2009



20081 11€



o
N
X

ol 39 HAR w22 AET.

A (A1)
A (A1)
A (A1)




]

L5

L=

A

o Az o ZelF
AABEA, A

RN

=2

RN
=2

ol shgoz AT

, AA3 AREA FHA

A

]

A
54

RN

. oF=d

A 2
AAA B A} ez o

(<]

T

5l B
o AANFA = o1F A AAEA A =2,

T m o T N oy MM o i
N i N % N 7T Mo I T o
w o7 B R Y w - N ¥ ow
T e T W
© oy TETRORET & S 5
—— —_— - e} - \H HT a °
~0 X ) .O' —) ﬂ_A' Of
O N R T ww T
S SC TR N e n
. X o o X W ¥ bl
E L S G
LI T I wp oo LGS
T W T o kg om N
o —
<~ Mmoo - X nE 1N
- T R iy -
e - F R v I _ﬂ_mo X .= T
;R X B R T 95
@ﬁﬁ%ﬁﬂ.ﬂrwﬂm._ﬂ
T oo o om mw_. T OO Mﬁ G
7 4 X F 2 B M-
T RET 5oy 32
OT X - i i °
. E H® 3 oo M -
LB e Wy oy W oo o
TR o = % = B° :
] N >R o & Nl o e iy
0 X Mo °F L & g iy 9
] T o — B B L do  &r 3
2 mﬂ = ¥ x oy M W R oo % o
S ® ~ X T oy S
o . T T
,_Mo in Mo O T ow - Mu ™ W ojy
oF - olp ny i ZT O_ 0
n W o uj = b=
3 o S go <r
= T I g o oy S F & o
o oo B - T S
6 ~ ® MR W m W 9
o R NN & Cul-Y XKD



=F N L

T BAZA olEEE AFAR F AIFTA °1F ez Qo
o] o] foz = AT AMFE A2 E AF F d2a5S A

7170 vt 4 EskE e HJrrgeEd AR FAF
A2 71F YL 9T 712 ArE FE3aA 5. oS 93
BAZNA o] HETL £ HAFA AF, ARG FAFA 20, E
ez stw J4 HABY A F Al 100ppme] FEFE7F i
PR Y= AT APATFANA AA2 AFH A 50~200ppm

+r £ guitdez ALz 2T Agst o
g S 7IEe® AAMTYA g&£¥=(50ppm, 100ppm, 200ppm) &k =]
AIZHGE, 103) S H2A 3o AF 2 258 F A33y F4E da3

>,
o

AR (EZFRTS, WFTESD) B B4 o

A, AlF S 2Rl AAEFE 3THA 04(=F 3 F), 14, 34,

19, 39, 5l W A4, Fo, A, 2%, AAHY 725 S
SRLT-L

Vgl Qe AT ATE i Pt



ek

1. AT AH U 25GA AL 287 U LEAHE 2
4T, A2 6.0C, 29] 5.3C, EvE 5.6Cg9,
AH 2 2EDA AL £ 28A7HS FAF7F 22.58~24.98, x| F{7)

16.85~19.33% 22 #AA{F7 2A 28= ).

A

g

A o] w2 o]5tdrd FH FA A pHO A, 9ME A,

AY L A, 2537 7 dACA 4.60~6.83 HAZ v E] FAF

A 7HsA H9H 4.6~7.0)¢ D= FFEoIQ oy, diFEe uA

2o 2 H] Aol °]FzE UL pH 6.8~7.291= EFEHA d+&
WL g

AwE, AADA F AFE 0.94~0.99, FAFE 0.95~0.992 0| A

2 249 A G¥Ael Y= £2U 91(0.85~0.99) 9 Fshsivh.

FIN

3. AAdA Y w2 v|AE A A3 AR nAE S VEXN(E
HH#F5<6.00 (Log CFU/g, °13A=), B FL+<3.00F =7
A kol vAEFH o2 AT G oy, AT AT AE
A A BEHDTEFE 1.45, WA TESFE 2.169] zolE B
AAZEE 2 EYt. A D 25 AN Hi9

_Olll‘

T
£
o
=
of du o

4. A Y 2 AR B2 olsshE FF A7 A=, pHE A

$ 2% PRI Rl F Bl ghgort A sl vt Szl U4



3R
mjp
—_—
N
Ko

=

A7) 7ol wheh o

I, Awe

< s A

2717kl ot

o)
=

22 F7hsk%l e (p<0.001, p<0.0001), A& v|AE 3§

7122 (6.00) S Z7}3}#] o} u]WE3H7

DEE

T
T

U BEH F2 7P ¢AHIUNY 200ppm 4

Al
A

144, 394, 544 77|37k w<}

731—

%, A

1.85, 2.58, 3.13, 3.34, Al
FiE7t FAH R SIS RAH(p<0.0001).

2.69, 3.22, 4.18, 4.27 & ZF¥¥H

T
T

T
T

FAF 209 EulE

A
4
Bn

K
!

oj
"

0
_T_I
Rr

Wr
<]

o]
=4

o] AL A% 5494 100ppm

ol

<
)
(e}

A7} 7+ 7F 2.33, 2.16 o7 o)

2 200ppm
, A7 14A, 34A, 5¢4A 1.92,

N
Ko

AFA e A

1.95, 2.29, 2.3322 §ogHez =759 H(p<0.0001).

o|

o 3B Y A%
so vl 9

do=

o =
= 3

WZAaFZ57F 3.00
A7 Lol EvlES] AL £E5 A

AL

=
1=

, i

3l

A
TR

"

3H2 X3

A

$e o

A% F17ke] ARGl W} FFESE SHen 2e

A7 144

Lol

AL BRI (p<0.0001).

)



°]¢ 3, 50ppm P&

A&7} 7]

A AR wet gAFES5IE 2.03, 2.25, 2.82, 2.9302 feo|He=w

Z7}3 A 9 (p<0.0001), w4

ol &

°
N

AR 717 ¢ BRE AR WREEF7E 3.00 o= J|EAS

T
T

#3542 %t 50ppm &

¥, A%

2.04%

Zx=

1.77,

59772 AAZAFEF7F 1.59, 1.68,

3L,

1944,

A, FRIAT f9HNA P Lol F

qHE 5

25~73%%

4HYe 2
Mg 71zke] Aol et W AR

By

7:___]_

SE
-3

Al

AH(p<0.05,

=
T

(p<0.0001)
0.01, 0.0001).

)
=

BE NEE

g

x

H(p<0.0001).

B5AAAH QAT FAF ZEAN A

7.

ve M'I’E't‘" ’ O]

‘E]-o] z] o} o}

o1&

d

S47F Al A17ko] Al whEf

AmE,



Vgl AT A, MxPE LZgel olsharn - wAERH . A

A MAL G4BT BAT 23 AW, AT A da FA 94

2 AFANA DT P& 100ppme] PEFE 25 AR 3 B4R
Z57h A% 1GAREH BT A V12 2 AoE yehg w,

A3 717 B¢ HAE A% A WAL 200ppme] Pagel 587

AAse 250 Pasthn Azt A, FAFE £

$ob gag AT B A4S EEAVISE BT 0AE 946l ol

AFL A= FEo1dey, ARV A3t w2} a5 e T A
=

$7h B 4% 4SS AAREE 50ppme] GaFel 5EZ ARE &
o] W= B8P Aoz AR =¥ WFFILE EuE 2 o,
50ppme] G242 2ERAURE AF 717 F¢ B FA] +5



1. AdAs 44 2 &5 7
2. Ay 11

=2
1) 2847 %

1) L EAFE] 23] eeererinnininnetiinniiieei e sessnneseees 11
IR L B s B I PPN 11
3) HJAIE B2 ceecrrriieiiiiieees e e s e ae s e s ae e eeseas 12
4) TEA EX TT} cereerererninniiniiitieieni e sessessssssne e 13
5) E A ZA] ecercentitiiiiiiiiiiiiii i st et s ea e e 14

M. AJAT L FFF ceeecernniniiniiiiiniiiiiinii ] 5
1. A FA O ufE F A W3} ceeecevcrncnciinniniiiieiieceeee 15
H

1) 28 A% 2 LE §

o3

2) oshehn ¥

it
)
[S—



3) BJAESFA BA ittt st s s sasane 29
2. A% 717 & F4 W3 36
1) O]BFBFA HLA] terciiriimniiiiiiii i e 36
(1) PIH eeeveeeeenneretitmuiiiiiiiiiiiiiiitieiiiitii ettt aeeeasenaeeaanees 36
(2) ZBFLA T (A W) ceveeeerenrereentmniiieuiitiiiiiiiiieiiiiii. 36
2) B]AEEHA EZ M3F} BA s 49
(1) ERTTFTS ceceeernrrenrttiitiititiiiiiiiiitiiiiiiiiiiii 492
(2) TRAFTET-Z2 eeeeeereeneenmententeetemtemtertenteetertemterteateaeeseansamssnssnsons 52
(3) d&5 &5, FAANZ, AR 7123 v BT FA AadA
....................................................................................... 63
3. A 717Fe) WE FEA FEA EA eeccccncniiiiii. 66
IV. 28 B AHQ ceeereerrritmmiiiiiiiii.. 87
REFERENCE

ABSTRACT



Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

List of Tables

1. Standards of vegetables for sensory evaluation:«--- 10
2. Time, Temperature, pH and Aw of Lettuce in various
phases by disinfection method sss-sseeesresersensirnciuiinaniannee 17
3. Time, Temperature, pH and Aw of Spinach in various
phases by disinfection method sss-sseeerreseresencirninnineniannee 18
4. Time, Temperature, pH and Aw of Cucumber in
various phases by disinfection sts-sseseseesersennninniiniiinniane. 19
5. Time, Temperature, pH and Aw of Tomato in various
phases by disinfection method sssssseeseresersennircinieneniannee 20
6. Microbiological evaluation of Lettuce in various
phases by disinfection method ssseseeeseesreerecennienianinane. 24
7. Microbiological evaluation of Spinach in various
phases by disinfection method ssseseeeseeseeerecennienieninnne. 25
8. Microbiological evaluation of Cucumber in various
phases by disinfection method ssseseeeseeseeerecennienieninnne. 26
9. Microbiological evaluation of Tomato in various
phases by disinfection method ssseseesseeseeerecennienianinane. 27
10. Changes in pH and Aw of Lettuce with various
disinfection methods during storage -sseseseeeececececececeneces 38
11. Changes in pH and Aw of Spinach with various
disinfection methods during storage -sseceseeeecececececececcces 39
12. Changes in pH and Aw of Cucumber with various

disinfection methods during storage ccceccceecececccccceccccces 40
13. Changes in pH and Aw of Tomato with various

disinfection methods during storage -sccceeeeeecccccceccccccece. 41



Table 14. Changes of total plate counts in Lettuce with

different kinds of disinfection methods during storage

Table 15. Changes of total plate counts in Spinach with

different kinds of disinfection methods during storage

Table 16. Changes of total plate counts in Cucumber with

different kinds of disinfection methods during storage

Table 17. Changes of total plate counts in Tomato with

different kinds of disinfection methods during storage

Table 18. Changes of Coliform counts in Lettuce with

different kinds of disinfection methods during storage

Table 19. Changes of Coliform counts in Spinach with

different kinds of disinfection methods during storage

Table 20. Changes of Coliform counts in Cucumber with

different kinds of disinfection methods during storage

Table 21. Changes of Coliform counts in Tomato with

different kinds of disinfection methods during storage

Table 22. Spearman correlation coefficients between

disinfection methods and microbial factors



Table

Table

Table

Table

Table

Table

Table

Table

23. Score of Sensory Evaluation of Lettuce during
SEOTAQZE ++eeesvrsrerssenneenttuittuittutituittuttittuittuttteieatenestaasannens 71
24. Score of Sensory Evaluation of Spinach during
SEOTAQZE ++eeesvrsrerssenseenttuittuittutttuittuitteittuettnttteieastnessanssannens 74
25. Score of Sensory Evaluation of Cucumber during
SEOTAQZE ++eeesvrererssenseennttuittuittutituiituittittuittuttaeieastnestanisannens 77
26. Score of Sensory Evaluation of Tomato during

