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Combined effect of sanitizers and mild heat treatment on microbial load reduction and shelf life

extension of sweet basil (Ocimum basilicum L) at different conditions
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Abstract

Sweet basil has been used worldwide as an ingredient for several cuisines. However, it can be

contaminated with pathogens; especially Escherichia coli and Salmonella spp. are mainly introduced by

poor hysiene during harvesting, cleaning, packaging and distribution. ~ This study aimed to study the

efficacy of lactic acid (LA) and acidic electrolyzed water (AEW) against mesophilic bacteria on sweet basil.

In addition, a combination treatment was also investigated, using mild heat with the selected sanitizer to

disinfect sweet basil inoculated with S. Typhimurium and E. coli. The 2% LA treatment showed high

efficiency in microbial decontamination, and mesophilic bacteria were reduced by about 3 log CFU/s.

Additionally, the decontamination efficacy of LA increased when combined with mild heat. The use of

2% LA at 50°C showed the highest microbial reduction in sweet basil, in which mesophilic bacteria, S.

Typhimurium, and E. coli were reduced by 4.62, 3.80 and 3.61 log CFU/g, respectively. These findings

indicate that LA can be more effective than AEW in disinfection and provides greater efficiency when

combined with mild 50°C heat.
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Aana1dlen pH 7161 A1 ORP - igauaziiUSunaannududuvesnasiu (ACC) wauszunu vl

(%
[

emazm811”1’3LﬁﬂimﬂaGﬁﬂuwﬁﬂua’liazaﬂaﬂhL%aﬁgﬂmwiﬁdwzmmmﬂhﬂé’umﬁaﬂﬁmm

[

A a = ¥
oqAun3ele



Table 1 Physicochemical properties of treatment solution

Solution pH ORP (mV) ACC (mg/L)
Tap water 7.16 217+0.00 0.05+0.00
NaOCl (6%) 12.44 1562+0.03 5709+152.43
Lactic acid (2%) 2.28 625+0.06 0.05+0.00
AEW 2.58 1144+0.02 32.4+2.79

Values are mean + standard deviation (SD) n=3.
ACC: Available chlorine concentration; NaClO: Sodium hypochlorite; AEW: Acidic electrolyzed

water.

1.2 wavesasazangsindenagauniengs mesophilic lululnssw)
UszAnSnmuesansazansande 3 ¥ia As arsazateurdianivslad arsazarensauanin
wazansaraly NaClo fiagdun3dnagy mesophilic vululusenn wanadagui 1 Welsuiuveqaunsd

nau mesophilic vululnsendslilsunisdneedn 7.33+0.31 log CFU/g Insemildnuasinilon

'
=Y

An% wazdnloy Niweqdunsdiudululsunaiias msziluiivniinisaigiulalndduiumu

9

[ ] (%
v v v

(Babic & Watada, 1996; Wang et al., 2004) ﬁ%é’ﬂﬂmﬁaﬁﬁuﬁﬁamaﬂuL%aﬂﬁum%ﬁﬂmﬁaum
nAududiuiumn tursunisdaisamnsndisiauimisdiunuamuazeuUaenfores
NAnAULe (Allende et al., 2009)

MNNIRRRIMUIINISE RIS 5 unit annsadasanUsinaiteqduvisdasld 1.13
log units kanyinsdtrinderdunidesnanlulnsemnly wasileldansararensauaninidu

U 2% WuE@NTANUSNRUTEAUNEELA 3 log units aegelsAmulinuAULANAIBITEETLIA



Fldlun1sdesendng 15 il (p > 0.05) NIABeU WU NsALANRn NsnewdRn wagnsaiuuledn
awmmé’ué’?&maLﬁ]‘%igl,auimsumLf‘gaﬁ;aum%ﬁléf (Arroyo-Lopez et al.,, 2008; Bell & De lacy, 1987;
Stratford et al, 2008; Wang et al, 2015) Tnensawaniannsadlulumadudrunndaldmnnely
wad dwalilelnmaduiiannizidunse (Cheng & Piper, 1994).
nsudlulnsznilugnsazaneinddninsladi 1, 3 way 5 wiit wandlfidfuinannsoan
USnandoqdunisld 0.82, 1.23 uay 2.63 log units MudIRy N1sudindfeansazaretdidntng
ladlunan 5 udl mmaaam%qﬁw‘%ﬁﬁﬂﬂiﬁ 0.66 log units (Wang et al., 2004) 1nN15ANE
483 Rahman et al. (2010) euinnsldansazareiididnlnslad (pH 2.56-0.3, ORP 1130+20
mV, free chlorine 50-2.2 mg/L, 3 u#h) Twangaunisiamualudnlauandaussld 1.94 log units
nalnmssdevesasaranetnddninslas ftasdeiivalunisendefiioatos 3 Jade loun M pH,

A1 ACC uawan ORP Tagan ORP LudladeFudulunisdudadoqdunid (Kim et al, 2000) A1 pH 7

° = oA v s & a ¢ )~ v - Y ¢ a a e oy
G]']EJ'V‘\]&INﬁWEJLEJ@VIlIL"'UaaaU@QLGUEJ"i]au‘VﬁU LLagﬂJNaIW HOCL LGU"IEjﬂ’]81ULSUaaGU@QQaUWi81®

q

a

(Mcpherson, 1993) #1 ACC LHuilafendn GsasdsnaliAnnisyansidogdunis (Abadias et al.,
2008; Hao et al, 2012; Xiong et al., 2010) n1sudsmearsazaelaneulalinaslsy (sodium
hypochlorite) Wussegiian 1, 3 uag 5 Wil mmmamﬂ‘%mmL%Jaaﬁuw%éﬂbﬂﬂlﬁﬁﬁqm lnyanasis
56 log units usigslsAmuansazats NaClo 1Huiinsuiuindusyiusunssivesansusznou

a d' o aaa LY a e 5 a ' a 3 J <@ Y v O =~
ARBIU LlIE)‘VI’]‘UQﬂiEJ’]ﬂUﬁWi@u%iUﬂﬂﬂquqU’Nsﬁu@ E]T‘ﬂ"ﬂSﬂ@LﬂﬂLUUE’IWiﬂ@NgLin@ PNUULNBAIUN

Uaenseraruilaa dninermanidameneumasyinduinlinaunuasazatgnasiuludunaunis
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813 (Neo et al,, 2013; Rodger et al.,, 2004) fatiuansagargnsauwanin 2% FeiluszanSnngean

sesaundsgnidenunldlunisenegdunidlululnsenlutuneudaly

8 -~ mTap water
o 2
<0 n AEW
o 7
3 mLA (2%)
o 6 .

80 u NaClo (6%)
= b
= 5
=
- p—
S
= 4
=
j<P)
B
=0 3
=
—
—
)
=
=]
et
%..‘. 1
0

Dipping time (min)

g‘dﬁ 1 Reduction of indigenous mesophilic bacteria in sweet basil as affected by different
sanitizers and contact times. AEW: Acidic electrolyzed water; NaClO: Sodium hypochlorite.
Error bars indicate standard deviation of the mean of replicated experiments (n=6). Different

letters on the bars represent significant differences at p < 0.05
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mauil 2 NMsANYIUsEaNsnIMvesaITazale i TIunUNIsITAIINToUTEAUNA N FaNITanUSH I8l
Wwoeaunsglulnsen,
2.1 UsednsnImveansauanansiunuausouseaunaNgenisanusuandesaunsdnlvluly

Insew

'
a Y]

AN 2 UAAINAYRIANTALAIENTALANAN 2% TIufuAILTOUTEAUNANHRRAUNSERIY

v
IS a

Tululysgnn anufeussdunaniinagisiiudssaniamlunisduduioqdunsd wasyreusuuse
AaunnsunenWlunandagianla (Koseki et al, 2004) N1FANMILAITAZAILNTALANAN 2% 7
gaunilvied (25°0) 1 Wil ududludingu 2 wifl awnseaaerdunidmilvlululusemla 3 log

units  wetllaltansazanensakanfindunuAIUSaUsEAUNand (40° C %58 50° C) @1u150an

1% '
Y

Wedunsgnalulan 4.23-4.62 log units (p < 0.05) NsAnwlutagtumsldaisazatensauanin

2% w1 1 W wawglutinaun 40° C wag 50° C Wiy 2 w1l anunsoaniioqdunsdnild 1a 4.23

a

and 4.51 log Mmuanau Lileldasazatsnsauanin 2% Nounnil 40° C uaz 50° C Wl 1 W1l wan

q Y

a Y

wiluindungaumgiivied 2 Wil nudnerdunidmlignanls 4.60 uaz 4.62 log units AuERY

Y

NKaNIsNAanandlmiuInIsldaINuSaUsEAUNaeaL S NU S ANS A NUeIaTaYa8NIA

wan@nle 1NASANYINITTINALALDIALATONEARALAY LABAN9MI8EIAae3Y (200 me/L, 50° C)

1%
o a

WUELINUEIAUNIENYOURINIA (aerobic bacteria) ¢ 2.3 log CFU/g (Klaiber et al., 2005)
| Y Y Y - a a o I3 = a a eal
dnllunsuitinniauiidausemedinaeiu s 47° C 0wnan 3 Wil awnsoangaunsdnvey

