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SUMMARY

I. Title
Study on reduction of microbial hazard of fresh—cut vegetables using

microbubbles

. Purpose and background

Technologies for washing fresh—-cut vegetables and its processing have
been developed and then become commercially available. Based on these
platform technologies, with a combination of the microbubble in the current
research proposal, attempts were made to establish an integrated system for
rinsing and washing sterilization to one level higher and to increase the
degree of freshness of Korean fresh-cut vegetables by more than 30% by

securing hygienic safety.

IlI. Content and extent

1. Regulation of detrimental factors for the application of microbubble and
the related assessment of quality

2. Characteristics of microbubble and the establishment of the technology
for applying it

3. Capacity test and the related design for microbubble generator

4. A study of regulation of detrimental factors for an integrated system
for microbubble/rinsing/sterilization

5. Design and preparation for a microbubble integration system for
agricultural foods

6 A study of optimization for the treatment processing of a microbubble

integration system



IV. Results and suggestions
1. Capacity test and the related design for microbubble generator
Following the measurement of microorganisms during the storage after
rinsing due to the types of bubble generator, as compared with general
vortex types of bubble, both the rotational type and the dissolution based on
pressurization generator were measured as relatively lower in fresh—cut

vegetables in microorganisms during the storage.

2. Design and preparation for a microbubble integration system for an
experimental use

A microbubble generator was designed in such a manner that it could be
used in combination with the complex factors. Unit processing was designed
and then prepared to make sure that an integrated processing should be
done synchronously with the general air vortex bubble processing,
processing for the water for treatment processing (electrolyte water,
contaminated one) and ultrasonic processing. Besides, a screen filter was
also designed to make sure that the treated water should be applied again
when it was used in an interior rinsing bath. To minimize the contamination
due to the suspension, the release structure from the superior to the

external region was constituted.

3. Characteristics of microbubble and the establishment of the technology
for applying it

— A microbubble rinsing test was performed for each product, according
to which chicory was found to have a greater amount of microorganisms as
compared with lettuce or kale. Besides, following an assessment of the
changes in the quality during the storage depending on the temperature of
rinsing treatment, changes in the number of total microorganisms was found
to be smaller in the 07? treatment group as compared with the 5?7 treatment
group and 10?7 treatment group. To prevent the proliferation of
microorganisms, the appropriate treatment temperature was found to be

lower than 57?.



4. Regulation of detrimental factors for the application of microbubble and
the related assessment of quality

A comparison of the degree of rinsing was made between the general
bubbles and microbubble rinsing system, for which a light microscopic
examination was performed to assess the severity of physical damage of
fresh—cut vegetables following an approximately 5-minute rinsing to a
certain extent. According to this, the vortex bubble rinsing showed a
phenomenon that the tissue was softened. Following a microbubble rinsing,
however, the tissue damage did notoccur identically to the pre-rinsing
period.

Lettuces were stained with a squid ink powder. Then, the water content
was dried for approximately 24 hours. Following this, a rinsing experiment
was performed using general bubbles and microbubble systems. The degree
of opacity was measured using an optical density. According to this, the
degree of rinsing was relatively higher by approximately two times in

microbubble rinsing system as compared with general bubble rinsing.

5. A study of optimization for the treatment processing of a microbubble
integration system

To design and then to develop the technology for developing a low-cost,
highly—-effective microbubble which is appropriate for agricultural foods and
the relevant system, for the purpose of concurrently treating sterilized
water (ultrasonic, ozone—treated and electrolyte water), a microbubble
system was designed and then prepared on a pilot—-scale. Thus, attempts
were made to provide an on-the-spot establishment model as well as a

design of an integrated system for microbubble/rinsing/sterilization.

6. A study of regulation of detrimental factors for an integrated system
for microbubble/rinsing/sterilization

To assess the changes in the quality during the storage depending on the
types of water for rinsing (microbubble, UV-irradiated water, electrolyte
water, ultrasonic water, hyperchlorous acid water and general bubbles), the

number of total microorganisms was measured following rinsing. Following



the treatment with microbubbles and electrolyte water, there was an effect
in inhibiting the proliferation of microoragnisms. On day 6 following the
storage, as compared with other treatment groups, the degree of the effect
in preventing the proliferation of microorganisms was higher by 1 log
CFU/g. These results indicate that there was an effect in inhibiting the

proliferation of microorganisms.