Storage .............................................................................. 80

27. T-value in Score of Sensory Evaluation of Lettuce
in same chlorine concentration related to exposure

time ................................................................................. 83

28. T-value in Score of Sensory Evaluation of Spinach
in same chlorine concentration related to exposure

time ................................................................................. 84

29. T-value in Score of Sensory Evaluation of
Cucumber in same chlorine concentration related to

exposure time .................................................................. 85

30. T-value in Score of Sensory Evaluation of Tomato
in same chlorine concentration related to exposure

time ................................................................................. 86



Fig

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

1. Phase in product flow of vegetables in various phases

by disinfection method ...................................................... 9

2. Changes in total plate counts of Lettuce in various

phases by disinfection method ....................................... 28

3. Changes in total plate counts of Spinach in various

phases by disinfection method ....................................... 29

4. Changes in total plate counts of Cucumber in various

phases by disinfection method ....................................... 30

5. Changes in total plate counts of Tomato in various

phases by disinfection method ....................................... 31

6. Changes in Coliform counts of Lettuce in various

phases by disinfection method ....................................... 32

7. Changes in Coliform counts of Spinach in various

phases by disinfection method ....................................... 33

8. Changes in Coliform counts of Cucumber in various

phases by disinfection method ....................................... 34

9. Changes in Coliform counts of Tomato in various
phases by disinfection method ssseseeereeseeseceecieniuiiinianiane, 35
10. Changes in total plate counts of Lettuce during
STOTAGE +reeseerressersnntttttuttuittititttitiittttitititttittstassataacanseans 48
11. Changes in total plate counts of Spinach during

Storage .............................................................................. 49

12. Changes in total plate counts of Cucumber during

Storage .............................................................................. 50



Fig

Fig.

Fig.

Fig.

Fig.

13. Changes in total plate counts of Tomato during

Storage .............................................................................. 51

14. Changes in Coliform counts of Lettuce during
Storage .............................................................................. 59
15. Changes in Coliform counts of Spinach during

Storage 000 000000000000 000000000000 000000000000 000000 000000000000 000000000 000000 60

16. Changes in Coliform counts of Cucumber during
Storage -.o-..-.o-..-..-..-..-.o-..-.o-..-.o-..-..-..-..-.o-..-.o-..-u-u-u-uG1
17. Changes in Coliform counts of Tomato during

Storage .............................................................................. 62



1. A4

W Aoz Aste] zuly Bk BFNEA AT FAe AABo)
AsE g3, 4ol AW FhG WS o= Aste] AR Wl

47
Aol whrlel gt?. 1P m FNE] ABLES Ao Ashe] WY
s 2 Azl e FHo= Asl o] A =

A A4, 223 AFHFRG AANES DET, 448 AT
2 OFE A2} A= wpt b

FeY e FT750

2
a4 AASHES £F DA 2 M 39 A
=

=
A
o
X
ne
=
b
Ju
lo
b
112
(2
o
ffo
i)
o
)
rlr
o,
2
)

HE S5 QAR 4Tl 27 Frbskn U

AAAIHEFS 5], A3, AH, 2D 2L sty 9 E=E @ @
Aolge] A4E A HFelekn olstn Yo A FeUHA 2]
E Pz St AT 87 WA AgAA vz &6 m: zed
S QES Hayel AT MG 53 Fo) AATE ARG FANA 20

AAL nFQe) AFFH DAY, AAANAE DRAAANE FEIHE
@ AARANFS FAB Fe £ 7 (minimal

249 HFTAFet WA 2
FEYA 29D ANYY SAE AR AR AT YA,
H2EFE g fUe H2EF 5 AAYA FFH HFHoE LA



ANA AFAG”. APge] tpesiel A&3t T Aste] AFe 2497}
WA 7137t F53HA, AFE Bl wet F2E JHEA o FER
7} A¥ste]o] AR/ A4S AFskes 7P & €449 YR dFEH 9
E AAIYY. n) CE "ld 73 699 A AFHo] WA,
5,000 AFE Aol oj2A Fom ZEIP. SUIelME
20059 ¢] & AFE TAAS 1094 5,71199 255 37 23
%L, 2006l F AFS FAAS 25979 10,8335 FAE LA
stgow, 2007Q9E F 5107 LA 1 FALE 9,686 o
23 gg'? n ALY F4] PAo L FAF 9184 F (potentially
hazardous food)el ATt Fde] =] U= go} vtz &
Aeo] AFE WAz Agrt W Ao AAFE A9t wAG, AxFe
EHAE 2 AF IF vAE 2 ASHAY By FUI2REH 24
2 o BBl EANTY. =F AT, welF 2o 2g9® Az HI=
A A FE BAo] o7 2 RauErH'?,

a)

AAdge] A& FhEAAeA 27 vidE 29e FEAE F e HE
A S AFAAH Tl AF2F A7 ded, 45 Akl 29 9
T A, EE 52 olEAS AAstE 12 AlF S T F, 23k AlF A A

7 25A% A4S YV, YdHen dak £50] wol AguelA
T YT, $EI0EL AR Aol FAGAG YA dxsrt 717
EHol Ut D @a FE Bk opet Gaie] FAHE A =T w4
E AS A Be] U Bavt Ao,

vl FDA+ The Guide to Minimize Microbial Food Safety
Hazards for Fresh Fruits and Vegetables X ZAE &3] AMx: A%

2 FEAN A 25 dE, vE, T T A S FHAA AFE



ol o]l27|71A] wAEe 29L& Z9]7] ¢ GAPs(Guidance on
good agricultural practices)™ CGMPs (Current good
manufacturing practice)d] W=2E=2 zAsz goH”. a8y L8y

el A% obd FAHQ AFE FAel AAHA ghet 4@ AZAAU Fel

gt AoV, @A FEFAY AEHE 25%=, F%L, 15%E
g Agshnt AAE £56 YoiA HBY 71Fe] FYH A e} F
NagE A N1EE AT 9t AAelth daAH Y A% A A=

& B, AFA, oo, EEE WRE 937 %1 F

=
A AASE AFeI. vyl 9859 FHET AHL vAE FE

.54~6.74, 6.00~6.61 Log CFU/g® 7%,
3.27~5.77, 6.69 Log CFU/g?| W@FZ°] A, FAFA Lold= F
&5, W3 474 4.11~5.82 Log CFU/g, 0~4.07 Log CFU/g &
Aste Aoz BuEm Joyp | AaFd Awglel FUF 2533
7} o] F A Y= AA el
uehi] B dFedAE FALZCAA oldEHE AFME F AF

7hdze glo] IR FA)o] o|F oA PAFY AF, AT HFAF
20o], EuxEZE dAez AXYA HA2FE=(GO0ppm, 100ppm,
200ppm) & AAAZHGR, 108) & T2 3t AHT F A3 F4
H3hE vlw, 4% gAFS FAFY ALFE 8 &5 JE 9L S

g 7|2 A2 B85l g



N, A

] %

23514

=
=

°]

st3 o] 3}s
13184 (Aw, pH)
’ u]/‘y

HoeE R
__O._lw_wL‘OI_/
Xow w Ho
Na%a_hﬂ 1oi =
u.L ‘ml‘m ‘qu HO?._
ol o T ~ %o ‘Llr o T
IOJn
R =z &% SR
4 2ow e o %fazﬂ% )
oo ﬁao_ 1Eﬂﬂ.1__o-+,_ 4y
G+ o= P OAF z X zdm,_a.u ﬂ%
.M._M— 3.%_-' .AL. EFV@.JHAL E_HM
ﬂ.lh.,.._ ..;L;o.._ 1r0 . 0
R Efraﬁ%wiwm.ug
il - X o zﬂ.wr@zuo_oz_xﬁ
T - S TR
oS A oW B %ﬂ&}
+ B Sk ,7aﬂoﬂ i F T
R mao_a%wawmma_hw
orﬂ”% umwﬁmﬁquWo_uﬂMwﬂvoT
’ 4 _]
muw_“um%a. M%Jﬁz%ﬂ% z
o X W < W o K T e A i yo
%H(ﬁ oy c_oxﬂﬂﬂﬂaﬂ%
y B LY TP EE T 533
4 _L_Ls.i &ﬁﬁ% _a;uun.ilga%
3 g o X Hyumu @tu- N
Mﬂnomoﬁ R T o ﬂwr%ﬂWA_.pa
omuﬂﬂﬂmo .A_-.__Aﬂﬂlr.hxog.uaﬁuwﬂ.uﬂ@
R R %%a%%nlgwa
~ _ N A
ﬂ%tng L anﬂq%w_uﬂumom
= - K oL 5 o = = LS <r X
9 , ﬁ e or:_olxl%%:u
Y a_aW .._ l,ulLt 0 N =
Oy AMﬂ < 1%&%% 1hﬂ
M_;ﬂ_ﬁ_-ﬂ_.._u(ﬂ_- ._ﬂuv.._ MﬂwoﬂﬁﬂuﬂL‘M_’me7ﬂJ
NS i o nR [l X AF 2 =ICH PGS Ko o
_Eﬂ‘m.o" ALHLéﬂLﬂw_u ﬂfﬂ]ﬂﬂ
N ﬂo_aﬁﬁiom._%_.Waumﬂ
ﬂoﬁ{h@wﬂﬁi&m
‘Mﬂorﬂ,oo_hﬂﬂﬂﬂ
S o
Iy

°]

)

A
u

s

i“‘}‘:]’]‘ yle
shele] A T
}00“ t“?}

1

L5

2z

wel Hasbe 2
o 0‘%‘ 7_]



=
=2

AF) Thepd 7
EE TR

T

L
21
3

Jo] 43 Sdi=<

AR Melrt AR © ol gel WelQ B

Y

—
8 2

k<]

]

A
=

ria

A Az EAHO] wo] B
%

9 9

Sk

]

(-]
A
s

o aAwe] AFel o
s X
=)

i)

=
=

p=%
[3)

Fsh el 914

s}

>=
T

i)

A €FTEe A4 S A
=
[3)

L=

A AAG e Lu

A A

el
Sk,

o

"

o Aavhe] Aulge, A
o o) Axzol EAsE mAE)

—L
T4

A
x-]]

730 Fye o
b, &

¥

AFYe}. 122

J

%

°] W< FY ¥4 wWEA

oh
o

T

.X_!

o

& Fohel Azel

Wr

o]
o3

90% A=E7} AAL & A

ok
}

At

®r

g

o

g
o8

o

v 7} A2t 275

DL INERER:
7 AL £

e AAEA ¢

35) o

uhe

oj

A BRE AAE WS o

to}s 3T,

—

wefof ¥

=
=

]_

z

T

Fo W2, A

T

L=
KA

oV

ﬂyl

4

N
Al

Mo

(EETLR

T
T

]k]37)

H

A2 A

)
3

A4g AN FAAE s ol



4 AEARE B F YA} BSE A AN

2 Sgch. 2 A A2 44 AEIEFEY AT A

Nad FAe B APATF2E 7 TV FRAEL FEF 523,
FIF 76%, oBF 114%, S2F 85% U YAE WS g€

= b}
A7, # S0 GAF 2L FAF AP 2 A5ARE AE

o o
4 dslax 24, & 509 FAzY AHPRel G2 FFEEF 2 v
AE AA Zel W A7, 3 09 A A TEY AH=Y w|

B S ZET 9% AF =2 BYel FP A7 Ytk 3y

23 25712 AT A7E 993, 7 Ve A= mAE o
EE AF AADANG AH % BRRA 2 JFL vom, 53
AR A W4T 29 FrEL FES 9FE WA @ v

A Aol A wZ A7 HEA e F gl



A GA F 2% PEE 47 FES AN, gas 2%02 Uy
3

A AN F AT

1) 2gAE 474

2 7o 449 ARE FAzANA ATHE 24 F 58S 7t 3
gol AARFA olF whz FHo] o|FIAEL AMLFE
ZolH AEEE AANEF
AFAAA WA o) g T o', Nag AUz FAk: G
A A3, AFA, AR co], EREE PO £F 3 AP 4
Astsch Agel 44T ARt A Y 3P

o AHgssich.

qrsrg dBHoz Agdm Yvm @ AT J1FoE dad

_7_



50ppm, 100ppm, 200ppmolA A5S AA8t. 935 £252 17
2] o8 A% ¥ 50ppm, 100ppm, 200ppme] FEGE7} T
of 5%, 1087 AAAY F S8F2 AL T o] 831}, olu x|
o
3=

2 1592 sgen, Ax F AH 35+ 332 ).

