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Abstract

To enhance the cleaning and sterilization effect of cooled electrolyzed acid water on lettuce, several kinds of
polysorbates were used at various concentrations in immersion washing process. In case of the treatment con-
taining polysorbate 20, coliform count of lettuce was reduced to about 1/40 level of that in non-treated lettuce.
The treatment containing polysorbate 60 did not show a significant sterilization effect. Otherwise, the total and
coliform counts of lettuce during immersion in electrolyzed acid water containing 1 ppm of polysorbate 80 was
reduced to about 1/300 and 1/1,700 level of those in non-treated one. And, the changes of ORP(oxidation-reduc-
tion potential), pH and color value of lettuce in electrolyzed acid water containing ! ppm of polysorbate 80
were not quite different during 60 min. immersion, but HCIO content decreased from 10.28 ppm to 8,51 ppm
after 20 min. immersion. Also, total and coliform count of lettuce immersed in electrolyzed acid water con-
taining 1 ppm of polysorbate 80 was lower to about 1/1,800 after 20 min. and 1/5,550 after 30 min. compared

with non-treated lettuce.
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s Ak 3kl polysorbate 20, polysorbate 60 3 polysor-
bate 80-2- z}7+ 10 ppb, 100 ppb, 1 ppm, 10 ppm ¥ 100
ppmd E¥3led 1087 A A A} F Fdee o
AFE5E AR A3 9A, Fig. 1914 B uls}
Zte] polysorbate 20 A 7}gk Al Ak3bp A el Tl gl
o] 9] g4 AMFEE FAEa 27IA8 18X
10" CFU/gol X 10 ppb H7FA] 3t 53X 10° CFU/g,
100 ppb H7FA] 1.1X10° CFU/g, 1 ppm H7HA] 4.6X
10° CFU/g, 10 ppm A7}A] 2.1x10* CFU/g, 100 ppm
H7HA) 22X 10° CFU/gS Jehlgl o], sE40kS
Apg-g Ae]el M 2.7X10° CFU/g, polysorbate 20
& H71elA] & AsjAbss MelFel M 53X10°
CFU/ge Jehidl s, dadase) AMdEds 74
2|3k 27]A & 27X 10° CFU/gell Al polysorbate 205
10 ppb A7}A] HF 85X 10° CFU/g, 100 ppb H7}HA]
1.1 X 10° CFU/g, 1 ppm #7}FA] 7.0 X 10* CFU/g, 10
ppm A 7FA] 1.4X10* CFU/g, 100 ppm 3 7FA] 1.1 105
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Fig. 1. Microbial count of lettuce immersed at electro-
lyzed acid water containing different concentration of
polysorbate 20. A: not treated, B: immersed at tap water,
C: immersed at electrolyzed acid water, D: immersed at
electrolyzed acid water containing polysorbate 20 of 10
ppb, E: immersed at electrolyzed acid water containing
polysorbate 20 of 100 ppb, F: immersed at electrolyzed
acid water containing polysorbate 20 of 1 ppm, G:
immersed at electrolyzed acid water containing polysorbate
20 of 10 ppm, H: immersed at electrolyzed acid water con-
taining polysorbate 20 of 100 ppm.

CFU/ge et e, S24ate A48 Mal3e
4.5X10° CFU/g, polysorbate 202 H7}s}x] ¢k s
AP X2 FeME 52X 10° CFURS Yepiigle)
whebA, A BFe SouNe] A s A#4=el| polysorbate 20
< #7138 A% polysorbate T 7} ¢l vl 10 ppm
o T2 AVIEIEE A Hoo) ASEAE eyl
2t T AFFEL 1250 %, AT o 1/
4 TELE LA Easledcot

Polysorbate 608 H7}at Hafl4bsl MelF= Fig
20| M B ule} 2ol 2742 A$ 10 ppb A4
B 1.5X10° CFU/g, 100 ppb A7}A] 8.6X10* CFU/
g, 1 ppm H7FA] 7.5X10* CFU/g, 10 ppm A 7}A] 5.0
X10* CFU/g, 100 ppm A7}A] 1.6X10° CFU/g& 1}
gl e, ST ARSE AP 53X 10°
CFU/g2.2, polysorbate 60-2 A7}8l%| ¢k A s)Atsl
4 A Fl M= 3.6X10° CFUE Vel gle), =3,
HAFF43= 10 ppb H7HA] HF 5.4 % 10° CFU/g,
100 ppb H7}A] 7.8X10* CFU/g, 1 ppm H7}A] 1.2X
10° CFU/g, 10 ppm #7}A] 9.0X10° CFU/g, 100 ppm
H7HA 1.2X10* CFU/gS vebliglen, 5dule
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Fig. 2. Microbial count of lettuce immersed at electro-
lyzed acid water containing different concentration of
polysorbate 60. A: not treated, B: immersed at tap water,
C. immersed at electrolyzed acid water, D: immersed at
electrolyzed acid water containing polysorbate 60 of 10
ppb, E: immersed at electrolyzed acid water containing
polysorbate 60 of 100 ppb, F: immersed at electrolyzed
acid water containing polysorbate 60 of 1 ppm, G:
immersed at electrolyzed acid water containing polysorbate
60 of 10 ppm, H: immersed at electrolyzed acid water con-
taining polysorbate 60 of 100 ppm.

