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SUMMARY

1. Title

Development of antimicrobial materials from Zingiberaceae targeting quorum sensing
mediated virulence of pathogenic bacteria

II. Research goals and accomplishments

Type Patent Papegzn Presen Te‘gm Fdica gf;a?z Tectricd | Humen Eﬁ Pom |
applied | Regostered | SCI 5 tations Trrfer -tion i certification | resource o otion
Final goals 2 1 2 2 1 3 1
Achievements 1
within 3 vyears 2 @ 3 > 1 3 1

% 1 manuscript is currently under revision for an SCI journal, and 1 manuscript is awaiting submission
due to a patent application.

% 2 cases of patent registration are currently at the stage of responding to office actions.

% Conference presentations consist of 1 oral presentation (domestic), 2 oversea poster presentations and,
2 domestic poster presentations.

% A decision was made to discuss technology transfer after task completion, and so efforts are currently
being made to register patents for the final results and to identify a single substance.

% We plan to proceed with additional promotion after confirmation of the substance in 2016.

% As a follow up project, “The Development of consumer-oriented mobile convergence biosensing
system for detecting food adulteration caused by food-borne pathogens” is has been going since 2015
and “Establishment of an early surveillance and response system for infectious disease” is planned
as a multi-departmental project at the research institute to solve social problems using the scientific
evidence and materials derived from this study.

III. Research and development objectives and needs

e New targets for the development of novel antimicrobial agents are needed to solve the
problem of resistance to antibiotics and antimicrobial agents, which is the result of super
bacteria emerging due to excessive use of antibiotics, increased risk of bacterial food
poisoning due to increased consumption of environmentally friendly organic food for
health-related reasons, and the emergence of mutant strains due to real-time transmission
of hazards.

e Novel antimicrobial materials can be developed by a new paradigm of inhibiting quorum
sensing and preventing toxin production or growth of microorganism while minimizing the
degradation of commensal microbes. If successful, this could be a great solution for
potential antibiotics that do not result in antibiotic resistance and can be effectively used
in various microbial industries, since they would provide selective control without killing



microorganisms.

e [n the domestic natural antimicrobial markets, which are mainly dependent on imported
products, demand for natural materials is growing due to increased interest in the safety
of antimicrobial substances. If novel antimicrobial materials can be developed from
domestic edible wild plants, it would be an important technology across a variety of
industries with added value for the economy due to farm income.

e The aim of this study is to develop novel antimicrobial materials, which are extracted from
domestic wild ginger plants (Zingiberaceae) and control virulence mediated by cell-to-cell
communications that induces the growth of food poisoning bacteria. These materials will
then be used to develop products and technologies.

IV. Research and Development contents and scope

1. Manufacture of standard extracts from domestic wild ginger plants
- Collecting ginger plants, manufacturing crude extracts, and determining standard extraction
protocols.
2. Selection of candidates for antimicrobial activity and inhibitors in quorum sensing
- Establishing methods to measure the activity of substances that inhibit quorum sensning,
and selecting candidates that show quorum sensing inhibition activity.
3. Isolation and identification of active ingredients based on evaluation of the physiological
activity of extracts
- Fractionation, identification and structural analysis of the active ingredients in selected
candidate extracts.
4. Investigating physiological characteristics of the active ingredients that inhibit quorum
sensing and identifying control mechanisms of antibacterial candidates
- Evaluation of physiological characteristics of the active ingredients that inhibit quorum
sensing
- Study of the control mechanisms of antibacterial candidates
5. Characterization of combination antimicrobial materials and selection of final candidates
- Manufacturing combination formulations with different ratios of single antimicrobial
material and establishing optimal conditions
- Selection safety testing of candidate antimicrobial combinations based on inhibition of
quorum sensing and antimicrobial activity
6. Development of applied technology using single/combination antimicrobial material(s) for
commercialization
-Study on the application and commercialization of the antimicrobial single/combination
material(s)
7. Metabolomic analysis of cells and their growth media treated with quorum sensing agents
and anti-microbial compounds (Researches commissioned)
- Metabolites from the cells and their growth media treated with the selected quorum
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sensing agents and anti-microbial compound mixtures, respectively, were analyzed by
LC/MS and GC/MS and the related biomakers were identified.