9@ (aerobic bacterial count) lauszunad 3 log CFU/g (Delaquis et al,, 1999) nslaminuiou

) ° 3 & a a v A = a A v ¢
igﬂ‘Uﬂa']Qﬁ']lniﬂ‘V]"la']ﬂL"?jaamaﬂL%@'ﬂ]au‘ﬂﬁfﬁm Lu@ﬁ‘ﬂqﬂﬂ"liiﬂiyLaﬂﬁﬂ’]WﬂJ@ﬂIﬂﬁmuALULU@WllLeﬁaa PIA
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a

medeldudueuladmfeidesdunisinauvesboriuieaddnaig wienliiinnisanide

o

ANANNTAUNNUSEN ST ARsiovUIUNITINIUBEN (Jay et al,, 2005; Noriega et al., 2013; Wu,

(%

2008) Weqdur3dignnisaamasasaeiloamaininusouseaunat ssinnulvsediedenis

TauvinanemeansaiyaiiuuInIu (Li et al, 2012) 3MNMSANYIUNNSNAAINNUINUTLENSAINAIT

a N 6 a

angedunidily Tululusenifigamgil 40° C uay 50° C Lufiaduunndaiu (p > 0.05) e

9 Y

1 < o/ a | [y k% [y Q" ° a a
pgalsnaunsldansazaronsananinsiniuanudouseiunatsil 40° C uansusednsnalunis

gugsladnesulatesniinisldomumgll 50° C srewginmsldarsazangnsauanin 2% sauiuaiy

a =< A

FouszAunafgamgil 50° C Fagnidenintdluns@nwdudalusely

Y Y
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m25°C ®=40°C ms50°C

Microbial log reduction (log CFU g)

Treatment condition

A7l 2 Reduction of indigenous mesophilic bacteria in sweet basil as affected by LA treated
in combination with mild heat at various treatment. LH: washing with LA (25 °C) for 1 min
followed by washing with water (25, 40 or 50 °C) for 2 min; L: washing with LA (25, 40 or 50
°C) for 1 min followed by washing with water (25 °C) for 2 min. Error bars indicate standard
deviation of the mean of replicated experiments (n=6). Different letters represent significant

differences at p < 0.05
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pouil 3 n1sAnwIUssansamYesaTarargeiniesusunsignuieusesunatedenisanns
vulouveadosdunsdinalinlzalulnsen)

3.1 Ussdmsnimvesnsldmsazarensauaniniieamygi 50°  C donammaiuisaluniseuda
iFoqgaunzdnalsalululnzen)

UszAvEnmuesansazatensawaniin 2% saudunisidanudeusedunansdl 50° C donns
fudla \Bio £ coli waw S. Typhimurium Teglululnszin dwandlusud 3 @e £ coli Fusululy
Tnsewnogfil 8.36 log CFU/g damide S. Typhimurium Busuegd 7.62 log CFU/g madnslagld
dUsetn svevian 3 undl anansaanUSunande £ coli uaz S. Typhimurium Médesann Ao anld
0.96 uay 0.73 log CFU/e W E coli waz S. Typhimurium sudsu wazloudlulvsznigae
aNsaraNENIALANAN 2% W1y 1 WA ududfethndugaumad 50° C wiu 2 WAt nuhawnsnan
@8 E. coli uaz S. Typhimurium ¢ 2.96 waz 3.54 log CFU/g muansiu usilosndiduniséndlusl

a

Judrdlulusznidigaisazatansauanin 2% Mgaumgll 50°  C w1 Wil wdrwrluiingu

Y

QauNIvied WU 2 Wl anusaanliie £ coli uay S. Typhimurium leanndie 3.57 uag 3.78 log
units MINEIRU FUTUNITANTANITULIUOURNTE S. Typhimurium AIENITANAITEITAZAIUNTA

a o v I - U A a v v @ & a a v i 1
wangn 2% 50° C LLa’JLL%quqﬂaumqmﬂﬂﬂJW@QLLﬁ@QELMLWU'J']a’]N"ﬁﬂa@Lm@ﬁ!aumﬁfﬂWQ\ﬁﬂ'}"lﬂqia’N

Y

al

mgaTaratensakaninigungiiesegwilteddy (p < 0.05) wan1sAnwaTilaenndeiu
NM5AN®IU8Y Wang et al. (2013a) 931891471 NTUTAWONAIBAITAZAIWNTALANGN 2% WU 10

W9 @wNs0anlae £ coli O157:H7 way S. Typhimurium 1A 2 log orders wagiin15518971491015

A190UaUNNIVUMENTALANAN 2% 91 50° C WU 2 U @1u1saandsunal £, coli O157:H7 g



15

2.0+0.3 log units (Huang & Chen, 2011) 1nN15AN®IV0S Lin et al. (2002) WUIINISLYRNNIALAD
feansazatensauanin 1.5% uaufu H,0, 1.5% 7 40° C uiu 15 uift awnsaanidio £ coli
O157:HT7 way L%ja S. enterica serotype Enteritidis 1¢u1nn31 4 log units kay 3 log units
auddu ansazanensauananld sumseensuiiidnenmluannisunideuvendenelsaluotms
Tneiinansynusedualninausaailsa (ipopolysaccharide layer) ﬂuaal,?iaﬁuwaéé’muaﬂsum
wuAiSe wazazvhliinnishnentsyhanersesovssaisante (Alakomi et al, 2000; Wang et
al., 2013b) nMsannsUuteutesdodunisiaensadurissuiunisiarudoussdunans anunsn
dfuswunswanivesdesuluasazaiensald lnsanienIndoutunsawanin 29azin1suaney
innnaesnsaiesannsngeuayliunndamunnsluadafien (Barron et al, 2006) nsifinTued
aamﬁaqmmﬁqa%uawL‘i‘;lumisi'fmmwﬁa]ﬂiiumsm?{auﬁmaﬂﬂwawaaL?J'aﬁmszjaémauaﬂ GE

Tuanavesnsageunliinisliunndiiuiifeaunsaunsndaudngbeviulelvnanaiinle dawalvidn pH

& ° & o~ v I3
meluwasansiag Feilnalmeaanie
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(9,
1

m S. Typhimurium E .coli

) w B~
T T T
o

Microbial log reduction (log CFU g)

=)

Tap water LH L

Treatment condition

AWl 3 Reduction of inoculated S. Typhimurium and E. coli in sweet basil as affected by LA
in combination with mild heat treatment at 50 °C. LH: washing with LA (25 °C) for 1 min
followed by washing with water (25, 40 or 50 °C) for 2 min; L: washing with LA (25, 40 or 50
°C) for 1 min followed by washing with water (25 °C) for 2 min. Error bars indicate standard
deviation of the mean of replicated experiments (n=6). Different letters represent significant

differences at p < 0.05
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3.2 \ns9aineganiaves £ coli wag S. Typhimurium vululnsgny

1A59a$199a01Ave4 £, coli Uag S. Typhimurium fsuanslusuil 4 ndaRnugmensauansn

(%

2% TafuANuTousEAuNa1en 50° C iWisuiisuiugalilawy wadvesyalilauwgasianwaey

%

Duwviaund Lfinms@nvinvesiuluead (3U7 4A uas 3U7 40) Tuvasiiiuiawadvesniiuadl
Audemeniiuldegisdno (3UN 4B wazgu 4D) msldnsauanfinsiuduanuseussiunans

deraliifinguuilonuwadauuenvende £ coli Bullnailugnisvadiuaznisiigigureseas

dsrnalvgliiauueadues S. Typhimurium  finavilvilgadidemeiinnissaluavesasied

Y

neluwas Wang et al. (2015) ladnwuAgadunalnnisremuiiouuaiilseresnsauananluaiu

@mﬁ'ﬂwmzéfmmamwLLazf\;amWIuL% Salmonella Enteritidis, Escherichia coli Wwag Listeria

a

monocytogenes wuInsAkanAniinavinliiinn1sslnavedlusiiueenanniead vaTeaaun3g

9

AINANT NNNISANYIIUNITNAABILNUIINISIYNIALANANTINAUAIUSDUTLAUNAND1TNAVIN IANS

o =~ A v ¢ = I3 Y a Y] ‘:4'
V]rN']Uﬂqi"?]ﬂJN’]usﬂa\iLEJ@VjNL%aaﬂqﬂu@ﬂLUaUULLﬂaﬂlﬂ LUUN@IWLﬂ@ﬂ"lﬁiﬁiﬂa%@\?aqﬁa"lﬂqiwaﬂ

U

neluwad Aaiunsignsatkan@nsiuiuausauseaunatsasliuseansnnlunisannisuuilaues
Wenelsalundndasianla diwlu U 5 uandasaireganinvesmusazluredusent Tuys

aauan (llldwd) Tugudl 5A waz 50) awwiuinasiitesinsuuiuRavesinuly uayvseus sty

[%
o w '

vadlu Falusznasdineninduuninszawegiluuuly desirsseninsienifukasiiuiveddy

lngsoudundanignadiniuieqdunid lnsianizeg1aanquuenioqdunidniinisnauiu

9

a ' =1 . . aa v ) P o
nanvatevila LU nqudie S Typhimurium  Aflkudldunszareiilaladuunidsuinluves

