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(Effect of Ozone to Microbial Decontamination on Minimally-Processed Vegetables)
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1.1 Feqdwidililunmeasey udeadwitiAqrsaneiuiinduariinonuiniduded
ynaztudlaunniusngs vl fniinds (microbial spoilage) wazinWinialspavnadufs TawA
Gram negative: Escherichia coli TISTR 780, Pseudomonas aeruginosa TISTR 781, Salmonella
Typhimurium DMST 562 Gram positive : Staphylococus aureus TISTR 1466, Enterococcus
faecalis TISTR 379, Bacillus cereus TISTR 687, Listeria monocytogenes DMST1327 Lf‘ﬂﬂ”m’] 1&un
Aspergillus niger 246 lHun Candida albicans TISTR 5239

1.2 AENITRAWYIIENARDY LULEUNT Trypticase soy agar &NL3U 1T@91 IALNUWANMNS Potato

1
= a

o . = & o o o A -
dextrose agar Wwaalltnngumnd 35 asamadaa e 24 dalus duiumes uas Bas
| ~ = & o e = & A o
Unngouni 30 esAaaidea 1unan 48 dalue antusisanamaivanis naaau fulaloy Ine
WrEnaudAand@e U3nnns 20 Raaans adlu final pellet 1aaumazi@e U5udiunoude Fusu 193
AWINAY 10 °-10" cfu/ml. (1 391 )
o \ & , a o Y o zs' =
1.3 tslazimenn i ulalaunszAauANdNdY 1, 3 Az 6 ppm. NIA1 0, 5,15 BAZ 30 WA
lalaunan anerasniiliafnglalau Model 02- 3020 BNNANNdNd LR USUFaNIuINED
a 2 o o 1 v v o zﬂl a 1
wanuiaa Hglnsalilesiunisinnseu Avndindunsadnlng wreslalauneiiined fu 2B
Technologies Model 202, USA
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1.4 9% Q@WﬂLL[F]ZWL?]@V]ﬂ@ﬂ‘]_lvl,@‘i‘i_liﬂieﬁuﬂ/lﬂ']’mL?JN?JHLL@&‘?L'J@’WILL[ﬂﬂ[ﬁ]’]\‘]ﬂuLL@fJ Tiumatiu

k7
A

1BuuIeniTanren Inainn1snnziaeauuanung Trypticase soy agar Wae Potato dextrose agar
IpeFauiaUAU BN TR BNALNIAT 0 W TUNNNANIINAREIALIANUIDINAN cfu/ ml AN

& 09; ' dsj ya [
ﬂ@H@WQMNWﬂEQLLm@ZLﬂJ@IMﬁﬂ@@ﬂN’]Lﬂu log10 cfu/ml.
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PdenadevwAazdanuwlalmunsauaudingy 6 ppm unaiuiu 30 Wi Tddnen
Tnsea3aasradsiasndasqanssaidiannsau (Scanning electron microscope) WaiLiiieLiy
TAsegsvIaEadlng  insasunlasllatingls M limasinian1sang
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| dl (<1 1 o 1 dl 1 4 A o % b4 <]
ngun 2 fungquined s ilelounseauandiudu 3 ppm tHwean 30

| o 1

dl 1 dl 1 E tﬂl o b v |
naun 3 unausletreaniiunisilalounszauaAdude 3 ppm 1fwaan 30
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3.2 Wdnsetenguiilunguasuanuaznguniiunisliilalau (Ao ngui 1, ngun 2 uay
1 t:ll [ 3 v 4‘4' o a g v a a A
ngud 3) Adludie 3.1 1WBNNNNIAIATAIEZRAUNINNNAIUAATIINEN AE
neANEENILLATIEEYIaNNA (Total aerobic plate count) AMNAENIATF LD
U.S.FDA (2003)
n3ANENLBu1a Basuay 91 anNe (Total yeast and mold plate count) ANXA3
N1m3g ULed U.S.FDA (2003)
AsAnEiunauaiBalnane iy way WAaalranasu ( Coliforms and Fecal
. . v acl . . = a dl [<] . .
coliforms bacteria ) #2898 multiple-tube technique %28 nAWA MPN @41t indicator
microorganism muﬁ%mmﬂmmm U.S.FDA (2003)
NTATIARATIZATE Campylobacter WAL N1IMTIAAATIZNLIE Listeria ANNID

