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Abstract

This study was investigated the effects of various commercial sanitizers on microbial characteristics in fresh-cut
iceberg lettuce during storage. For screening sanitizer, lettuce was cut and dipped in chlorine water (0.2 ml-L™),
solution of organic acids such as ascorbic acid, citric acid, acetic acid, mixture of ascorbic acid and acetic acid
(1-6%), and solutions of commercial sanitizers such as Formula 4™ (1,3,4%), Fresh produce wash™ (1,3,4%),
Cleancol™ (1%), Chitochol™ (1%) and Natural Ca™ (0.1%) for 3 min, respectively. Washing lettuce with selected
sanitizers resulted in reduction of aerobic bacteria of more than 2 log CFU/g. Initial pH of lettuce was related
with the pH of sanitizers. pH ranged from 4.7 to 6.1 in Formula 4 (4%, pH 1.7) and Natural Ca (0.1%, pH 12.0),
respectively. Chlorine water showed consistent and significant inhibition effect in all of microorganisms except
total coliform. Over 3% of Formula 4 and Fresh produce wash were found to have high bactericidal activity among
sanitizers. The sanitizers of chlorine water, Fresh produce wash, Chitochol and Natural Ca were effective in reducing
yeast and mould populations. As coliform and E. coli, Formula 4 (4%) showed the highest bactericidal activity.
The bactericidal effect of commercial sanitizers during storage varied with the kinds and concentrations of tested
sanitizers. Although inhibition effect was not showed during storage, these results suggest that commercial sanitizers
could be an alternative to chlorine for washing fresh-cut produce.
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Table 1. pH and concentration of commercial sanitizers washing for fresh-cut lettuce

o . Solution
Sanitizers” Brand name Ingredients :
Concentration (%) pH
CL Sodium hypochlorite Sodium hypochlorite (NaOCl) 0.02 9.70.2
1.0 2.0+0.3
(Sulfite free)
F4 Formula 4 Citric acid 3.0 1.840.2
40 1.7+0.1
1.0 42402
Sucrose esters,
FPW Fresh produce wash sodium citrate, 3.0 4302
glycerin 40 44401
CcC Cleancol Ethyl alcohol. grapefruit seed extract 1.0 5.3+0.3
T Chitocol Chitosan, glycerin, citric acid, ethyl L0 27402
alcohol
Ca Natural calcium Calcium oxide 0.1 12.040.1

'DW, distilled water; CL, hypochlorite (NaOCl); CA, citric acid; F4, formular 4™; FPW, Fresh produce wash™; CC, Cleancol™; CT, Chitocol™, Ca, calcium oxide.
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Fig. 1. Relative efficacy of various sanitizers in aerobic bacteria on fresh-cut iceberg lettuce.

DW, distilled water, CL, hypochlorite (NaOCI) (0.02%); AA, 1% ascorbic acid; CA_1, 1% citric acid, CA_2; 2% citric acid, CA_3, 3% citric acid; CA_4, 4% citric acid,
AC_1, 1% acetic acid; AC_3, 3% acetic acid; AC 6, 6% acetic acid; AAC 1, ascorbic acid+acetic acid=1:1 (1%); AAC_2, ascorbic acid+acetic acid=1:1 (2%); AAC_3, ascorbic
acid+acetic acid=1:1 (3%); F4_1, 1% formular 4™ F4_3, 3% formular 4™; F4_4, 4% formular 4™; FPW_1, 1% Fresh produce wash™; FPW_3, 3% Fresh produce wash™;
FPW_4, 4% Fresh produce wash™; CC_1, 1% Cleancol™; CT_1, 1% Chitocol™; Ca_0.05, 0.05% calcium oxide.

Logl0 CFU/g reduction; LoglO (distilled water)-LoglO (sanitizer).
Vertical lines represent MeanSD (n=3).

"Mean values with different letters within a row are significantly different p<0.05 by Duncan’s multiple range test.
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Table 2. Changes of pH in fresh-cut lettuce treated with different sanitizers and stored at 10C for 7 days
Sanitizers Concentration (%) Storage period (¢y)
0 1 2 7

DW - 5,820,128 580,28 5.8+0.1" 6,002

CL 0.02 5.820,1% 5.920.1"8 5702 6.0£0.3®

10 5.6£0.1°8 5.920.1"8 6.1202" 53102

F4 30 49:0.1™ 53102 5.5:0.1" 5240.1

40 47:0.1™ 5.0£0.1* 52+0.13" 51202

10 58028 62402 6.420.1" 5.740.1°

FPW 30 590,18 6.0£0.0"8 6.2+02% 56%0.1

40 6.0+0.1°® 5.8+0.1"8 59+02% 5603

cC 10 584028 59028 5.8+0.1% 5702

CT 10 5.80.1"8 6.0£0.28 5.7:02% 5104

Ca 01 6.1£0.1® 6.1£04™8 6.1:0.1%® 52402

)

'Values are the means of triplicate+SD.