HeskA Axe F A§3t= polyethylene E3E 3te £

Ut AF5A%60A YA Fe) BALER AR 25 10C

39} US FDAZ9 food code®? AAg A FALEe 5T

AL vlgre =z 3T YAR(TFK279FX, GEC, USA) el A3t A
2] =

d= st AAAF(0d), 14, 3¢, 5¢
=
=



Lettuce

1,2,3,4

Spinach

1’2’3’4 . . :
Washing & cutting Immergmga)’ D)

Rinsing Storage®

S 1,2,3,4,5 5 1,2,3,4,5 5 1,2,3,4,5 5 1,2,3,4,5

Cucumber

1,2,3,4

Tomato

1,2,3,4
Basic H
ingredient

Preparation H H Storage H

Number 1 for temperature; 2 for pH; 3 for Aw; 4 for microbiological; 5 for time

Y Immersed in tap water, chlorinated water at 50ppm, 100ppm, 200ppm concentration
P Exposed for 5minute, 10minute

? 0day, lday, 3day, 5day

Fig. 1. Phase in product flow of vegetables in various phases by disinfection method.

_9_



Table 1. Standards of vegetables for sensory evaluation

Leaf vegetables Fruit vegetables

Attributes

Lettuce Spinach Cucumber Tomato
Appearance No dryness gloss

No damage on the leaf No damage on the surface
Flavor No fermentation flavor Juicy

aromatic

Color Deep green color consistent color
Texture Hardness of tissue Firm

No dryness Crisp
Quality Freshness Freshness
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SAsRY. A YRz IFLE7(Omega heat-prober
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3 Z+ Al FuE ATl FEeol 22V HFP 22 W& WE 7153
3, 799 LEE AW LEAE Afste] ZRAY. 54 AW Fig,
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in Swiss)2 Z+ A|22 23] HIE Z2A3te 1 HFZHE Vel =33
A& Fig. 19 3454t}
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(2) HFFF5(Coliform counts)
A& 1mlgt Z+ @A 34 Y 1ml¥ s B SIEIHA 2 FF
o2 FH3lo ¢ 43~45CE HA|gF Desoxycholate Lactose
Agar(Difco) ¢F 156mle FdHLes EF3a HEY HA T4 73}
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e
29 AA (Duncan's multiple range
8} 993, Spearman correlations ©]$3te] g4

-1
=2
T 5, FAAZ, AR 7173 e AETH FAY ARAAE L4
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BE AREY HA
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Table 2. Time, Temperature, pH and Aw of Lettuce in various phases by disinfection method

Mean
Food . a) . . Food Env.
Items Phase in product flow Time (min) pH Aw Temp.(C) Temp.(C)

1. Raw N.A. 6.58 0.94 3.4
2. Cutting & Washing 12.9 6.65 0.95 10.1
3. Disinfection(ppm)” - 5 6.69 0.98 11.5
10 6.66 0.96 11.0
=0 5 6.62 0.97 10.3
10 6.73 0.98 10.2
5 6.79  0.97 11.0
100 10 6.78  0.96 10.5
5 6.73  0.97 10.1

Lettuce 200 10 6.66 0.99 11 15.3
4. Rinsing(ppm, min) w o 6.71__ 0.96 11.9
10 6.70  0.96 11.4
=0 5 6.63 0.96 10.3
10 5 6.72 0.95 10.7
loo D 6.79  0.97 11.1
10 6.76  0.96 10.8
5 6.64 0.96 10.6
200 5 6.63 0.96 11

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration

c¢) Tap water

N.A. : Not Attained
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Table 3. Time, Temperature, pH and Aw of Spinach in various phases by disinfection method

Mean
Food . a) . . Food Env.
Items Phase in product flow Time (min) pH Aw Temp.(C) Temp.(C)
1. Raw N.A. 6.81 0.95 6.0
2. Cutting & Washing 10.58 6.72 0.96 11.5
3. Disinfection(ppm)” - 5 6.66 0.95 11.5
10 6.63 0.94 11.1
50 5 6.64 0.98 11.9
10 6.43 0.98 11.5
5 6.66 0.96 11.2
100 10 6.62 0.96 11.4
, 5 6.63 0.97 11.3
Spinach 200 10 6.67 0.97 11.0 15.0
4. Rinsing(ppm, min) w0 6.71 0.96 11.9
10 6.70  0.96 11.4
=0 5 6.63 0.96 10.3
10 5 6.72 0.95 10.7
Lo O 6.79  0.97 11.1
10 6.76  0.96 10.8
5 6.64 0.96 10.6
200 =5 6.63 0.96 11

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration

¢) Tap water

N.A. : Not Attained
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Table 4. Time, Temperature, pH and Aw of Cucumber in various phases by disinfection

method Mean
Food . a) . . Food Env.
Items Phase in product flow Time (min) pH Aw Temp.(C) Temp.(C)

1. Raw N.A. 6.83 0.95 5.3

2. Cutting & Washing 7.33 6.17 0.99 5.7

3. Disinfection(ppm)” TW 5 6.41 0.99 7.6

10 6.58 0.98 7.8

50 5 6.52 0.98 7.9

10 6.48 0.99 7.7

5 6.36 0.96 6.7

100 10 6.28 0.99 8

5 6.38 0.98 8.6

Cucumber 200 10 6.28 0.99 8.1 15.2

4. Rinsing(ppm, min) T™W 5 6.71 0.96 11.9
10 6.70 0.96 11.4

50 5 6.63 0.96 10.3

10 9 6.72 0.95 10.7

100 5 6.79 0.97 11.1

10 6.76 0.96 10.8

5 6.64 0.96 10.6

200 10 6.63 0.96 11

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration

c¢) Tap water

N.A. : Not Attained
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Table 5. Time, Temperature, pH and Aw of Tomato in various phases by disinfection method

Mean
Food . a) . . Food Env.
Items Phase in product flow Time (min) pH Aw Temp.(C) Temp.(C)

1. Raw N.A. 4.60 0.98 5.6
2. Cutting & Washing 4.85 4.83 0.95 6.3
3. Disinfection(ppm)” TW 5 4.79  0.95 6.0
10 4.61 0.95 7.1
50 5 4.64 0.97 7.1
10 4.82 0.97 8.1
5 4.87 0.96 7.3
100 10 4.84 0.95 7.9
5 4.88 0.95 8.1

Tomato 200 10 4.87  0.95 9.4 14.8
4. Rinsing(ppm, min) T™W 5 6.71 0.96 11.9
10 6.70 0.96 11.4
50 5 6.63 0.96 10.3
10 9 6.72 0.95 10.7
100 5 6.79 0.97 11.1
10 6.76 0.96 10.8
5 6.64 0.96 10.6
200 10 6.63 0.96 11

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration

c¢) Tap water
N.A. : Not Attained
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Table 6. Microbiological evaluation of Lettuce in various phases by disinfection method
Mean (Log CFU/g)

Samples Phase by disinfection method? Total plate counts Coliform counts
Raw 5.61 4.80
Cutting & Washing 4.09 3.58
o 5 3.56 2.82
™ 10 3.24 2.45
50 5 2.62 2.35
Disinfection” 10 215 1.74
(ppm, min) 100 5 2.50 2.26
10 2.10 1.62
5 2.38 2.14
Lettuce 200 10 1.94 1.55
5 3.44 2.73
W 10 3.20 2.36
50 5 2.46 2.14
Rinsing 10 2.02 1.54
(ppm, min) 100 5 2.29 2.04
10 2.00 1.52
5 2.27 1.92
200 10 1.85 1.47

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration and exposure time
c) Tap water
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Table 7. Microbiological evaluation of Spinach in various phases by disinfection method
Mean (Log CFU/g)

Samples Phase by disinfection method?® Total plate counts Coliform counts
Raw 5.48 4.67
Cutting & Washing 4.78 4.22
o 5 3.90 3.29
™ 10 3.78 3.95
50 5 3.61 3.12
Disinfection” 10 3.51 2.85
(ppm, min) 100 5 3.21 3.09
10 3.06 2.79
) 5 2.97 2.66
Spinach 200 10 2.75 2.37
trol 5 3.86 3.21
contro 10 3.67 3.11
50 5 3.53 3.00
Rinsing 10 3.42 2.78
(ppm, min) 100 5} 3.14 2.95
10 2.99 2.74
5 2.93 2.43
200 10 2.69 2.21

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration and exposure time
c) Tap water
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Table 8. Microbiological evaluation of Cucumber in various phases by disinfection method

Mean (Log CFU/g)

Samples Phase by disinfection method?® Total plate counts Coliform counts
Raw 4.86 2.72
Cutting & Washing 4.82 2.62
o 5 4.79 2.59
™ 10 4.77 2.40
50 5 4.49 2.05
Disinfection” 10 4.34 1.68
(ppm, min) 100 5 4.32 1.73
10 4.17 1.61
5 3.76 1.16
Cucumber 200 10 3 73 1.05
control 5 4.50 2.44
10 4.17 2.24
50 5 4.31 2.03
Rinsing 10 3.84 1.64
(ppm, min) S 3.56 -
100 10 2.78 -
5 2.54 -
200 10 2.16 -

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration and exposure time

c) Tap water
- ¢ Not Detected
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Table 9. Microbiological evaluation of Tomato in various phases by disinfection method

Mean (Log CFU/g)

Samples Phase by disinfection method® Total plate counts Coliform counts
Raw 3.32 2.42
Cutting & Washing 3.26 2.16
o 5 3.11 2.02
™ 10 2.80 1.97
50 5 2.51 1.66
Disinfection” 10 1.90 1.25
10 1.39 1.10
5 1.16 -
Tomato 200 10 1.00 _
control 5 3.01 1.95
10 2.70 1.90
50 5 2.49 1.59
Rinsing 10 1.65 1.16
(ppm, min) 100 5 1.28 1.10
10 1.00 1.00
5 — —
200 10 _ _

a) Samples were taken at the end of phases in disinfection method
b) Immersed with various chlorine concentration and exposure time

c) Tap water
- ¢ Not Detected
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6.00