N33 UL8Y U.S.FDA (2003)
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al

annanaaesWilalaunszAumnudindu 1,3 uay 6 ppm. AumeqauvIdalasePiTLLANEY
wnsuay liwn Escherichia coli, Pseudomonas aeruginosa, Salmonella Typhimurium Wag wuANGe
wnsuuan WEun Bacillus cereus, Staphylococcus aureus ,Enterococcus faecalis Way Listeria
d” 1 ] ) ) dl” = ey | ) ., @
monocytogenes L1ae) Tun Aspergillus niger WAL LTREAR 1Aun Candida albicans \flwaan o, 5, 15

p A v & P o oA A o
Lbae 30 WN IB’WEW]LQ@’] 0 UM IMLﬂuﬁﬁﬁQUﬂN AR 1MMﬂW?1MT@IGﬁu NANITNARNBAINWLIN LNBLNNTEAL



Page | VI

v
0%

avndindnredlelnauuazlifilusrazinaninuiu - aza1unsndudiniaasny 1e9auYRdTiam 1Al

9 & Wy & & Ae oo A A o o | g
1@ Iﬁﬁlqzl,ﬁuvlﬂqqﬂ‘i_E\qumﬂ@qZQUVﬁﬂeﬂu®[5]’]4"‘1/]@m@QLN@LWHUﬂUﬁmﬂQUQN ﬁﬂmﬂﬂq?ﬂﬂ@'ﬂ\?mﬂiﬂu

1.1 naveslalnunszAuaandingu 1, 3 uaz 6 ppm. slanisantininsesda Escherichia coli
¥ o t:ly dly . . 3 o o
MHnnnsmeasslaanisiaeisie £. coli lua1uns Tryptic soy broth a1ntiuyinnsiiy
e il @ Gusuviniulunganiamaaes As 6.9x10" cfu/ml.yide Wiaiu 7.83 log cfu/ml Tag
Tideuauaasaglutnaulsaani@eiiunns 20 Haaass neuilimeassuiulalaunsziuaaa
disndiusine annuanimaaes wudn telausinnsnaniinineesde £ coli adld Tnelelounszsiy
¥ ¥ | = dgj yR v
pRdindin 1, 3 waz 6 ppm uwaIuIu 30 WIN azawnsnanBuTeaslAvsenay 53.2, 63.6

o o = g v & 1 A a v o < a
RS 100 ANHAIAL N@ﬂq?ﬁﬂE’WULLﬂﬁ\ﬂﬂLﬂuqq LN@L‘WN@QWNLmNmu%@\ﬂﬂI“ﬁumuLL@zLWNﬁ‘ZﬂgLrJﬂ’]ﬂq?

Wilalrunuiulu azgarundudaniaasaeada £. coli 1f Nan11maaauandfansIng 1

Effect of various ozone concentration and exposure times on
Escherichia coli

Total bacterial counts
(log cfu/ml)

Exposure times (mins)

A A o ¥ Y 1 = . . .
N3NN 1 Naresla luNgEALANNIINDY 1, 3 LS 6 ppm. FIaN19an LTINS Escherichia coli

¢ﬂl o Y Y ' d’l
1.2 uareslalrunszAuaaudindu 1, 3 uaz 6 ppm. sian1sanBuInsLeme
Pseudomonas aeruginosa
o o P ¢ , \
TEnnnmmeaealaenisaeside P, aeruginosa Tuamsg Tryptic soy broth
aniuiNsUFuBunnume liiime Busuwiiulunnganismeaes Ae 6.3x10° cfu/ml.vga Wiy

I o

6.79 log cfuiml Taglfimeuaauassetluinauliaainietinins 20 Aadans neutilinaseuiy
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TalgunszAumnudindusiie annanismaaes wudn Wemisanndadulaloune 6 ppm. dwean o,
5, 15 uaz 30 W7 wudn TelouaunsnantBuineeade P. aeruginosa  adld ANn@aBuAUANLAN 0

= = o o A
UM 6.79 log cfu/ml aAAdLUAR 5.61 log cfu/ml, 3.64 log cfu/ml WAL 2.25 log cfu/ml ANNANAL Tneh

o o

anagasinalladAun1eada (p<0.05) Lﬁmﬁﬂuﬁmﬁmmm HANNINARDILAANAINIINA 2 Lazay

o

windila i lalaunsemumanudingu 1, 3 waz 6 ppm Hunanuiw 30 U azdnnnTnantFNNLTaad
=R ¥ [ A
IANI3REAY 47.57, 57.44 LAY 66.72 ANNAIAL

