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Anti-bacterial Effect of Psidium guajava and Geranium thunbergii
Extracts on Listeria sp. Isolated from Fishery Products
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Listeria sp. is one of the pathogenic bacteria causes the infection listeriosis, through mainly raw food such as fishery
food, dairy food and vegetables. Listeria sp. is a Gram-positive, non-spore-forming, motile, and facultative anaerobic
bacterium. Because of the tolerance of Listeria sp. to low temperature and high salt concentration, it is very difficult
to prevent them contaminated in the food, which do not require heating, especially, such as raw fishery products. So
prevention and removal of bacterial contamination at the food manufacturing stage is the best method. In this study,
therefore, several natural products including Psidium guajava and Geranium thunbergii were screened to investigate
the antibacterial activity against Listeria sp., with expectation of fewer side effects and fewer resistance problems.
Significant effects of two extracts were confirmed by well diffusion assay, MIC assay, and growth inhibition assay.
P. guajava and G. thunbergii showed MIC values at 64-256 pg/mL meaning strong antibacterial activities against 6
kind of Listeria sp. tested. And the growth of Listeria sp. in the liquid media was actually inhibited by the addition
of these two extracts.
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AN 2 2007; Allerberger and Wagner, 2010). E3} biofilm A o2
AEA et FAEA] A golstA F2tsko] dofgt 27 oA
= AYEo| 7H53t Aleto]th(Skowron et al., 2018).

Listeria <5 M|<+2 8+, &, B9, 8l o oF A 2 559
J L. monocytogenes®l 23+ A% ulj7] Aol g|AH 2 olE

1 ol IS EAshe] oS WS o B4

7178 A At o2 AdAA o &3] Ak 15719 & (listeriosis) o] Alito] THEo] Wi =4 chillASo0] 29 9|
B2 = th(den Bakker et al., 2014). ©] &= Listeria ivanovii= A2 AR Qo) SAES B AS 2GEte] E98 B
ST UL /A0, L monocytogenest AT F 5 245 717 2H 0 olgslel 8T, FRALA U, 0
Sol4 BN Uhis WOA A55 AZoR ARA A 5ok Hdeured, 94k AN 22 12 242 2o 5 9)
tH(Camejo et al., 2011). L. monocytogenes= 0-45°C2] 34 oh F2 QAR Aol A o] Biut o) Wi A HL =

SJ%H A LEE 71T Qlof WETH Azl vl3A 2 A,
pH 5 of5}e] 413} & A, A Ei A4 BHNE
AAlo] 7158k 7o & B 11 ¥)31 )t (Gandhi and Chikindas,

o
S2 0 4 W] 20 % BRI 4 By e S
A= 30%9] 52 AARES EQIth(Barreiro et al., 2018). 7}
SHA] k1 AH A El= EAI Ao} A&, 7 59 FAIE,
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A& 5 SA445 H A (ready-to-eat food) 50 2|2 H|
2lo} AFE9] 9 lo|tk(Benabbou et al., 2018). o]t
Al ol titi AlF= Aol hAgste] 1970 ] $HHE
G of 7] Uratell A Abgrell A 2] gl A ok 7
U7y F7Vel7] AL, R R e
Fh o & S5k Qe nl=of| A= 2000 o] $- v 1009
59] gjAHoks 2R Sk §lom, Al vz HAE
O] 8HA YN O R 7] L WA vl s of ie B a}al 2| A
glopgo=2 sk HlE-2 7H =kl 4 A Qlek(Dewey-
Mattia et al., 2018).

gAH o7 7Y =2 v SR HEE = Y AE2 A
Al EA| oot} =&]2] -, ofd =l A A= 57 2
A= o] A T TAA0] 120/9] A|RE 2AWS A3} L.
monocytogenes?} 21.6%= &% chHEsmalil et al., 2016).
E3F 8 12750l A AAkE Ao} 77470 AlES AL
A3}, L. monocytogenes”} 20.2% (1577 Al&)ollA AE=3
o, 71 % 267 AlE(3.3%)S >100 CFU/g oA o & A
Sth(Eva et al., 2015).