Anniavien (Jahid et al., 2014, 2015; Kroupitski et al., 2011) agalsfnnu lulnsendeqdunidg



18

98anizsoue) Ushaseuniuminninuinauinty nssnduiivayulnsndengdu Wesaindu

funFeunuAmldieanMTagdsUSINaINIewad (Aharoni et al., 2010; Bekhradi et al,

(%
=) o

2015) wadauuuUnty (grade cel) asUandsnmsiuneniiedesiunisgedenn (Thomson,

o

(%
[y

2005) wananiluas drulvaiunluaslnaiiedosnByiuiegaunsd (Melotto et al,, 2008) Lo

6=

Uintulnasasiiosduvsddaniglaennau (3UN 5E) dwgui 58 (Mulu) waz 5D (u) WWuamn

q

v 1Y a ' o ¥ 1Y =i ° =i < & a =K v
WHNUITIENTALANGEN 2% TaufuanuTousEAunasi 50° C UN 5B asiiuinioqdunsduuiy
lugnidneenuagduniduiseadlasuaudems (3Un 5F) duiunisldnsauwandn 2% iy

o ) PN ° & & a = Yy 1 a a = v =
ANUTUTEAUNAIN 50° C mmmammﬂmﬂau%ﬂL‘zjaf\;aWIieTlmameizawﬁmw AN UK

[

Foeinuang sewinseniniusaziiuiiveslu (Uil 5D) Bermudez-Aguirre et al. (2013) 51897

[

Y] Y] =% ad a da Y S a Y = I
'Viﬁ\i"i]’]ﬂLLSUNﬂﬂ']@V@NGKJQNWUN’JWNEWEULL@%W'UWU mauﬂéﬂ;%‘u 5 ppm UTU 15 U WUMYIAUL D]

a

A & 1 X A Y & A a | A o
GUENLLUWV]Liﬂafllflﬁa@@QIULHQLU@%@QNﬂﬂq@W@N NWUNINUAITURYIU LYY LLATDN UIBNNNTINWADU
| 1% a a Yo (9] [y & & A A & [ a a |
a\TNfﬂVLL‘UWVlLﬁﬂ‘lﬂiUﬂ’]iﬂ@\‘iﬂu’i]’]ﬂi@fJW‘UGU@\TGUULuaL'EJEJWGUuu LLazL‘LJumiamJizaV]ﬁﬂ’IWELUﬂﬁm

] a 6 1 =3 v a | Y 1% [ = Y @ A
bYBIAUNIY EJ‘EJ’NIiﬂG]’]lIﬂ’]ﬂ“Uﬂi@LLaﬂ@ﬂ 2% SAUAUANUTDUTLTAUNANUIY 1 U7 LaASIALALING

Uszansnmlunisannisvuieuvesgaunsdlaaniinisldunlelau 5 ppm uiu 15 wii
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E‘U‘ﬁ 4. Scanning electron micrographs (SEM) of E. coli and S. Typhimurium cells (in vitro).
Non-treated E. coli (A) and S. Typhimurium (C); E. coli (B) and S. Typhimurium (D) after being

treated with 2% LA in combination with mild heat at 50°C.
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E‘U‘ﬁ 5 Scanning electron micrographs (SEM) of sweet basil petiole and leaf. Non-treated
sweet basil petiole (A), leaf (C) and stomata (E); Sweet basil petiole (B), leaf (D) and
destroyed microorganism (F) after being treated with 2% LA in combination with mild heat

at 50°C
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Aaudl 4 N15ANYINAYaINITITaI15aZa189 P85 IUNUAIINSDUSLAUNAINABNISHUAIUKUAY YD
Tusewrlusenarnsnusneg
L19UL91929819 152 NIUA T UAITALANENTALANAN 2%  SIUAUAINUSOUTEAUNANT

gaumnd 50 °C w1 1 widi wdrhnszmfdiunsdradessuluinuineilugandiefiduanzs 4 §

Y

a

YUAUTIY 50 NTU gaungdl 12.5 °C wud

Y

4.1 AN NN NIaUN T

a1

PN a & a a 6 o ' %
NAMN 6 Usunandedunidlulusenivaiiiunagliiiunisdrsluansazaiensawan-
Anrufunisidgamglilusedunansil 50° C aziinTunaenszeziaInIsuinw wiaInNanIs

naapdliuandliiiuil nsanseansazatensawaniinsiuiunisldaamgiiluszdunansil 50° C 1y

Y

aunsadivandsnategdunsdmivlulesiulawesiisussun 3.5 log units FevinliuTuna

1% ' ' 1%

= a Nea a o -3 ) A o ) - R
Wedunsdniiniunasnsruzhainsiiusnwtudiadiviinadesninduiuedunsdniluly
nszrndalylanmunisdradiossezadiuluiie 8 Ju uiledunngdnsinsiiuduveuteqdunsd

Tugamuauuazyafiniunsarsluasazatensananindiuiuauioussaunals azmulaandmns,

' v
ISP S ¥ U

nsiNveLTIRAUNIlUYAAIUANALTTNIINTINI allanasiiioannainmsldanuioussaunans
Tuseau 50° C a1vazlidinangatmausodadovaslulnsenlut19usnvedn1sane wtiloAusnun

Tuszegia1NuIUTL 81998V INaYBINS T @15aLa18nNIAdUNIoUNUAINSaUlUsEAUNaIa

1%

Usn9uu Bamansaasstiwenleslafudnsinisgadeininuasiosaznisiinduinianaznuly

a

gnsngalulnsezniiiunsadluansazatgnsananfindiuiuauTausEAUNa SnsINsgydey

o

[
o

o Y a P a H Y ! = & o ! [ LY ~ a o 4
UINUN ﬂ‘ﬂ%Lﬂ@%ﬂﬂﬂ?iiﬁ@}LﬁBUﬁ@Jﬂmuﬂum’Jaﬂﬂﬁ FaauFufnaenvaziudadenianivinla
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v ' v
a o

U‘%mm%mﬁu%ulué’mwﬁqﬁu TuanzLaeaiu ﬂflsl,ﬁmauflmaﬁqﬁuma%L?’im%’aﬁu chilling
injury %qawmzﬁwammﬂmmiL‘ﬁ"mLuumaqqmmﬁiuﬁuﬂziﬁﬁfmdw 12° C 399139gilnaunnns iy
ansazanenIndunissiutumnudeulussdunas § chilling injury fkaieniesditenisuindu
vouderuwadvosiiy (Wongsheree et al, 2009) Fso1aazdmalvimamsemmsaeluwad
Hilvaoonun afadonisisquivlnvendegdunidivauniesy uionisnislarsazarensa

BuN3I57unUAINNSaUlUTEAUNANID1LAINAUNIDENIMAB AN BRI LU NTENIT 9V LA AANNS

vindurendonuadlneninu

o]

(og
o
@]

O

Log CFU/g

- Day

m'wﬁl 6 Visible count of indigenous mesophilic bacteria in non-treated ( ) and treated
sweet basil by LA in combination with mild heat treatment at 50 °C (| ) during stored at
12 °C for 8 days. Error bars indicate standard deviation of the mean of replicated

experiments (n=3). Different letters represent significant differences at p < 0.05
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4.2 ARNININNNIENIN

v
=) o £

AuNININIINIEAMBUlILA Seuazn1IMgnse SevavnsgadstmtinuazSesazn1sing

o

[y

W8 NNTNARBINUIITBYaENITMAATIvasusENTHuN1sA s luasazanenIndun3ds wu iy

a o

Aanusoulusziunatsasiifovarnisugaiisveslutesnitlugnniuauegeiltoegd1fy (p < 0.05)
Inglusennluynniuauazisungasirawaiui 4 Tuvasilnsemlugaiiiiunisasigansazany
a a 61 LY k% [ a o 1 o a [ Y
nsndunsduiuauseuluseaunalsavisuiinismansasluiui 6 vasnisiusnw eenlunis
] a Y o A aa A a & & Yy v P
1R T39083lUALN YT UUTU O TAUNHYNENTY 99 1NNAN1TNARBIT1AUD1IELNULAI
nsaeIaNsaraIenIndunIdsauiuaueulusEAunaltvIzdwnaliinisnansensUanUdaee

aa A a A v ‘:4' a Yo G a
LaWﬁumaﬂIﬂiBWqNIUUilnmmuaﬁ]aﬂ 'ﬂ]’]ﬂﬂ@qﬂﬂﬂmiﬁigwaﬁiuﬂ’]iiqﬁlﬁqu’mLUUW%V]@Jﬂ']ﬁNa@L@

ﬁﬁuiuﬂ‘%mmﬁﬂaamnagl,tﬁa (USDA, 2016)

AN9197 2 Percentage of falling leaves of sweet basil stored at 12+1° C

Condition Day
0 2 4 6 8

Control 0 0 8.0=0.11 11.3+0.1" | 13.2+0.2°

LA treated 0 0 0 50+0.2° | 9.4+0.3°

3197 3 Percentage of weight loss of sweet basil stored at 12+1° C

Condition Day
0 2 il 6 8
Control 0 1.9+0.1° 1.3+0.1¢ 0.59+0.1° | 5.37+0.1°

LA treated 0 32401 | 2.8+0.1" 3.1:0.20 5.1+0.3°
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AN5199 4 Percentage of browning leaves of sweet basil stored at 12+1° C

Condition Day
0 2 4 6 8
Control 0 10.0+0.0° | 10.0+0.1° | 33.3=2.7° | 86.7=0.1°
LA treated 0 20.0+0.0" | 20.0+0.0" | 53.2+5.8" | 90.0+5.1°
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Day

Al 7 Total chlorophyll content in non-treated ( ) and treated sweet basil by LA in

combination with mild heat treatment at 50 °C ( | during stored at 12 °C for 8 days.