V. Achievements and the application plan for them

As the achievements of the current research, a technical transfer was
done for Life and Technology Ltd. at a total amount of KRW 30,000,000
(via a single payment with a 30% discount: KRW 21,000,000). Besides, two
patents were registered and one peer-review article was published.

Furthemore, another peer-review article was submitted.
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2. vlolZzH R 54 H87]% =Y 3y

7b EEE vlolamwE A8 A/ Ay AR

(1) Aol e XA F24E54
MH A4 TFo vt vlo]azWES o]&3)] A AU AA

F %4
WSS Aol N8 TAA, ool LR, RS, Asl, 22, A
FoAuHE 47 Aesz 5R AAAY F FRE EE 2442 A48

A

th R4 54 A% vlelaznE, AsFE AASUe W A% 60 the
975 Rek 1 log CFU/g o149l S4AE ny. /5% the
IR ol ARMEA YT} MY Fe H5E Bk

oh Fd5 574
AH 7 F7ol oet HEgh A FHrE vlola=2WaE, Hal+= A st
Qe W o FTAS JAEe ARE BYloH, T AYT BT XW 64A 714
€ AHgF5 Bt 1 log CFU/g o9 SA9AE Kol nAdE A a7t
A= AOFE LERRTh
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CT : FA%, G-W : dubE, U-W : #A A5, S-W 1 23
M-W @ who]A2HE, E-W : HslF, N-W : 2 2204
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,vlelARMER A Hste] FAWI}
AHT7E At S B4 B
Fo B, ol ARMEA AT A% 6

AR e AT ue A B vt ARNES o8 AXFAL 3
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G A9 ol& o] Holx ghof v AR aatHl Aor sl

d

Oh FE5 54

AHAE A T+ 4.89 Log CFU/g o2 AF A2 25 &A1 HW)T=
4.01 Log CFU/g, 4" EBW)T+ 3.52 Log CFU/g, wlolAZ2HEMW)T+
2.80 Log CFU/g &2 t& AT EHr} vlo]a=HEMW)T7F njAE AlAC 7}
g Ay olArh AFTIte] AgsE RE AT FhtE 4TS vehhd
w, vholaznBAel Tk e AHT o A waE nolth A% 62l MW
77 ©& CT+ EY 2 log CFU/g o4, HW+¢ BW+ Htt 1 Log CFU/g A
= A0 Fbste A%E wel volARWBALTIL 75 oAl 7Y wvbye)
ek,

750 -

B.50 -

550 -

450 -

Total microorgransmilog CFU/E)

250

Storage period(day)

—=—CT —t— HW —=—BW —e— W

a7 AFH SR e AL St
CT : ¥AIH, HW : =412, BW @ sS4, MW : vlo] A2 SA 4
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(W 715%= 2A

Apperance
100 .t Apperance
100

Overall B Texture £ :
acceptabili = : & B Text
2 4 acceptability b i FHhE
|
Clearness Clearness
—o—Control B HW —A—BW --&-- MW | [ —— ool B HW —a—BW —s—MW]
Oday 6day

28 8 AFMel e A JFE 24
CT : FA1E, HW : &AH, BW © Qubs BA5, MW : po] 228 243

A A AF A5 vlelazMEAH ATt AHA L

A e ,
A%, 2%, ARAE, FFANEENA 2T ARTRe Aol wgon,
slol A=W BA AT A 64A7A thE AelT wok A HrAEUT Jeong
(e FAe ol e ANusFz 4 AT FF} Fe NEES W
A9 wAYT nrk AT 9 EQ

5 2
A4 6AANA £ EEE BTk BuFATHE).
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ARV

(th Az Ho] w2 Video microscope system= ©]-83F A H A% 77}

O

Auk B3} wlo] g 2 EA|Ho] wE 7 A H = 4 EBWIE AlH
3 AL FAHCDol vla] Wol] AlxE & Hlov AREstA AH A G
ojZ 4ol w2 A& #FT = Utk v mlo] a2 EMW)E ©]& oH IRk
= A5 719 ol=do] HolA ol tE AgTrEn a7A]l Aog 1.