=W oll A<= L. monocytogenesol| ©J3t 2|55 Akl 7 A 9] ¢l
O, Al HE2 oluaA RALE AL §le Ao, ofof u}
2t SA o] 5 FAES T H|7FE S4] A F 2] aH|7F S
7Rl Q= Aol A= AAIEA] o] Algtol| 25t Ay Al 7t
AYSE = 9lS Ao & oAt

Y2 oA A% 7hsot, W2 pHUY A Eol e Ad
4= %= L. monocytogenes®] 7o wet A2 -2 v7Hd
A D A7 AR TRss Aol A o] Alete] e HE
Aofsh= o] 424F A1F 2] kA S|4 5a%t ZRAET}
=32 Qlek SEAIEE, gAkEof| §lof41 €] L. monocytogenes®]
S aiE 7 HAEE Alofetalst st A Alele S&
3] Barx]o] 917 irh. 2 Aol A= 4802 ARgsl= A
A& 959 F=EE 25 E L. monocytogeness A 3l|5h= 29
< gRlstgiom, olo] 1 AakE B gt}

Table 1. Used parts of natural products and extraction yields

A+ o]4 -

L. monocytogenes w55 & 654 #+5 ARESIITH
FF #5E L. monocytogenes KCTC 35695 A EAIAIE
(Korean collection for type cultures, KCTC, Daejeon, Korea)
oA AP e, B 55(L. monocytogenes DEU1-
DEUS)E 47 hs-&oll Al i8] F7gsto] A doA 2 5
ol #FE5 AHESIGITh Eelat= 16S IRNA A H&A 7
listeriolysin <2 $13 PCR 545 (Jung et al., 2003; Os-
man et al., 2014)2.2 L. monocytogenes= 54 U A5 &
ARSI AR 1252 Brain Heart Infusion (BHI, Difco
Co., New Jersey, NJ, USA) vl x|o]| Z35}0] 37°CollA] HljoF
steic.

M= FE=9 Mz

Aol AH3E AES S Table 10] Helshgict. 12 o4
Altoll /o] Har B AL Ftgdo] Arfal Hal F 714
4 WA= 24 FollA Listeria sp.ofl tiet =24 HAY 0|
opA] HuER] ok AA5S wAAME St ATt
AREEE Fol= ARE S o] ol Z3tEo] Qlrkar HaH
it ARSI A= MY FAlIE(S5) (Busan, Korea)
oA AE 2AE AxE FHE 5o, -80°Coll A
HkshaA] ARlof AMgskit AxH AmE Ak 2
Hao] o8] 59 ethanol (70%, 80%, 90%, 100%)x} G
FEE Aol AP AS AR AT 7P = FEE
< UrERH 80% ethanol& 2 =2 A 9 of| ARE-8H I TH(A 2} 1A
A)). 38(v/v) 2] 80% ethanole]] 244]7F Al-2-0f| 4] A7t %, of
Z](No.2, Whatman, Maidstone, UK)& 23] oj 75}t 3=
o} rotary vacuum evaporator (Eyela, Japan)2 90°Col| A
e w=50] Sl E & AlASIoH, 2] 5=
Al dimethyl sulfoxide (DMSO)e]] 200 mg/mLe] E=&
A7 20°Co] BksheA 2 Al et 238 9

o)
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Common name Scientific name Korean name Used part Extraction yield (%)
Balloon flower Platycodon grandiflorum == 0| roots 19.6
Chinese plum Prunus mume of A fruits 16.2
Chinese twinleaf Jeffersonia dubia WHO|E roots 13.6
Fish mint Houttuynia cordata ofmal whole 14.9
Guava Psidium guajava TLOotdt leaves 15.2
Japanese plum Prunus salicina A= fruits 3.8
Magnolia-vine Schizandra chinensis 0| Xt fruits 19.6
Melia Melia azedarach HASUE roots 24
Thunberg's geranium Geranium thunbergii SAx whole 7.6
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3t stock solution® & AR5 325 482 g7} &4 A
ZH AR FAE A5 TS ol-8-ste] ALbstith
Aol AR 7|ef A|oFE2 2418 gradeS Sigma Co. (St.
Louis, MO, USA)ol| A F-¢15t /\]~9-6} t}.

