' - min"' and
53.6 U-g' min’, respectively
1% I ACC30mg L' ALSEN 8 5 JE o JE 9 R A R AR T H B AL S B B KT [65]
Carrot ] 10 min 400 MPa, f&E 5 min BB EEAIEM T 0.64.1.13.2.15.4.32 D HCiE 4, X T 5l
ACC 30 mg - L', pro- Ultra high pressure: fut R HL i /K Ab B, 9520 1 K i 1 41 1 7 50000 43 ) 386 0 1 0.23
cessing time 10 min pressure 400 MPa, 1.18.2.39.5.54 M=K
holding 5 min Compared with the single ultra-high pressure treatment, the combi-
nation of ultra-high pressure and slightly acidic electrolyzed water
reduced the number of Escherichia coli colonies by 0.64, 1.13, 2.15,
and 4.32 orders of magnitude, respectively. Compared with the sin-
gle slightly acidic electrolyzed water treatment, the reduced number
of Escherichia coli colonies increased by 0.23, 1.18, 2.39, and 5.54
orders of magnitude, respectively
FERED ACC 50 mg L', AbBEIT  IT 2% T & « A0 i SIAH0A + HORK A B4 UL Ve + WO Ve e il K AL B [66]
Chinese ] 50 s 25 °C #&4 4°C A& A WTHE DAL SR M B S B A R R T SR S ORI ¢

little greens

ACC 50 mg - L', pro-
cessing time 50 s

JE 0.8 kPa, [ %
1.42 °C-min’
Vacuum pre cooling:
initial temperature
25 °C, final tempera-
ture 4 °C, final pres-
sure 0.8 kPa, cooling
rate 1.42 °C-min”

ENel NI i R 1A S O e e N e i A Y S ] R
Bl E SRS DR HUIR LR R L T S5 R MR R 2
PR AR T H i 1, 1- R 2- =R 1 3 e 1 e
SABTES - HI O BRBE JT 0N B, AT 60 8] P R o AT T
AR 2R 5 AKX B 1 Bt 2240

Compared with the group treated with vacuum pre cooling and tap
water, the group treated with vacuum pre cooling and slightly acidic
electrolyzed water can further delay the yellowing and aging pro-
cess, sensory quality, and chlorophyll content of post harvest chick-
en hair vegetables, maintain a high titratable acid, soluble protein
and soluble sugar content in the tissue, delay the decrease in the con-
tent of active substances such as carotenoids, ascorbic acid, folate,
total phenols, and the decrease in free radical scavenging ability (1,
1-diphenyl-2-trinitrophenylhydrazine free radical, hydroxyl free radi-
cal, and superoxide anion free radical), thereby inhibiting the accu-
mulation of nitrite and malondialdehyde and prolonging the shelf
life of Chinese little greens vegetables

BARAE B OREE R IR 4 Ja PR R I 7 TR X
BHELAR LA T I -

CORFT R Hd AN T8 B K 2 SR 1 v A
K I BB AL P B SER i PR AT , 3R = Wt 7L
RO FEARHT A RAR o

QO EED Y RZEVEFREEL LR, RS
IRIFUIRNE R K 25 & W) B BOR R 8% B DR EEA LA
FEY T WA 25O £ B [0 A P BTL E) R 12 F 2 P

(3D BT 55 At DR TR AP FEL AR /K A A7 AN AR L ol %
T R RCFRAR S R FH B A v AN 4 55 0] L, D s A2
3 R SEIAUAL A P FR i S %
& % Xk
[1] Wb, zete, 87 S8, 45 G I Hf /K vions 24 PR AR 5 S e
SRR R[] £ Tk R, 2020,41(13) :284-288.
[2] DENGLZ,MUJUMDAR A S,PAN Z L,et al. Emerging chemi-

cal and physical disinfection technologies of fruits and vegeta-

bles: A comprehensive review[J]. Critical Reviews in Food Sci-
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