Effect of various ozone concentration and exposure times on
Pseudomonas aeruginosa

8- ——1 ppm
-4-3 ppm
-6 ppm

Total bacterial counts
(log cfu/ml)

C T T T T T 1
0 5 10 15 20 25 30

Exposure times (mins)

tﬂl -QII o 7% 1 dl”
ne7 2 naaaslalaunseaumnndingy 1, 3 uaz 6 ppm. sanTanLEuIMLa9Te
Pseudomonas aeruginosa
1.3 naredlalounszauanudindy 1, 3 uaz 6 ppm. Aan1sanUTNNLR9TE
Salmonella Typhimurium
Tannmeaealaeniadesde S. Typhimurium Ta1ns Tryptic soy broth
o o o P PP | o = 7 = | e
At sliuBunanae lilae Enfuiniulunnganimeaes As  8.2x10" cfu/mlvize Winriy
7.91 log cfuiml Taglfimeuanuassetluinauliaainietiuing 20 Hadans neurhlinaseuiy

TalrunszAaumudindusiie annantmmaaes wudn Weliilelaunssaumanudindu 1, 3 uaz 6 ppm

1FUA11IU 30 WP AXANNNTDARRNNTAA LA DNFRUAY 54.99, 66.75 WAY 79.52 ANNANAL NANT
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naaealudndliiviudn lelouanunsoasiBuinida S. Typhimurium  adlf wAZLBNITRAZARAS
1 = a a zﬁl ¢al o v v o o o v d”
agnalysz@nsnn Wamnsziuanudinduuazszaznanlunnsdudanulaloulfiuiuiu nan1maaas

LAANAINIINT 3

Effect of various ozone concentration and exposure times on
Salmonella typhimurium

-1 ppm
-4 3 ppm
—=-6 ppm

Total bacterial counts
(log cfu/ml)

Exposure times (mins)

¢=ll tﬂl o ¥ Y 1 zﬂ”
n3u7 3 naneslalauiszAuaaudindu 1, 3 uaz 6 ppm. san1santBunLeTe
Salmonella Typhimurium
1.4 navaslalnunszauaaudindu 1, 3 uaz 6 ppm. sianisantBuinsmesde
Enterococcus faecalis
v o d” dgj . . :/’ )
1Hvinniameaeslneniaideaidie E. faecalis a3 Tryptic soy broth AMniilmanig
suifsunuaa il @ Busurinduluynganimasaes Aa 5.8x10" cfu/ml.isa Winiu 7.76 log cfu/ml
Tneliigeuauassaglutindulsaain@eiliunms 20 Hadans  newildveasuduleleunsedy
v oy oA A P = )
ANLdiupne) anRanimaaes wudn Wwaiinanudndulalauis 6 ppm. Wunan 0, 5, 15 uaz 30
= ] g , P & Ay A =
Wi wudn lealsuanisnaniBuinmesda £ faecals adld an@aBusiuing 0 Wi 7.76 log
cfu/ml apaduan 5.61 log cfu/ml, 2.81 log cfu/ml waz 0.00 log cfu/ml ANANAL neianasaenad

o o

o s= & A4 oo o = 1 A gy
ULANATUNINADR (p=0.05) WANEUNUIAAIUAN NANITNARDILAPNAN NN 4 wazaziiuanilali
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TalaunszauAsdndy 1, 3 waz 6 ppm Hunauiw 30 WiH azdnunsnantsNITead AN asay

56.96, 67.27 kaz 100 AMNAAL

Effect of various ozone concentration and exposure times on
Enterococcus faecalis

-1 ppm
-4- 3 ppm
-6 ppm

Total bacterial counts
(log cfu/ml)

Exposure times (mins)

a A o v v ' =~
N7 4 nazealaltunssiumaudingy 1, 3 uaz 6 ppm. AeNsanlTNNINITRITE
Enterococcus faecalis
= o v v ] dl” .
1.5 mareslalounszauanudingy 1, 3 uaz 6 ppm. Aan1anlTNNMIRNTR Bacilus cereus
Tannnmeaealaenideside B. cereus a3 Tryptic soy broth AMniuNINIg
duiBunoume Wil@aGusiuvindulunganimeass Ae 6.3x10° cfu/ml.yse WwinAu 6.79 log cfu/mi
TnalifiToumuastaluinnauilsAain@eisuins 20 Hadass  neuwtlineasudulalaunszsu
¥ ¥ 1 1 dl QI ¥ ¥ = [~1
ANdiusnge) anRan1meaes wudn waiinaudindulalouns 6 ppm. st o, 5, 15 uaz 30
= 1 dgl % d” QI % dl =
Wi wudn lalauanunmanBunniaeada B. cereus  A9MH ANITRENAUANAT 0 WN 6.79 log
" o o a s
cfu/ml amadLUaa 4.85 log cfu/ml, 3.37 log cfu/ml AL 2.03 log cfu/ml ANNANAL IneNanaIneinal
o o o aa A - o = s 1 A a9
WHANATYNNEDF (p<0.05) IWHANALALIAAILAN NANITNARBILAAIAS NN 5 uazazwindilali