FE=9

[o ﬂl-l)l'

tHste =X

O —
A2 clinical and laboratory standards institute (CLSI,
2019)9] #=Hol wel well diffusion methodE ARE-510]
2R354 =, AA | R of| A 1] vl okt AN Bl okl
200 pLE gHd vl A] Aol Bt WE o2 335]o] AA 124
L8kl A5 8 mme) well& HBRA] Aof| vh= &, 2t =&
E2 100 LA E=A1A 37°CY incubator (Emtech, Chang-
won, Korea)ol| A 18A17F vljQF & well F+9]9] A5 A 3fj2te]
715 SAsI T A g2 2= ampicillin (10 mg/mL,
Oxoid Ltd., UK)Z ©]-8-5}%i ).
MEXH s=(MIC) 5

==9 4 A8]AE 5L (minimum inhibitory concen-
tratlon, MIC)= 96-well plate2} Muller-Hinton Bl Z|(Difco
Co., USA)E ©|-83F 3 28 34 i o= 461 lrH(Lee
et al., 2003). 37°Col| 4] 24A|7F vjokat 3 ThAF A2 Aol
AellE A FEE MICE 27430t F4 2t o2+=
ampicilling ©]-8-3}%itt.

5520 34

FEE9| Time—kill curve assay

HA R A] oA FE2ES AT A u|BE 571 AFHSH=
A time-kill curve assay (Al-Ani et al., 2015)H-S HE
3lo] Z2A4319ic) v Y-S #3= BHI (brain heart infusion) =Y
Aol vReFslaL(37°C, 24A17h) BHI Wi A& o]-§-5to] 7iAl4+&
105-10° cel/mLE ¥ A5}t vjofollo] #E% % | mg/mLE
FE5S Agsta AR oFstAth37°C, 160 rpm). Bl A]
25 1A AR A RS 571510] 660 nmol A EHE
#l(Amersham Biosciences, UK)Z L. monocytogenes2] 542
=S ZAC,

SRz

tlolEe ] FAA g = ZF AlRof thet Hd £ EEHAE UE
UI1Th. SPSS Ver. 23 (SPSS Inc., IL, USA)S o|-8-5Fo] AL
EA1(ANOVA test)s}31aL, 7t A 2]-7k9] #-2]/d-2 Duncan®]
THE 1A 0.2 P<0.05 4004 A3kt

Znt Y o
Hoig 2520 IPHY M

o
ofetE & F FA RS} l"ﬁ:‘?z*ﬂ St =252 DMSOoﬂ
*=0] stock solutionS ¥H=17, BH

assayS HAISH A= Table 20] L}E}qq 9t} %Mg;g o

monocytogenes?} A2HA] Stoh= Asehe] 274& 45k o
H71A 02 Wil AEu|mstel B7]8holch BERS 157}
Bl 5%9] L. monocytogeness A2 8-S =
A3 AFS ok At 20l amplcllhn.J SA T} v sk Ak AF
43+ AAE 9% 5 355(Balloon flower, Fish mint, Melia)o]|

A FtE/dol A8 UehtAl ghgten, thE 6&(Chinese
plum, Chinese twinleaf, Guava, Japanese plum, Magnolia-
vine, Thunberg's geranium)ol| A= &&4-S eIt &
Faro} Belda Aolo] F4e] o} F58 Aol
27 e Ao BAE FE50) Az 34 Fo) W
71—01—3.;51_&90(30”/\{ FAPNES O] ol/} Aldo g =250 5t
o] A EE Hod B uj, H 2EEo| JYHRLS o] F
T YEAS 7H A 0.2 ZZF T} Chinese plumd} Magnolia-
vine2| oeh-E 2&50] L. monocytogenes©l T2 UERI A
th= H 3 (Lee and Lim, 1997; Kim et al., 2008)7} ¢Jo.1}, 71
Holl T2 452 o] Allatoll thet @tE/d o s 25 4=

FE29 A deMall s=MIC) &8

FEEY M2 ASAN F=MIC)E 54
of LR 9let. MIC 5t 7 2588 5
s 9ol ol AR A4S AL 5 9l
L5 oustu R |7} A4S 7t 84S et oF A
well-diffusion assay©l| 4] 2] Z7H(Table 2)oll 4 A4S e
A 2 3FY FEES o8] Fargk o] MIC% LR
of ghtEHd ol g3 Al 4 Uelid 65 5
o M= 7} M THE MIC 34 LheR Rt 7L S04 2ol

rsi'
o it g

T}=Table 3

SRR A
= Hael s

—D' oL
bu K1

Li

Table 2. Anti-Listeria activity of extracts by well-diffusion assay

Common Listeria monocytogenes

name KCTC 3569 DEU1 DEU2 DEU3 DEU4 DEU5
Balloon flower - - - - - -
Chinese plum  +++ e s
t?/ﬂ:}g:? ++ ++ A+t A+t ++
Fish mint - - - - - -
Guava +++ +++ A ++ ++
e
Magnolia-vine ~ +++ +++ H++
Melia - - - - - -
ggruannti)ﬁrrr?ls ++ ++ 44+ ++ ++ ++
Ampicillin AR R A

