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Abstract

We assessed quality changes in and washing effects (time and method) on lettuce (Lactuca sativa L.) treated with
micro-bubbles. Samples were treated with micro-bubbling for 1, 3, or 5 min, and the 5-min treatment yielded the
best results in terms of reduced total microorganism counts, sensory aspects, and degree of washing. Total
microorganism counts were 4.30 log colony-forming units (CFU)/g in unwashed lettuce(CT), 4.10 log CFU/g in
hand-washed lettuce (HW), 3.98 log CFU/g in conventional, bubble-washed lettuce (BW) and 3.25 log CFU/g in
micro-bubble-washed lettuce (MW). In comparison, total counts of samples examined after 10 days of storage were
7.00 log CFU/g for CT, 6.19 log CFU/g for HW, 6.02 log CFU/g for BW, and 5.89 log CFU/g for MW. The
lowest counts were seen after micro-bubble treatment. BW and MW samples showed significantly higher counts
than did CT and HW samples . In general, BW and MW samples did not vary significantly in count numbers.
MW showed a 2 - 3-fold lower residual pesticide level compared with CT, and also had the lowest level of impunities.

HW and BW samples were not well washed.
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Fig. 1. Changes in total microorganisms of lettuce by washing
times.

CT: control, MW1: micro bubble washing treatement-1minute , MW3 : micro bubble
washing treatement-3 minute, MWS5: micro bubble washing treatement-5Sminute.
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Table 1. Changes in sensory characteristics of lettuce by washing
method during storage

: Storage period(da
Organoleptic oo ge period(day)

characteristic 0 2 5 7

CT 20" 47 79° 82"

. MW1 1.0° 43" 69° 73°

Wllt b b c C

MW3 10 24 54 58

MW5 10" 26° 42 47

CT 1.0° 33 6.6° 73°

- . MWL L0 27" 6.1° 6.6'

Discoloration . " ) )

MW3 L0 23 48 53

MWS5 10" 2.1° 41° 48"

CT 74° 6.1° 48 39

MW1 77 68" 56" 47

Texture . . ® b

MW3 82 73 6.1 5.1

MW5 83" 74° 67 59°

CT 1.0° 1.6° 32 32

. MW1 L0° L5 28 2.8

Decay a a a a

MW3 L0 14 28 28

MW5 L0° 13 23" 25°

CT 6.0° 6.1° 59° 59"

. MW1 41 41 41° 41°
Clearness

MW3 23 23 21 21
MWs 2l 2.1 20° 20°

CT 66" 48 45 27
MWL 74 52° 48" 37
MW3 8T 76" 54° 46"
MW5 88 75" 6.0° 5.0°

:y»’llt,Discoloration,Decay,Cleam&ss : Excellent(1point),Normal(Spoints), Extremely bad(9points).

Texture, Overall acceptability : Excellent(9points), Normal(Spoints), Extremely bad(1point).
mean in a column followed by different superscripts are significantly different at the
p<0.05 level.

Abbreviation are the same as in Fig 1.

