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The effects of different washing techniques, including the combined use of heated water and microbubbles water,
on fresh-cut lettuce leaves (Lactuca sative var, capitata) were examined. The outer leaves were removed from
the lettuce and cut into squares with dimensions of approximately 1 - 2 cm. The lettuce leaf samples were then
washed with either tap water (Tap), microbubbles water (MB, Contains 70% or more of microbubbles with a diameter
of 10pum or less), heated water (HWT, 40°C, 45°C or 50C), or heated microbubbles water (HWT+MB, 40C,
45C or 50C) for 1 min. After washing, the microbiological properties (i.e., total viable bacteria, coliform and
fungi) and quality of the samples were measured. The total viable bacteria level of the HWT-50C sample was
<1 log CFU/g, representing the most effective washing technique, although the freshness decreased rapidly during
storage. In addition, HWT+MB-40C treatment was less effective in reducing the microbiological levels, although
the decay rate was maintained at 0% for the initial 2 d of storage, and showed the lowest value of 11% after
6 d. Furthermore, the decay rate for the sample treated with MB was <30% after 10 d, and a similar result was
obtained for the HWT+MB-40°C sample. It was apparent that a combined heat and microbubbles treatment, and
in particular at a temperature of 40°C, was effective for maintaining the freshness and quality of fresh-cut lettuce

during storage.
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AT wet 2 JF-Eck 4] 2 Fe] 4o
AE YA ol A nl g B 2)F ooyt At 7y
< WA= 28], AW 5ol |
Z27] FA%H = A S B3 v|AE Alofol o3 44
o7 AFHA AlH T3 459 o]l EHE AAG L,
27|l MAE 295 A4 B dAls] fste] o] FolA]H,
T2 AaFE AHSAN A, LEF, WS, vlolA
ZHESF T TS AHFE o] &3ith A 2ol
213Z0] MR ol B = daget A ES o] 83t
FdFoF o] A2 & ¥ Martin-Diana 5, 2005), YI5
AHear] daro sta2 kg3t ndE Adad
(Van Haute 5, 2013), a4} 2 &42 A2 3 1159
F4 B (Wang 5, 2004), A7) Eal42] A=z A 2
S 74 5 3K Izumi, 1999; Koseki 5, 2001; Lee %,
2011) & ohFgt A7) @i ofglnt. theket Ald 4 &
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gt 0AS BHHCF Attt g A o, A=4
olm, 4 FikE P4 tiek $1dAd o] AUTHLI 5, 2001;
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reactive oxygen species(ROS)E AJ/d 3}, 21 % OH radical
off o A B dvkm I A UTHLiv &,
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2009), L Ento]| AR ES o] &3k Y4 Ee] HHH g
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2 B4 AFATFEIHLee 5, 2011) 5o 2 H o
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Y e e LS A, F71E 24 71 )
ol F oF 1-2 ecm®] A Rgor At
FFFo] A gt o2 Al Aol AE-SEA] ZdTE AlA
AT dETFE FAHFNDE o] &3kl dut
Z4(Tap), PFe] A2 ES(MB), 40T, 45T, 50C2] I
(HWT), 40T, 45T, 50T G} nlo]A2HE 255
(MWT+MB)Z Z2t7} 1324 Al A3ttt A2 o AFg-H 5
Ze 9F 52 L] Fxoln, wlo|AzME WA= Ao
10 pm °]3}Ql mlo] AR Eo] 70% o] -2 2FA|Sh= A}A|
W 71718 AHgeRela, olw o] &-&AkAE 8.71 -8.96
mg/LATE Ao AR Ak o] e Aok o F
AZ GAellA A4 = e s At zh A7
oF 10 kg? AHESIITE 13] AlRA] FolE Aot g9
F °F 10 kgo|l o, AH e AlFA o mekakelan,
13] AREE MH S 882 9F 50 Loltk AlH - ofxjg=
71(T30-98B, Ecowell, Weihai, China)Z ©]-&-3}o] <k 3023+
gGrgt $ AFEAZRE o] &ste] EHEVIE AASKAH
gGrE Ao e 9 Al 2 wet $ACL
30.1+0.7 ym2] OPP film(30x20 cm)°ll <F 100 g¥ Wo] 7
3 & A Al E 10+ T2 g2t A%
s 2, 6, 8, 1090) AjF sl F4o] WiskE FA8ISTh