Clear zone: ++++, >21 mm; +++, 17-20 mm; ++, 13-16 mm; +,
8-12 mm; -, No effect. KCTC, Korean collection for type cultures;
DEU, Dong-Eui Univ.
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HK(Guava Psidium guajava L.)¢} & Z(Thunberg's geranium
Geranium thunbergii)©l| A 64-256 pg/mL2] MICE YElY| o]
e et UEH I o] F Ajoll= o] 2% =
| 2148 2 A},

Time—Kill curve assay

O.
:
lo ¢

o

e

=

i
i
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BHI 24| v | of] 22 5I=9] L. monocytogeness 453}l
Toplel A x FEES HEFEE | mg/mLE HFsto] A4
v Fg ol Al Bt S UER=A1E ERlIsHaich(Fig. 1). 1
AIZE YA C 2 ZA37F 0] Wstoll A ] L. mono-
cytogenes KCTC 35698} B84t 5% & & 659 A =
S i g2 714 TAIZE Yol A7 AA 710l 017
AAEAE Btk A7 ST 24X 7HA] A &E 9l e
v}, DEU13} DEU2, 7123 DEU3 731 2047} o] S5 2
o] 23 Aol A ke ApEEANS UEr it A
AH oz FEEo] x3E e A o)A A AfEAdS
eIt At o2 dx 255 Hrt Fopl 25504
o] 743t A& et ATk 24410 A S A& iR
T 4 FEE 100% 7|0 2 ghitsl BopS f, FLofut 5=
=52 DEU3 #5594 # a1 37.3% A dls}9aL, DEUL «+¢
of| thalf 2|4 18.6% Alsfstich B3t d% 552 DEU3 +
Zol A 1 21.1% A 8|3+ 2z, DEUT #3of sl 24 5.1%
AelEFGTE. 24417t FRte] A Bl e -2 FEol| whet &fo]
E Yehligl o, AEst 652 e L. monocytogenes|l o
off froprte} A2 FEES AAANEAES 7L S &
I3kt

Tohhs Ea o Eadte] Au el AR YA = o
2|7} Aol A 9 R opajotolm ot x| oo d | st
< AlEolH S-Ejuetoll = Al ol AAYSHAL Qltk(Yang etal.,
2008). gt #e], o2 A= HE G4, AL o4, &
e, S TY Aol WA O R -85 }lrk(Lozoya

L ox o

P A - Al - ARl - kel -

et al., 2002). Terpenoid, flavonoid, tannin 53} 22 784
59 71411 9l Topuhs SR} A} e 4u]E T 9
kobye}, &4 RO Z quercetin, kaempferol, gallic acid,
catechin 5 & A 2| S 242 o] 83 T, &F, A3 &
418} 5 &Jof] 7)ol thgt e+t s] 3=l QIth(Ola-
jide et al., 1999; Jin et al., 2006; Park and Onjo, 2008; Park,
2010). B2 F<0| Bjo] ol Salute} Ho) el
chid A2 o] AERE Bon W27} obgoR o]gHol
& 4B}, Bzt FolA|otolA] AAL, b 5 Sl ofo]
A HyE]o] & qrofAf o] YF O &2 X|Lofl:= geraniin, pyrogallol,
epicatechin, gallic acid, ellagtannin, quercetin, kaempferol,
succinic acid 59| tannin} flavonoid7} Wo| g-%of Qlct
= ol Hrejx|aL glom, ey, At 24, S 52

71's/d 0] Wo] Bl ¥)a1 QItK(Liu, 2006; Lee and Park, 2008;
Liu and Woo, 2008; Lee et al, 2009).

