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Effects of Chlorine Water and Plasma Gas Treatments on the Quality
and Microbial Control of Latuca indica L.. Baby Leaf Vegetable
during MA Storage
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Abstract. This study was carried out to investigate the effect of chlorine water and plasma gas treatment on the qual-
ity and microbial control of Latuca indica L. baby Leaf during storage. Latuca indica L. baby leaves were harvested
from a plant height of 10cm. They were sterilized with 100uL-L™ chlorine water and plasma-gas (1, 3, and 6hours),
and packaged with 1,300cc:m™>-day-atm™ films and then stored at 8+1?and RH 85+5% for 25days. During storage,
the fresh weight loss of all treatments were less than 1.0%, and the carbon dioxide and oxygen concentrations in
packages were 6-8% and 16-17%, respectively for all treatments in the final storage day. The concentration of eth-
ylene in the packages fluctuated between 1-3puL-L™! during the storage and the highest concentration of ethylene was
observed at 6 hours plasma treatment in the final storage day. The off-odor of all treatments were almost odorless,
the treatments of chlorine water and 1 hour plasma maintained the marketable visual quality until the end of storage.
Chlorophyll content and Hue angle value measured at the final storage day were similar to those measured before
storage in chlorine water and 1 hour of plasma treatments. E. coli was not detected immediately after sterilization in
all sterilization treatments. After 6 hours of plasma treatment, the total bacteria fungus counts were lower than the
domestic microbial standard for agricultural product in all sterilization treatments. The total aerobic counts in the end
storage day increased compared to before storage, whereas E. coli was not detected in all sterilization treatments. The
sterilization effect against bacteria and fungi was the best in chlorine water treatment. Plasma treatment showed ster-
ilization effects, but within a prolonged period of time. In addition, the sterilization effect decreased gradually. These
results suggest that chlorine water and plasma treatment were effective in maintaining Latuca indica L. baby Leaf
commerciality and controlling microorganisms during postharvest storage.
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THY FAFVE FEAIA 71EA] oPde] mlAEo]
AZH7] ol 32 2 QagAe] o §He AiFo
A DA AlF 2 A5S B 2] vdE 2
dS FHaslsle AAFA FAAE FAFe]l d4Holtt
(Kim¥} Lee, 2009). A9 $-2luel= A4 2i4e] 4
ol #et FAHA Ve FEo] AR R AAo]
HKim 5, 2017).

IRkH o Z AAo] Axol= Fag %] Bl AL
™ (Mehmet?} Ilkin, 2007), F-57I1F &<t U= A
oje} FARA | @7t 7P EFFo|Yltar Bad
vl AckBaur 5, 2004). SHATE GAFL] ARE- A HAY
E Aol 5= Ty o)Fe o FeHd FEAS
2 23} YEleAas YT 4 JorE oy W
HALS Aok (Torriani2} Massa, 1994), A& & A
Z7F 4o EREs Za o AL FgErH(cold
plasmay= A4 FAHE Ao AAIAR] 7S B
T At Al 7l T SPE(Critzer 5, 2007), 2F,
A BHZ, dol 58 XFel riE A 2 A
ol 43S 7)XHKim 5, 2014). Kim $(2013)% 3
gzrt HYE B9l FAFAA vAE Ao a7E
gk v} Jlom, HIZRA] tdsl AEs tVteE &
g=zrl AYE 53 vAE A A7t Bausa ok
(YoonZ} Mok, 2015; Kwon &, 2017). 3FX|5F o]& &
835 oSl AA At B Aol wXle AT A
=AY Bad Hh Qo

wEhA] B A7e A4t SRRl vk At &
aEu7] ALY Y F FE L E A
o A= FIFS FHEtaAr st

ool

HIFEH

Mz o

Y15 7 (Lactuca indica L.) AES o8 HE
H=EA, Mgulele, F=hHE X3 128% §H Z8
Egoldla 20183 8¥ F<HE  Ajsle] 2o
1ocmolatd o EslGint. At JXEe 94, Fe
znp 7RA2 Fhal AlFE A R FAEE tiRTE

St dae AT Qe Aoldaties
(Yuhanrox, Yuhan-Clorox Co., Korea)> A8}

100pL-L'e] 52 9033t AlF & A2o|x ARke &
g3lo] AR A g4, 40 AW
(1,200L 8ol 6AIZFs<t olWxiz] slth(Lee 5,
2009). Zef=v} 712 AEE 4°C Ao AL Z
2}zru} AAJ7](HKF-10, Biozone Scientific International
Inc, USAYE ARESI 1, 3, 18]al 6AIZEeE Yo
NS A2 = BE Zekzet i Ax)e 3]
o AAE 0FoF WHIlsly Fgdshe AXE FAU
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ol 2E AME FE WIFES XHIHKIm T,
2009). ololl ¥ AFolM®= FoE 7IA EA7](Porta
Sens II, Analytical Technology, Inc. USA)YS A8-3}]
Fepznt A7 BAskE 0F TS SASA
At A & ARARFEAETE 1,300cem™-dayatm Q)
OTR(oxygen transmission rate) BE-S AMgste] A
Far, I & 8+1°CY A %o Al F% 85+5%