144
142
140
138
136
134
132
130
128
126
124

Respiration rates (mg CO,/kg/h)

Day

m‘wﬁ 8 Respiration rate in non-treated ( M) and treated sweet basil by LA in combination

with mild heat treatment at 50 °C ( [ during stored at 12 °C for 8 days.
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AT 9 Percentage of electrolyte leakage in non-treated ( ) and treated sweet basil by LA

Electrolyte leakage (%)

in combination with mild heat treatment at 50 °C () during stored at 12 °C for 8 days. Error

bars indicate standard deviation of the mean of replicated experiments (n=3). Different

letters represent significant differences at p < 0.05
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Table 5 The observed scores of sweet basil packed in polyethylene bag at 12.5+1 °C

(Overall difference from control method)

Storage time Appearance Color
Day control LA-treated control LA-treated
0 10.00+0.0 10.00+0.0 10.00+0.0 10.00+0.0
2 9.12+1.1 7.82+2.1 8.72+1.1 7.23+0.5
a4 8.76+3.1 6.52+2.3 7.91+2.1 6.39+3.1
6 541+14 2.12+2.7 547+2.5 2.74+1.5
8 3.75+2.3 1.23+1.4 2.13+2.1 1.31+1.0

Acceptance score: = 5
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10

Log CFU/g

Al 10 Visible count of indigenous mesophilic bacteria in non-treated ( [l ) and treated
sweet basil by LA in combination with mild heat treatment at 50 °C during stored at 12 °C
( ) and 15 °C (@ ). Error bars indicate standard deviation of the mean of replicated

experiments (n=3). Different letters represent significant differences at p < 0.05
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9197 6 Percentage of falling leaves of sweet basil stored at 12° C and 15° C

Condition Day
0 2 4 6 8
Control 0 0 8.0+0.1° | 11.3=0.1° | 13.2+0.2°
LA treated (12) 0 0 0 50+0.2° | 9.4+0.3
LA treated (15) 0 03+00" | 7.7x0.1" | 123+02" nd

FouarnIvan3vedlulnsenn 9NATIN 6 WNUNIUTENTIRIUNITANMEAITALAILNTA

a

a ' [y 14 [y Y o [ vl ° & a a '
ANFNTINAUAITNIDUIESAUNAI LL@'JU'WVLULﬂUiﬂ‘H’]VL’JVIQﬂJﬁﬂN 15° C uu‘ﬂ%LﬁJNﬂ’]ﬁ/ﬁjﬂi’JﬂJ@\ﬂU

Y

Aawadud 2 Tuvasigamuauazsuansisluiun 4 wasgamiluiusnwlingumgll 12° C azisy

Y

L oA a v A a a &y a9 o v
qu’gmuw 6 IUSUQJSL@ﬂ?ﬂULN@W‘ﬂqimqﬂqﬂmqiqﬂﬂ 7 ey 8 AD 3@8@3ﬂ'ﬁq€y}Lﬁﬂu’]WUﬂLL@S?@EJ@S

a

a a % ! 1% a @ Y 1 [ Y] PN ° & 1 Y a
nsinddinanualaie awdanulatniauil msiushyiivsenigamall 15° C dulznaliia

Y



32

Sovazmsgagdeintniigann Taeiiesiun 2 veamsiiusnwidsesasnisgedetumings 8.3 %

TurazNnsiusnelnseniandiunsatsnaz liIun1Ta19asazatensaLanansauiuA NS ou

seAunaiigamndl 12° C ffewaznisagidsiininiiies 5 Wiy 8nnadlefansanainiesaznis

Y

1%

WAndUMIanU7 TuensnuaanIsiusne (0 -2 1) msiusnelnseway 15° C azlinudasay

1% '
a o 1

AsLAREANE weliloruTun 4 vasnistAusnwly asnuinfesaznisiindinaialulnsswliuTu

a

] & o a o a ~ a & o X v ]
Q\T@J’]ﬂﬂ'}qﬂqiLﬂU3ﬂw’]WE}muﬂﬂ 12° C ﬁ]’lﬂmiLUiEJULVIEJUE;Z]MQ@JﬂﬁmU‘JﬂHWLuaﬂmu VENUINNIT

Y

WAuSnelnsznaanniuazluiiunisatslualsazantunsananfinduAuAuSausEaUNaIe LAY

a

Shwigaungil 12° C uavaunsnsn¥IAMAINNINIEN MY UsE N LARN I

Y

3197t 7 Percentage of weight loss of sweet basil stored at 12° Cand 15° C

Condition Day
0 . 4 6 8
Control 0 19+0.1% | 1.3+0.1" 0.59+0.1" | 5.37=0.1"
LA treated (12) 0 32+0.1° | 28+0.1f 31+0.2°" | 5.1+0.3"
LA treaded (15) 0 8.3+0.1° | 12.1+0.1" | 20.8+0.2° nd

9797 8 Percentage of browning leaves of sweet basil stored at 12° C and 15° C

Condition Day
2 4 6 8
Control 10.0+0.0" | 10.0+0.17 | 333277 | 86.7=0.1°
LA treated (12) 20.0+0.0° | 20.0+0.0° | 53.2+5.8" | 90.0+5.1°
LA treated (15) 0.0+0.0° | 30.0=0.09 | 80.0=1.2° nd
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Respiration rates (mg CO,/kg/h)
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AT 13 Percentage of electrolyte leakage in non-treated (| ) and treated sweet basil by LA
in combination with mild heat treatment at 50 °C during stored at 12 °C ( [l and 15 °C ( ).
Error bars indicate standard deviation of the mean of replicated experiments (n=3). Different
letters represent significant differences at p < 0.05
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Table 9 The observed scores of sweet basil packed in polyethylene bag at 12 and 15°C

36

Storage Appearance Color

time control | LA-treated | LA-treated control | LA-treated | LA-treated

Day (12 °0) (15 °0) (12 °Q) (15 °0)
0 10.00+0.0 | 10.00+0.0 | 10.00+0.0 | 10.00+0.0 | 10.00+0.0 | 10.00+0.0
2 9.12+1.1 | 7.82+2.1 7.76+2.1 8.72+1.1 7.23+0.5 7.12+1.1
a4 8.76+£3.1 | 6.52+2.3 552+2.3 7.91+2.1 6.39+3.1 537+1.5
6 541+1.4 | 212427 1.04+2.7 5.47+2.5 2.74+1.5 1.07+1.8
8 37523 | 1.23+14 nd 2.13+2.1 1.31+£1.0 nd

nd: not detectable

acceptance score: > 5
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Sweet basil has been used worldwide as an ingredient for several cuisines. However, it can be
contaminated with pathogens; especially Escherichia coli and Salmonella spp. are mainly introduced by
poor hygiene during harvesting, cleaning, packaging and distribution. This study aimed to study the
efficacy of lactic acid (LA) and acidic electrolyzed water (AEW) against mesophilic bacteria on sweet basil.
In addition, a combination treatment was also investigated, using mild heat with the selected sanitizer to
disinfect sweet basil inoculated with S. Typhimurium and E. coli. The 2% LA treatment showed high
efficiency in microbial decontamination, and mesophilic bacteria were reduced by about 3 log CFU/g.
Additionally, the decontamination efficacy of LA increased when combined with mild heat. The use of 2%
LA at 50 °C showed the highest microbial reduction in sweet basil, in which mesophilic bacteria, S.
Typhimurium, and E. coli were reduced by 4.62, 3.80 and 3.61 log CFU/g, respectively. These findings
indicate that LA can be more effective than AEW in disinfection and provides greater efficiency when
combined with mild 50 °C heat.

