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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'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.

Key words : sanitizer, commercial, fresh-cut lettuce, microbial change, alternative

N E

HT AFE B v e 0t Y H
el glom, ofof mat Al e 9 AfA
WA AselmS Hae) BT AR 4
(fresh-cut)ol] thgt =87} S= 1
o FH8ATE oW, A H 9AIqkd

=
H,2007d 2949 % BN E B WA 7ol

lo

uf oX
N
e
oft

o
(=)
o lo &

2
£
>
(X r
LNy = = TS

2 ¥o 1> > ok (o

1
e

*Corresponding author. E-mail : hty301@jwu.ac.kr

Phone : 82-43-830-8617, Fax : 82-43-830-8679

Received 2 August 2017; Revised 1 September 2017; Accepted
27 September 2017.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

o] FHH Ao Fell ek AUt Aelrh sk
3 thR). A 7k DAl Al g AT AlEe
ARG FRE s vl T3, e tiEe
e Ewate AxgAdAE frelda 71 50200
ppmP =] FEE QLTS A x5to] AHESEAL ITH3-5).
Aot 22 Ga Al HEH ol T &l

S FA 91 AlFe] dFdEeld Bed F2d vA
L

o] A PR /M Yorke), nFEY FaE
ARG A AT W DLk B RS 25l
YE 5 Q) e ol WA wE AEAL Do
A

b

ol
=], BtehA AtAl & Atk A At aat
A FEFe] 2ol g A7) el AdH A

- 827 -



828 S A A AAF-EEI] A A4 A6Z (2017)

Zo| Az A AZEA Falar JTh4). T3t ascorbic acid,
citric acid 2 lactic acid®} 22 7|4 d5o2 52
i} gslo] MA A ATAI R ARSStA} e At
A7 HaHa e, f71hh2 4age] pHE A5HA
7 AtE e FLEAR 71718 4 A7) 2ol Q)
Q. F& A B d7ES v er FielAer Y
st At gl AEAew 2AH 1 e, vl A
ol ¢REIY F7I1A 5 F8 AR sha vk A
& Fresh Procuce Wash™ (Drywite, Halesowen, England)
AF2 FANUER] T2 AEoltt & AdH e A
ZA A7l oo} B2 gt dHEAE AHgstaat
SteehE, nA = WA A 9] Pt &3} A =rte] AlgE
Wola, A AlFell A8 Al o]5e] At aItel] gt A+
Hae 719 gi7] vi2oll ARgell ofefgo] ESAstaL itk

wtebs 2 AFolM e FEFel AT Thgel $lo]
AP Al AR 2 ZAskE Al S A8staL o5 At
A2 Vst 98 FE oo ArtE S e A
TAE A5t o5 A& & W AdA FFol
A% 5 ndEd FAWsE ARt aLA} @ of2’t A
T GdA AdAe] AA| A ETe] g 7x R
248 & s Aotk

Mz A MMEe| IS

o1 AA 3 AR FIF

= e

St SRTE 1A A F 4749 wER A2 AiA

Lol 37 AR F 373 A AAHsAT FolEd =
o]-g3ste] E71E AAS 5= 2 100 g¥ low density
polyethylene(LDPE) 2 E(18x21 cm, 7| 50 ym)°.2 4%
ZAste] 10C2 AAg QA olEl(Model VS-8480,
Vision scientific Co, Ltd., Bucheon, Korea)ol] #7a}H A4
nAYEA FAWUSLE AT Al AtAl|e] ~=eY
A3 3 ol Bl A E Al AAlE A H] FdE
of A&sta A &= 4 WHIE AT