V. Research and development results

1. Manufacture of crude extracts from 9 species, including domestic wild Zingriberaceae plants
and determining standard extraction protocols
Crude extracts were manufactured and provided for all 9 species, including methanol
extracts of 3 species of in domestic wild Zingiberaceae plants such as Zingiber mioga,
methanol extracts of ginger and turmeric, an MTBE extract of turmeric, and additional
methanol extracts of pomegranate, Korean plum, and citron, which were requested by a
collaborating company. Ethanol and MTBE, to separate other active compounds, were used
as the solvents for extraction, as indicated by the Korean Food Additives Codex, in order to
account for future applicability as food additives. The standard extraction protocol was
finalized as 70% alcohol extracts, after verifying antimicrobial activity and violacein
inhibitory activity.

2. Selection of candidate substances that disrupt signal transduction by establishing the
activity of signaling disturbances
To measure the quorum sensing inhibition activity, the violacein inhibition assay was
developed, in which the zone of inhibition of purple pigmentation is measured using C
violaceum (1%selection) andC. violaceum CV026 (2"%selection) as standard strains. At the
same time, antimicrobial activity (5 major food poisoning bacteria) was also measured using
the agar well diffusion method and candidates that inhibit quorum sensning, such as
methanol extracts of ginger, pomegranate, and citron, and candidates that show
antimicrobial activity, such as methanol extracts of ginger, pomegranate, and plum.

3. Fractionation, identification and structural analysis of active ingredients based on the
evaluation of physiological activity for the selected candidate extracts
Identification and structural analysis of that active ingredients that inhibit quorum sensing
was performed as follows: extracts were fractioned based on the biofilm inhibitory activity
(Target strains: Y. enterocolitica, P. aerusinosa), and GC/MS structural analysis was
performed on the volatile Zingiber mioga fraction, confirming that the major ingredients
were geranyl- ¢ -terpinene, terpinen-4-ol, geranyl-p-cymene, and borneol acetate. As for
fractionation based on antimicrobial activity, among non-volatile compounds, the ether:ethyl
acetate (50:50) fraction of Zingiber mioga showed high activity, and so identification and
structural analysis of the antimicrobial active ingredients was performed using GC/MS and
NMR. The major active compounds were found to be isoeugenol, nomilin, A -sitosterol, /&
-Pinene, and « -Terpineol.



4. Characterization of physiological properties for the active ingredients that inhibit quorum
sensing, and Identification of control mechanism of the candidate antimicrobial materials.
We confirmed violacein inhibitory activity, biofilm inhibitory activity (target strains: Y.
enterocolitica, P. aerusinosa), swarming inhibitory activity, and the ability to degrade
auto-inducer molecules (degradation targets: C6-HSL, 3-oxo-C6-HSL) for the selected
candidates. The ginger I and pomegranate II fractions were shown to have higher
physiological activity and be stable at 121° C. Selected candidates reduced expression of
yenl mRNA, which is a gene that synthesizes quorum sensing inhibition substances in Y.
enterocolitica, and inhibited the expression of 74, fleB, fIhDC, which are flagella regulating
genes involved in biofilm formation (toxin expression).

5. Selection of final candidates based on antimicrobial activity and ability to disrupt signal

transduction, and establishment of optimal conditions for the manufacture of combination
antimicrobials.
The combination with the best quorum sensing inhibition activity was the 1:2 mixture of
Zingiber mioga and pomegranate methanol extracts (30% increased activity). Combinations
with different ratios of extracts that showed high antimicrobial activity included Combination
No. 2, which was 1:2 mixture of Zingiber mioga E/A extract and yellow plum methanol
extract (50% increased activity), and Combination No. 7, which was a 1:1:1 mixture of
Zingiber mioga E/A extracts, yellow plum methanol extract, and Korean plum alcohol extract
(30% increased activity). When stored for 30 days at 10° C, 25° C, or 45° C, all 3
complexes were confirmed to show stable expression and no change in activity or external
appearance. As the final antimicrobial combination, a 1:1 mixture of antimicrobial
Combination No. 2 and the quorum sensing inhibitors combination was selected, and in
particular, the same activity was observed when adding only half as much antimicrobial
agent as conventional formulations.

6. Development of applied technologies using single/combination antimicrobial material(s) for
commercialization.
We performed evaluations of antimicrobial activity using various formulation types (solution,
dispersion, semi-solid, powder, etc.) and, evaluation of safety and quality for various
temperatures and storage durations with gram-negative and gram-positive bacteria.
Additionally, we manufactured liquid hand sanitizer products, and natural soap and food
additives as solid products, based on the results of acute oral toxicity and skin irritation
tests. We also performed primary experiments for commercialization, and secured data for
use as an additive in toothpaste and oral cleaners.