Escherichia coli

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Sweet basil (Ocimum basilicum L.), a member of the Lamiaceae or
Labiatae family, is a leafy green herb widely used as a food ingre-
dient around the world because of its own unique scent. Sweet basil
is a good source of vitamin A, vitamin C, minerals, and phenolic
compounds associated with antioxidant capacity (Nguyen, Kwee, &
Niemeyer, 2010). Commonly, sweet basil can be consumed as raw
or added to cooked food as additional ingredient, depending on
culinary practices (Elviss et al., 2009). Fresh produce are contami-
nated by microorganisms on the surfaces from many sources, such
as soil, water, wild animals, birds, and insects. Processing by har-
vesting, washing, cutting, packaging, and shipping could also create
additional contamination. Fresh produce that is rich in essential
nutrients and water can provide ideal conditions for the growth of
microorganisms, including foodborne pathogens and spoilage mi-
croorganisms (Tirawat et al, 2010; Trias, Baneras, Badosa, &
Montesinos, 2008). There are great concerns about

* Corresponding author.
E-mail address: dusida.t@psu.ac.th (D. Tirawat).
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microbiological hazards in leafy vegetables, as well as in fresh
herbs. Leafy vegetables have consistently been associated with
outbreaks of gastrointestinal illnesses (FAO/WHO, 2008). Escher-
ichia coli and Salmonella spp. are the most frequently found path-
ogenic microorganisms in sweet basil. E. coli can attach well to leafy
structures, which makes it difficult to remove these cells from the
surfaces (Bermudez-Aguirre & Barbosa-Canovas, 2013; Lopez-
Galvez, Allende, Selma, & Gil, 2009). In general, fresh water or
fertilizer used in farming can lead to Salmonella spp. contamination
of fresh produce (Hanning, Nutt, & Ricke, 2009). In 2006 and 2007,
two outbreaks in UK, Denmark, the Netherlands and the US were
associated with Salmonella spp. contaminated fresh sweet basil
(Pakalniskiene et al., 2009; Pezzoli et al., 2008). In the European
Union, fresh herbs such as sweet basil, holy basil, mint and cori-
ander must be examined for E. coli and Samonella spp. contami-
nation before being imported (EC, 2012).

Washing is a most important step in postharvest handling since
it helps to remove from the fresh produce surface contaminants
such as soil, sewage, and feces that are full of microorganisms.
Although water may partly remove microorganisms on the surface
in a mechanical way, the addition of chemical sanitizers into the
washing water is advisable to reduce the microbial load and to
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extend the shelf-life of freshly cut produce (Rahman, Ding, & Oh,
2010; Vandekinderen, Devlieghere, De Meulenaer, Ragaert, & Van
Camp, 2009). Adding chlorine in the washing water is a conven-
tional method for microbial decontamination of food products, and
in the processing lines of food industries. However, the use of
chlorine has been related with the formation of carcinogenic
chlorinated by-products such as chloramines and trihalomethanes
(Abreu, Beirao-da-Costa, Gongalves, Beirao-da-Costa, & Moldao-
Martins, 2003). In some European countries, including Germany,
the Netherlands, Switzerland and Belgium, its use for washing
fresh-cut produce has been banned (Alegria et al., 2009). Therefore,
new sanitizers free of carcinogenicity are required in disinfection of
fresh produce.

Many food disinfection methods have been tested in recent
years, and microbial inactivation effects by organic acids on fresh
vegetables have been reported. Lactic acid (LA) (0.2%—2%) has
shown effective results against many pathogens such as E. coli
0157:H7, S. Typhimurium and Listeria monocytogenes in fresh pro-
duce without affecting the sensory properties (Akbas & Olmez,
2007; Huang & Chen, 2011; Sagong et al., 2011; Uyttendaele,
Neyts, Vanderswalmen, Notebaert, & Debevere, 2004; Wang
et al.,, 2013a). The disinfection efficacy of an acid depends on its
pKa, on antimicrobial activity of its non-dissociated form, and on
specific effects of the acid (Velazquez, Barbini, Escudero, Estrada, &
de Guzman, 2009). Acidic electrolyzed water (AEW) has been
authorized as a food additive, and its direct use in food is allowed in
Japan since 2002 (Issa-Zacharia, Kamitani, Miwa, Muhimbula, &
Iwasaki, 2011). Recently, AEW has been increasingly used to
decontaminate fresh produce (Koide, Shitanda, Note, & Cao, 2011).
AEW has been used effectively to inactivate E. coli 0157:H7, Sal-
monella spp. and L. monocytogenes in lettuce, alfalfa seed sprouts
and tomato (Bari, Sabina, Isobe, Umemura, & Isshiki, 2003; Kim,
Hung, Brackett, & Lin, 2003; Park, Hung, Doyle, Ezeike, & Kim,
2001). Moreover, the combination of a mild heat treatment
(40—50 °C) with some sanitizers, such as chlorine and alkaline
electrolyzed water, exhibits higher efficiency in microbial load
reduction than cold water washing (Delaquis, Stewart, Toivonen, &
Moyls, 1999; Koseki, Yoshida, Kamitani, Isobe, & Itoh, 2004). The
use of combination methods could be a means to reduce microbial
load efficiently in sweet basil. The objectives of this study were to
investigate the efficacy of LA and AEW in reduction of indigenous
aerobic mesophilic bacteria on sweet basil. In addition, the use of
mild heat in combination with the selected sanitizer on disinfection
of E. coli and S. Typhimurium inoculated on sweet basil was also
investigated.

2. Materials and methods
2.1. Collection and preparation of sweet basil

Sweet basils used in this study were purchased from a local farm
in Hat Yai, Songkhla, Thailand. Harvesting was carried out by hand
with a knife. The samples were transported within 1 h to the
Department of Food Technology, Prince of Songkla University. Upon
arrival, the defects such as yellowing decay and/or bruised leaves
and flowers were removed before use.

2.2. Preparation of sanitizers

AEW was generated by Electrolyzed Water Generator (Labo-SCI)
(Shibata Biotechnology Inc., Tokyo, Japan). Sodium chloride solu-
tion (0.1%) was transferred into Electrolyzed Water Generator
chamber. The solution passed through electrodes in the chamber
(100—115 V, 50 W, treatment duration 10 min) and AEW (pH 2.5,
2 L) was collected from the outlet with buckets. LA (2%) and sodium

hypochlorite (NaClO: 6%) solutions were freshly prepared before
use. All percentages above are given by weight.

2.3. Analysis of AEW

Oxidation-reduction potential and pH were determined directly
with a pH/ORP meter (FEP20, Mettler Toledo, Switzerland). Avail-
able chlorine concentration was determined with iodometric
titration.

2.4. Reduction of mesophilic microorganisms by the sanitizers

Sweet basils were treated with each sanitizer by immersing
100 g of sweet basil branches into 2 L of the sanitizer solution (AEW,
2% LA, or 6% NaClO) at room temperature (RT: 25 °C). Samples
treated with tap water were used as controls. At designated times
(1, 3 and 5 min), the samples were agitated manually and removed
from the treatment solution. Then the treated samples were
immersed into 1 L of distilled water for 2 min at RT. After draining
the samples on a screen for 2 min, they were subjected to deter-
mination of mesophilic bacteria counts (MBC).

MBC were determined by aerobic plate counts (BAM, 2001), as
follows. Ten grams of sweet basil was mixed with 90 mL of sterile
0.1% peptone water in a stomacher bag, and the solids were broken
down on a Stomacher (400 Circulator; Seward, England). Serial
dilutions of this suspension were made in 0.1% peptone water and
then spread-plated onto plate count agar (PCA), which was incu-
bated at 35 + 2 °C for 24 h to determine the mesophilic bacteria
loads.

2.5. Effects of LA with mild heat on mesophilic microorganisms

Sweet basil branches (100 g) were immersed in 2% LA at 40 °C or
50 °C for 1 min and then immersed into 1 L of distilled water at RT
for 2 min. In an alternative treatment, sweet basil branches were
immersed in 2% LA at the RT for 1 min, and then immersed in
distilled water at 40 °C or 50 °C for 2 min. The samples were
drained for 2 min on a plastic tray prior to determining MBC as
described in 2.4.

2.6. Effects of LA with mild heat on pathogenic bacteria

2.6.1. Pathogenic bacteria preparation

E. coli 0157:H7 DMST 4212 and S. Typhimurium DMST 562 used
in this study were obtained from the Department of Medical Sci-
ences, Ministry of Public Health, Nonthaburi, Thailand (DMST).
Both E. coli and S. Typhimurium were sub-cultured twice in
nutrient broth (NB) at 37 °C for 24 h immediately before use as
inocula.

Cell collection was by centrifugation (10000 g, 10 min, 4 °C), and
each pellet was washed twice with sterile 0.85% NaCl solution, and
then resuspended in 5 mL of sterile 0.85% NaCl solution. The inocula
were suspended into 1 L of sterile 0.85% NaCl solution with the final
cell concentration of approximately 7—9 log CFU mL ™.

2.6.2. Challenging pathogenic bacteria

Sweet basil branches (100 g) were dipped in 1 L of inoculum
suspension at RT for 5 min, in a safety cabinet, and then excess
solution was drained on a plastic tray. The sweet basil was allowed
to stand in the safety cabinet at RT for 30 min. Then the inoculated
sweet basil was dipped in 2% LA (50 °C) for 1 min, and then
immersed into distilled water (at RT) for 2 min. In an alternative
tested, the inoculated sweet basil was immersed in 2% LA at RT for
1 min and then immersed in distilled water (50 °C) for 2 min. After
treatment the samples were immediately subjected to analysis of
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pathogenic bacteria.