2 Aol A= FEAFTL} et 5 652 L. monocyto-
genes 0.2 Fobilol W20 2EEE FRAAL Sl
31t} Listeria sp.< internaline A2} internaline B 5-2] T
g o]gsto] &AL A Au|A| L9 tight junctiong: -
sfsto] AlE %08 A% F 4% WA sful, ZAIELS liste-
riolysin} 22 8854 50 SAE4S BAksto] Al ZAE
Frdh= Aoz deA Qlci(Lamond and Freitag, 2018). |
1g&0] =2 o] At ol thgt AAEZ eI oA 714
& OFAZMA] A A o2 A A QUA| ettt 53], L. monocyto-
genes7} 714 Ho] AZ L vrel 40l FA| ol vt 4
AHE B oAb 7ol tigh HAE fE 2] e A e
o} A& W 13k L= whx] okt GRAS #:¢] Lactobacil-
Ius sp.7} A4FSH= bacteriocing: ©]-§-5F0] ZA|¢1o] R F
&3 L. monocytogeness 1H4A 7= o] 7Fss it Hal
(Jang, 2011} Z=5 t3+2] ethyl acetate F-3Eo| A F-2] 5]
+= phlorotannines2] 421 fucofuoeckol-A (Kim et al., 2018)

HE Az

Table 3. MIC values of each extracts against Listeria monocytogenes (ug/mL)

Listeria monocytogenes

Common name

KCTC 3569 DEU1 DEU2 DEU3 DEU4 DEU5
Balloon flower >20,480 >20,480 >20,480 >20,480 >20,480 >20,480
Chinese plum 2,560 1,280 1,280 2,560 2,560 2,560
Chinese twinleaf 1,280 640 640 1,280 1,280 1,280
Fish mint >20,480 >20,480 >20,480 >20,480 >20,480 >20,480
Guava 128 128 128 128 64 64
Japanese plum 5,120 5,120 10,240 5,120 5,120 5,120
Magnolia-vine 2,560 2,560 1,280 5,120 2,560 5,120
Melia >20,480 >20,480 >20,480 >20,480 >20,480 >20,480
Thunberg's geranium 128 256 256 128 64 128
Ampicillin 32 32 16 32 16 32

KCTC, Korean collection for type cultures; DEU, Dong-Eui Univ.
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Fig. 1. Growth inhibition of extract against Listeria monocytogenes strains (A) KCTC 3569, (B) DEU1, (C) DEU2, (D) DEU3, (E) DEU4,
(F) DEUS. A, control; o, Thunberg’s geranium; e, Guava leaves. KCTC, Korean collection for type cultures; DEU, Dong-Eui Univ.

ojuf AR FEE(Lee et al, 2012)9) 2| 2E|2jof 24, 11
2] 11 7}A1A 3FF-2 S0 nisin ©]U} chitosan, lysozyme 5 7]%
d HloleaAE AFAA 4ol ok A-H(Pavli et al.,
2019) 5-°] X%l Q). Listeria sp.2] A& HE7t 52 &
Al dol= Az ol A XS A A= 52 =AY ol BWal,
biofilm®] &4 7Fs/do] Sl AR 7he Al ] A& o]
W 7hs 57830 EA0IA A o] s AL 9l
o} 3 220 EA Y WA W EEe] fe b, 7HEA
2] = AF 5 Aol A 287 A E7F ALY gl AlEA
S4 B3 g A Por A Y IS ol o= A4 H
I SJtH(Leong et al., 2015). o]of] whet EA o] 75 3ol

AR gl Bl&H P oF oAl Z oy ] o Aol B8

3 Qo] A s ofule} §20) gl Axelo} B4 AR
257 52 59 glsha, BAelo] 5 44t
o] SERlo] 4 e S e Aol dhat A7} H e st
Absgich, E5 9 WA Al F o2 A2 BAVL Y 2

=
al
oyl R =3 Q1= L. jvanovii®?} L. innocua 501 tet 4t
2 At Al Efojof Fhrfar gt

Al AL

o] A= 20198 Folieta wf A-HH|(IAIH S



242 WFE - Qe - A -

b

A - ol

201902230001)°] 2]}
=YYt

el Auk o] 9lof 7t

References

Al-Ani I, Zimmermann S, Reichling J and Wink M. 2015. Phar-
macological synergism of bee venom and melittin with an-
tibiotics and plant secondary metabolites against multi-drug
resistant microbial pathogens. Phytomedicine 22, 245-255.
https://doi.org/10.1016/j.phymed.2014.11.019.

Allerberger F and Wagner M. 2010. Listeriosis: a resurgent food-
borne infection. Clin. Microbiol Infect 16, 16-23. https://doi.
org/10.1111/j.1469-0691.2009.03109.x.