Talrunsyaumnsudindy 1, 3 waz 6 ppm unaiuiw 30 w1 azanusaanBuinsdeadlinagesay

54.50, 65.00 AT 70.10 AINANAL
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Effect of various ozone concentration and exposure times on
Bacillus cereus

8- —-o—1 ppm

(log cfu/ml)

Total bacterial counts

Exposure times (mins)
= s o P : s
N3 5 nareslalaunssiumnudingu 1, 3 uaz 6 ppm. sanisantEnniweiTe
Bacillus cereus
-QII o Y Y ] d’l
1.6 wavaslalaunszataoudindu 1, 3 uay 6 ppm. Aenisanifiunnaess
Staphylococcus aureus
Tan1nnImeasslaenisiaead@e S. aureus lua1vng Tryptic soy broth aMnisinnng
iuifsunuaa il @ usurindulunganiameses Aa 6.5x10" cfu/ml.viga Wiy 7.81 log cfu/ml
TnelfimauaauaenaglutiindulmmanmeiBuins 20 dsdans newilineasuiulalounsziu
¥ ¥ J U lﬂl % lﬂl o ¥ ¥ |
pNLindiupnge annuanimases wudn Weliilelaunssaumannidindu 1, 3 uaz 6 ppm unaiuu

30 U AZAINNINAALEN TR IADN3RtIAY 50.45, 55.83 LAY 94.50 ANNANAL HANIINAADILAAS

FanN3 N7 6
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Effect of various ozone concentration and exposure times on
Staphylococcus aureus

—e-1 ppm
-4-3 ppm
—=-6 ppm

Total bacterial counts
(log cfu/ml)

Exposure times (mins)

= A o v 9 : <
N3 6 naveslelaunszduaandindut, 3 uaz 6 ppm. sianisantEuinsueme
Staphylococcus aureus
A o v o : &
1.7 wavaslalnunszauaaudindu 1, 3 uaz 6 ppm. slanisantBuinsuesme
Listeria monocytogenes
lAvnnnIneasslaenisiaeaide L. monocytogenes Ta111s Tryptic soy broth a1niiu
nnnsdFuBunonte iiide Susiuminiuluynganimeass Aa 7.3x10" cfu/ml.yize Winiu 7.86 log
cfuiml Taalifimeuacuaaaatfluinndulsaanisieliuing 20 J8dans newiliveseuiulelswn

o Y v ! o tzll tzll o b4 4 (<1
TTAUAITHLANALATNTT nan1InAaasuansnana Iy 7 Tnalalaunseauaouidingu 1, 3 AT 6 ppm S

AU 30 UNT AzaNNNTan RN LTaa lADIEatAY 50.45, 55.83 WAY 94.50 AMNATGL

Effect of various ozone concentration and exposure times on
Listeria monocytogenes

0 —o—1ppm
2]
S 74 -a—3 ppm
8 ;E\ 6 —=—6 ppm
% é 54
o
S & 44
@ ~
a2 S~
2= g ~
s | e T
g 2
1_
0 o

0 5 10 15 20 25 30
Exposure times (mins)

N9 7 wazedlelounsziumnudindul, 3 uaz 6 ppm. AN1IAALBNILTEATR

Listeria monocytogenes



Page |XI

18 upveslalrufiseduaudiudy 1, 3 uaz 6 ppm. Aen1sARLENRTe
Aspergillus niger
1Evinnnamaaadlaenisidesian Aspergilus sp. a1 Potato dextrose broth
anwinnsUsuinaude il e auburinfilunganmaaes e 3.2x10° cfumlyite Wiy
6.51 log cfu/ml Iﬂﬂiﬁﬁ”ﬂLL‘HQuﬂﬂﬂ‘ﬂﬂﬂuﬁ”’mﬁI/Mﬂ‘i’]ﬂ@’mﬁy’ﬂlﬁ‘ﬂ\l’]ﬁlﬁ‘ 20 §88aAR7 nau hineasuiy
T@Twﬁi:ﬁummgﬁu?ﬁwﬁmj ANHANNINARET WU WanAuiniulalnuda 6 ppm. 1fluan o,
5,15 WAz 30 W7 wudn SelruanansnantBunnedde Aspergilus sp. adld anideGEuEuTiaT o
W 6.51 log cfu/ml amawwae 4.73 log cfu/ml, 2.92 log cfu/ml Uaz 1.93 log cfu/ml mMNATAL Ins