AN
o] Aol 2593 A3t

A7; 717F B9 AT TS, I AR, okkslEr
2 9 g w7 Has ARG, AT g
< 7] TN FAske TS WiEEE A
I olxkslgkh 9 ARAh FEE  infrared  sensor
(Checkmate, PBI, Denmark)@, o83l F%+ gas

analyzer(F-960, CID Bio-Science Inc., USAYS Al&3}
o] 5743} tH(Terada 5, 2017). A HEUol HEA

ke chlorophyll meter(SPAD-502 plus, Konica
Minolta, Japan)& ZA}SIaL, M= ARA|(CR-400,

Konica Minolta, Japan)Z S35t} A7 S5 <
W FE4H olF= 5 didel o3 AR =
Alele] Qg FE Su2 A A 7Y FEs AdE
S 54, ¥l Jhsst s 33, aela e
o7 s S dEE 13eE et o=
A Fehe s 04, Wi A 7S SHeE
A TH(Loaiza®} Cantwell, 1997; Kim 5, 2018).

F VAE = AR 2gS T (sterile sample bag)
of ¥ar Hig 18mLe 715k 108 EAIA]A stomacher
(Power, mixer, B&F KOREA, Korea)S ©]-83fo] 357F
w238 stk wEsE AlE 02mLe FH3led 20mie]
g gAste] HF 1,0008] 34N Az
WA= 3M F23JAH3M Microbiology products, USA)
9] Petriflm TM counts ARgsle] 34 1.0mLs
film$]ol] B3l Wbl (35°C, 48A17F), WAt (35°C,
247171, T3] (25°C, 72A1RY) 242t Hikstd Asvtae
Z747]|(Petrifilm Plate Reader, 3M, USA=
(colony form unit: CFU)E AXFIITHLee 5, 2009). B
AEe 5 wHEog FdEiyon, FARAS Microsoft
Excel 2010 programs ©]-83F ZFH2F 2 SPSS(IBM
SPSS Statistics version 22) programs ©]-83F Z} €]
7o) oA A8S AASkATh

Eznl A7 Ak 0F s=E SA3 21,
Al Fekzeh Wz 71Ed F A PHle oF
S5 AR o)l 04ppmoE X E YeRd &
A= 0.2ppm7FA] 714810t ThA] AAE] At
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Fig. 1. The change of O; concentration in low temperature cham-
per treated by cold plasma generator.
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Fig. 2. The change of fresh weight loss rate of Lactuca indica L.
baby leaf packed with 1,300 cc OTR (oxygen transmission rate)
film after sterilization treatments stored for 25 days. Vertical
bars represent + SD (n=5).

Eekzrt 7k A7t gase] oA MAAY & F23 nAE Alojdl wXE dFF

AZT7E 1.0% vere R wle- AAckFig. 2). B &
A FFF Yl 38 AT Aago] 3-5%F Hole
Zo® B wj(Kayse} Paull, 2004), & dAFo)d F& &
A7 Q3 4 At AFe YehtA & Aoz ¥
dEt BE BAE 9482 gile NaOCl #2+
NN 7P =& AT AAES BYsd, o A
I o g 93 B AR} olFoix|A] Ea =}
Eof| HolQld Fo] A T St o= ddEc
TS FAErel] mlal Eekzet Ao AT s
o] i &4, ol AYErIEY Zgk=rt A F
AR AT Aago] ESthe Aol U]
Stk Misra 5, 2014). ¥ Y Ak e A% 7
asith A 1294 ST AlRele 2 ATt
A Z5Y 16-17%2] FE2 HITkFig. 3A). AR
Aoz XA ) olBlets: Fre Al ZUIsITH A
& 1294 st AT FRY ZE ATt 6-8%
FEE HATHFig. 3B). EE AT TF U &
9 olilslEld: FEe FARE S BYe), ol A
TAE] & MAAES 9t TAZ FY3kA 1,300cc
OTR &5 ARSR7] wiZoletarl veken)

