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Reduction of Salmonellae Contaminated on Straw Mushroom and Okra
by Using Hydrogen Peroxide and Chlorine Dioxide solution
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Abstract
The study of heat and sanitizer resistance of multi drug resistance Salmonellae (MRS) 4 strains
Salmonella Typhimurium (ST-1), S. Agona (SAg-11) and S. Amsterdam (SA-13,SA-16) in microbiological medium
found that all strains resisted to the tested heat and sanitizers better than the non-drug (NR) resistance strains (S.
Amsterdam DNST 7109 and S. Agona DMST 17366). The D

2.3 min while the non-drug resistance strains showed the maximum at 1.9 min. In addition to the sanitizer

=-c Value of drug resistance strains ranged from 1.9-
resistance ability, drug resistance cells resisted to H,0, 0.1% and CIO, 20 ppm better than the non-antibiotic
strains 1.5-2.0 times and about 1 time ,respectively. Artificially contaminated on straw mushroom and okra at
population of 5.8 log CFU/g showed that H,0,3% and CIO, 3 ppm reduced the Salmonella cells by 1.3-1.7 log and
1.6-2.6 log, compare to tap water which could reduce only 0.7 log. However survivors could grow and multiply in
straw mushroom and okra during 3-7 days storage at 15 °C. Noticeably, these contaminated produce appeared to
be acceptable quality, which could be possible to cause harm to consumer. The fresh produce contaminated by
Salmonellae and other gastroenteritis bacteria should be taken in consideration and need preventive measures
such as appropriate sanitizing and washing methods to enhance food safety of produce.
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uazaninganangiinfiamielulssma Senruanansalunsduniuaisiugain (e uaz U3, 2538;
Heinitz et a/ 2001 ; Pope et al., 2001 ; K|ess|mg et al., 2002 ; Fluit , 2005 ) ﬂnqn'ﬂmﬂmﬁm‘wﬂumimmim LAz
wudnRNAAAT AT AaFeu mmﬁmmmmm ANERUFHIUNIUATIFIURATN ( Multidrug resistance, MRS)
Sunliuiazuanapauinuniusenaesai sy vm'lviLm@mumﬁ%wlﬂuﬂivmummﬂigﬂﬁmﬁu 172
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el lunsidune Wun aewuglifuniuanseadn (on-drug  resistance, NR) Salmonella
Agona DMST17366 (SAg) Waz S. Amsterdam DMST 7109 (SA) aMnanTu3deRNeNAARTaAI619uaT Wunys dou
aneWug MRS 4 @lsnil Ae S. Typhimurium (ST-1) , S. Agona (SAg-11), S. Amsterdum (SA-13), S. Amsterdum
(SA-16) wenlgannumadinliuaziieln (391, 2546) WREEeluaning Trypticase Soy Broth (TSB) 35+2°C
wRELNETe 100 Taanslu TSB nziAsaiungn 18 4alue @eansdaaansazaaildlnuasadadus 0.1 W&
AMUIUTARANFBINIT

NMALATIERUTU AR TA LU UARILAZ A UIURAUVIZ HVIIUNA LUABEN9R1NT
A998 mesophile aerobic count TuEnansaamARA spread plate A2e811117 TSA wnzidaillunan 24
dalus doudaluiuaniniagalifoaaniing Xylose Lysine Desoxycholate Agar (XLD)

MSANENANLANITFNUNIUANNSDULDITALNLUANILATNTAUNIUANTH T H,0 uaz CIO,
nstlulaansazaneide 10 Nadans avluanmis TSB 90 Nadanstellgmuungil 52, 54 1ise 56°C TuapauAw
UUYRULILLIEN gNFABE199N 10 W Nvan 0 — 60 W AAEHLBNUTAANIDATIAFIEADUD9 Ryu AT Beuchat
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(1999)AuanuAmvzalaan TunslipnuFaungungdnimuanausoiiaamasuuan e lizeaas 90 viia 1 log
CFU %NN19YAa898tiNatas 2 41 49UN13NAZaUANA N30 1NN F 1 UN L I9me i lunuaaLasnn Ir;m
NANANTATAY H,0, Uy Lm’LMmmmmmummmﬂu 100, 250, 500 uaz 1000 ppm e iU naseui
30+2°C {lunan 15,0 uaz 30 u’m z\mmfamamm%aummwﬁmm@mmmmmmmmuum 413U ClO, nndaL

NAnududy 5,10 ez 20 ppm ‘VlL"JCZﬂ 0-30 W7 NNNINARDS 2 m

nsANIMsLIAsLAzNsatTanastaluluas LAY LAZNSZIRELTEY
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ANNANNNID IUNIFuIBA KT LI a TuaA LaRs ugANR WUINAgUNYHE 52°C AR 6 T3
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S A

IniTladumnsinaiudaan wadgninanalidaslaidinaiaziinauain 10 i 60 unil dounaniugid 56°C s