5.00 b
-=—T10
o 4.00 r —— 50ppm Smin
<
E —>— 50ppm 10min
o 3.00
go —— 100ppm 5min
- 2.00 —o— 100ppm 10min
—— 200ppm 5min
1.00 r
—— 200ppm 10min
0.00 1 1 1 ]

* a ! raw, b: cutting & washing, c: disinfection d: rinsing

* TS ¢ immersed in tap water for 5 min
T10 : immersed in tap water for 10 min
50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with various

chlorine concentration and exposure time

Fig. 2. Changes in total plate counts of Lettuce in various

phases by disinfection method
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6.00 r

——T5
5.00 = TI10
—— 50ppm Smin
4.00 r
g —*— 50ppm 10min
-] .
8 3.00 | —— 100ppm Smin
go —— 100ppm 10min
|
2.00 —— 200ppm Smin
—— 200ppm 10min
1.00 r
0.00 1 1 1 ]

a : raw, b: cutting & washing, c: disinfection d: rinsing

TS ¢ immersed in tap water for 5 min

T10 : immersed in tap water for 10 min

50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with wvarious

chlorine concentration and exposure time

Fig. 3. Changes in total plate counts of Spinach in various

phases by disinfection method
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6.00

——T15
5.00 r
—=—T10
—— 50ppm Smin
4.00
g —— 50ppm 10min
g 3.00 + —— 100ppm Smin
g" —e— 100ppm 10min
-
2.00 + —— 200ppm Smin
—— 200ppm 10min
1.00 |
0.00 1 1 1 ]

* a ! raw, b: cutting & washing, c: disinfection d: rinsing

* TS ¢ immersed in tap water for 5 min
T10 : immersed in tap water for 10 min
50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with various

chlorine concentration and exposure time

Fig. 4. Changes in total plate counts of Cucumber in various

phases by disinfection method
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6.00

——T5
—— 50ppm 5min
4.00 r .
G —— 50ppm 10min
<
E —%— 100ppm 5min
o 3.00 r
g; —— 100ppm 10min
- 2.00 F —— 200ppm 5min
—— 200ppm 10min
1.00
0.00 . . . —

* a ! raw, b: cutting & washing, c: disinfection d: rinsing

* TS ¢! immersed in tap water for 5 min
T10 : immersed in tap water for 10 min
50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with various

chlorine concentration and exposure time

Fig. 5. Changes in total plate counts of Tomato in various

phases by disinfection method
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6.00

——T5
5.00 [ = TIo
—+— 50ppm 5min
o M0 T —%— 50ppm 10min
S —* 100ppm 5min
CZ 3.00 ¢ ~e— 100ppm 10min
S —+ 200ppm 5min
0 —— 200ppm 10min
1.00 |
0.00 : : : !

* a ! raw, b: cutting & washing, c: disinfection d: rinsing

* TS ¢! immersed in tap water for 5 min
T10 : immersed in tap water for 10 min
50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with various

chlorine concentration and exposure time

Fig. 6. Changes in Coliform counts of Lettuce in wvarious

phases by disinfection method
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6.00 r

5.00 | R
-+ T10

4.00 —— 50ppm Smin
g —— 50ppm 10min
53.00 — 100ppm 5min
E}o —— 100ppm 10min

2001 —+— 200ppm 5min

Loo | —— 200ppm 10min

0.00 ' ' ' :

* a ! raw, b: cutting & washing, c: disinfection d: rinsing

* TS ¢ immersed in tap water for 5 min
T10 : immersed in tap water for 10 min
50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with wvarious

chlorine concentration and exposure time

Fig. 7. Changes in Coliform counts of Spinach in various

phases by disinfection method
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6.00 1

5.00 |
——T5
4.00 - T10
g .
o —— 50ppm Smin
A L
Lb)o 3.00 —— 50ppm 10min
o
- —— 100ppm 5min
2.00 |
—— 100ppm 10min
—— 200ppm S5min
1.00
—— 200ppm 10min
0. 00 1 1 1 ]

* a ! raw, b: cutting & washing, c: disinfection d: rinsing

* TS ¢ immersed in tap water for 5 min
T10 : immersed in tap water for 10 min
50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with wvarious

chlorine concentration and exposure time

Fig. 8. Changes in Coliform counts of Cucumber in various

phases by disinfection method
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4.00 r % T10

—— 50ppm Smin

Log CFU/G
o
o
S

—— 50ppm 10min

—— 100ppm S5min
2.00

—— 100ppm 10min
100 k —— 200ppm Smin

—— 200ppm 10min
0.00 !

* a ! raw, b: cutting & washing, c: disinfection d: rinsing

* TS ¢ immersed in tap water for 5 min
T10 : immersed in tap water for 10 min
50ppm 5min, 50ppm 10min, 100ppm, 5min, 100ppm 10min,
200ppm 5min, 200ppm 10min : immersed with wvarious

chlorine concentration and exposure time

Fig. 9. Changes in Coliform counts of Tomato in wvarious

phases by disinfection method
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0.96~0.98°1%tk. Alaxl&= 044, A 1, 3 ,56494A Aw 0.95~0.98,
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Table 10. Changes in pH and Aw of Lettuce with various disinfection methods during

storage Mean
Disinfection Storage time(days)
. a)
Food Items Chlorine Exposure 0 1 3 5
Concentration time
(ppm) (min) pH Aw pH Aw pH Aw pH Aw
5 6.71 0.96 6.64 0.95 6.78 0.96 6.84 0.97
TW”
10 6.70 0.96 6.82 0.97 6.83 0.97 6.95 0.97
5 6.63 0.96 6.81 0.96 6.82 0.97 6.86 0.98
50
10 6.72 0.95 6.86 0.97 6.94 0.98 7.03 0.97
Lettuce
5 6.82 0.97 6.82 0.97 6.87 0.98 6.75 0.98
100
10 6.76 0.96 6.77 0.96 6.96 0.98 6.80 0.98
5 6.64 0.96 6.88 0.96 6.90 0.97 6.94 0.98
200
10 6.63 0.96 6.85 0.96 6.90 0.97 6.97 0.97

a) before storage

b) Tap water
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Table 11. Changes in pH and Aw of Spinach with various disinfection methods during

storage Mean

Disinfection Storage time(days)

i a)
Food Items Chlorine  Exposure 0 1 3 -

Concentration time

(ppm) (min) pH Aw pH Aw pH Aw pH Aw
) 6.75 0.95 6.85 0.96 6.86 0.95 6.85 0.97
W
10 6.74 0.96 6.80 0.96 6.84 0.95 6.93 0.96
) 6.74 0.96 7.03 0.97 6.76 0.96 6.88 0.96
50
10 6.68 0.97 6.81 0.96 6.78 0.95 7.01 0.97
Spinach
5 6.68 0.97 6.80 0.96 6.83 0.95 6.91 0.97
100
10 6.62 0.98 6.88 0.96 6.80 0.97 6.86 0.98
15) 6.60 0.97 6.91 0.96 6.84 0.97 6.90 0.97
200
10 6.82 0.96 6.89 0.96 6.91 0.97 6.96 0.98

a) before storage

b) Tap water
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Table 12. Changes in pH and Aw of Cucumber with various disinfection methods during

storage Mean
Disinfection Storage time(days)
. a)
Food Items Chlorine Exposure 0 1 3 5
Concentration time
(ppm) (min) pH Aw pH Aw pH Aw pH Aw
5 6.60 0.96 5.87 0.95 6.58 0.94 6.64 0.97
W
10 6.72 0.99 5.97 0.95 6.55 0.93 6.47 0.98
5 6.59 0.95 6.02 0.95 6.59 0.94 6.06 0.96
50
10 6.39 0.96 5.83 0.96 6.70 0.93 6.02 0.98
Cucumber
5 6.45 0.99 5.64 0.96 6.44 0.95 6.20 0.97
100
10 6.33 0.99 5.89 0.97 6.35 0.96 6.23 0.98
5 6.55 0.99 5.85 0.97 6.44 0.95 6.21 0.98
200
10 6.50 0.99 5.92 0.97 6.41 0.96 6.14 0.98

a) before storage

b) Tap water
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Table 13. Changes in pH and Aw of Tomato with various disinfection methods during

storage Mean

Disinfection Storage time(days)

i a)
Food Items Chlorine  Exposure 0 1 ; -

Concentration time

(ppm) (min) pH Aw pH Aw pH Aw pH Aw
5 4.81 0.96 4.91 0.97 4.92 0.96 5.03 0.95
wa)
10 4.95 0.97 4.89 0.97 5.08 0.96 4.89 0.96
5 4.65 0.96 4.81 0.96 5.05 0.95 4.97 0.97
50
10 4.80 0.96 4.70 0.97 5.07 0.96 4.90 0.98
Tomato
5 4,73 0.97 4.95 0.96 5.07 0.96 4.96 0.98
100
10 4.81 0.96 4.75 0.93 5.14 0.96 5.04 0.98
5) 4.85 0.95 4.85 0.94 4.89 0.95 4.82 0.98
200
10 4.91 0.95 4.82 0.96 4.87 0.94 4.92 0.95

a) before storage

b) Tap water
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Table 14. Changes of total plate counts in Lettuce with different kinds of disinfection
Mean (Log CFU/g)

methods during storage

Disinfection Storage time(days)
. Chlorine .
Ingredient Concentration Expo(s;;el)Ume 0¥ 1 3 S F-value
(ppm)
TW S 3.4470.22c 4.61T0.01b 4.62+0.06b 5.08*0.01la 207.73#%%x*
10 3.20*10.08c 3.31T0.16c 4.21*0.11b 4.66+0.03a 255.29# %=
t value 2.49x= 19.63 %= T.70 % %% 27.39 % %%
50 S 2.4610.27d 3.69£0.05c 4.20*0.11b 4.58+0.00a 223.29#::*x=
10 2.02+0.15d 3.14*£0.00c 3.70*0.24b 4.52%*0.01la 312.47=#=**x*
Lettuce t value 3.42%x% 24,11 %% 4.58 %= 11.57 %
100 5 2.2970.18c 2.69+t0.23b 3.81+0.02a 3.81F0.10a 142.73#*xx
10 2.00+0.15¢c 2.67*t0.33b 3.69*0.00a 3.76F0.07a 120.38:#*xx
t value 2.89= 0.08 13.13# %= 1.04
200 5 2.2770.15¢c 2.6470.38b 3.36*+0.00a 3.43*F0.23a 32.84=x=%=
10 1.8570.09¢ 2.58*0.15b 3.1370.09a 3.341t0.33a 69.48%%x:x
t value 5.56 % 0.36 4.61 %= 0.54

¥ : pefore storage

dodd ) dokok 0 dkeodkodkok

: significantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively

abc : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.
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Table 15. Changes of total plate counts in Spinach with different kinds of disinfection
Mean (Log CFU/g)

methods during storage

Disinfection Storage time(days)
. Chlorine .
Ingredient Concentration Exposufe time oY 1 3 5 F-value
(min)
(ppm)
TW 5 3.8610.27c 5.27T0.00b 5.58T0.11a 5.6170.03a 186.02= ==
10 3.67T0.26b 4.9310.00a 4.94%0.24a 4.95T0.02a 73.17#*%x=
t value 1.21 376.30 % %% = 9. 74w 36.32m %%
50 S 3.5310.2c 4.28%10.00b 4.68*+0.33a 4.78*F0.06a 39.88: =
10 3.4270.23c 4.14*0.01b 4.52+0.31Ca 4.58*+0.19a 36.27#*==x
. t value 0.76 16,92 %= 0.84 2.45%
Spinach
100 5 3.1470.08c 4.20*0.01b 4.65*+0.38a 4.7570.06a 80.26% ===
10 2.9970.02c 3.9970.02b 4.3570.19a 4.40*+0.25a 98.65%* ==
t value 3.92#x 15,42 %% 1.74 3.32x=
200 5 2.9370.03d 3.9970.05¢c 4.30*0.18b 4.58+0.23a 136.73% %=
10 2.6970.05¢c 3.22*0.16b 4.18F0.21a 4.27F0.27a 89.77#=xx
t value 8.91xuxa 10,58 %= 1.07 2.07