2.6.3. Determination of pathogenic bacterial counts

Appropriately diluted sample was spread on Levine-Eosin
Methylene Blue (L-EMB) or Bismuth sulfite (BS) agar plates to
determine E. coli or S. Typhimurium, respectively. All plates were
incubated at 35 °C for 24—48 h before colony counting.

2.7. Microscopic study of treated sweet basil

Non-treated control samples and samples treated with 2% LA
(50 °C), followed by immersing in water were analyzed for micro-
structure using scanning electron microscopy. The samples were
fixed with 2.5% glutaraldehyde in phosphate buffer at RT for 2 h
before soaking in methanol series at concentrations of 50, 60, 70,
80, 90 and 100% for 20 min each to completely dehydrate them. The
dehydrated samples were dried by critical point drying and
attached on aluminium stubs for the multi-sample holder inside
the microscope chamber. Imaging was done with the Quanta 400
Environmental Scanning Electron Microscope (FEI, Field Emission
Instruments, Hillsboro, OR) at 20 kv.

2.8. Statistical analysis

The experiments were carried out with one replication, and
each replicated trial had three samples per treatment. The data are
expressed as mean + standard deviation. Statistical analysis used
analysis of variance (ANOVA), and significant differences were
determined by Duncan's new multiple range test (DMRT) with
significance requiring P < 0.05.

3. Results and discussion
3.1. Physicochemical properties of sanitizers

The physicochemical properties (pH, the oxidation-reduction
potential (ORP) and available chlorine concentration (ACC)) of the
treatment solutions are shown in Table 1. NaClO had an alkaline pH
(12.44), while AEW and 2% LA were strongly acidic with pH in the
range 2.3—2.6. Among all the solutions, NaClO had the highest ORP
(1562 mV), while the ORP of AEW was 1144 mV. The ORP of a so-
lution indicates its ability to oxidize or reduce substances, and it
depends on the concentrations of all substances present (except
water). Therefore, the ORP of a solution depends on its ion con-
centrations (Emerson Process Management, 2008). The ORP value
increases with oxidizing strength (Al-Holy & Rasco, 2015). An ORP
of +200 to +800 mV is optimal for aerobic microbial growth, while
the optimum range for growth of anaerobic microorganisms is
from —30 to —550 mV. For most facultative anaerobes, an ORP
between +200 and —250 mV is suitable for growth (Jay, Loessner, &
Golden, 2005, chap. 7). Based on the ORP results, AEW, LA and
NaClO solutions are not suitable for the growth of facultative an-
aerobes such as E. coli and S. Typhimurium. Hati et al., (2012)

Table 1

Physicochemical properties of treatment solution.
Solution pH ORP (mV) ACC (mg/L)
Tap water 7.16 217 + 0.00 0.05 + 0.00
NaOCl (6%) 12.44 1562 + 0.03 5709 + 152.43
Lactic acid (2%) 2.28 625 + 0.06 0.05 + 0.00
AEW 2.58 1144 + 0.02 324 +2.79

Values are mean + standard deviation (SD) n = 3.
ACC: Available chlorine concentration; NaClO: Sodium hypochlorite; AEW: Acidic
electrolyzed water.

suggested that ORP of EO water might be the start-up factor
influencing its bactericidal activity, but the ORP is yet not the main
factor of bactericidal effect. They stated that the available chlorine
concentration (ACC), mainly hypochlorous acid (HOCI), plays an
important role in inactivating microorganisms. Among current
treatment solutions, NaClO had the highest 5709 mg/L ACC, while
AEW had much lower 32.4 mg/L ACC. However, AEW has high ORP
giving it the ability to oxidize and sterilize. Moreover, as the pH of
electrolyzed acidic water is 2.3—2.5, the distribution of available
chlorine is 85% as hypochlorous acid and 15% as chlorine gas (Hati
et al., 2012). Due to its pH, high ORP, and available chlorine con-
centration, the known strong bactericidal activity of AEW could be
expected.

3.2. Efficacy of the sanitizers against mesophilic microorganisms on
sweet basil

Efficacies of the sanitizers (AEW, LA, NaClO) against total mes-
ophilic bacteria on sweet basil are shown in Fig. 1. The initial
amount of mesophilic bacteria on unwashed sweet basil was
7.33 + 0.31 log CFU g~ .. Sweet basil, like cilantro and spinach, has a
high initial microbial load because it is a low-growing crop (Babic &
Watada, 1996; Wang, Feng, & Luo, 2004). This leafy plant provides a
large exposed surface area for microbial attachment and growth.
Washing procedures are used to improve the quality and safety of
the product (Allende, McEvoy, Tao, & Luo, 2009).

Washing with tap water for 5 min reduced the CFU g~! count of
MBC by 1.13 log units, indicating that this washing eluted some
microorganisms from the sweet basil surfaces. When 2% LA solu-
tion was used, the MBC was reduced by 3 log units. However, no
difference in MBC was found among different contact times varied
from 1 to 5 min (p > 0.05). Weak acids, such as lactic acid, sorbic
acid and benzoic acid, inhibit microbial growth (Arroyo-Lépez,
Bautista-Gallego, Durdn-Quintana, & Garrido-Fernandez, 2008;
Bell & De Lacy, 1987; Stratford, Plumridge, Nebe-von-Caron, &
Archer, 2009; Wang, Chang, Yang, & Cui, 2015). These acids are able
to enter the cells in undissociated state and dissociate in the higher
pH environment of the cytoplasm, resulting in cytoplasmic
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Fig. 1. Reduction of indigenous mesophilic bacteria in sweet basil as affected by
different sanitizers and contact times. AEW: Acidic electrolyzed water; NaClO: Sodium
hypochlorite. Error bars indicate standard deviation of the mean of replicated exper-
iments (n = 6). Different letters on the bars represent significant differences at
p < 0.05.
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acidification (Cheng & Piper, 1994).

Treatments of sweet basil with AEW for 1, 3 and 5 min exhibited
bacterial reductions of 0.82, 1.23 and 2.63 log units, respectively.
Treatment of cilantro with only AEW for 5 min reduces the total
aerobic plate count by 0.66 log units (Wang et al., 2004). Rahman
et al.,, (2010) report that AEW treatment (pH 2.54 + 0.3, ORP
1130 + 20 mV, free chlorine 50 + 2.2 mg/L, 3 min) reduces total
bacteria in fresh-cut spinach by 1.94 log units. The sterilization
mechanisms of AEW relate to three germicidal factors, namely pH,
ACC, and ORP, and the last one is the initial factor in microbial
inactivation (Kim, Hung, & Brackett, 2000). Low pH may sensitize
the outer membrane of bacterial cells and contribute to the entry of
HOCI into bacterial cells (Mcpherson, 1993). The ACC is the major
bactericidal potency factor, determining the reduction of microbial
load (Abadias, Usall, Oliveira, Alegre, & Vinas, 2008; Hao et al.,
2012; Xiong, Liu, Liu, & Li, 2010). Treatment with sodium hypo-
chlorite solution for 1, 3 and 5 min resulted in the greatest re-
ductions in MBC by 5—6 log units. However, NaClO is known to
form carcinogenic compounds, so that due to consumer concerns
safer washing sanitizers are preferred (Neo et al., 2013; Rodger,
Cash, Siddiq, & Ryser, 2004). Thus, LA (2% lactic acid) was
selected as the sanitizer for further treatments of sweet basil.

3.3. Efficacy of LA combined with mild heat treatment against
mesophilic microorganisms in sweet basil

Fig. 2 shows the effects of 2% LA combined with mild heat on the
MBC of sweet basil. Mild heat treatment enhances the bactericidal
effects of sanitizers and improves the physiological quality of fresh
produce (Koseki et al., 2004). Washing with 2% LA at the room
temperature for 1 min, followed by soaking in distilled water for
2 min reduced the MBC of sweet basil by 3 log units. When the LA
treatment was combined with mild heat at 40 °C or 50 °C, MBC was
reduced by 4.23—4.62 log units (p < 0.05). In the present study,
treatment with 2% LA for 1 min followed by immersing to warm
distilled water at 40 °C and 50 °C for 2 min resulted in the reduction
of MBC by 4.23 and 4.51 log orders, respectively. When the treat-
ment with 2% LA was carried out at 40 °C and 50 °C for 1 min,
followed by immersion in distilled water at room temperature for

m25°C 40°Cc  m50°C

5 ab a

Microbial log reduction (log CFU g)

LH L
Treatment condition

Fig. 2. Reduction of indigenous mesophilic bacteria in sweet basil as affected by LA
treated in combination with mild heat at various treatment. LH: washing with LA
(25 °C) followed by washing with water (25, 40 or 50 °C); L: washing with LA (25, 40 or
50 °C) followed by washing with water (25 °C). Error bars indicate standard deviation
of the mean of replicated experiments (n = 6). Different letters represent significant
differences at p < 0.05.