Q a

a

IndLAeiiu lethal temperature (60°C) WudnANAAzanadlNGLALTUNINAS1.4-1.5 WA ANBTQUUNHE 54°C B89ANE
g MRS SR 2.4-1.9 1wt lusausiianeiug NR Wenigegn 1.9 wiil aneiug MRS ( SAg-11, SA13 uaz
SA-16) %qﬁﬂumumiﬂgﬁwmmdw 10 1310 WiAATR 54°C wnndvzasuniuanFeuliuinndiaaiug NR SA
WAz SAg VIRAUNIUANIATN e ARLY (ST-1) AruatnnsalunissiuniuauFeusesdaluuaaiiauansng
ﬁu%u@gjﬁu%‘iﬂwﬂ (Sumneret al., 1991) H9M891Ud1@189UE MRS wanaailn 1 S. Typhimurium DT 104 b ar
55°C lulaiuasimaanannananeiuging non DT104 (Jung uaz Beuchat, 2000) Tunstilaas Listeria monocytogenes

aneiug MRS Wennaauluidauanudn HAAN 55 °C u1nndianaiug NR 1wy (Walsh et al., 2001)

Table 1 Heat resistance of Salmonellae in Trypticase Soy Broth at certain temperature

D-value (min)

Temperature(°C)

SA SAg ST-1 SAg-11 SA-13 SA-16

52 5.85b 5.60ab 5.49a 5.55a C5.52a 5.93b
(+0.10) (+0.43) (+0.33) (+0.23) (+0.08) (+0.39)

54 1.94ab 1.93ab 1.88a 2.35d B2.03b 2.17c
(+0.54) (+0.27) (+0.58) (+0.66) (+0.51) (+0.47)

56 1.45ab 1.45ab 1.42a 1.46ab 1.45ab 1.50ab
(+0.08) (+0.15) (+0.13) (+0.36) (+0.06) (+0.27)

* within parenthesis are the standard deviation number from triplicate samples (n=3)

a,b,c,d the same number letter within rows means not significantly different at P=0.05

2. mwmuﬂiniunﬁsﬁﬁuwmms?hL’ﬁ’ymm%'a‘imuammﬂﬁ'ué MRS

firudiuduees H ,0, mm 100 ppm anauugasaeddaluaa uANIA A TUE MRS UazANeWuE
NR"LNLLmﬂm\mu ”Luvl,ml,mmﬁn@m (usilefinnoadadiudu 250 uaz 500 ppm angWugMRSHlanasanTin L6
1NN91 Tianudadis 1000 ppm (0.1%) 30W7 anaesilg MRS 162.0 - 2.4log CFU/m IummzmmmmwwquR
3.7-4.3 log CFU/mI vizananalfiunnngnt.5 — 2.0i1 (Fig 1A,1B) @amAaedniusea11aed Russell uae Day (1996)
ﬂ@'mdﬁLmﬂﬁGﬂﬁﬁmwNmma‘alunwﬁmmumwﬁm%%wmmmm’mmmmlum?ﬁmmummqL%ﬂ"lﬁﬁm
White waz Mc Dermott  (2001) ﬂ@'mdm@1ﬂ1uﬂﬂir§1’mmummhL%@Lmzmaﬁma@%whwﬂﬁﬁﬂ&uﬂﬁmmﬁqﬁu

‘Luv’hu@\uﬁmﬁu finudduaes ClO, 5 ppm @xsninaedaluiuaataaiug NR lauunluan 20
U aniTe3NEu4.6 — 4.7log CFU/MI 1%%&1”1’1’&’1%‘1/‘1%15 MRS SA-16 mv-wi@mmm”l,mﬂivmmzlog CFU/g ( Fig
1C,1D,1E ) mwmum nsldansazane CIO, fianmudiud 5 ppm 10 widadinnieventuilew Escherichia coli
0157 : H7 MfiZeBuAu 3.7 log CFU/g %mmmmmmmaim 1.9log CFU/g (Singh et al.,2002) Usz@nsninans
A17ATANY CIO;luﬂ’]i‘FﬁT‘LIéT\‘iLLZ\]?JVIO’]@’]EILLUﬂﬁL?‘H Tufuaaudadu sreznanlunsdndaans SunnideBud T
nsAnenassil wnsieanIsinanadaluiuaananawug MRS e 4 3l IntIdeslfaonadaduses CIO, 4w 20
ppm Fusiaideithunan 20 Wi

(=3 & a = s 1 g @ o
3. meaniianuaznssiRguligadwitleudaluiuaainrggaisazaiagiiida H,0,uaz ClIO,uaznsnusnE
# 15°C

LW@W’W\W]@?’]\?W]?TJ%L‘]J@%%@INL‘L&@ﬂ’]LE‘N'mALGﬁ@@LiNﬁ]u 5.8 log CFU/g NAIANAAILATAZAE H 0, 5 %
LLJ\I']’]"’L,V]’]@’WEILBH@ZQLL‘]JﬁVlLiF;IVLﬂﬂﬂ’N LLWV]’WSLM@?J@\?LVWW’NL‘JJ@EIH ﬂ’ﬁ‘@’NLMG]V\IWQVIWQWNL%N%UMWHQ’W]@ 3% VLN‘VH@’]E