g W g see A 7] ISt AR
B 13uLLlY] FEE S-S WHESItK(Fig. 30).
S8 dopbzo] odal WS VAR A, A%,
Faf Foll o3 FXErIx slar, doliksiebant At
= 5o 93l dAE7|= 3h=tl(Kays and Pall, 2004),
dukroz MAAANA A odgd e Az
719 F43] F71ett 2 Aakael alojalsler
A Z70] AN 1 w5t Ahdke A B
TH(Yoon et al, 2017). &3+ A FEAI- 71 v
AW FES HR FEkEvh AlRE AElgelA A%
10YARE A T5U71A] 2] olgl 27t 71
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Fig. 3. The change of oxygen contents (A), carbon dioxide contents (B), and ethylene contents (C) of Lactuca indica L. baby leaf packed
with 1,300 cc OTR (oxygen transmission rate) film after sterilization treatments stored for 25 days. Vertical bars represent £ SD (n=5).
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== (Fig. 30), ol AT etz A= ofd
o] Mz} o] ol o3 WAt ~Ed 2~ Y
2 old#@(Kays and Pall, 2004)2] dgkolg} =9}t
F2 AAYY A EH=rE AEg dTeE =5
ARHL Z73717ke] doldgs A&l &4 Ax
A7t o ZA YeERdTaL skth(Pasquali 5, 2016).
2L &30 A5 dEdl e FHou gzl g
wzkslckar st (Wills?k Warton, 2000), S 7]
T AL o] gl whEsie] 2Ee] w3 31
Aot HIHAEES 53 9 FEL AR 2087 F
Aot Fetzrt AR ATt AEEe 871 AR
ste] A TR daret STk=nt 1ARE AR
o] AEAS FAEItHFig. 4). ZEk=v He AE
gol| &4s = 7 UL, AR T FEASE FEste
FAAQ Qe oI F Utkal sHed| (Pasquali
5, 2016), 53] ofASALe A o] dsle] Alxet &
doll 7 Apgoltt. B AFME BAA o8
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Fig. 4. The change of visual quality of Lactuca indica L. baby
leaf packed with 1,300 cc OTR (oxygen transmission rate) film
after sterilization treatments stored for 25 days. Vertical bars
represent = SD (n=5).

AJo A 20dARE 3217E, 6217 Eek=n) 2
T oY FEAAST wEA BHFEATY. A T2
A A olFe BE ATelA AY =ARA] e
F0] ATH(Table 1).

A FEY AR Q54 e dag AR
=t R AT AR A9 ARE RS B
o A5A At A9 Ao, FAETet Fek=vt
A7 e e A Aol vlsl] G4 gHgo] 1ad A
S RIS THTable 1). A== P=2 Yehls L' 3
FACE Yehle b g At A2k 549 fode
o} A ol vls) Hx=e} T} oK THTable
1). Hue anlge(")gte G459t Z2k=rt 1ARF A7t
A A3} A 2] Qlo] w& S HYL ol =
2~ &g} vlE|sh=d], Hue angle #ko] 1809l 717112
FE A5 HRthal SKTHMcGuire, 1992).

T TE = A AY A5 A FEYA 24
sttt At A2 A% 2ARE & vdE e diET
o BIgl] BE ARtxjE]ellA At G2 UERSATH Table
2). Zejzvl Xge] A9 A A AF Fgo] i o)
gt Atk ZEfzv) AR XETellA VERTE Bae
52017y vigZek=r) YA 2=l 23t dlternaria &
sgo] ZA} o} oA g3t 2AZ =FA] 0.44ppmol]
A= 6.1%, 11.8ppmolA= 80.85%ATaL 3I3ATt.

Seuehs Al FAE gig mAE S8V ¢l
O}, Solberg 5(1990)°] AXISH HIZFE Zej2lEe] oigh
HAIEZ Q7| oJald URkAlASE 6 logCFU-¢, o
S 3 logCFU-g! olatolH, vt A&F379]
Aol digk g 4L 19 100]8k2 #AZs)
Aolth, Be ANt A AF A & e
ARl TN BHE HT, F A 2 F F
o] = GG AT At a9t 7PE 955k
o], dae] rade AL, A5, A, A

.

n

¢

fr o fd rr

Table 1. The chlorophyll(SPAD), color, off-odor of Lactuca indica L. baby leaf packed with 1,300 cc OTR (oxygen transmission rate)
film after sterilization treatments at 8°C in last storage day (25 days).

Treatments Chlorophyll Color index Oftf-odor”
(SPAD) L' b’ Hue angle(®)

Initial 22.0a" 46.5¢ 26.1c 126.3a -
Control 17.5¢ 56.6ab 30.5ab 123.6b 1.0b
NaOCl 21.4a 53.9ab 27.4bc 125.1a 1.0b

Plasma lhr 21.9a 51.8b 27.0bc 125.3a 1.0b
Plasma 3hr 19.5b 54.8ab 30.3ab 123.6b 1.0b
Plasma 6hr 17.5¢ 57.4a 32.3a 122.1c 1.3a

“Off-odor was measured that 5 was most severe; unmarketable, 4 was severe, 3 was moderate, 2 was traceable, 1 was little, 0 was fresh

condition.