2017). A H 02 25 go] Ak FFFE AF 3t 225
mLe] 0.85% B B2 A5FE 718k T 727 (Stomacher™
400 circulator, Seward, Inc., London, England)E ©]-8-3}<]
230 rpmol| A 238-7F T sttt #A S A5 B
HE g ste] g4 | mLA Z4zte] ujA]of] =Este]
ATl dubA 2 ANkAlt =48 Az x| 3M™
Petrifilm™ Aerobic Count Plate)S ©]-83}5] 2™, 37Tl A
48717 weF & AdE FHoa JEkEs Algsiant iR
£ Cho 5(2015), Park 5(2016)°] A3 HxBE8Ho R
PR, A7 S48 A2 AGBM™ Petrifilm™
Yeast and Mold Count Plates)Z ©]-8-3Fo] 30°Col|A 72413t
ket & AdE =4 gt e oy wAle] JERe Alg
St g g 574 -8 71 22Hl %] (Sanitakun
Coliform/E.coli, JINC Corporation, Tokyo, Japan)E- ©]-&3}
of, 37TCeAlA 24A|7F vl st AH=2 ks Algataich
Alegr Jebrel s ulE F5ke] log CFU/g(colony
forming unit/g) ©. 2 WERHITE A2 39HE o] a5t
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Table 1. Changes in total viable bacterial counts of sliced lettuce
washed with various washing conditions (Unit: log CFU/g)

Treatment" Total Bacterial
NT 3.2:0.77%)
Tap 4.540.1¢
MB 3.840.1°
40C 3.4+0.1°
HWT 45C 4.5+0.1¢
50C 0.0+0.0%
40C 3.840.0°
HWT+MB 45C 4.4+0.1¢
50C 4.8+0.2°

UNT, not treatment; Tap, tap water; MB, microbubble water; HWT,
hot water, HWT+MB, microbubble and hot water; Washing time =
1 min.

Value are mean+SD (n=3).

"Means with different letters are significantly different (p<0.05) by
Duncan's multiple range test.

STk AT A AREgE FdFE 7] GkA|
oF 32 log CFU/gC. 2, 7] n|AyYE8+d E-o| 9435
et 271 Rl8ESA FHo] gorste] Al 25 A2
z2700 w2 v Y& A3 237 ZA JeEpA & 29kt
nlo] AZHE MHFHMB)2 LRHATSE 3.840.1 log
CFU/gl.2, 4.5+0.1 log CFU/g®] S5 A2 FXTap)°ll H]
3 LubAlErTE Fo4 o2 stk Lee $(2011)
A A ol A] vlo| ARWES AHF7L FEF AF TR
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Fig. 1. Decay rate of sliced lettuce stored at 10C for 10 days.

UNT, not treatment; Tap, tap water; MB, microbubble water; HWT,
hot water; HWT+MB, microbubble and hot water; Washing time =
1 min.

IDifferent upper case letters on the bars indicate significantly
differences(p<0.05) depending on the storage period by Duncan's
multiple range test.

IDifferent lower case letters on the bars indicate significantly
differences(p<0.05) depending on the washing conditions by Duncan's
multiple range test.

Table 2. Changes in fungi of sliced lettuce washed with various
washing conditions (Unit: log CFU/g)

Treatment" Fungi
NT 2.3+0.12%
Tap 2.2+0.3°
MB 2.5+0.2"
40C 1.9+0.1°
HWT 45C 3.3+0.0¢
50C 1.0+0.0°
40°C 2.2+0.2°
HWT+MB 45T 1.9+0.1°
50°C 3.5+0.2¢

UNT, not treatment; Tap, tap water; MB, microbubble water; HWT,
hot water; HWT+MB, microbubble and hot water; Washing time =
1 min.

YValue are meantSD (n=3).

Means with different letters are significantly different (p<0.05) by
Duncan's multiple range test.