& o 2§99 FEE theo Table 17} Zth
Z, 9489 AZH7MEF ] YAKSeoul, Korea) 2ol
S EBAZ(FELAL 4%)S 0.02%2] =& A 23}
o] AF&-8}A T} ascorbic acid(1%), citric acid(1,2,3,4%) &
acetic acid(1,3,5,6%)< A8 grade®] Al<(Junsei
Chemical Co., Ltd., Tokyo, Japan) .2 7} Fro] o=@
A Z3} 3, citric acid®} acetic acidE ZHZ} 1:12 &35}
1, 2,3%%] &N o= A|xdte] AMESIGITE AlHF At
A = Formula 4(1,3,4%) 2 Fresh Produce Wash(1,3,4%)<
= DA A ES, THZ(1%), 71 EZ(1%)> A HAnsan,
Korea)(www.cleancohol.com) % HHAZ4(Ca0)(0.1%)2
A BAFY] A EFS A Tt dlF s EE Al xste
ALg-81A T} AtAl 5 Formula 49} Fresh Produce Wash:=
citric acidS gHroto] A2} SAlol A &3S HAo
2 3l Al Eo|thwww.drywite.co.uk). 2t AA2] e
Z} A GANA BRI e TEE Vo ® A5t
AT ofxz2E ALY A5 A7t SHA Tha 3Tte| B
2 AAf A7) o AE Atsle] 1% FEE A
sto] 71E} A eke] et &3 vinE 98l A-8stith

>
<
m

Table 1. pH and concentration of commercial sanitizers washing for fresh-cut lettuce

) i Solution
Sanitizers Brand name Ingredients -
Concentration (%) pH
CL Sodium hypochlorite Sodium hypochlorite (NaOCI) 0.02 9.7402
1.0 20403
F4 Formula 4 (Sulfte free) 30 1802
Citric acid
40 1.7£0.1
1.0 4202
Sucrose esters,
FPW Fresh produce wash sodium citrate, 30 4.310.2
glycerin 40 44%01
CcC Cleancol Ethyl alcohol. grapefruit seed extract 1.0 5.3+0.3
cT Chitocol Chitosan, glycerin, citric acid, ethyl 10 27402
alcohol
Ca Natural calcium Calcium oxide 0.1 12.0£0.1

l)DW, distilled water; CL, hypochlorite (NaOCl); CA, citric acid, F4, formular 4TM; FPW, Fresh produce washTM; CC, CleancolTM; CT, ChitocolTM; 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_l, 1% citric acid, CA_2; 2% citric acid; CA_3, 3% citric acid; CA_4, 4% citric acid;

AC_L, 1% acetic acid, AC_3, 3% acetic acid; AC 6, 6% acetic acid; AAC 1, ascorbic a01d+acet1c a01d-1 1 (1%) AAC_2, ascorbic a01d+acetlc acid=1:1 2%); AAC 3, ascorblc

acid+acetic acid=1:1 (3%); F4_1, 1% formular 4™; F4 3m3% formular 4™ X
FPW_4, 4% Fresh produce wash™ ; CC_1, 1% Cleancol CT_1, 1% Chitocol
Logl0 CFU/g reduction; Logl0 (dlSIlled water)—boglO (sanitizer).

Vertical lines represent MeantSD (n=3).

; F4 4, 4% formular 4™,

. FPW_1, 1% Fresh produce wash™; FPW_3, 3% Fresh produce wash™:

; Ca_0.05, 0.05% calcnum oxide.

"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

Storage period (day)

Sanitizers Concentration (%)

0 1 2 7
pw’ - 5,840,178 580" 5.820.1" 6.0£02"
CL 002 5.8+0.1"" 59£0.1"® 57402% 6.0403%

10 5.6£0.1™ 5940.1"® 6.1202" 53£02"

F4 30 49+0.1™ 5302 5.540.1" 5240.1

40 47+0.1™ 5.0£0.1* 5240.13" 51402

10 5802 62402™® 6.420.1" 5.740.1"

FPW 30 5.9+0.1"® 6.0£00™® 62402" 5.6£0.1"

40 6.0£0,1° 58401 59+02"™ 5.6+03%

cC 10 5.8:0.2"" 59+02"® 58:0.1"™ 5.7:02"

CT 10 5.8:0.1" 6.0£02"® 57102 5.1:04"

Ca 0.1 6.120.1" 6.1:04™ 6.120.1"™ 52102

l)DW distilled water; CL, chlorine (Cl) hypochlorite (NaOCl); F4, formular 4™ ; FPW, Fresh produce washTM; CC, CleancolTM; CT, Chitocolm; Ca, calcium oxide.