Y : before storage
® 0 %%, wx%%x  kx%x% ! significantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively
abcd : Means with the same letter in a row are not significantly different from each other

at ¢=0.05 as determined by Duncan's multiple range test.
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Table 16. Changes of total plate counts in Cucumber with different kinds of disinfection
Mean (Log CFU/g)

methods during storage

Disinfection Storage time(days)
. Chlorine .
Ingredient Concentration Exposufe time oY 1 3 5 F-value
(min)
(ppm)
TW 5 4.50*0.14d 5.127%0.00c 5.23T0.01b 5.3470.03a 147.23 %=
10 4.17*t0.74b 4.9810.00a 5.1470.00a 5.3270.08a 10.98#=*=
t value 1.07 46.90%x%x 12,73 %%x 0.53
50 S 4.3170.03d 4.67£0.00c 4.82*0.05b 4.98+0.02a 435.85% %
10 3.84+10.00d 4.61+0.00c 4.64*0.00b 4.84F0.00a 46775.7 %=
t value 33.83#xwx 14, 27%%xx 8.22 % % x% 14,28 %%
Cucumber
100 5 3.56+10.17b 4.62+0.01a 4.6570.04a 4.79*t0.43a 34.22%=x*=
10 2.7870.21c 4.48*0.05b 4.53*0.03b 4.70£0.06a 363.18 ===
t value 6.99 5 %% = 6.40% %% = 5.03 % 0.48
200 5 2.5470.03c 4.2510.00b 4.27+0.14b 4.59+0.19a 328.27 ==
10 2.1670.09¢c 4.17*t0.01b 4.2310.11b 4.40+t0.06a 951.37 =
t value 8.84 e u 10.62% = 0.51 2.21

Y : before storage
***’ ko sk ook

¢ significantly different at p<0.001, p<0.0001 respectively

abcd : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.
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Table 17. Changes of total plate counts in Tomato with different kinds of disinfection
Mean (Log CFU/g)

methods during storage

Disinfection Storage time(days)
. Chlorine .
Ingredient . Exposure time a) F-value
Concentration . 0 1 3 )
(min)
(ppm)
TW 5 3.01+0.05b 3.35*0.18a 3.38%£0.19a 3.53*F0.13a 12.69%=x=x
10 2.70*X0.32 2.85*0.39 2.91+0.37 3.07*0.12 1.34
t value 2.27 2.84 2.73 %% 6.1 2% %
50 5 2.49%+0.39 2.55%0.34 2.62*0.36 2.68*0.22 0.36
10 1.65£0.03b 2.33*£0.40a 2.43*£0.35a 2.46*0.15a 11.33#==
t value 5.22x% % 1.00 0.88 2.01
Tomato
100 5 1.28+0.15¢ 1.77x0.04b 2.22£0.22a 2.29%£0.10a 60.41 %=
10 1.00£0.00d 1.59%£0.07c 1.84=£0.00b 2.16%X0.09a 402.11#=#=*=
t value 4.45% % 5.19% %= 4,11 %% 2.18
200 5 0.00£0.00d 1.30%0.00c 1.54£0.03b 2.03*£0.04a 5503.75 %=
10 0.00£0.00d 1.08%0.09c 1.47£0.00b 2.01*£0.01a 1829.63 == *=
t value 5.41 %= 4.05% = 1.42

¥ : pefore storage

Hyo kR dkdkesk o ckokok ok

¢ significantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively

abcd : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.
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Fig. 10. Changes in total plate counts of Lettuce during

storage
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Fig. 11. Changes in total plate counts of Spinach during

storage
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Table 18. Changes of Coliform counts in Lettuce with different kinds of disinfection

methods during storage Mean (Log CFU/g)
Disinfection Storage time(days)
Ingredient Chlorine Exposure time ) F-value
Concentration . 0? 1 3 5
(min)
(ppm)
W ) 2.7310.14c 3.34*0.07b 3.56*0.46b 4.59T0.15a 55.55= %=
10 2.36T0.08c 2.47*0.29c 3.08*0.55b 4.3370.18a 44.57 ===
t value 5.32u %% T.07 3 %% 1.65 2.73%
50 ) 2.14%£0.26¢c 2.18%10.21c 2.82%£0.19b 4.43%=0.02a 174.40% ===
10 1.54+0.03d 1.77£0.24c 2.16%£0.09b 4.21*£0.19a 333.07=#*=x*
Lettuce t value 5.46% 3.01 7.5 s 2.77%
100 5 2.04£0.30c 2.09*£0.25c 2.54*£0.03b 3.69*x0.11la 79.61 ==
10 1.52+0.17d 1.75£0.26c 2.11£0.00b 2.96X£0.02a 95.69% %=
t value 3.63 % 2.25% 26.53 % xxx 14,69 % % %%
200 5 1.92+£0.24b 1.95x0.06b 2.29*£0.07a 2.33%=0.10a 14.08# ===
10 1.47£0.00d 1.69£0.00c 1.97£0.15b 2.16%£0.09a 67.28#%*=
t value 4.44 %% 9.85# %% 4.58 %% 3.01=

¥ : before storage

#, w%x xxx xxxx ! gignificantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively
abcd : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.
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Table 19. Changes of Coliform counts in Spinach with different kinds of disinfection

methods during storage Mean (Log CFU/g)
Disinfection Storage time(days)
. Chlorine .
Ingredient . Exposure time a) F-value
Concentration . 0 1 3 )
(min)
(ppm)
TW 5 3.21£0.04c 3.90*£0.15b 4.11£0.31b 4.79*£0.0la 82.23%=*x*
10 3.11+0.03d 3.81=0.00c 4.00£0.30b 4.68*£0.04a 106.46% = *x*
t value 1.21 376.30% %= D.74# %= 5.50 % %
50 5 3.00+£0.00d 3.23*0.10c 3.66*£0.26b 4.42%£0.16a 83.94#%%x*
10 2.78%0.10c 2.91£0.15bc 3.15*0.40b 4.38*t0.16a 58.33 %
. t value 0.76 16.92 %% %= 0.84 2.45%
Spinach
100 5 2.95+0.00b 3.06*x0.01b 3.19£0.00b 4.11£0.40a 41.59#**=*
10 2.74+0.00 2.87%*0.05 3.09£0.01 3.18*0.61 2.62
t value 3.92%% 15.42 %% %= 1.74 3.32%
200 5 2.43%£0.06¢c 2.54£0.03bc 2.62%=0.03ab 2.80£0.28a 6.52%*
10 2.210.11b 2.28*+0.15b 2.30=0.01b 2.51*0.28a 3.67*
t value 8.9 # %% 10.58 % % %= 1.07 2.07

Y : before storage

#, wx wxx wxxxx ! gignificantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively
abcd : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.
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Table 20. Changes of Coliform counts in Cucumber with different kinds of disinfection
Mean (Log CFU/g)

methods during storage

Disinfection Storage time(days)
Chlorine .
Ingredient . Exposure time 2) F-value
Concentration . 0 1 3 )
(min)
(ppm)
W 5 2.44%0.20c 3.20£0.16b 3.64*£0.19a 3.79£0.13a 71.70% %=
10 2.24+0.15¢c 3.05£0.16b 3.57*£0.16a 3.61£0.15a 93.72% %=
t value 1.96 1.57 0.75 2.17
50 5 2.03*0.05¢c 2.25*0.15b 2.82*£0.85a 2.93£0.00a 91.27=**x*
10 1.64+0.09d 1.84£0.00c 2.58*0.02b 2.85+0.02a 767.89* %=
t value 8.8 e u x 6.55%* 3.65% 6.94 % % =
Cucumber
100 5 0.00*£0.00c 1.81*£0.02b 2.72*£0.13a 2.77£0.04a 1943.42%%*x*
10 0.00£0.00d 1.73%0.04c 2.49*=0.11b 2.69*£0.17a 760.84**==
t value 3.75%* 3.14= 1.10
200 5 0.00£0.00d 1.25%0.12c 2.47£0.06b 2.84*£0.11a 1190.03#%*=*
10 0.00£0.00d 1.16£0.09c 2.33%£0.20b 2.59*£0.07a 608.69* %=
t value 1.31 1.61 4.48%*

9 : pefore storage

Hyo kR dkdkesk o ckok ok ok

¢ significantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively

abcd : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.
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Table 21.
methods during storage

Changes of Coliform counts in Tomato with different kinds of disinfection

Mean (Log CFU/g)

Disinfection Storage time(days)
Chlorine .
Ingredient . Exposure time 2) F-value
Concentration . 0 1 3 )
(min)
(ppm)
W 5 1.95%£0.03b 2.08*£0.04b 2.31=0.09a 2.47*0.29a 12.91#%==*
10 1.90x£0.00b 1.97£0.04b 2.11=0.07a 2.20£0.10a 23.55##==*
t value 4,01+ 4,23% % 4.04 %= 2.11
50 5 1.59£0.07c 1.68*0.03bc 1.77%=0.04b 2.04*=0.15a 26.09%**x*
10 1.16£0.09¢ 1.39*0.05b 1.54*0.03a 1.60*=0.00a 64.54 %%
t value 8,83 x 10.30 % %% 9.39 %% %% 6.76%*
Tomato
100 5 1.10£0.15¢ 1.35%0.09b 1.39%£0.05b 1.73%+0.02a 45.74%**x*
10 1.00£0.00c 1.20%0.15b 1.30%X0.00b 1.42%+0.07a 26.19%**=*
t value 1.58 2.16 4.12%%* 10.41 % %%
200 5 0.00£0.00c 0.00£0.00c 0.97*0.15b 1.52*0.12a 343.55%**=*
10 0.00£0.00b 0.00x0.00b 0.00£0.00b 1.36*£0.19a 299.48#**x*
t value 15.55% % %% 1.70

9 : pefore storage

Hyo kR dkdkesk o okokok ok

¢ significantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively

abc : Means with the same letter in a row are not significantly different from each other

at ¢=0.05 as determined by Duncan's multiple range test.
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Fig. 14. Changes in Coliform counts of Lettuce during storage
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Fig. 15. Changes in Coliform counts of Spinach during storage
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Fig. 16. Changes in Coliform counts of Cucumber during

storage
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Table 22. Spearman correlation coefficients between

disinfection methods and microbial factors (n=192)
plate count coliforms
sodium chloride density = -0.549"" -0.561""
Lettuce immersed time -0.188™ -0.3147"
storage day 0.7317" 0.629™"
sodium chloride density  -0.498"" -0.7777"
Spinach immersed time -0.190™ -0.205""
storage day 0.717° 0.440™"*
sodium chloride density = -0.682"" -0.576""
Cucumber immersed time -0.135 -0.119
storage day 0.612 0.722""
sodium chloride density  -0.842"" -0.857""
Tomato immersed time -0.167° -0.200"
storage day 0.371°" 0.368™"

#, %%, *x%%,  *x#x% [ gignificantly different at p<0.05, p<0.01,
p<0.001, p<0.0001 respectively
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Table 23. Score of Sensory Evaluation of Lettuce during storage