7. Metabolomic analysis of cells and their growth media treated with quorum sensing agents

and the mixture of anti-microbial compounds (Researches commissioned)
Metabolites from the Y. enterocolitica and its medium treated with quorum sensing agents
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and five microorganims (5. aureus, B cereus, L. monocytogenes, E. coli 0157:H17,
Salmonella sp.) and their growth media treated with the mixture of anti-microbial
compounds were analyzed by LC/MS and GC/MS and the related biomakers were identified.
From Y. enterocolitica, the levels of Asp-Glu-Asn, 5-deoxy-5-(methythio)adenosine, C16
sphiganine, oleamide, and LysoPE(16:1) were significantly changed by the treatment of
quorum sensing agents. In addition, nicotinamide, hypoxanthine, adenosine, and quanosine
associated with the degradation of nucleotide and valine related with bioflim production
were significantly changed by the anti-microbial compounds.

VI. Research accomplishments and planned uses

e Research accomplishments

2 patent applications (currently in the process of responding to office actions), 1 patent
application planned for Feb-Mar 2016.

Publication of 1 paper in an SCI journal (I manuscript under revision), submission of 1
manuscript awaiting patent application.

Publication of 3 papers in non-SCI journals

Conference: 1 oral presentation, 2 poster presentations at international conferences, 2

poster presentations at domestic conferences
- Technology transfer: to be discussed after task completion

e Future plans for application of the research results

- There are possibilities for technology transfer and commercialization of the antimicrobial
agents, which use a new concept and do not result in resistance, because the
combination formulation of quorum sensing inhibitors and antimicrobial agents is able to
reduce the use of antimicrobial agents by 50%.

- The antimicrobial combination drug developed by inhibition of quorum sensing and the
research results can be used as underlying materials for all agricultural, meat, and
fish-based food products, since the same mechanisms of quorum sensing are shared not
only for bacteria causing food poisoning and infectious pathogenic microbes, but also for
causative agents of soft rot in fruits and vegetables and fish kill.

- The antimicrobial combination formulations developed in this study can be used
throughout the biotechnology industry, such as substitutes for antimicrobial agents, food
and animal feed additives, disinfectants for medical devices, and additives in biofilm
inhibitors and bioremediation.

- Because the result is based on rediscovering the value of domestic agricultural
resources, and uses a crop that is not already supplied to farms, they can be used to
improve agricultural economy and increase farm income by supplying a new high added
value crop.



- As a follow up project, “The Development of consumer-oriented mobile convergence
biosensing system for detecting food adulteration caused by food-borne pathogens” is
has been going since 2015 and “Establishment of an early surveillance and response
system for infectious disease” is planned as a multi-departmental project at the
research institute to solve social problems using the scientific evidence and materials
derived from this study.
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=

3T
Eis

& sHEtH g olE gAAI7IAL ST

Tyt 2ot e AlTadel g EAFR] S Fe RHOE oA A A
o AEsHo FxAd @y JIAES FHOE e AEHE|F (quorum

sensing) ¥ SAA AT ZdEEH 1 Alde FAA Y= BHEHE LRA 7 FA HA
qEd o+ A= A= JNEe EHo] FHa oy dEgevxe] Edde] Td Tt
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e WA AHuE olF = ARAZA P EAH oz AFHL Ao

e ASAGAAZ SAHJAA AALA A

A HE71% (quorum sensing) & AZHGEZDZ Al MAFY 2EE FASIAY =&
TS FEsH FRARES 2He AR 4 AA ALY nlo|edE A, &
T, TAAA TF 2L I3d #AAsted, SA4UA AY JRE mES AEoly
QA B84t oflER H4AE AsHGT 234 £ Qe EFES Edegd v
AES FolA Fax Aoz Aojrt 7hsetr] Wi, s mAE #d 44937 9

CE = , Els

FANAE Wl Aol gl FAA] A shsdel b 7 F & AL Aolth
Cromobacterium violaceium CV0262 21&Z2EZ  Mhexanoyl- -homoserine lactorne
(C6-HSL)& FAetA Hote =dHolF=2 Fddds Yellls B violaceing AJ4bst
A R3O Z nlo]AIME &85ty G EZo dEA (antagonist)oll &g MG
WS o] &3 Z4AA AojiA B o] A% Aol H F Ank (4, 3, 4, .