“Overall acceptability
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PlAE AA 71 G2 o]AT Kown 50y FAIAT Table 2. Changes in sensory characteristics of lettuce by washing
o EAIFAZ R ZIAMAA A A A FHE vAE AR method during storage
A7) IRt BuskRa, ol E A3y AR A= Orgnoleptic g Storage period(day)
HAFATh A3 7|7to] Aol we} B A7t S7F characteristic 0 3 6 9
e A4S HYon, A& 10¥0] F-A412(CT)T= 7.00 cT 207 63 73 80"
log CFU/g, <AH2HW)TE 6.19 log CFU/g, duhHE Wi HW 100 47 62 73
i t
BW)T= 6.02 log CFU/g, v}o]AEHEMW)T= 5.89 1 BW 100 210 44 5%
log CFU/g& mlo]a2MEX 277t 78 22 HelE B3 MW 100 200 37 58
t}. Jeong (8)5Y AFANME A7EFE o] &3 A& CT 10" 46 69" 76"
2 @) Aay g4z FA g vlsl AlFH o)A . HW 1.0° 36" 56° 1
U] ANE = =) é,:_l_ 1:]— o E] 7ﬂ L}ﬂ—k,,{'r/]- o H 51»3]_9& \:]— Discoloration BW L0 a3 37 AP
MW 1.0° 22° 32 46°
CT 62" 44 28° 20°
a0n . HW 67 53 35 28
Texture . . . a
;c_lg 700 BW 8.0 74 5.1 4.7
5 MW 8.I° 72 52° 46
o GO0
z CT 1.0° 31 58 6.0°
£ s . HW 1.0° 2.5° 49" 56°
§ Decay . b b b
£ so0 BW 10 15 29 38
£ MW 1.0° 15" 28° 37
e T 69 6% 65 64
200 . HW 55° 54° 500 49°
0 3 & 8 Clearness . . . .
storsasaay) BW 34 24 31 3.1

MW 25 23 22° 2.1
CT 70° 43 29° 19°
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W
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Fig. 2. Changes in total microorganism of lettuce by washing
method during storage. “Overall acceptability

CT: control, HW: hand-washed, BW : bubble-washed, MW: micro-bubble-washed

76 57 43 35
8.4° 75 65" 50"
MW 88" 7 64" 49"

2ts4go| Wﬂt  Discoloration, Decay,Clearness:Excellent(1point),Normal(Spoints), Extremely bad(9points).
S o - Texture Overall acceptability : Excellent(9points), Normal(Spoints), Extremely bad(Ipoint).
Al=2 A H]—m s =
oT = ““ = oﬂ U}FL]— k“ 4 Coﬂ ﬂ 01-0}%*‘1 }\] = “mean in a column followed by different superscripts are significantly different at the
311:_ Eﬂi -‘H /Vx] 71;<4 =, 2117]— 2 13]-34' o] 7]§E§ Ak p<0.05 level.

Abbreviation are the same as in Fig 2.

¢

2 @J%* e %ﬂﬂable 2). AlH F 3 BB
ALY E oA FAH ok AlH 71 2 2tolE U
WaL, A2l Foll plolZ2HEMW) 77 7P =7 3
7H AT AR 713ke] A FAH Tt Al H T
T2 2polE B oH, FAHCHT= A 3LA 3+
g BolA AlE s} M) A7) Al dEAdel
ol EARHW)T= A 3LAZA FEAd AR
o, W EBW) T2t Flo|Z2HEMW) 7= A7 6
DAA &5 A7 7Fs A Jeong S(14)2 FA ]
5l vl dafitslrz YA AR AET w2 V8=
£ Bl s, ALS HA A A5 FAHT
E-E]' ?:]r;{]ﬂa]:ﬁﬂ' QT&X “TEL‘Z‘-_J s ]/‘1 60]51]17]]'7(] =2 Chlorpyrifos Procymidone
7|Z=E Bl Haskglthe). LRHEBW) T2 vt
O|AZMEMW)TE= FAIH(CT) T2 EAIHEHW)T B
o ¥ 2 A HrtE A, I EBW) TS mlo) Fig. 3. Changes of pesticide residue of lettuce by washing method.
azy %(MW)‘?‘OH _ﬂ_p/]/j(jl o] ;‘(]_o]% gig—}\ﬂ_ Abbreviation are the same as in Fig 2.

N T
¢

o

\
)

2

Pesticide residue(%

HCT EHW mBW oMw



nfol a2 HEe g Ao AHad 9 A T FAWs} 325

MW3

MWS5

Fig 4. Effect of washing time on surface cleaning of lettuce during micro bubble treatment.

Abbreviation are the same as in Fig 1.

BW

Fig 5. Effect of washing method on surface cleaning of lettuce.
Abbreviation are the same as in Fig 2.
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