2
(o]

o lo

o 1o

BW

AL 4 AREEEE ARG AL AR
CT @ FA%, BW : 4Rt EAH, MW : vlo] A2 HEA F

G AHS emel A Azt whE molawmE 44 Azd AgAd
(1) wholazme AH5 Lo e FA5A

A Aeg 5o wE vl A= B S o) &8 A AAY A T F
AWste AH Ry 98] FAHT 0C, 5C, 10C A5 Lxd wa 2zF 5871
AxAE & FARISE F43 A3} S5 W3 0C Ao F457F 5T
10T Agwro Fw59 S0 A velgon, nAE F2 A5 98 5C
ojatoll A AHz|gro] Aet Aoz YelRttl. AHEyg 2= w2 AFF XA
Fo5E A 4% 0TE 10%/golA SAEJR, 5T 10TAE 107/gollA =
Ak A@717r0] Ade] wet 0C AT FH57F 5T 10T AR
S S0 AA el o, nAE F4 AdAE 98] 5T okl Az
gho] Agtat o g YEhgi.
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7.00
o
3 G50 -
(W)
F
= S
£
|
=
% 550
[=]
=
xr]
£ 500
=
o
o -, T
400

Storage period(day)

SR HCCE i o B S S B 1,

28 9. nlo] AR ES o] &3 A Herd wE XA FoF HE
CT : A=A, 0-W : 0CAH, 5-W : 5CAH, 10-W : 10TCA=A

(2) ol ZAE L AHAZL we Ay APz A
nlol A EB RS o] g3l AH AZFAR 247 ARG AFe) A4 F FANE
aWwy] 98 1%, 3%, 5EoR Uire] AN F 7T AFAWA A

Foh vl w4 wRAAT. 1 A% 52 AF ALY FEs S/ 49
0, 5% ZAAE RE FRA & B AU £ AHAES Video

5 =
microscope system©. 2 Ay HFSu] 18, 3% g Hul 58 g T AA

Hol =& Aoz el
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b Fd =4

.50

B50

550

4.50

Total micmorgranism{log CRU/g)

350

2,50 . . ! :
HE  HE¥3% 2 g 7

S torage period (day)

| —#—CT --B-- MWl A W3 ----0---Mw5|

29 10, A ARE] whE A T Ao S WEt
CT : A%, MWI @ 1A, MW3 @ 3412, MW5 @ 534 %

=
TrE darl7lsd 7P mabE ot A7Izke] Ad
= S
- =

BE A7t Aee velWlon, ol zuE 5EMW5) X2
7y 7V AA Fovete] A 74 BT Bk 2 log CFU/g, 18384 Hut
1 log CFU/g #

T AA Ftete AES Bol 5 AAY elsd T o
o

ZAHE A AS vlo]l a2 E3E, 58 AlFE Az
j

Aol Wl Azl 1k o)A

A ApolE HAT AR, WA, AN, FHAVIS =AM ek AlH e
o] AQl AfolE How, mpo]aRME 5 AlHo] X TAAA thE AT
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(t}h) Video microscope system= ©|-&3F JF2 AFAE =4

=2
Ao MAHAEE Video microscope system= ©]-& B
3l 4% o]Z Aol ZESA AAHA @S> EES K vhH 373 5F

2 P& W ol=d Tol AISHA AAE A

CT MW1

1564.0um 60X
_—

MW3 MW5
AR 6. mhol A MBS o] &3 AIRPER A3 AFFe] Al
CT @ FAH, MWL @ 1EAH, MW3 @ 38AF, MW5 : 584
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¥ 8. mhola=ME AHADY BE NEE A}

