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Abstract

Effects of washing methods using electrolyzed acid water on lettuce(Lactuca sativa) and quality changes
during storage were investigated. The multi-stage immersion treated 3 times in 2 min showed more effective
than others to remove microorganisms. Total count of lettuce after immersion in electrolyzed acid water was
decreased to 1/100-1/300 of 5.8 X 10°CFU/g of non-immersed lettuce and 2.3 X 10°CFU/g of tap water
immersed lettuce. Also coliforms was significantly decreased to 1/3,000 of 3.1 X 10°CFU/g after electrolyzed
acid water washing. However, microbial levels of electrolyzed acid water treated one became to be similar
to those of non-treated lettuce after 3 days of storage at 10°C. The color values of L and b of lettuce treated
with electrolyzed acid water were somewhat higher than those of others. Though chlorophyll content of
lettuce just after immersion in electrolyzed acid water was 9% lower than those of non-treated one, the
content was decreased to the same level of other treatments during storage. Decaying ratio showed the lowest
value in lettuce immersed in electrolyzed acid water until 6 days of storage. The sensory tests for overall
acceptability and appearance of lettuce immersed in electrolyzed acid water showed higher than those of
others until 3~6 days of storage.
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Table 1. Microbial removal effect of electrolyzed acid water on lettuce by immersion type washing.

Immersion condition Total count Coliform YEAW after washing
Volume Time(min) (CFU/g) count(CFU/g) ORP*(mV) pH HCIO(ppm)
Initial 7.8X10° 20X 10° - - -
5 1.6 X 10° 1.8x10° 1,138+3.1 2.69+0.01 15.9610.12
X 10 10 6.1x10* 3.0X10° 1,136+24 2.76 +£0.00 15.96+0.02
30 3.1x10 12X10° 1,127+1.2 2.9110.00 11.70+0.11
5 8.2 10* 1.6X 10° 1,139+0.8 2.931+0.01 15.96+0.09
x25 10 1.8x10* 2.8 X10° 1,138 £2.5 3.09+0.01 15.96+0.13
30 1.7x10* 1.2Xx10° 1,132%2.1 3.12+0.01 13.12+0.01
5 3.1x10* 10X 10° 1,142+14 2.6510.00 15.96+0.24
x50 10 1L.1x10* 1.5%x10° 1,142+1.5 2.70+0.01 1596 x0.14
30 9.0x10° 37X 10 1,138+0.8 2.69+0.00 13.40+£0.00
*All values are expressed as mean of triplicated measurements.
YElectolyzed acid water
POxidation-reduction potential.
Table 2. Microbial removal effect of electrolyzed acid water on lettuce by flow type washing.
Volume of Total count Coliform count EAW" after washing
flowing water (CFU/g) (CFU/g) ORP?(mV) pH HCIO(ppm)
Initial 28X 107 7.1X10¢ - - -
X 10 1.3x10° 40X10° 1,L137£25 2.85+0.01 10.64+0.12
x50 5.5X10° 29%10¢ L4114 2.82+0.01 1241£0.02
X100 1.3x10° 1.1x10* 1,142+ 1.5 2.78+0.00 15.96+0.04

*All values are expressed as mean of triplicated measurements.

YElectolyzed acid water
2Oxidation-reduction potential.
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Table 3. Microbial removal effect of electrolysed acid water on lettuce by spray type washing.

Spray time Total count Coliform count EAW?" after washing
(sec) (CFU/g) (CFU/g) ORP?(mV) pH HCIO(ppm)
Initial 1.7X10° 6.9%10° L155+1.0 2.76 £0.01 1844+ 1.10
10 94X 10° 30X 10° 1,118 0.5 3.19+0.01 10.03+ 142
30 8.5x10° 26X 10° L1912 3.2010.00 10.17 £0.06
60 6.7 X 10¢ 1.7X10° LI5+1.0 3.18+0.02 10.10£0.58
120 5.1x10° L1x10° L1I8x 1.5 3.20+0.01 10.80+1.02
180 3.3x10° 9.5 X 10* LI7x12 3.19%£0.02 10.80£0.86

*All values are expressed as mean of triplicated measurements.

YElectolyzed acid water

JOxidation-reduction potential.

Table 4. Microbial removal effect of electrolyzed acid water on lettuce by multi-stage immersion type washing.

Immersion cond

ition

EAW" after washing

- F Total count  Coliform count
ime requency CFU/ CFU/ 2)
Volume (min) (times) ( 2) ( 2) ORP?(mV) pH HCIO (ppm)
Initial 5.5x10° 5.0X10° - - -
1 6.0 X 10° 3.1x10° LI127+14 331+0.01 7.80+1.02
1 2 23x10° 4.4x104 1,128+1.0 3.11£0.00 8.16+0.18
3 6.8 X 10* 1.5x10° 1,126 0.5 3.04+0.00 6.74+0.12
1 3.5%10° 5.8x10* LItox 1.1 2.90+0.02 1206+ 1.20
X725 2 2 7.3 % 10* 5.5x10° 1,121 1.6 2.94+0.01 12.06 £0.08
3 3.8x10° 17X 10° 1,120+0.5 2.92+0.01 12.05x0.12
1 3.9X10° 7.6X10* 1,126 £2.2 2.87+0.00 11.70£1.02
3 2 1.6 % 10°* 3.6x10° 1,L127+£04 2.85x0.00 12.06 £0.35
3 3.4x10° 2.8x10° 1,128+1.7 2.86£0.02 12.06 £1.02
Initial 5.1x107 43x10 - - -
1 6.0x10° 24X10° 1,115 1.6 3.14+£0.01 7.80+1.20
1 2 5.2x10° 45%10° L1117+ 1.8 3.1210.01 8.1610.10
3 1.9Xx10° 52X 1Y 1,118 £2.0 3.14£0.00 7.80+1.02
1 6.3 X 10° 43X 10° 1,123 £2.5 2.99 £0.00 12.06+1.43
x50 2 2 7.3%10* 36Xx10 1,123 £0.6 2.99+0.01 12.06 £1.03
3 2.3x10* 2.1x10* 1,120+ 1.1 3.05£0.00 13.47£1.05
1 4.1x10° 5.3x10° 1,127+£23 2.851+0.02 12.06+1.10
3 2 8.2x1¢* 44x10* 1,129 £0.9 2.85£0.01 11.911£0.04
3 3.6X10* 1.8x10* 1,129+ 1.0 2.831+0.00 12.27+1.03