3)Values are the means of triplicate+SD.

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

9*EMean 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)
Storage period (day)
Sanitizers Concentration (%) e L
0 1 2 7
pw" - 5.9+0,27989 4102® 7.120.1"™ 9,002
CL 0.02 2.840.1" 3340.1" 30:03™ 30402
10 5101 6.9:0.18 7002 87402
F4 30 374038 40£04™° 6.9+0.1"" 930,18
40 3540.1"8 314018 52402™° 9,002®
10 59+02% 79402 8.0+0.1" 8.0+0.1°
FPW 30 354018 6.1203"® 7.1£02™® 9.5+0,1®
40 344018 3.120.1® 3002™° 8.703“®
cC 10 41+02"® 39+02"® 70£02™® 8.002®
CT 10 38+0.1*® 37+02"® 6.902™" 9.5+03"®
Ca 0.1 384048 38+6.1"% 52+02™° 9.0+04%®
1)DW distilled water; CL, hypochlorite (NaOCI); F4, formular 4™, ; FPW, Fresh produce washm; CC, CleancolTM; CT, Chitocolm; Ca, calcium oxide.

Values are the means of triplicate+SD.

“Mean values with different letters within a row are significantly different p<0.05 by Duncan’s multiple range test.
9*PMean 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 10°C for 7 days

(log CFUjg)
Storage period (day)
Sanitizers Concentration (%) 0 | g e L ) 7

DW" - 354027 2,003 50102 2240.1
CL 0.02 ND** ND' ND' ND'
10 48+0.3° 40+0.2° ND* 77404

F4 30 1.0+03™ ND™ 2.6+04™ 4.1+03™

40 ND™ 1.0£0.3™ ND™* 70+0.5™
10 42402 5.0£04¢ ND* 83102
FPW 30 ND* ND' ND' ND'
40 ND* ND' ND' ND'

cC 10 1.0+02® ND® ND® 1.0£02®
CT 10 ND* ND* ND' NDa
Ca 0.1 ND* ND* ND' ND'

"DW, distilled water; CL, hypochlorite (NaOCI); F4, formular 4™

;;Values are the means of triplicate+SD.

4)ND not detected.

; FPW, Fresh produce washTM; CC,

&

A CleancolTM; CT, ChitocolTM; , 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 10°C for 7 days (log CFU/g)

Storage period (day)

Sanitizers Concentration (%)
0 1 2 7
pw’ - 2.8+027" 38+03" 3.140.1™ 2.5402%
CL 002 ND¥ 10+02° 2.8+0.2° 2.8403"
10 ND™ 3303™ 43+04™ 32403™
F4 30 ND™ ND™ 4002™ 40+03™
40 ND* ND* ND* ND*
10 ND® 13£02° ND™® ND®
FPW 30 ND* 40403 4.0£02° 6.5£0.5°
40 13+0.3™ 28+02™ ND™ 2.1402™
cC 10 2002 3.0:04™ ND™* ND™
CT 10 1.0£0.1™ 15£05™ ND™* 23£02™
Ca 0.1 2.840° NDf 52402° 7.1£04°
l)DW distilled water; CL, hypochlorite (NaOCl); F4, formular 4™ ; FPW, Fresh produce washTM; CC, CleancolTM; CT, ChitocolTM; Ca, calcium oxide.

2)Values are the means of triplicate+SD.

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

4)ND not detected.
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