Disinfection Storage time/(days)
. B . Chlorine
Ingredient xposufe time Concentration 0% 1 3 5 F-value
(min)
(ppm)
TW 6.00£0.53aB 4.88+1.12b 4.63£0.91b 4.25+0.88b 5.72%%*
5 20 5.00x1.06aC 4.75*+1.03b 4.50*1.41b 4.00=1.06b 1.09
100 6.88*£0.35aA 4.63£1.30b 4.13£1.24b 3.88E£1.12b 12.92% ==
200 5.00£0.53C 4.50*£0.92 4.38%1.06 4.00*1.30 1.37
Appearance F-value 14.20 0% %= 0.17 0.26 0.16
TW 6.00+0.00aA 4.63£1.18b 4.50*X0.75b 3.75*1.16b 8.42% %=
10 50 5.88*£0.35aA 4.38£0.74b 4.00£1.60b 3.75+£1.03b 6.71==
100 6.00£0.00aA 4.25£1.03b 4.25£1.38b 3.88+1.35b 6.02:=
200 4.88+0.83B 4.63*£1.06 4.13*1.64 4.00*0.92 1.02
F-value 11.57 %% 0.27 0.19 0.09
TW 6.00=0.00aB 4.63+1.18b 4.50£0.75b 4.13%£0.35b 10.20 ==
5 50 6.88*£0.35aA 4.63£1.18b 4.50£0.92b 3.75£0.88b 18.30 = =
100 6.88*£0.35aA 4.63£1.30b 4.38£1.06b 4.25E0.70b 14.25% = ==
200 4.88+0.83C 4.25*1.16 4.25*0.70 4.00*1.19 1.12
Flavor F-value 30.42 % %% = 0.19 0.15 0.51
TW 6.88+0.35aA 5.00£1.19b 4.88*+0.83b 3.63£0.91c 18.60 ==
10 50 6.88*£0.35aA 4.50£0.75b 4.38£1.40b 4.25E£0.88b 14.53# = ==
100 6.88*£0.35aA 4.38£0.74b 4.25*10.88b 4.13£0.99b 22.67 = = ==
200 6.00£0.53aB 4.13£0.64b 4.00£1.06b 4.00£1.19b 9.42% ==
F-value 9.27 %% 1.46 0.94 0.58
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(Continued)

Disinfection Storage time/(days)
. B . Chlorine
Ingredient xposufe time Concentration 0¥ 1 3 5 F-value
(min)
(ppm)
TW 6.88%+0.35aA 4.38+1.30b 4.25%£1.03b 4.25*£1.03b 13.50% # ==
5 20 5.88%x0.35aB 4.75%*0.70b 4.25*+1.28b 4.13£1.12b 5.75%=*
100 6.88£0.35aA 4.63£0.91b 4.25+1.28b 4.00XE1.41b 12.05% ===
200 5.00£0.00C 4.63*x1.06 4.25*1.28 3.88%0.99 2.00
Color F-value 69.67 % # % 0.19 N.A. 0.16
TW 6.00x0.00aA 4.88*+1.24ab 4.63£1.30b 3.38%1.50c 6.73%*=
10 50 6.00£0.00aA 4.75£0.70b 4.00x£1.41bc 3.50*1.06c 10.39# ===
100 6.00£0.53aA 4.25£1.03b 4.13+1.35b 4.00£1.30b 5.08:=
200 5.00£0.00aB 3.88%+0.99b 3.88*1.24b 3.50£0.75b 4.34=
F-value 28.00 1.66 0.49 0.43
TW 6.88+0.35aA 4.63*0.74b 4.13£1.12bc 3.63*1.06c 21.43# ===
5 50 6.00£0.00aB 4.88+0.83b 4.38+1.30b 3.88*1.12b 7.23#*=
100 6.88£0.35aA 4.25%£1.28b 4.25+1.48b 4.00E£1.69b 8.64 ==
200 5.88%+0.35aB 4.38%+1.40b 4.13*1.45b 3.88*£1.45b 4.06=
Texture F-value 25.22%xxx 0.50 0.06 0.11
TW 6.00x0.00a 4.50x1.06b 4.50*1.06b 2.88%x1.12c 14.67 % ===
10 50 6.00£0.00a 4.38%0.91b 4.38%E1.06b 3.50LX1.19b 10.27 ===
100 5.88£0.35a 4.38*1.68b 4.25*1.16b 4.00£1.60b  3.34=
200 5.88£0.35a 4.25*1.28b 3.50*1.19b 3.38*1.84b 6.41:x*=
F-value 0.67 0.05 1.28 0.79
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(Continued)

Disinfection Storage time(days)
E i Chlorine
i r m -
Ingredient xposu.e e Concentration 0% 1 3 5 F-value
(min)
(ppm)
TW 6.88*£0.35aA 4.75+0.88b 4.50=0.75b 4.13=0.64b 25.80% %=
5 50 5.88+0.35aB 4.63+1.06b 4.25+1.16b 4.00£1.06b 5.91%*=*
100 6.88*£0.35aA 4.63+0.91b 4.13+1.12b 4.00E1.51b 12.72% %% =
200 5.88+0.35aB 4.13+1.55b 4.13+1.24b 3.88*1.12b 5.10%*=*
. F-value 21.33 % %% 0.48 0.21 0.07
Acceptability
TW 6.88+0.35aA 4.63:1.18b 4.63+1.06b 3.13£1.12¢c 19.47 % %%
10 50 6.00=0.00aB 4.38+0.91b 3.88%+1.12b 3.88*+0.99b 10.51 #**=*
100 6.00=0.00aB 4.13+0.99b 4.13%+1.45b 3.75=1.28b 6.95%=*
200 5.88+0.35aB 4.13+1.24b 3.50%=1.06b 3.38*+0.51b 13.74 %% %=
F-value 27 .33 % % %% 0.38 1.26 0.91

¥ : pefore storage
= k% #x%  x*xxx ! gignificantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively

abc : Means with the same letter in a row are not significantly different from each other
at @=0.05 as determined by Duncan's multiple range test.
ABC : Means with the same letter in a column are not significantly different from each

other at ¢=0.05 as determined by Duncan's multiple range test.
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Table 24. Score of Sensory Evaluation of Spinach during storage

Disinfection Storage time(days)
. B . Chlorine
Ingredient xposufe time Concentration 0% 1 3 5 F-value
(min)
(ppm)
TW 5.88%+0.83a 4.88+0.83b 4.38£0.91b 4.00£1.06b 6.26%=
5 20 6.88+0.35a 4.63+1.18b 4.50£0.75b 3.88*£1.24b 15.06% ===
100 7.00x£0.00a 4.00£1.41b 4.00£1.30b 3.75£1.38b 13.56% %=
200 6.88+0.35a 4.38+1.40b 4.25%£1.83b 3.75*X1.16b 9.21#==
Appearance F-value 9.29 0.73 0.22 0.08
TW 6.88%+0.35a 4.50+0.92b 4.13£1.45b 3.63*£1.18b 14.71#% %=
10 50 6.88£0.35a 4.75+1.03b 4.13£0.99b 3.88*£1.24b 15.93 % %%
100 6.88£0.35a 4.75+0.70b 4.25X1.16b 3.88*X1.45b 14.00 % =
200 7.00£0.00a 4.50*1.06b 4.38+0.91b 4.25%1.28b 15.30 =
F-value 0.33 0.19 0.09 0.32
TW 7.00£0.00aA 4.75+0.88b 4.25£0.88b 4.00£0.92b 24.71 %=
5 50 7.00£0.00aA 4.13£0.99b 4.13+0.83b 3.63E1.18b 24.53# ==
100 6.88*10.35aA 4.50£0.75b 4.00£0.92bc 3.50£1.19¢c 23.96% ** =
200 5.000.53B 4.38*%0.74 4.25*+1.28 4.13*1.35 1.12
Flavor F-value TA4.97 0.75 0.12 0.51
TW 7.00£0.00a 4.38%0.91b 4.25*=0.70b 4.25%£1.03b 24.39 %=
10 50 7.00x£0.00a 4.50=1.06b 4.13£1.12b 4.00£0.92b 19.52% % %=
100 6.88£0.35a 4.13+£0.99b 3.88+1.24b 3.38£0.91b 22.62 % % %=
200 6.88£0.35a 4.38+0.91b 4.00E1.19b 3.880.99b 18.90 =
F-value 0.67 0.21 0.18 0.16
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(Continued)

Disinfection Storage time(days)
. B . Chlorine
Ingredient xposufe time Concentration 0¥ 1 3 5 F-value
(min)
(ppm)
TW 6.88*+0.35aA 4.50£1.15b 4.38%£0.91b 4.001.19b 11.72% %%
5 20 6.00x0.53aB 4.63*1.06b 4.50£0.75b 4.00£1.51b 5.50==
100 7.00x£0.00aA 4.75£0.70b 4.25+1.28b 4.13£0.99b 18.39 # ==
200 6.88+0.35aA 4.25%£1.48b 4.13£1.35b 3.75%+1.48b 10.27 %=
Color F-value 12.76 % % %= 0.24 0.17 0.11
TW 7.00£0.00a 4.25*+1.28b 4.25%£1.03b 4.250.88b 17.29 % %=
10 50 6.88£0.35a 4.88£1.12b 4.88+0.99b 4.50E0.75b 12.60 # ===
100 6.88£0.35a 4.63£1.18b 4.50+0.92b 4.381E0.91b 14.06 ===
200 7.00£0.00a 4.88+0.83b 4.50£0.92b 4.25*1.28b 15.79# ==
F-value 0.67 0.56 0.56 0.12
TW 7.00£0.00aA 4.50*x1.69b 4.38*£0.74b 4.13%+1.12b 12.33 %=
5 50 6.00£0.00aB 4.38£1.06b 4.25+1.38b 4.13+:2.10b 3.33=*
100 6.88£0.35aA 4.38£1.18b 4.13£1.12b 3.63+£1.18b 15.98 % # ==
200 6.00£0.00aB 4.50*1.51b 4.00£1.69b 3.88*1.64b 3.89=
F-value 75.67 %% 0.02 0.13 0.19
Texture TW 6.88*+0.35aA 4.38£1.06b 4.25*1.58b 4.13+0.83b 12.47 ==
50 6.88£0.35aA 4.38£0.91b 4.25£2.18b 4.25+0.46b 8.97 %%
10 100 6.00£0.00aA 4.38£0.74b 4.13£1.95b 3.75£1.75b  4.22=
200 6.88£0.35aB 4.38£1.59b 4.25+0.46b 3.75E1.28b 13.89# #xx
F-value 16,33 % N.A. 0.01 0.38
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(Continued)

Disinfection Storage time(days)
E i Chlorine
i r m -
Ingredient xposu.e e Concentration 0% 1 3 5 F-value
(min)
(ppm)
TW 6.88*£0.35aA 4.88+0.99b 4.25+0.46b 4.13+0.99b 22.48# %=
5 50 6.00=0.00aB 4.25+1.28b 4.25=0.70b 4.13=0.99b 8.25#%*x*
100 6.88*£0.35aA 4.50+0.92b 3.75=1.16b 3.75=1.16b 18.92# %% =
200 5.88*+0.35aB 4.38+1.68b 4.00=1.69b 4.00%=1.60b 3.04 =
. F-value 25.22% # k% 0.37 0.37 0.17
Acceptability
TW 6.88+0.35aA 4.1320.99b 4.13+0.64b 4.00£0.92b 26.30 % # =
10 50 6.00=0.00aB 4.50+1.06b 4.25%=0.70b 4.25+0.46b 12.21 %% %=
100 6.00=0.00aB 4.25+1.28b 4.13=0.83b 3.75=1.03b 9.42#%%x*
200 6.88*£0.35aA 4.50+0.75b 4.00=1.19b 3.88*+1.64b 13.03#**=*
F-value 32.67 %% %= 0.26 0.11 0.30

¥ : before storage

w0 wx wxx xxwxx ! gignificantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively
abc : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.