*All values are expressed as mean of triplicated measurements.

YElectolyzed acid water

?Oxidation-reduction potential.
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Table 5. Changes in quality characteristics of lettuce during storage at 10°C.
Quality characteri Treatment Storage days
Cl erics reaments
uality characteric o 3 P 5
Total NTV S80X10° 309X 10° 500X 107 6.65% 107
°CF[°J‘;““‘ T 228X 10° 564X 107 142X 10° 383X 107
(CFU/e) ETY 210X 10° 375X 10" 735X 10° 5.80% 107
Colif ) NT 9.00x 10° 290X 10° 390 10° 217X 10°
o C"F"“U/c"”" T 300X 10° 6.85>10° 105X 107 4.90 10°
(CFU/?) ET 310X 10° 2.95% 10° 275X 10° 1.90 X 10°
N N NT 64.67+287 58.50+2.40 51.17+095 5040+ 137
upture S‘;e"g TT 56,40+ 1.15 53.07+2.61 48.1314.01 44.17+275
(g/em2) ET 49.87+1.19 48.07+ 1.55 42974095 44.67+0.50
Weieht | NT 0.00£0.00 0.50+0.01 1.09+0.58 1.59+0.18
e‘gq‘ 058 TT 0.00£0.00 0.50+0.44 1112046 1324034
(%) ET 0.00£0.00 0.55+0.42 1.10+0.28 111+0.64
Decaving rat NT 0.00£0.00 0.00£0.00 48.15+0.28 60.00+2.40
ec"y};g ratio TT 0.00£0.00 0.00£0.00 60.71+4.32 86.11+1.17
(%) ET 0.00+0.00 0.00£0.00 30.00+1.25 87.50+2.97
NT 4448 %032 45361052 4829+ 048 4978 1.56
L TT 45.15£1.01 4654+1.11 4933+133 55.79+0.06
ET 4795+0.84 50.93+2.46 53.26+0.22 67.42+1.59
NT -19.89£0.45 19.65+0.70 2130£0.52 2485+0.18
Color value a TT 22.1540.15 -19.59+0.72 227540.17 2571£0.29
ET 20,88 +0.42 -19.87+0.23 22.62+0.77 -20.58+1.20
NT 27.97+0.66 28.89+0.35 31.70+047 38.97+0.98
b TT 31.97+0.83 29.91+2.04 35.65+0.84 4547+0.19
ET 33.22+0.77 32.14+324 36.76+2.24 78.16+1.85
Chiorontll NT 12233023 120.10 £ 0.93 116.00£0.04 9257+1.18
orop yq content TT 122334031 11520+ 0.61 113.70£0.06 77.37+1.20
(mg%) ET 112.38£0.19 82.84+0.14 77.59+0.05 79.17+1.06

*All values are expressed as mean of triplicated measurements,

YNot Treated.
?Immersed in tap water.
*Immersed in electrolyzed acid water.
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Table 6. Changes in sensory quality of lettuce during storage at 10°C.

3 i Storage days
Orgdnoleptlc Treatments orage days
properties 0 3 6 9
NT" 5.00 5.00™ 4.00°8 3.00¢
Discoloration TT? 5.00+ 5.00+ 3.00"® 2.33%
ET® 5.00 5.00% 4.00:8 1.67
NT 5.00% 4.00%8 3.67® 3.00¢
Wilting TT 5.00 5.00+ 3.00° 2.678
ET 5.00% 5.00 4.00°® 2.00%
NT 5.00% 4.00° 3.67°" 2.67%
Texture TT 5.00% 5.001 3.67" 2.00%
ET 5.00¢ 5.00¢ 4.00°® 1.67%
NT 5.00% 4.674 4,008 3.00¢¢
Decay TT 5.00 5,004 3.00 267
ET 5.00* 5.00¢ 4.00°® 1.67°
NT 5.00* 4.00° 4.00%® 2.67°¢
Overall acceptance TT 5.00 5.00* 3.00%® 233
ET 5.00+ 5.00*4 4.002 2.67¢
NT 0.00¢ 0.00 0.00~ 0.00*
Smell of chlorine T 0.004 0.00* 0.00* 0.00°4
ET 0.00** 0.00 0.00* 0.00™

*“Means with the same superscripts in a row in the treatment are not significantly different (p<0.05).
ABCPMeans with the same superscripts in a row in the storage days are not significantlydifferent(p<0.05).

"Not Treated.
“Immersed in tap water.
¥mmersed in electrolyzed acid water.
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