Bakker HC, Warchocki S, Wright EM, Allred AF, Ahlstrom
C, Manuel CS, Stasiewicz MJ, Burrell A, Roof S, Strawn
L, Fortes ED, Nightingale KK, Kephart D and Wiedmann
M. 2014. L. floridensis sp. nov, L. aquatica sp. nov., L.
cornellensis sp. nov. L. riparia sp. nov., and L. grandensis
sp. nov. from agricultural and natural environments. Int J
Syst Evol Microbiol 64, 1882-1889. https://doi.org/10.1099/
1j.0.052720-0.

Barreiro Alonso E, Santamaria Del Tio J and Fonseca Aizpuru
EM. 2018. Listeriosis during the period 2003-2016. Rev
Esp Enferm Dig 110, 411-412. https://doi.org/10.17235/
reed.2018.5497/2018.

Benabbou R, Subirade M, Desbiens M and Fliss 1. 2018. The
impact of chitosan-divergicin film on growth of Listeria
monocytogenes in cold-smoked salmon. Front Microbiol 9,
02824. https://doi.org/10.3389/fmicb.2018.02824.

Camejo A, Carvalho F, Reis O, Leitao E, Sousa S and Cabanes
D. 2011. The arsenal of virulence factors deployed by Liste-
ria monocytogenes to promote its cell infection cycle. Viru-
lence 5, 379-394. https://doi.org/10.4161/viru.2.5.17703.

CLSI (Clinical and Laboratory Standards Institute)2019. Per-
formance standards for antimicrobial susceptibility testing;
Approved standard-29th ed. CLSI, Wayne, PA, U.S.A.,
MO02-M11.

Dewey-Mattia D, Manikonda K, Hall AJ, Wise ME and Crowe
SJ. 2018. Surveillance for foodborne disease outbreaks-
United States, 2009-2015. MMWR Surveill Summ 67,
1-11. https://doi.org/10.15585/mmwr.ss6710al.

Esmail A, Mahdi OS, Hedayat H, Gholamreza I and Allah GE.
2016. Prevalence and molecular characterization of Lis-
teria spp. and Listeria monocytogenes isolated from fish,
shrimp, and cooked ready-to-eat (RTE) aquatic products
in Iran. LWT-Food Sci Technol 73, 205-211. https://doi.
org/10.1016/j.1wt.2016.06.020.

Eva D, Ana JB, Antonio AJ, Antonia FM and Isabel E. 2015.
Prevalence and antimicrobial resistance of Listeria mono-
cytogenes and Salmonella strains isolated in ready-to-eat
foods in Eastern Spain. Food Control 47, 120-125. https://
doi.org/10.1016/j.foodcont.2014.06.043.

o

Gandhi M and Chikindas ML. 2007. Listeria: A foodborne
pathogen that know how to survive. Int ] food Microbiol 113,
1-15. https://doi.org/10.1016/j.ijfoodmicro.2006.07.008.

Jang SH. 2011. Control of Listeria monocytogenes on smoked
salmon by antimicrobial effect of lactic acid bacteria. Food
Ind Nutri 16, 1-4.

Jin YJ, Kang SH, Choi SY, Park SY, Park JG, Moon SW, Park
DB and Kim SJ. 2006. Effect of fermented guava leaf ex-
tract on hyperglycemia in low dose streptozotocin-induced
diabetic mice. Korean J Food Sci Technol 38, 679-683.

Jung B, Lim H and Jung S. 2003. Development of differential
media and multiplex PCR assays for the rapid detection of
Listeria monocytogenes. Korean J Vet Res 43, 231-237.

Kim HJ, Dasagrandhi C, Kim SH, Kim BG, Eom SH and Kim
YM. 2018. In vitro antibacterial activity of phlorotannins
from edible brown algae, Eisenia bicyclis against strepto-
mycin-resistant Listeria monocytogenes. Indian J Micribiol
58, 105-108. https://doi.org/10.1007/s12088-017-0693-x.

Kim MR, Woo HC and Son WG. 2008. Survival of Listeria
monocytogenes and Salmonella typhimurium in retail man-
darin orange, Prunus mume (Maesil) and Kiwi extracts. J Fd
Hyg Saf 23, 62-67.