Organoleptic

Storage period(day)

o Treatment
characteristic 0 2 5 7
CT 2.0 4.7% 7.9% 8.2%
. MW1 1.0 4.3 6.9" 7.3
Wilt i i
MW3 1.0° 2.4° 5.4¢ 5.8¢
MW5 1.0° 2.6° 4.2¢ 4.7¢
CT 1.0% 3.3% 6.6 7.3%
. MW1 1.0° 2.7 6.1° 6.6"
Discoloration
MW3 1.0° 2.3%" 4.8° 5.3"
MW5 1.0° 2.1° 4.1° 4.8°
CT 7.4° 6.1° 4.8° 3.9°
. MW1 7.7 6.8 5.6 4.7°
Texture ) ) .
MW3 8.2° 7.3" 6.1%° 5.1°
MW5 8.3% 7.4% 6.7° 5.9°
CT 1.0° 1.6° 3.2% 3.2¢
i MW1 1.0° 1.5° 2.8% 2.8%
Decay ] ]
MW3 1.0% 1.4° 2.8° 2.8%
MW5 1.0* 1.3% 2.3° 2.5%
CT 6.0% 6.1% 5.9¢ 5.9*
. MW1 4.1° 4.1° 4.1° 4.1°
"Clearness .
MW3 2.3¢ 2.3° 2.1° 2.1¢
MW5 2.1¢ 2.1° 2.0¢ 2.0°
CT 6.6° 4.8° 4.5¢ 2.7°
MW1 7.4 5.2 4.8 3.7°
~Overall acceptability ) ] ) ]
MW3 8.7° 7.6° 5.4% 4.6™
MW5 8.8? 7.5% 6.0% 5.0°
*Wilt, Discoloration, Decay, Clearness Excellent(1%), Normal(53),
Extremely bad(97)
x*Texture, Overall acceptability Excellent(9%]), Normal(5%), Extremely

bad(17)

*txmean In a column followed by different superscripts are significantly
different at the p<0.05 level.
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o mlolAZWME A7 54
200%+3} 4 9] o] &2 Video microscope system(EGVM-358,
Sometech.Co.Ltd, Korea)g ©]&3s}lo] 60v&9 Fstual=zz =43 A3} 50um ©]

sko] HlEo] 70% o) AAE e & A

o= 31842l DSPC(I,2—distearoyl—glycero—3—phosphochonine) I A W
H20)e AHEE W ETRE AZto] ER dekr = ARle] dslen, AHES &=
Al EFAFETA ST & AATH

R8s

3. mlo]lTEME A8 i ar Ao @ FAG7}

o AHEe We AREE AA 5 A4 B4 Bt

o
Nl

xﬂi# ‘ﬂ*oﬂ e AFH F dFEel FEES 4T Ay FAFRHCDT
=8 100%Z  Chlorpyrifose ixﬂﬂ(HW)?ﬂ 81.01%, LWHHE(GW)T+=
52.66%, POl AZHE(MW)TE 38.85% o #E&S UEl vlo]a 2 E(MW)E
AF e B9 FAAT B 38 E AAZRT = AeR YEgon, EAFHT
Bop 2ufA = A AEH7E o]t Procymidone® £A412(HW)T+= 70.95%, 4yt
HE(GW)TE 48.31%, vlo] AZWMEMW)TE 43.73% = FAZH(CT)Tol vl v}
o|AZHEMW)T7E 2v) o AHENTE Ade HoRE e mlolamwEAH
o] FofAlA e aFAels e & A
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vlo] I 21 E Oday

AL 13, AlA s Sell e A% 6L F AL 233t

(D) =7 =4
A G FFo wgh A Fd5= 29 99 o] wlola =W E, da4, A

a5 e S9en B4 FHL oAt A%E B A AYT =E
A% 64 744 1 log CFU/g ol3te] 4 nidm 1 FoA mrolazm 3
277k AL Wake nol AR 24 oddel avt JE Aoz A,
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6. vlol AZWE/AM| F /bt SAI ' o] o]k 98] 84 Ao

AZWHET7F & AHE T2y 1 Log CFU/g A%
&% Al A E vlolan el a4 Hfel WA A8 T avt A
3, Asjevlol ARW BT T RE FHeIA AbY B 1ERE vehigic.