217} QA THE Koseki 5(2001)8] A2 7ke} 2gket. 21
7 Aol 713 & &3 veRd A2l F= 1.0+0.0 log
CFU/gg Yehd 50T 4 AlFFHWT-50T)H o1,
Park 5(2016)9] Aol = e&5 T X3 A HT}

Aot g A Ao] Mt F Agtel] AA 0|tk
Huslith Wb 50T 9} vlo] A=n & W& AlHT
(HWT-+MB-50C)= 3.5+0.2 log CFU/gC. & 72| 47}
A VERRTh o= dukAle Adke} 2ol 50T E57t
o] AR W ELZ O3] Ak ofAlZ=o] A0 oS
TX Fofe] At 7‘%011 }iﬂr*‘ UrEhM %?:f} Aog

THE

%k 3 log CFU/g Fe A= E1U4(Saka1 1995) B Oﬂﬁl A z}o]]
A R Al 21004 AFFE < 2-3 log CFU/g
O oAt YEA] %3tk Kim —(2010)54 Aol A
_-4/11]7<4 —101-/({]7(4 )&(ﬂ-xﬂ;@)\] ﬂ"rET Aﬂ;‘d\:ﬂ—lﬂ-}oﬂ Lq._E_

A7 ATk Bastal, B AT E AlF #
T’L}T: AE<] ;d&% Qioﬂ }_71_14'7]' u/\gj\——__i, z27]
AFFE ZHH o2 Aod & e A 71&9] sEo]
dosittn Ao

M&L 7ol g Mo datFo thiaa Hst
At oo it 2.8 -39 log CFU/gS] M=

yelyton A3t Table 33 2t} 50T G54 A2+

(HWT-50C)ollA] 1.5£0.0 log CFU/ge.2 7} & A7tas}

= Ueligl e, ol Agatte® AlHeE 45 A3
= B} H)5ehH, 5 ppme] FO 2 AFH g 73 -Hh

o Z3A o] A Th(Koseki &, 2001). ERHA o 2 Fhaj v«l
2 3 - 5 log CFU/g© 2 (Sakai, 1995), 45C <&

2] FHHWT-45C)< 50C EF vlo|A2HE ¥ & Aﬂﬂ
THWT+MB 50C)E A&t e A7+ 3 log

Table 3. Changes in coliform of sliced lettuce washed with

various washing conditions (Unit : log CFU/g)

Treatment" Coliform

NT 2.8+0.47
Tap 3.3+0.2°
MB 3.340.1°
40°C 3.040.2°
HWT 45T 3.9+0.0°
50C 1.5+0.0°
40°C 3.040.2°
HWT+MB 45C 3.240.2°
50C 3.8+0.1°

DNT, not treatment; Tap, tap water; MB, microbubble water; HWT,
hot water; HWT+MB, microbubble and hot water; Washing time =
1 min.

2)Value are mean+SD (n=3).

YMeans with different letters are significantly different (p<0.05) by
Duncan's multiple range test.
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Fig. 2. Changes in appearance quality of sliced lettuce stored at 10C for 10 days.
DNT, not treatment; Tap, tap water; MB, microbubble water; HWT, hot water; HWT+MB, microbubble and hot water; Washing time = 1 min.
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I B33 Lee 5(2009)] A ¥t} 28k} Kim 5(2012)2
A5 e AgFelr] 2A4EF 1 A A
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el Bt & AT A G5 A FHHWT,
HWT+MB)= 7 Al 7H(Tap, MB)°l| H]&l 3} &0] =
A Vet s E AFE AR 7| F 4 wgl|
Fgo] &S gtk Autzog e I A
2xoA o] Bl &S F4 Al HFHWT)EL G4 vlo]
AzHE e AHFHHWT+MB) A B Yelt o,
ol mlo| AR Eo] o] A dAGS AT A
el 7] wiTol]l Fell ot Ak I A&
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(HWT-50C)E A% 29 xto]| oF 45%2] F3)&-2 Yeh)
AEAAS 23 v 50T ¢ vlo]| A28 E g AH
THWTHMB-50C) & 22 50T 442 7etd Sl =
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Inatsu 5(2011)8] A% e ZEnlo|IZHE WL A
237t 0 F @l Ao vjs] #HsH ez vt
H 1339} Yucel Sengun¥} Kendirci(2018)S AT =
£ O EFE A A3, mAETH FAEE 94
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ANM = nAETA FAH7Ee] A5 50T 22 AFH o]

FapAoIl o, A7 713tel| e &A= 50T Al
2] FHHWT-50C, HWT+MB-50C)H2thE= 40C A2+
(HWT40C, HWT+MB-40C)7} A Yebskom, 40T Al
A s Feo] nlo| A2 & A A FMB)9}F Bl Set A
£ VeIt Fig 29] A#he} o] S<to R Kol 2
W, Fu)7t o] SN E e Axts YepQith A
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Al S FE Aoz AdHy, 5 A7)t
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H|B| A Fht E77) oha WY 2% 27wk 2
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