Lamond NM and Freitag NE. 2018. Vertical transmission of Lis-
teria monocytogenes: probing the balance between protec-
tion from pathogens and fetal tolerance. Pathogens 7, E52.
https://doi.org/10.3390/pathogens7020052.

Lee EW, Huda MN, Kuroda T, Mizushima T and Tsuchiya T.
2003. EfrAB, an ABC multidrug efflux pump in Enterococ-
cus faecalis. Antimicrob Agents Chemother 47, 3733-3738.
https://do.org/10.1128/AAC.47.12.3733-3738.2003.

Lee KH and Park SN. 2008. Antioxidative activities and antiag-
ing effects of Geranium nepalense extracts. J Soc Cosmet
Sci Korea 34, 25-35.

Lee HB, Noh BS and Min SC. 2012. Listeria monocytogenes
inhibition by defatted mustard meal-based edible films. Int
J Food Microbiol 153, 99-105. https://doi.org/10.1016/j.1j-
foodmicro.2011.10.022.

Lee SH, Kang KM, Park HJ and Baek, LM. 2009. Physiological
characteristics of medicinal plant extracts for use as func-
tional materials in seasoning sauce for pork meat. Korean J
Food Sci.Technol 41, 57-63.

Lee SH and Lim YS. 1997. Antimicribial effects of Schizandra
chinensis extract against Listeria monocytogenes. Kor J
Appl Microbiol Biotechnol 25, 442-447.

Leong D, Alvarez-Ordoiiez A, Zaouali S and Jordan K. 2015.
Examination of Listeria monocytogenes in seafood process-
ing facilities and smoked salmon in the republic of Ireland.
J Food Prot 78, 2184-2190. https://doi.org/10.4315/0362-
028X.JFP-15-233.

Liu QH. 2006. Phytochemical constituents and biological activi-
ties of Geranium thunbergii. M.S. Thesis, Chosun Univer-
sity, Gwangju, Korea.



Fotute} #zo] g AH ol B4 243

Liu QH and Woo ER. 2008. Inhibitory activity of IL-6 produc-
tion by flavonoids and phenolic compounds from Geranium
thunbergii. Nat Prod Sci 14, 16-20.

Lozoya X, Reyes-Morales H, Chavez-Soto MA, Martinez-
Garcia M, Soto-Gonzalex Y and Doubova V. 2002. In-
testinal anti-spasmodic effect of a phytodrug of Psidium
guajava folia in the treatment of acute diarrheic disease. J
Ethenopharmacol 83, 19-24. https://doi.org/10.1016/S0378-
8741(02)00185-X.

Olajide OA, Awe SO and Makinde JM. 1999. Pharmacological
studies on the leaf of Psidium guajava. Fitoterapia 70, 25-
31. https://doi.org/10.1016/S0367-326X(98)00010-0.

Osman KM, Samir A, Orabi A and Zolnikov TR. 2014. Con-
firmed low prevalence of Listeria mastitis in she-camel
milk delivers a safe, alternative milk for human consump-
tion. Acta Trop 130, 1-6. https://doi.org/10.1016/].actatro-
pica.2013.10.001.

Park B and Onjo M. 2008. Antioxidant activities and tyrosinase
inhibitory effects of guava (Psidium guajava L.) leaf. Ko-
rean J Plant Res 21, 408-412.

Park EY. 2010. Chemical components and functional properties
of Korean Guava (Psidium guajava) and change in the char-
acteristics of Guava leaf by heat treatments. M.S. Thesis,
Gyeongsang National University, Jinju, Korea.

Pavli F, Argyri AA, Skandamis P, Nychas GJ, Tassou C and
Chorianopoulos N. 2019. Antimicrobial activity of oregano
essential oil incorporated in sodium alginate edible films:
control of Listeria monocytogenes and spoilage in ham
slices treated with high pressure processing. Materials 12,
3726-3752. https://doi.org/10.3390/mal2223726.

Skowron K, Hulisz K, Gryn G, Olszewska H, Wiktorczyk N
and Paluszak Z. 2018. Comparison of selected disinfectants
efficiency against Listeria monocytogenes biofilm formed
on various surfaces. Int Microbiol 21, 23-33. https://doi.
org/10.1007/s10123-018-0002-5.

Yang HJ, Kim EH and Park SN. 2008. Antioxidative activity
and component analysis of Psidium guajava leaf extracts. J
Soc Cosmet Sci Korea 34, 233-244.