2 min, the MBC was reduced by 4.60 and 4.62 log units, respec-
tively. The results indicate that the use of mild heat significantly
increased the efficacy of LA. Similar results have been reported for
washing with warm chlorinated water (200 mg/L, 50 °C) that
reduced aerobic bacteria in processed carrot by 2.3 log CFU g~!
(Klaiber, Baur, Wolf, Hammes, & Carle, 2005). In shredded lettuce,
treatment with 47 °C chlorinated water for 3 min reduces the
aerobic bacterial count by around 3 log CFU g~! (Delaquis et al.,
1999). Treatment with mild heat can injure bacterial cells suble-
thally due to denaturation of proteins, inactivation of membrane
related enzymes, or loss of functional components that are
important to metabolic activities (Jay et al., 2005, chap. 7; Noriega,
Velliou, Derlinden, Mertens, & Van Impe, 2013; Wu, 2008). These
injured microorganisms are more sensitive to further sanitation (Li,
Zhao, Wu, Zhang, & Liao, 2012). In the present study, the MBC
reduction in sweet basil did not differ significantly between 40 °C
and 50 °C (p > 0.05). Nevertheless, LA combined with mild heat
(40 °C) showed lower effectiveness against presumptive coliform
than when combined with the higher 50 °C temperature (data not
shown). Therefore, 2% LA in combination with mild heat at 50 °C
was chosen for further study.

3.4. Efficacy of LA treatment at 50 °C against challenging
pathogenic bacteria on sweet basil

The efficacy of 2% LA in conjunction with mild heat at 50 °C
against E. coli and S. Typhimurium inoculated on sweet basil is
shown in Fig 3. The initial population of E. coli inoculated on sweet
basil was 8.36 log CFU g1, while the S. Typhimurium population
was 7.62 log CFU g~'. Washing with tap water for 3 min resulted in
slight reductions by 0.96 and 0.73 log CFU g~ ! for E. coli and S.
Typhimurium, respectively. When sweet basil was treated with 2%
LA for 1 min, followed by immersing in warm distilled water at
50 °C for 2 min, E. coli and S. Typhimurium were reduced by 2.96
and 3.54 log CFU g™, respectively. Washing sweet basil with 2% LA
(50 °C) for 1 min, followed by immersing into distilled water at
room temperature for 2 min decreased E. coli and S. Typhimurium
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Fig. 3. Reduction of inoculated S. Typhimurium and E. coli in sweet basil as affected by
LA in combination with mild heat treatment at 50 °C. LH: washing with LA (25 °C)
followed by washing with water (25, 40 or 50 °C); L: washing with LA (25, 40 or 50 °C)
followed by washing with water (25 °C). Error bars indicate standard deviation of the
mean of replicated experiments (n = 6). Different letters represent significant differ-
ences at p < 0.05.
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by 3.57 and 3.78 log units, respectively. For decontamination from
S. Typhimurium, washing with 2% LA (50 °C) followed by immer-
sion in distilled water showed significantly higher reduction than
washing with room temperature LA followed by immersion in
distilled water (p < 0.05). This result agrees with Wang et al,,
(2013a) who report that treatment with 2% LA for 10 min
reduced E. coli 0157:H7 and S. Typhimurium on lotus sprouts by 2
log orders. Washing with 2% LA (50 °C) for 2 min gives a 2.0 + 0.3
log reduction in E. coli 0157:H7 on baby spinach (Huang & Chen,
2011). Lin, Moon, Doyle, and McWatters (2002) report over 4 log
reduction in E. coli 0157:H7 and 3 log reduction in Salmonella
enterica serotype Enteritidis on iceberg lettuce by treatment with
1.5% LA plus 1.5% H,0- at 40 °C for 15 min. LA has been recognized
as a potent sanitizer for decontaminating food from pathogenic
bacteria; it acts by disrupting the lipopolysaccharide layer of outer
bacterial membrane and sensitizes the bacteria to detergents
(Alakomi et al., 2000; Wang, Li, Fang, Pradhan, & Li, 2013b).
Decontamination from microorganisms by organic acid combined
with mild heat may also increase the number of ions in acid solu-
tion, due to the dissociation of molecules, especially in the case of a
weak acid like LA (Barron, Ashton, & Geary, 2006). The increase in
dissociated molecules when temperature is raised might interrupt
the proton motive activity of the outer membrane, and the undis-
sociated form of LA could then penetrate the cytoplasmic mem-
brane, resulting in reduced intracellular pH and inducing cell death
in part of the cell population.

3.5. Micrographs of untreated and treated sweet basil

The microstructures of E. coli and S. Typhimurium cells are
shown in Fig. 4, after treatment with LA (2%) combined with mild
heat (50 °C) as well as without treatment. Untreated cells were
regular rod shaped with smooth unbroken surfaces (4A and 4C),
while the surface structures of treated cells were obviously
damaged (4B and 4D). The combination treatment with LA and
mild heat induced several pores on the outer membrane of an E. coli
cell, which plausibly led to cell shrinkage and wrinkling. Large
pores formed on S. Typhimurium cells that collapsed, and leakage
of intracellular substances occurred. Wang et al., (2015) studied the
antibacterial mechanisms of lactic acid via the physiological and
morphological properties of Salmonella Enteritidis, E. coli and L.
monocytogenes. LA treatment caused heavy leakage of proteins
from Salmonella, E. coli and Listeria cells. In the present study, LA,
particularly when applied with mild heat, may have altered
permeability of the outer membrane and cell membrane function,
and it caused leakage of intracellular nutrition. Thus, the use of LA
combined with mild heat is effective for decontamination of fresh
produce from pathogenic bacteria.

Fig. 5 shows the microstructures of sweet basil leaf and petiole.
In the untreated control samples (Fig. 5A and C), the microorgan-
isms remained in the gaps on petiole surface and around the oil
glands of a leaf. Sweet basil has many oil glands spread around the
leaf. The space between an oil gland and surrounding leaf surface
provides shelter and good attachment for a microorganism. Mi-
croorganisms, especially a mixed culture of S. Typhimurium, tend to
extensively colonize the wall of stomata in lettuce (Jahid, Han, Srey,

Fig. 4. Scanning electron micrographs (SEM) of E. coli and S. Typhimurium cells (in vitro). Non-treated E. coli (A) and S. Typhimurium (C); E. coli (B) and S. Typhimurium (D) after

being treated with 2% LA in combination with mild heat at 50 °C.
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Fig. 5. Scanning electron micrographs (SEM) of sweet basil petiole and leaf. Non-treated sweet basil petiole (A), leaf (C) and stomata (E); Sweet basil petiole (B), leaf (D) and
destroyed microorganism (F) after being treated with 2% LA in combination with mild heat at 50 °C.

& Ha, 2014, 2015; Kroupitski, Pinto, Belausov, & Sela, 2011). How-
ever, in sweet basil the microorganisms preferred to attach around
the oil glands rather than on the stomata wall as they would in
lettuce. Sweet basil is a fragile leafy culinary herb that has a short
shelf-life, because it is a highly perishable wilting plant (Aharoni
et al., 2010; Bekhradi et al., 2015). The guard cells on the stomata
close after harvesting to prevent water loss, when water availability
is substantially diminished (Thomson, 2005). In addition, most
stomatal pores close when confronted with bacteria (Melotto,
Underwood, & He, 2008). When the stomata close, it becomes
more difficult for microorganisms to attach on them (Fig 5E). Fig 5B
(petiole) and 5D (leaf) are images after treatment with 2% LA
combined with mild heat at 50 °C. In Fig 5B, the microorganisms on
the petiole were inactivated and some microbial cells were
damaged (Fig 5F). Thus, 2% LA in combination with mild heat at

50 °C was effective decontamination from microorganisms, even
though these were still found in small gaps between oil glands and
leaf surface (Fig 5D). Bermudez-Aguirre and Barbosa-Canovas
(2013) reported that after treating lettuce, which has a porous
and rough surface, with 5 ppm ozone for 15 min, bacterial cells still
remained on the tissues. The surface roughness, such as in carrots
or lettuce, protected bacteria under the folds of the vegetable tissue
layers, and decreased the efficacy of disinfection. However, 2% LA
combined with mild heat at 50 °C for 1 min showed higher efficacy
in decontamination than 5 ppm ozone with 15 min contact time.