AH8-3F M 8] F4= 1.9X 10° CFU/g, polysorbate 602 3
7}ebA] ek A aAbsle M e Fel HE 5.0% 10 CFU/
g& YehidS b, A B3 soul2] A a)abkey
ol polysorbate 60 10 ppm H7}&k A= poly-
sorbate F-J7} el ol vls) oFzte] AFY AsE
I Ve ey $359) AFES 120 $2, o)
AT oF 16 FE2E2 FA2AFIE2H ackR]) &
7+ et

Hh o], polysorbate 802 A 713l st xa)
] 7-ol = Fig. 30| A Bt ulehzde] £xjejd 27
ABe) 234 o JAFE57F 247 3.0X10° CFU/g
3 4.7X10° CFU/gell A polysorbate 80 10 ppb 7}
g 74, 345 YF 22X10° CFU/g, 100 ppb A7}
A 45x10* CFU/g, 1 ppm H7}A) 23X 10> CFU/g, 10
ppm 7] 1.5X10° CFU/g, 100 ppm H7}A] 1.9% 10°
CFUg & vehigien | $24 Ael3e 21X 10°
CFU/g, polysorbate 80 A 7}8}A] ¢b-& Ha)Atals A
2] 7ol M 7.1 10° CFU/gs Yehigie)l. a8 o
AEHESE 10 ppb H7HA] HF 1.2} 10° CFU/g, 100
ppb A7FA] 55X 10* CFU/g, 1 ppm H7}A) 1.5X 10’
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Fig. 3. Microbial count of lettuce immersed at electro-
lyzed acid water containing different concentration of
polysorbate 80. A: not treated, B: immersed at tap water,
C: immersed at electrolyzed acid water, D: immersed at
electrolyzed acid water containing polysorbate 80 of 10
ppb, E: immersed at electrolyzed acid water containing
polysorbate 80 of 100 ppb, F: immersed at electrolyzed
acid water containing polysorbate 80 of 1 ppm, G:
immersed at electrolyzed acid water containing polysorbate
80 of 10 ppm, H: immersed at electrolyzed acid water con-
taining polysorbate 80 of 100 ppm.
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5.8 10* CFU/g, polysorbate 802 A7}8}x] ¢ A3l
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Fig. 4. Residue ratio of microbial counts of lettuce after

immersion at electrolyzed acid-water containing differ-
ent concentration of polysorbate 80.
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Fig. 5. Changes in microbial count, ORP, pH and HCIO
content of lettuce during immersion in electrolyzed acid
water containing 1 ppm of polysorbate 80. ®—@: Total
count, WM-M: Coliform count, a-a: ORP, ¢-€: pH,
M-8 : HCIO content.

CFU/ge 2 veht Fxejslt 271418 2475 12
X107 CFU/gell B8 oF 1/1,800 &8 F4FH 9L
o, hAFEE AR A 2] 3089 9.0X10' CFU/gS
2 Z27)F9 5.0x10° CFU/Y < 1/5,550 ++5-& 1}
ehfigleh. el 3 g4 AdES AR 208 T4
B, 233 Y AFES 9A 308 FREE gl
kgt pEE Bl vy E AwESE A9
Z27] 108 ool 7} =A elutel. AR A= ¥
o] Asjakgle B4 HEE ORPE 27] 1,120 mV
A A=A 608 Fell 1,107 mVE tid ZFA3lg T,
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Table 1. Changes in color value of lettuce after immer-
sion in electrolyzed acid water containing 1 ppm of
polysorbate 80

Immersion time Color value”
(min) L a b
0 4520+3.12  -21.56x0.09 31.62+1.54
5 45.06x£1.69 -20.14+1.16 29.76x0.55
10 47.71£1.19  -21.53+0.35  31.84+1.02
20 46.71+0.14 -21.38x0.78 32.06+1.92
30 48.35+2.11 -21.47+0.58 33.17+2.49
40 46.78+0.69 -21.23+0.17 31.61x0.38
50 46.68+1.69 -20.80£0.79  31.1920.70
60 47.05£2.11 -20.08£0.96 31.58+1.62

DAIl values are expressed as mean of triplicated measure-
ments.
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250 5, AATESE F 14 SFR Ay,
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7} 120 9F, AAETTE 4 16 TELE FAEHE
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AFGR, AT AR 3020 9.0 X% 10
CFU/ge 2 ¢F 1/5,550 522 vjelytc),
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