YMean separation within columns by Duncan’'s multiple range test at 5% level.
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Gade} Fezml 7 Helt gusn] ofRQAke] MARE F FA3) AR Aol PlRE 9%

Table 2. The total aerobic count, E.coil count, yeast and mold count of Lactuca indica L. baby leaf after sterilization treating and after
MA storage(1,300 cc oxygen transmission rate film) at 8°C for 25 days. (unit: log CFU/g)

Total aerobic count

E.coil count Yeast and mold count

Treatments”

After sterilization After storage After sterilization After storage After sterilization After storage
Cont. 6.002" 6.002" 3.00a 3.69a 4.08a 4.35a
NaOCl 3.46e 4.51d - - - 1.00b
Plasma 1hr 4.85d 5.60c - - 3.00b 4.03a
Plasma 3hr 5.07c 5.67b - - 3.89a 4.12a
Plasma 6hr 5.50b 5.69b - - 3.89a 4.27a

“Cont.: No treatment, NaOCl: 100 ppm, 90s

¥ Mean separation within columns by Duncan’'s multiple range test at 5% level

A SolA o2 ®aE vl QItiLee 5, 2009; Choi 5,
2004). Eef=n} A2lTe] At Eah= 27| ARkl wet
Folatdetl, Eek=rt AR A TE AlQg BE &t
znt Mg PE §8A] 7S 56t vzt =
ZAFE f5ol AL gl Aew ATETh (Table 2).
Lee 5 (2018)= Zek=rt AElE 53 Fvd¥= A
e} tEo] ¥4 I 595 Bgh vl Qo

A TRE R F MRESE A A viE =
7V A% HAAEH|(Table 2), & HTTE BE A
T ATelA HEHA it B8 F AT B &
Bolre Gag AeT7 P 9 A EdE =2l

31, kel ATe iRl vis) Adade yEl
o} Agrigte] ool wiel o1 avk= wlnlsiitt
(Table 2). Kim 5(2011a)y> #&717to] ZAojge] uje}
sl 2 Ry Soz Qs #Fo] wale] Fridvar
Ha g oul e, B Ie ARARE E8=e A2t
AR F FE AsIE f=ste] o] Wale] 7191 g Ao
=2 v, =3 vE A7k map) ool wet Adolgh
-5 B, Alado] 5ol i st Az Al
A, o, Fgold tist Ahtavhs ool wet zjo]
7} AR ™ (Hwang, 2017), Ze}=r} Xg] €82 P&
E47 2 AR il vl gEdiokal stk
(Moreau 5, 2008; Stratakos®} Koidis, 2015).

Qo] A= Fsleind, Sasuwr] oele A

A 2 EARE Setrt Ae] A &3} 3 R JAIE
S AEE FA R FEE Aol At e RS

2 doEnh

y 2
2 d7e gasmy] offgle] dag 2 Eek=et
F4 9 vBE Aojol] vXle JES &
ofE wA} FePEiitt. 4o 10em F<EollA gl 9ar
100ppme] B9} Zej=n} 7RAE |,

AldRlo-A=25, M28d M3S 20194

3, GAITFERt At ARl & 2AFHEIE 1,300com?
-day!-atm'¢] OTR(oxygen transmission rate) BE-S A&
slo] ¥, 81°Ce] AR 2=} Al F5 85+5%

Zollq 2597 AASIHTE. A T AT AAaE
2E ATt 1.0% 1 Ry, AR F83Y 2

Aol 2 Ul A FEE 16-17%S B, X
W ooldshat TEE 6-8%2 FES BT xR
Y dgdl a5 A% 7RE 5 13uLL'Y] o &
e SIS, A 1024 A TR E
gzrt At A7t 7P w2 RS Btk BE A
gl olF= A AR S ollal, da B

o il o Lo

T AR, masT X
Zeze} sl )RR A} A FRQAA AELL

FASA. A FEDS) 2AR G54 T Hue
angle k& @29} Bekerh 1A et A 2 £
A FEOR B SRS RS A Y AF
wE At Aol dRe PEEA 29, & Al
F ggo] & Zelzrl it Al TS Asd mE
Azl T VAR G187 SEs9 A
U 2AR F EESE A Ao vis) Sk
U} tPITE BE A AelTelN PEEA ik
At golol tigh AT Aad A2t A1 S
e, Sepv) AelFe Save veoyt A2
Az1e] Zojlel we} 71 Evke viulalsich, 9le] AstE
Y, FusSy) oS Pat Ael ¥ AR
Fepavt 42 A Pok D o) S B P A
9 vE Aolo] Asbh Y RO BT

B

2 oX 1> Y2
ofN -
l

l

F7F FAOY: U, BE, o3, F T, F Al
At AL
B Ade FESAAETY] AdeRm FHFIAE
71E718971919) FAEARA7IENEAIG Y] AYS it
o} ATEHAF(117038-03).
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