4. Conclusions

Lactic acid (LA) at 2%, an organic acid, is a safe solution that is
free of carcinogenic risks, and it is an effective sanitizer to
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decontaminate sweet basil from indigenous mesophilic bacteria.
Additionally, the 2% LA combined with mild heat at 50 °C was more
effective than using LA at room temperature. It decontaminated the
sweet basil leafy surfaces not only from indigenous mesophilic
bacteria, but also from pathogenic bacteria such as E. coli and S.
Typhimurium.
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16.6.2 JAATILVAUAINNINIENN
16.6.2.1 Sowavmsgaydetmin lnedwindminimeluiiguiuiindnEus

16.6.2.2 Sogazn1svanisvadiu Inermnaieuiuussanaldulunaiovue

v
a o al

16.6.2.3 Segaznisiindiniavuly lngdruiuiunnisiiediiaaiieufuiualy
N
16.6.3 ATILRAUNINNLAT
16.6.3.1 n1537lnavesarsdianinsladainnteluiwad (Electrolyte  leakage)
(Wongsheree et al., 2009)
dululysenUsuna 0.5 ndu dnldluviegUsun@adiuiusennlossuysung 30
fladdns antuiluwgrfinusa 100 rpm  dhaisazatedlauiinainisinluiimng 4
Plue meiasesiainisialiiy (conductivity meter) Taglirnsihluiidegnusluin
- ° & = o g v o a ° o a o PN
won 100° C \Uuian 10 wiuazgnyibilguilgamail 25° C wiu 1 Falug darnsualndai
wndige  YeyavzgniunAnaiisududinisiiliiiunniian @n1siluavesans
a & (3 1%
auanins-ladasgn) uazuwansoanunlugueuay
16.6.3.2 Usunumaslsilaa (Total chlorophyll) (Toivonen and Sweeney, 1998)
uatulusenn (5 nSu) wazBenlulngs InUuYiNIsaiane Acetone 80% 1NUUY
UUINAINTANAULAINAINE1IARY 660 kay 642.5 WlUNAT waAuIMUTinuAasls-

Hadlnesulngldaunssedolui (AOAC, 1990)

TO’Eal Chlorophyl[ (mg/mt) = 7'12A660 + 16.8A642'5
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16.6.3.3 amsm1sungla (Kader, 1992; Rinaldi et al., 2010; Hassan and Mahfouz,
2012)

TolusUuuurasszuula (close system) lngussalulusen (2 n3u) Turinuuia 50
fiaddns (szuuln) nusneigamall 12.5° C AN 70-80% luddimduiian 2 93lus v
fing Head space Usuns 1 Jaddns Tuvasniinde anduirienlaurinusuiauesing
CO, wazfwenaulaylidiaios Gas chromatography (GC)

16.6.4 Usziliunan U seamauns

NAEBUNITEOUTU (Acceptance test) anwazUsinguadtussnilaglyisnisnagauainy
waNE1alAE5INIINYAAIUAN (Overall difference from control method) AvuAllngen
andintmiidugamuauilsuifisuiulnszniliiiunisasuazinsznifidaieaniazi
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= ad & @ a Yy v
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Al 6 Visible count of indigenous mesophilic bacteria in non-treated ( ) and treated

sweet basil by LA in combination with mild heat treatment at 50° C () during stored at 12°
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C for 8 days. Error bars indicate standard deviation of the mean of replicated experiments
(n=3). Different letters represent significant differences at p < 0.05
4.2 AN TN NN IEN TN

1%

AuAINIINMEnBUlaLA Sovarn1Ingnsne Sesasnisgydstivtnuasiosaznisiing
ihana nnsmasesmuindesasnmsngasisesivsznikiumsdsluasasanensndunigs wiu
AuseulusEAunaavisesazn1svanimedlutesnitlugnnivnuedwilduegdAty (p < 0.05)
Tnelnsewlugamuauasisunanissauniud 4 luvnsilvsenlugadiiunséiedeasazane
nsmdunidfaufuarufeulussdunataagizuinmgasidluiui 6 vesmaiuinw Taelans
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wfiduvedlvszniluyiiaitesas anfinandlnszmldzunsmeauinduiviinisudae

ﬁﬁu‘iuﬂ%mmﬁﬁawma@l@”ﬁ (USDA, 2016)

ANS9T 2 Percentage of falling leaves of sweet basil stored at 12.5° C

Condition Day
0 2 il 6 8
Control 0 0 8.0+0.17 11.3+0.1" | 13.2+0.2°

LA treated 0 0 0 5.0+0.2° 9.4+0.3"
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3197 3 Percentage of weight loss of sweet basil stored at 12.5° C

Condition Day
0 2 4 6 8
Control 0 19+0.1° | 13+0.1% | 059+0.1° | 5.37+0.1°
LA treated 0 32+0.1" | 28=0.1" 31+02° | 51+0.3°

3197l 4 Percentage of browning leave of sweet basil stored at 12.5° C

Condition Day
0 2 4 6 8
Control 0 10.0+0.0° | 10.0+0.1° | 33.3=2.7° | 86.70.1°
LA treated 0 20.0+0.07 | 20.0+0.07 | 53.2+5.8" | 90.0+5.1°
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A 7 Total chlorophyll content in non-treated ( ) and treated sweet basil by LA in

combination with mild heat treatment at 50° C (| ) during stored at 12° C for 8

days.
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Al 9 Percentage of electrolyte leakage in non-treated ( M and treated sweet basil by
LA in combination with mild heat treatment at 50° C () during stored at 12° C for
8 days. Error bars indicate standard deviation of the mean of replicated experiments

(n=3). Different letters represent significant differences at p < 0.05
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naenn1siuiny) Fedeyanisitluavesarsdidnivsladaigluwadinsentuaenndodlulufianig
WenuiunN1snaasswas Cozzolino et al. (2016) anwuinnssilravesanssdninsladtuasivuiliy
~ X A 9 YR a ad ) ) a g I3

WiLTuSenY) donmraenuissaznisiinaiimalululusynn nmsianisialuavesansdianinslasnieluy
wadtudunsinanuanugaivesdeviuwadniedon (Martinez-Sanchez et al,, 2011) wazdanunsn
T Jugadszasdlun1sda chilling injury vadluinl@dndae (Kader, 2013) n1sifin chilling injury 3
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aeluwad Jsorvaduanveliwadaauaziianisuindsinsiu (Kays, 1991; Larcher, 2006) 81
] ) aa I3 'z ° ' ' a .

Joyan1siilvamsansdidninsladaielugaddaunsadiunldlunisusvenaiulisenisiia chilling

injury vesluszmiaazuslaenaie (Cozzolino et al., 2016)
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4.4 AN NN NYSEA MAUNE

Table 5 The observed scores of sweet basil packed in polyethylene bag at 12.5+1 °C

(Overall difference from control method)

Storage time Appearance Color
Day control LA-treated control LA-treated
0 10.00+0.0 10.00+0.0 10.00+0.0 10.00+0.0
2 9.12+1.1 7.82+2.1 8.72+1.1 7.231£0.5
a4 8.76+3.1 6.52+2.3 7.91+2.1 6.39+3.1
6 541+1.4 2.12+2.7 5.47+2.5 2.74+1.5
8 3.75+£2.3 1.23+1.4 2.13+2.1 1.31+1.0

Acceptance score: = 5
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10

Log CFU/g

1 1 I
nd Day

Al 10 Visible count of indigenous mesophilic bacteria in non-treated ( [ll) and treated
sweet basil by LA in combination with mild heat treatment at 50° C during stored at
12° C (1 ) and 15° C (@ ). Error bars indicate standard deviation of the mean of
replicated experiments (n=3). Different letters represent significant differences at p

< 0.05
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31971 6 Percentage of falling leaves of sweet basil stored at 12° C and 15° C

Condition Day
0 2 q 6 8
Control 0 0 8.0+0.1° 11.3+0.1° | 13.2+0.2¢
LA treated (12) 0 0 0 50+0.2° | 9.4+0.3
LA treated (15) 0 0.3+0.0" | 7.7+0.1' 12.3+0.2" nd
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3197t 7 Percentage of weight loss of sweet basil stored at 12° C and 15° C

Condition Day
0 . 4 6 8
Control 0 19+0.1° | 1.3+0.1" | 059+0.1" | 5.37+0.1°
LA treated (12) 0 32+0.1° | 28=0.1" 3.1+0.2°" | 5.1+0.3"
LA treaded (15) 0 8.3+0.1° | 12.1+0.1" | 20.8+0.2° nd

31971 8 Percentage of browning leaves of sweet basil stored at 12° C and 15° C

Condition Day
2 4 6 8
Control 10.0+0.0" | 10.0+0.1" | 33.3=2.77 | 86.7+0.1°
LA treated (12) 20.0+0.0° | 20.0+0.0° | 53.2+5.8" | 90.0+5.1°
LA treated (15) 0.0+0.0° | 30.0+0.07 | 80.0=1.2" nd
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A7 12 Total chlorophyll content in non-treated ( @) and treated sweet basil by LA in
combination with mild heat treatment at 50° C during stored at 12° C (| ) and 15°

C(A).
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Al 13 Percentage of electrolyte leakage in non-treated (| ) and treated sweet basil by
LA in combination with mild heat treatment at 50° C during stored at 12° C ([ll) and 15° C
(M ). Error bars indicate standard deviation of the mean of replicated experiments (n=3).
Different letters represent significant differences at p < 0.05
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Table 9 The observed scores of sweet basil packed in polyethylene bag at 12 and 15°C

Storage Appearance Color

time control | LA-treated | LA-treated | control | LA-treated | LA-treated

Day (12° Q) (15° Q) (12° Q) (15° Q)
0 10.00+0.0 | 10.00+0.0 | 10.00+0.0 | 10.00+0.0 | 10.00+£0.0 | 10.00+0.0
2 9.12+1.1 7.82+2.1 7.76+2.1 8.72+1.1 7.23+0.5 7.12+1.1
a4 8.76+3.1 6.52+2.3 5.52+2.3 7.91+2.1 6.39+3.1 5.37+1.5
6 541+1.4 2.12+2.7 1.04+2.7 547+2.5 2.74+1.5 1.07+£1.8
8 3.75+2.3 | 1.23+1.4 nd 2.13+2.1 1.31+1.0 nd

nd: not detectable

acceptance score: > 5
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