AB : Means with the same letter in a column are not significantly different from each
other at ¢=0.05 as determined by Duncan's multiple range test.

N.A. ! Not Attained
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Table 25. Score of Sensory Evaluation of Cucumber during storage

Disinfection Storage time(days)
. E . Chlorine
Ingredient xposufe time Concentration 0? 1 3 5 F-value
(min)
(ppm)

TW 7.00£0.00a 4.63*1.30b 4.13+0.99b 3.88£1.64b 12.18* %=
5 50 7.00x£0.00a 4.63=0.91b 4.38*£1.18b 3.75E£1.75b 12.18 %=
100 7.00£0.00a 5.25*1.28b 4.50*0.92b 4.50£1.06b 12.22: ==
200 6.88£0.35a 4.63+0.74b 4.13X1.12b 4.13£0.99b 18.84 % % %=

Appearance F-value 1.00 0.66 0.25 0.44
TW 7.00£0.00a 4.75*1.16b 4.13=0.83b 4.13£1.12b 17.96% %=
10 50 7.00x£0.00a 4.75=0.88b 4.63£0.91b 4.63E1.18b 14.38% =
100 7.00£0.00a 5.25*0.70b 4.88*1.12b 4.75£0.88b 13.62 %=
200 7.00x£0.00a 4.75=1.03b 4.75£1.03b 4.25%£1.03b 15.09 % %=

F-value N.A. 0.54 0.89 0.62
TW 7.00£0.00aA 4.63*x1.40b 4.00£0.75b 3.75*X1.75b 12.53%# ==
5 50 7.00£0.00aA 4.38£1.18b 3.50+1.30b 3.38E1.50b 16.84 %=
100 6.88*0.35aA 4.75£1.28b 4.63£1.30b 4.00£0.53b 13.38# =
200 5.88£0.35aB 4.25£0.70b 4.25+0.88b 3.75X1.03b 11.06 ===

Flavor F-value 38.00 % s 0.30 1.49 0.32
TW 7.00£0.00a 4.63*1.30b 4.13+1.35b 3.88£1.45b 11.56% %=
10 20 6.88%+0.35a 4.50*1.19b 4.25%£1.48b 3.88*X1.12b 11.72% ===
100 6.88£0.35a 5.00x1.19b 4.50E0.75b 4.380.74b 15.99 % % %=
200 6.88£0.35a 4.63+1.06b 4.13=0.64b 4.00E£1.30b 17.02% %=

F-value 0.33 0.26 0.20 0.32

_77_



(Continued)

Disinfection Storage time(days)
. B . Chlorine
Ingredient xposufe time Concentration 0¥ 1 3 5 F-value
(min)
(ppm)
TW 7.00£0.00aA 5.00*0.92b 4.38*1.50bc 3.75*£1.28¢c 13.31 %% %=
5 20 7.00£0.00aA 5.00*x1.30b 4.75*1.58b 3.13*£1.64c 11.69 ===
100 7.00x£0.00aA 4.75£0.88b 4.50E0.75b 4.13L1.80b 11.63 ==
200 6.00£0.53aB 4.50*1.30b 4.13£1.24b 4.00£1.06b 5.78=*=x
Color F-value 28.00 0.36 0.31 0.72
TW 7.00£0.00a 4.63*1.30b 4.25*1.03b 4.25%£1.58b 10.65# % %=
10 50 7.00x£0.00a 4.88+1.35b 4.75£1.03b 4.38E£1.68b 7.83% =
100 7.00x£0.00a 4.88+0.99b 4.751.38b 4.63E£0.91b 10.89 = ==
200 7.00£0.00a 4.75+1.03b 4.25+1.48b 4.13£0.99b 13.46 ==
F-value N.A. 0.08 0.42 0.20
TW 6.88+0.35a 4.75%£1.48b 4.63£0.91b 3.38%X1.50c 12.39% ===
5 50 7.00x£0.00a 4.88+1.35b 4.63*£1.30bc 3.63E1.18c 13.03 ==
100 7.00x£0.00a 5.25+1.28b 4.63*£1.18bc 3.38E1.76¢C 11.79% ==
200 7.00£0.00a 3.63*1.06b 3.63+0.91b 3.38£1.40b 24.36 %
Texture F-value 1.00 0.30 1.67 0.06
TW 7.00£0.00a 5.00x1.19b 4.75=1.58b 4.25*1.48b 7.60: =
10 50 6.88£0.35a 4.63£1.30b 4.63+1.92b 4.38%1.40b 5.87*=
100 7.00£0.00a 4.88%+1.24b 4.25*1.48b 4.13£1.12b 11.29#% %=
200 7.00x0.00a 4.50*0.75b 3.88*X1.55b 3.38E£1.50b 15.78: =
F-value 1.00 0.32 0.46 0.84
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(Continued)

Disinfection Storage time(days)
E i Chlorine
i xposure time -
Ingredient P . Concentration 0% 1 3 5 F-value
(min)
(ppm)
TW 6.88*£0.35aA 4.75+1.48b 4.63=1.06b 3.63*=1.18b 12.26%**=*
5 50 7.00£0.00aA 4.50=1.41b 4.38%1.18b 3.13£1.24c 16.99%#%=*
100 7.00£0.00aA 4.88%+1.24b 4.63*£1.18b 3.75E1.66b 10.58* #%x*
200 6.00=0.53aB 4.25+0.88b 3.88+0.83b 3.75=0.88b 13.62# %% =
. F-value 18.16% %% 0.38 0.86 0.43
Acceptability
TW 7.000.00a 4.75+1.28b 4.50£1.06b 4.25+0.88b 14.37#* %%
10 50 6.63*x1.06a 4.75£0.70b 4.50£1.19p 4.25£1.58b 6.74%=*
100 7.00£0.00a 5.00£0.75b 4.75*+1.03b 4.13*1.55b 12.20% %=
200 7.00£0.00a 4.50£0.92b 4.00*x1.30b 3.75*t1.28b 16.89 % * =
F-value 1.00 0.37 0.59 0.24

¥ : before storage

w0 wx wxx xxwxx ! gignificantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively
abc : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.

AB : Means with the same letter in a column are not significantly different from each
other at ¢=0.05 as determined by Duncan's multiple range test.

N.A. ! Not Attained
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Table 26. Score of Sensory Evaluation of Tomato during storage

Disinfection Storage time(days)
. B . Chlorine
Ingredient xposufe time Concentration 0% 1 3 5 F-value
(min)
(ppm)
TW 7.00£0.00a 4.75*1.16b 4.38+0.74b 4.25*1.16b 16.26% %=
5 20 6.75%£0.70a 5.13*1.24b 4.50£0.75b 4.25*£0.46b 14.25% ==
100 6.88£0.35a 5.00x1.19b 4.63=1.30b 4.63L£0.74b 9.76= =
200 6.88+0.35a 4.38+1.18b 4.38£1.06b 4.25*1.38b 11.29# ===
Appearance F-value 0.44 0.61 0.12 0.28
TW 6.88%+0.35a 4.75+1.28b 4.25£0.70b 4.13£0.99b 16.10% ==
10 50 6.88£0.35a 4.75+1.28b 4.63E1.06b 4.13E£1.24b 10.67 %=
100 6.88£0.35a 4.88+1.12b 4.75E1.16b 4.00E£1.06b 12.42% %=
200 6.88*+0.35a 4.50+0.92b 4.25%£1.03b 4.25*1.38b 13.09 ===
F-value N.A. 0.15 0.52 0.06
TW 6.88+0.35aA 4.88£1.35b 4.50£0.92b 4.38%+0.91b 11.87 ==
5 50 6.75£0.70aA 4.50£1.30b 4.13£1.24b 4.13+£0.83b 11.42% %=
100 6.00£0.00aB 4.75£1.28b 4.63+1.30b 4.50=1.06b 3.45%*
200 5.88%+0.35aB 4.13*+1.24b 4.13*£1.12b 4.13*1.88b 3.77=*
Flavor F-value 11,11 e 0.52 0.40 0.18
TW 6.88+0.35aA 4.63£1.18b 4.38%£0.74b 4.25%=0.70b 18.97 %=
10 50 6.75£0.46aA 4.63£1.18b 4.38£0.74b 4.38+£0.74b 15.54 %% %=
100 6.00£0.53aB 4.63£0.74b 4.50+1.30b 4.00£1.06b 5.86::=
200 6.00£0.00aB 4.38£1.06b 4.13+0.64b 4.13+1.12b 9.32#% ==
F-value 11.40 0% % 0.11 0.24 0.24
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(Continued)

Disinfection Storage time/(days)
. . Chlorine
Ingredient ExposuTe time Concentration 0¥ 1 3 5 F-value
(min)
(ppm)
TW 6.88%+0.35a 5.00x1.06b 4.50*1.30b 3.88*£1.24b 11.80% * ==
20 6.75+0.46a 4.75*1.16b 4.25%0.88b 3.88*£0.99b 15.71 % ==
100 6.75£0.46a 4.88+£0.99b 4.75*1.16b 4.38*1.59b 7.08:=*=
200 6.75*0.46a 4.63=1.30b 4.50*1.41b 3.38*1.59b 9.82% ==
Color F-value 0.16 0.16 0.23 0.70
TW 6.75+0.46a 4.75+1.28b 4.13*£1.12b 4.13£1.24b 10.58 % * ==
50 6.75£0.46a 4.75*1.16b 4.25%1.38b 3.88L1.55b &8.88: =
100 6.75£0.46a 5.25*1.16b 4.8820.99b 4.381.18b 8.37===x
200 6.75+0.46a 4.50+x1.30b 4.50*x1.19b 3.88*0.35b 9.84%==
F-value N.A. 0.52 0.62 0.25
TW 7.00£0.00aA 4.75*1.38b 3.88*+0.64b 3.88£1.24b 17.90 ==
50 5.00£0.53C 4.63£1.30 3.75*1.38 3.75%*1.03 2.57
100 5.88%+0.35aB 4.38%1.06b 4.13*1.64b 3.63£0.91b 6.27%*=*
200 6.75+0.46aA 4.25*0.70b 4.13£1.45b 3.88*£0.99b 15.09 % ===
Texture F-value 42,33 % % 0.32 0.16 0.10
TW 6.75+0.46aA 4.38+1.18b 3.88£1.24b 3.50*£1.30b 13.97 %=
50 5.88£0.35aB 4.25+1.03ab 4.13+1.24b 3.25%*1.03b 10.03#%*=
100 6.00£0.53aB 4.63+1.50ab 4.50+1.85ab 3.38+1.40b 4.65#=
200 5.00£0.92aC 4.25+1.58ab 3.75+0.88ab 3.13£1.35b 3.36=
F-value 11,10 0.14 0.48 0.13
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(Continued)

Disinfection Storage time(days)
E i Chlorine
. r m _
Ingredient xposu.e ! eConcentration 0% 1 3 5 F-value
(min)
(ppm)
TW 6.88*£0.35aA 4.88*t1.24b 4.38*t1.18b 4.00*x0.75b 14.33 %=
5 50 6.00=0.53aB 5.00*x1.19b 4.13*£0.64c 4.00£0.75c 10.18#*=*
100 5.75%0.70aB 4.88*+1.24ab 4.25*1.48b 4.25*0.70b 3.38x
200 6.00=0.00aB 4.25*+1.28b 4.13*£0.83b 4.00*x1.06b 8.17*=*=
. F-value 8.56% %= 0.59 0.10 0.18
Acceptability
TW 6.88+0.35aA 4.75%1.28b 4.25+1.03bc 3.50E0.92¢c 18.16 %% =
10 50 6.00=0.53aB 4.13+0.99b 4.13*£0.99b 3.88*1.24b 8.18*=*=
100 5.88+0.35aB 4.88+0.83ab 4.50*1.41b 3.75*1.38b 5.26%%*
200 5.88+0.35aB 4.13*+1.24b 4.13*£0.35b 4.00*x1.06b 8.75%%=*
F-value 11.29 % % %= 1.05 0.24 0.27

¥ : before storage

w0 wx wxx xxwxx ! gignificantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively
abc : Means with the same letter in a row are not significantly different from each other
at ¢=0.05 as determined by Duncan's multiple range test.