Auaziiledudaraafiang ANMN30AnTA T A AN WS MRS 16 1.7 log CFU/g 1u°nmm°mmummmqmﬂmmu
aal&1fe4 0.4-0.5 log CFUIg wndnadnaansazane CIO27iAnuidadiu 3 ppm iwaan 15 wait Wiledudaseasia
WeAngn anunsnandaluiuaatanaiug MRS 16 1.3 log CFU/g anawug NR lasieanssindeninndn wadanad-1.5
1.9log CFU/g (Table 2) aginglafia luszndng 3 Fuaeamafiuf 15°C wudndaluiuanfiseadsaanansafinduaulély
FLMINNITAL

FletnnssAsuTon uilendalumaaBuanaadGuiu 5.8 log CFU/g #9faaansazany H,0,% 3 uas
a3azany Clo, 3 ppm Luaan 15 wil awnsnandaluiuaanls 1.6 uaz 2.4 log CFU/g ANNANAL UBLAEIITU
aneiug NR TQMEququmﬂwqm@qunﬂﬂqq SMIUAARY 1.9-3.1 log CFU/g Anviutinnduanléifies 0.7 log CFU/g
uaznuindaluiaafisendinanunsosinylduafinsuanlussudnanisiiud 15 °C naenan 7 5u

FanauaznszReLdaeit s SFuEe mnthandnsluaisazans H,0, LL@xCIOzmqumeﬂmmmﬁmu
Lﬁnmfﬂgﬁuﬁffﬁmumﬁﬂmﬁﬂummﬁmﬂﬁirﬁ?’lmﬁmﬂwiﬁ 1210g CFU/g daulunsziaeni@adld 1.5 log CFU/G dae
Bnangniaiutiangands 1 dudu 2 i AunsrAL @ a S Tan AU FLT U 15 +0.5 °C (Table 3)

Table 2 Log reduction of Salmonella (log CFU/g) found in straw mushroom and okra after washing with sanitizers

Log reduction (log CFU/g)

Sanitizer
Mushroom Okra
condition
Non-drug resistance Drug resistance Non-drug resistance Drug resistance
0, (3%,15 min) 1.9 1.7 1.9 1.6
CIO, (3 ppm,15 min) 1.5 1.3 3.1 24

Sterile water(15 min) 0.5-0.6 0.4-0.5 0.5-0.7 0.5-0.7

Table 3 Growth and survival of aerobic mesophile bacteria (log CFU/g) found on uninoculated straw mushroom

and okra during storage at 15 °C

Population (log CFU/g)

storage
Mushroom Okra
(day)
ClO, 3 ppm H,0, 3% Tap water Clo, H,0, Tap water

Before washing 7.36 (+0.03) 7.77 (+0.20) 7.25(+0.24) | 6.87 (+0.54) 6.37 (+0.54)  6.95 (+0.54)
After washing 6.19 (+0.08) 6.59 (+0.46) 6.54 (+0.21) 5.39 (+0.25) 493 (+0.16) 5.85(+0.14)
1 6.64 (+1.02) 6.63 (+0.34) 7.13(+0.08) | 6.22(+0.27) 6.37 (+0.23)  6.97 (+0.35)

2 7.57 (+0.46) 7.43 (+0.92) 7.53 (+0.70) 7.05 (+0.14) 6.95 (+0.24)  7.35(+0.28)

3 Spoil 7.49 (+0.24) Spoil 7.41 (+0.14) 6.72 (+0.11)  7.37 (+0.44)

5 NT NT NT 7.38 (+0.38) 6.64 (+0.37)  7.08 (+0.09)

7 NT NT NT 7.42 (+0.33) 6.59 (+0.11)  7.53 (+0.16)

NT = None test
dgUuan1snaang

daluiuaaanesiug MRS Feilenanuluawnsduieuanniledniuazdsanden deuileuludn wad
radnansndunusiedadeiildlunisudn i aansdenlunisaan anssindelunisdng A9AsdNIngAN UL IR
mmﬁmﬁﬂimaLawwﬁﬂ@mmﬁﬂ%wfﬁ Faluiuaniaeiug MRS awnsninanalasaaaisazans H,0,0.1 % uay
anrazans ClO, 20 ppm T8 20 W7 waz 20 WINANAIAL LLW‘luma‘mqmﬂiumnmsahﬂmmmummﬂmqim
wazinifiedndauazdaesemnsnlaou lunsdlfiaruaznszidaudes uieudaluiuaans.s  log CFU/gG
auIninaneLaad161.3-1.7 log waz 1.6-2.6 log tnadesnsansazane H,0, %3uax CIO, 3 Sy ANANAY T
findszhanlfifies 0.7 log uazdanuinmaddaluiuaainsanisnludniedeas mmmmmqmuiﬁlmmm
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Figure 1 Survival of Salmonella after exposing to H,0, A) 500 ppm, B)1000 ppm
and CIO, C) 5 ppm, D) 10 ppm and E) 20 ppm.