o o

! A:ll = -dly 1 ' o ' A o aa dl =
WLAINNIAT 15 BAZ 30 UIN Lﬁ\mmmmmmblmmnm\‘mu@mmuﬂmmmmmnm (pS0.05) bNRLNEL

o

o

[ % dl (=3 1 dl % dl o v v
ALEARILAN NANIINAABILAAIAT NIINT 8 uaraziiiudileWilalaunsyauaudindy 1, 3 uay 6
| al dgj vy ¥ o [ %
ppm {WWaa Ul 30 W7 AzaN130anTNN LT ANNRAY 49.62, 55.30 WAY 70.35 ANNANAL
= g Y @ A - Y o g o o . P A
NANNTANHIDLAAS MW  WHANNANENT L0918 [T UAUANAN AL WA SN a2 AIN1F Wi L lb1d

WU azduN g UEInIaiasy1adiTa Aspergillus sp. L&

Effect of various ozone concentration and exposure times on
Aspergillus sp.

——

" - 1 ppm
i)

c

8’_\

o £

S 2

o O

E o

— O

c =

S

[s)

I—

Exposure times (mins)

ns 1 8 nazeslalaunszAumandindut, 3 waz 6 ppm. AeN13AALTNIULRNTE

Aspergillus niger
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1.9 naveslalaunseaumndndy 1, 3 uaY 6 ppm. AEN1AALENINILR9LTE
Candida albicans

1Enn1meaaalaeniaaei@a C. albicans 1481313 Potato dextrose broth

k7
a
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[~1 a o = [<1 dl = 1 a K 1
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(a);Total bacterial count, (b); Total yeast and mold, (c); Coliform bacteria, and (d); Fecal coliform

bacteria, Treatment CT ; Control (non-ozonated), OZ; 3 ppm ozone concentration for 30 mins. and OZF;

ozonated and storage in refrigerator 3 days
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bacterial count, (b); Total yeast and mold, (c); Coliform bacteria, and (d); Fecal coliform bacteria,

Treatment CT ; Control (non-ozonated), OZ; 3 ppm ozone concentration for 30 mins. and OZF; ozonated

and storage in refrigerator 3 days
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Title . Effect of Ozone to Microbial Decontamination on Minimally-Processed Vegetables

Researcher : Assist. Prof. Srisuda Kawayasakul

Abstract

This research is aim to investigate the different concentrations of ozone affect to
microorganisms. Ozone concentrations were given at 1, 3 and 6 ppm to gram negative bacteria,
gram positive bacteria , fungi and yeast at 0, 5, 15 and 30 minutes. The results showed the
increasing of ozone concentration for longer exposing time could inhibit the growth of
microorganisms. This was significantly affected when compared with the control group. Indeed,
exposing to ozone concentration at 6 ppm for 30 minutes could reduce bacteria : Escherichia col,
Enterococcus faecalis, Listeria monocytogenes, Staphylococcus aureus, Salmonella typhimurium,
Bacillus cereus, Pseudomonas aeruginosa, fungi : Aspergillus niger and yeast : Candida
albicans to 100, 100, 94.5, 94.5, 79.52, 70.1, 66.72 , 70.35 and 69.9 log cfu/ml respectively.
Furthermore, cell structure was completely damaged by ozone which non-treated ozone cell was
not found. This was observed by leakage of cell membrane and wilted cell as well as cell lysis.
Ozone directly oxidized to unsaturated fatty acid, membrane bound enzyme, glycoprotien,
glycolipid which causing leakage of cell membrane and lose of cell permeability. Moreover, ozone
could significantly reduce the total bacteria count and total fungi and yeast count which
contaminated to vegetables. Also coliform bacteria in lettuce and cucumber was affected by ozone
but not significantly .Also fecal coliform in tamato was not found. All vegetables were longer kept in

refrigerated retarded contamination too.
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