)
)
3

'DW, distilled water; CL, chlorine (Cly) hypochlorite (NaOCl); F4, formular 4™. FPW, Fresh produce wash™, CC, Cleancol™; CT, Chitocol™; Ca, calcium oxide.

“*Mean values with different letters within a row are significantly different p<0.05 by Duncan’s multiple range test.

9BMean values with different letters within a column are significantly different p<0.05 by Duncan’s multiple range test.
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Table 3. Changes of aerobic bacteria in fresh-cut lettuce treated with different sanitizers and stored at 10C for 7 days

(log CFUJg)
Sanitizers Concentration (%) Storage period (dy)
0 1 2 7

DW" - 59027489 41202 7.120.1"® 9.0£0.2®
CL 0.02 2.8+0.1% 33:0.1% 30203 30202
10 5.120.18 6.9+0.1® 70£0.2" 8.702%®

F4 30 37038 4.0£04*8 6.920.1"8 9.340.1%®
40 3.5:0.18 3.1:0.1® 524028 9.0£0.2%®

10 59028 79028 8.0£0.1® 8.0:0.1®

FPW 30 3.5:0.18 6.1£0.3“® 712028 9.5:0.1%®
40 340,18 3.1:0.1® 302028 8.740.38

cC 10 4.1:0248 39:02%® 702028 8.0£0.28
CT 10 380,18 37:02™8 6.9£0.2"8 9.5:0.3"®
Ca 0.1 38048 381618 524028 9.0:0.4B

1)

Values are the means of triplicate+SD.

)
)
3)

'DW, distilled water; CL, hypochlorite (NaOCl); F4, formular 4™. FPW, Fresh produce wash™, CC, Cleancol™; CT, Chitocol™; Ca, calcium oxide.

““Mean values with different letters within a row are significantly different p<0.05 by Duncan’s multiple range test.

9BMean values with different letters within a column are significantly different p<0.05 by Duncan’s multiple range test.
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Table 4. Changes of yeasts in fresh-cut lettuce treated with different sanitizers and stored at 10C for 7 days

(log CFUlg)
Sanitizers Concentration (%) Storage period (¢y)
0 1 2 7

DW” - 3.520.27% 2003 5002 2240.1%
CL 0.02 ND*? ND* ND* ND’

10 48105 40£02° NDf 774504

F4 30 1.0£0.3™ ND™ 2,604 41203

40 ND™ 1.0:0.3™ ND™ 70205

10 4202° 5.0£04° NDf 8.3102°
FPW 30 ND* ND* ND* ND*
40 ND* ND* ND* ND*

cC 10 1.0£0.2% ND® ND® 1.0£02°
CT 10 ND* ND* ND* NDa
Ca 01 ND* ND* ND* ND*

©

'Values are the means of triplicate+SD.

)
)
3)

“ND, not detected.

"DW, distilled water; CL, hypochlorite (NaOCl); F4, formular 4™. FPW, Fresh produce wash™, CC, Cleancol™; CT, Chitocol™

; Ca, calcium oxide.

“Mean values with different letters within a column are significantly different p<0.05 by Duncan’s multiple range test.
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Table 5. Changes of total coliforms in fresh-cut lettuce treated with different sanitizers and stored at 10C for 7 days (log CFU/g)

Storage period (day)

Sanitizers Concentration (%)

0 1 2 7

pWY - 28402203 3.8+03% 3.110.1™ 2.5402%
CL 0.02 ND¥ 1.0£0.2° 2.8402° 2.840.3°
10 ND™ 33+03% 43404 32403
F4 30 ND™ ND™ 40402 4.0+03%

40 ND* ND* ND* ND*

1.0 ND® 1.3£0.2% ND® ND®
FPW 30 ND* 4.0+03° 40402 6.5+0.5°
40 1.3£0.3%™ 2.840.2% ND® 21402

cC 1.0 20402 3.0+0.4™ ND® ND*
CT 1.0 1.0£0.1% 1.5+0.5% ND™ 23402
Ca 0.1 2.8402° ND* 52+02° 7.140.4¢

)

)
'Values are the means of triplicateSD.
)

)

ND, not detected.

'DW, distilled water; CL, hypochlorite (NaOCl); F4, formular 4™. FPW, Fresh produce wash™, CC, Cleancol™; CT, Chitocol™; Ca, calcium oxide.

“Mean values with different letters within a column are significantly different p<0.05 by Duncan’s multiple range test.
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