(D B oI5 AAL] A=/ 7Y 24
q

Beq AYxdel Be Ade FASHS S99 A% S5 Ase 98
o F#4E 4.8 Log CFU/gol®l, AHAT  Asie+ vhol L2 (Er MW)T-
2.65 Log CFU/ge.2 vehd 71 @342 Aoz Yersta, A% 6¢44 E+ MW

= 354 Log CFU/g® vieht Asi5sh slola2mE-g ol g8l A4 39S
W ER4 Aol b ERAUL X 5 ATk FEE ZANA A8 vho]
EWREMWTE 485 569 W47 1A g} e ERE By, ol

AR gl dillg 579 WAE AAY T B Jee & UM

bo
H
~

b Fd Wl

A Ae A Ade] EF4E 4.8 Log CFU/gOR AA Ag 23 duhi
(BW)T-= 3.84, vho] Z=HE(MW)T= 3.61, Aalg+ Qube] Z(E+BW)T= 3.03,
Ad| G+ vlo] AR E(E+ MW) = 2.65 Log CFU/go.2 Yeh} 744 a345el A
o2 Yetyth A7l Al wmet BE Ao FH5F STk AES
2 ®da, A% 648 FEARCTTE 6.04, BWFE 497, MWTE 4.30,
E+BWT= 4.18, E+ MW 3.54 Log CFU/g® e Asj4el nlo]qzme
% o3 ANAY He u Fs Aol Mg BAHYL & 5 A

o
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550

5.00 -

300 -

Total microorgranEm (Log CFUfg)

2.50 -

2.00
HE HER=Z i i

Storage period (day)

—&— (T --E- BW —A— MW E+BW E+NMW

a9 18, u}oﬂim—gmw SERS lﬂ—fﬂﬁmoﬂ W AU Fis wa
CT : FAI4, D ARPHEA A, MW @ mlo] AR EAH,
E+BW : 2 +UP°]£LEH1EHI B+ Mw:w% UNEEIEERE

() 7155 ZA}

Apperan:e
Apperance 100
1

Overall

Owerall .
= off-flavor scceptability | ¢

acceptability |

= off-flavor

Clearness Wikt Clearness Wilt

—o—CT - BW —A— MW —@— EBW —¥- Exw| [—o—T —B—BW —A— VW —— EBW - - ErW|
Oday 6day
Y 10 AAGE ol STADS GE A A5
CT : #A41#, B AW E, M-W @ vle]A=n &, E+ BW : Ao+ dnbn &

E+ MW : 31‘3HT+ U}Olii‘ﬂ%

E3hA € leia‘?r FAHCDTE A A FolA <z AAAHE, A&
T B VSRS HIla, o]FH I A zﬁ‘H# Efo WAE dalg+ dity
+BW)T= o AgFrtg @e 7|55 E Btk v A4+ nlo] A2
E+ MW)7+= dalg 579 WAzt Urﬂ L-‘OP 2 7S5 E B, nlo]a=
o] Malg Efe WAE AAMN F= a3t 2
E+MW7F 22 oA 7HE £& 7|3

1

=(E

o e 5§ & M

_

3 o oz o



) EEA Pl o AAY AlH/ A 4

b E=d4F A
AT e MAE AEA YEL 6.24 Log CFU/go 2 AlH 3 AUk E(BW)F

£ 5.17, vlo] AZWEMW)TFE 4.48, a5+ uka E(E+BW) 7 4.23, A&
+ulo] AR M E(E+MW) T 3.88 Log CFU/g® E+ MW7} 3t Aol &%
oItk Asls olgstd HHAD Al dnbs AHEG wlola2w a2 Al
sh= Aol maabHl Ao yeisith AA7|Rte] Ades BE ATl S
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Washing Effect of Micro-Bubbles and Changes in Quality of Lettuce
(Lactuca sativa L.) during Storage
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Korea Food Research Institute, SungNam 463-420, Korea

Abstract

We assessed quality changes in and washing effects (time and method) on lettuce (Lactuca sativa 1..) 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 impurities.

HW and BW samples were not well washed.
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