ABC : Means with the same letter in a column are not significantly different from each
other at ¢=0.05 as determined by Duncan's multiple range test.

N.A. : Not Attained
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Table 27. T-value in Score of Sensory Evaluation of Lettuce

in same chlorine concentration related to exposure time

Chlorine Storage time(days)
Ingredient Concentration a)
0 1 3 5
(ppm)
TW N.A. 0.43 0.30 1.73
50 -2.20 0.83 0.66 0.48
Appearance
100 5.58 k%% 0.64 -0.19 0.00
200 0.36 -0.25 0.36 0.00
TW -5.58# %% -0.63 -0.94 1.44
50 N.A. 0.25 0.21 -1.13
Flavor
100 N.A. 0.47 0.26 0.29
200 -3.21 %% 0.27 0.55 N.A.
TW 5.58 -0.78 -0.64 1.35
50 -0.80 N.A. 0.37 1.14
Color
100 3.86: 0.77 0.19 N.A.
200 N.A. 1.46 0.59 0.85
TW 5.5 8 sk s % 0.27 -0.68 1.37
50 N.A. 1.14 N.A. 0.65
Texture
100 5.6 6 5 s s % -0.17 N.A. N.A.
200 N.A. 0.19 0.94 0.60
TW N.A. 0.24 -0.27 2.18:=
. 50 -0.80 0.50 0.65 0.24
Acceptability
100 5.5 8 sk s 1.05 N.A. 0.36
200 N.A. N.A. 1.08 1.14
9 : pefore storage
#*%, =x=xx% ! gignificantly different at p<0.01, p<0.0001
respectively

N.A. ! Not Attained

_83_



Table 28. T-value in Score of Sensory Evaluation of Spinach

in same chlorine concentration related to exposure time

Chlorine Storage time(days)
Ingredient Concentration a)
0 1 3 5

(ppm)
TW -3.12=* 0.85 0.41 0.66
50 N.A. -0.22 0.85 N.A.

Appearance
100 0.80 -1.34 -0.40 -0.18
200 -0.80 -0.20 -0.17 -0.82
TW N.A. 0.83 N.A. -0.51
50 N.A. -0.73 N.A. -0.70
Flavor
100 N.A. 0.85 0.23 0.23
200 -8.28% # % N.A. 0.40 0.42
TW -0.80 0.36 0.26 -0.48
50 -3.86%* -0.46 -0.85 -0.84
Color
100 0.80 0.26 -0.45 -0.52
200 -0.80 -1.04 -0.65 -0.72
TW 0.80 0.18 0.20 N.A.
50 -0.70% %% N.A. N.A. -0.16
Texture
100 5.58% %% N.A. N.A. -0.17
200 -5.08% %% 0.16 -0.40 0.17
TW N.A. 1.51 0.45 0.26
. 50 N.A. -0.42 N.A. -0.32
Acceptability

100 5.58# %% 0.45 -0.74 N.A.
200 —5.66% %% * -0.19 N.A. 0.15

¥ : pefore storage

% %ok ook ook

b ’

¢ significantly different at p<0.05, p<0.01,

p<0.001, p<0.0001 respectively
N.A. ! Not Attained
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Table 29. T-value in Score of Sensory Evaluation of

Cucumber in same chlorine concentration related to exposure

time
Chlorine Storage time(days)
Ingredient Concentration a)
0 1 3 5
(ppm)
TW N.A. -0.20 N.A. -0.36
50 N.A. -0.28 -0.47 -1.17
Appearance
100 N.A. N.A. -0.73 -0.51
200 -0.80 -0.28 1.16 -0.25
TW N.A. N.A. -0.23 -0.16
50 0.80 -0.21 -1.07 -0.75
Flavor
100 N.A. -0.40 0.23 -1.16
200 —5.66% % % * -0.83 0.32 -0.42
TW N.A. 0.66 0.19 -0.69
50 N.A. 0.19 N.A. -1.50
Color
100 N.A. -0.27 -0.45 -0.70
200 -4.73% %% -0.42 -0.18 -0.24
TW -0.80 -0.37 -0.19 -1.17
50 0.80 0.38 N.A. -1.15
Texture
100 N.A. 0.59 0.56 -1.01
200 N.A. -1.90 -0.39 N.A.
TW -0.80 N.A. 0.23 -1.19
50 0.97 -0.45 -0.21 -1.58
Acceptability
100 N.A. -0.24 -0.22 -0.47
200 -4.,73%%* -0.55 -0.23 N.A.

9 : pefore storage
#=+%  #x+% ! significantly different at p<0.001, p<0.0001
respectively

N.A. ! Not Attained
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Table 30. T-value in Score of Sensory Evaluation of Tomato

in same chlorine concentration related to exposure time

Chlorine Storage time(days)
Ingredient Concentration a)
0 1 3 5
(ppm)
TW 0.80 N.A. 0.34 0.23
50 -0.45 0.59 -0.27 0.27
Appearance
100 N.A. 0.22 -0.20 1.36
200 N.A. -0.23 0.24 N.A.
TW N.A. 0.39 0.30 0.31
50 N.A. -0.20 -0.49 -0.63
Flavor
100 N.A. 0.24 0.19 0.94
200 -1.00 -0.43 N.A. N.A.
TW 0.61 0.42 0.61 -0.40
50 N.A. N.A. N.A. N.A.
Color
100 N.A. -0.69 -0.23 N.A.
200 N.A. 0.19 N.A. -0.67
TW 1.32 0.58 N.A. 0.59
50 -3.86#% = 0.64 -0.57 0.97
Texture
100 -0.55 -0.38 -0.43 0.42
200 4.7 8% %% N.A. 0.62 1.26
TW N.A. 0.20 0.22 1.18
. 50 N.A. 1.59 N.A. 0.24
Acceptability
100 -0.45 N.A. -0.34 0.91
200 0.80 0.20 N.A. N.A.
9 : pefore storage
#*%, #x% ! significantly different at p<0.01, p<0.001
respectively

N.A. ! Not Attained
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ABSTRACT

A Study on Safety level of Microbiological Quality Depending

on Sanitization method of Vegetable types.

Lee Yun Hee
Department of Food and Nutrition
The Graduate School

Sungshin Women's University

This study was evaluated safety level of microbiological
quality depending on sanitization methods of vegetable types
which were raw food ingredients used 1in foodservice
operations. We analyzed lettuce and spinach as leaf
vegetables and cucumber and tomato as fruit vegetables
according to various disinfection methods in different
chlorine concentration(50ppm, 100ppm, 200ppm) and exposure

time(5min, 10min) during 5 days.

First, raw ingredients were analyzed the time needed and
temperature during each preparation stage were measured and
physicochemical (pH, Aw) and microbial (total plate counts
and coliform counts) qualities.

Second, in order to evaluate the quality and safety, the



physicochemical (pH, Aw) and microbial (total plate counts,
coliform counts) qualities were evaluated according to
disinfection methods and storage at 3C for Oday(after
sanitization), lday, 3days and S5days. The following results
were obtained.

Third, the sensory evaluation (appearance, flavor, color,
texture, acceptability) were evaluated according to the
disinfection methods and storage at 37C for Oday(after
sanitization), lday, 3days and 5days. The following results

were obtained.

1. The temperature needed during preparation were 3.47TC,
6.0C, 5.3C, 5.6TC according to lettuce, spinach, cucumber and
tomato in basic ingredient. In preparation stage, regarding
total required time, it took 22.58~24.9minutes for leaf

vegetables and 16.85~19.33 minutes for fruit vegetables.

2. The results of measuring physicochemical qualities were
evaluated during the preparation stage. In washing & cutting
and immerging stage pH was in the range of potentially
hazardous state (pH 4.6~7.0) but pH was not in the range of
microbial optimum growth state (pH 6.8~7.2).

Aw of leaf vegetables and fruit vegetables were 0.94~0.99

and 0.95~0.99 in the range of potentially hazardous state



(0.85~0.99).

3. In the preparation stage, vegetables had shown no
exceeding a microbiologically safe limit (total plate
counts<6.00, coliform counts<3.00) but the difference between
leaf vegetables and fruit vegetables was 1.45 (Log CFU/g, the
unit omitted hereinafter)at total plate counts and 2.16 at
coliform counts, that is, sanitation state of leaf vegetables
worse than fruit vegetables. In washing & cutting and
immerging stage, total plate counts and coliform counts
reduced by increasing chlorine concentration, and the more
exposure time, the more disinfection effect in the same

chlorine concentration.

4. The results of measuring physicochemical qualities
according to the disinfection methods and storage day were as
follows. pH showed no difference under the sanitization
methods and vary by storage days and Aw increased slightly

during storage day.

5. Food quality was evaluated wusing microbial tests
according to the disinfection methods and storage day. Total
plate counts of vegetables significantly increased during

storage day (p<0.001, p<0.0001), nevertheless no exceeding



microbiologically safe level of 6.00.

The results of coliforms were as follow. In the lettuce the
lowest increase showed at 200ppm chlorine concentration for
5 minutes exposure time and 200ppm chlorine concentration
for 10 minutes exposure time was the safest in the spinach
during storage day. In case of cucumber the sample with tap
water disinfection exceed microbiologically safe level of 3.00
at the first day, but tomato with all disinfection methods was

not over 3.00 during storage day.

6. The results of investigating correlations between
disinfection methods and microbial factors were as follow.
Significant correlation was detected between chlorine
concentration and microbial qualities of lettuce, spinach and
tomato except for cucumber, that is, chlorine concentration
explained 25%~73% of microbial qualities (p<0.0001).
Otherwise exposure time had 3%~9% explanation power
(p<0.05, 0.01, 0.0001). Also vegetables had been reduced
microbial qualities after the lapse of time, that is, microbial

qualities positively correlated to storage day (p<0.0001)

7. The results of sensory evaluation show that both leaf
vegetables and fruit vegetables were not significantly

different according to the disinfection methods during storage



day(lday, 3days and 5days) except Oday(after sanitization). It
might be influence of chloride characteristic that reduced
free chloride concentration in solution. And panel could not
distinguish vegetables which were disinfected by tap water or
chlorine water, it means high chlorine water could not be

influential in sensory evaluation of vegetables.

In summary when the effects of disinfection methods on
physicochemical, microbial qualities and sensory evaluation
were analyzed, the following results were obtained. First, in
the leaf vegetables disinfection in 200ppm chlorine
concentration for 5 minutes exposure time needed for
microbial growth control. Second, fruit vegetables with tap
water sterilization had been more reduced microbial qualities
after the lapse of time than chlorine disinfection, that is,
disinfection in 50ppm chlorine concentration for 5 minutes
exposure time was desirable. Third, high chlorine water could

not be influential in sensory evaluation of vegetables.
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