N-hexanoyl-;-homoserine lactorne (C6-HSL)
N-decanoyl--homoserine lactorne (C10-HSL)

gh A
T i
2y 74 =0
Pc ovil Povi cvicD
Expression @i
Violacein,antimicrobial activity,
motility, biofilm formation
Cromobacterium violaceium 2] violacein-producing 4l 2 AA
U AA - A E =

« 42579 AWY 37}
A Azgel W@ HAe AFA 4% AF UF &0 F/E olojd HEHol
e AP o Bol =EHI Jon, T34 E AL 7 dANA AHEEE A
of AFAZAdE WS dof Age tE g I59] o] AR Jom AF=
Wom A A3 - AN £4 Hge] MEe @ 625U, BRe 12 UNe

F7gstal At
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o AAFHLA &8 FV}
}2 Ajstolgo] FAElxo] QhdAgo] ElE A4 A7 TH(Zingiberaceae) 2]

4 gol 7hiss

3 HYATATE oy Ao AFHFl U ¥e FFEHL UEIor], = ulol
SAAR AGHE AR ASAD 4L Aste B0 FAFUT. B AANA <
FAL g AT HEF FiHe AFE D Geiel rjel Bol AYsHE thdy xu
AE2A old ol £ 40T YA Bt o9 FRE ASHY A4 AA

550 ha), =¥ (20ha), &A1Y G0 ha)ollA & S&2== Anfsta o, HT o
7HA A2 '3 AT EEA ARV feE FEEL Qo] sUtASS R 7]

A% F ek

DA NEEY

N Z=N AF
. 20104 1139 =3 - SjQ|RQIo L 70% — ILAIY ONz 1}
» 20174 1279 23 IENA BEHZ - 51 AEFT}

« Y ARRD 335109
IYAE TR o 6682 TEREEA A

= 20108 A 1,400

« oY AA Z FIHA
ol 1ZY B=E

2. Q757

2 gAY FHL AY FFFHAF AYY 4F4E A% BUE S AFE 5 IEF I
A =W A B3I Zngiberaceae) NEEHE HFFde F4E FESE AED JN5H
GAAE o] &3ty SHARE Aot FHFAAANE MA3t o] FHET AFV&€S AL
3l Zo|th

2 AAE Fhste] AAYAEZRE WS FdskA = Hd

BAZAL X W ool BHANEDR HEIE AQBA 2GHo] FAHE AFEEL
Aojshs FFaAA AFE WAL T F gon, $AE HAE Adstn, HEF
&Rl FNARA 5 B4 A%AA FFY LA 2 FBARS WA 502 Fojmgo) vt

53t}



A2 A ATAT 2x ofu) AF

I e N
T a9| 58| sa | usa | gE | AY | A= Uz | B | B | AN
HEERE 2 1 2 2 1 3
3zt A4 2 10| 3 5 1 3
¥ SCl =% 190] &4 revision o™ (1), E3&9S A3 199 =% By} BF Zo g&
% 53552 A4 249 ol U «174111 EEAAE ol U$ FY
¥ SHREE 18Y FRLE (3] D, 28 ¥ W, 28 FUE2E BE
% 7)1eA g AAGEA%

oA =osbr| & sto] @A) HFAF=o] tiF 53553 G tF &
THE 016d=0] gded I 5 571 1Y T Y

23 AHE 83 FEHAR “anAY Zhd g9 ASEd QAT 2 01587 ¥
st glon AFAGe] ABEANAY A Ao R A 271 dSAA 7 o2 Y F

h=i

AFE
BHEE
EsAols=
1 7 5
o
EE = ¥ B
ol =
&
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H23d U 7l g

1. A E9] quorum sensing Al Z2~&l A+

quorum sensing & theFd m]AE-o) A bioluminoscence, T2 &2 WYX #H Q49
4, exo-enzymed| A, FAA L Mo A4k, exotoxin®] A4k

Hol e AS=E 4HA Ut ({4, 3, 4, 5, 15, 16).

quorum sensing¥} ##H3t 19950 MAZHSZ EF 109 HE E=Fo] TEFHUL,
20019 =9] ¢ ¢F 130499 =Fo] RO Y HT A2 &4 F3
APA S8 ThsAel & A Hd dFHECF o7]d I =] FUHSE Sojvn
AT

7M 2o AFrt o]Fojz  Autoinducer-1 (AI-1)&  Pseudominas, Burkholderia,
Agrobacterium, Erwinia, Rhisobium 4 %5 <F 70 &7 o]e] a1z oA EulEH+=
Aoz d4HA Yut. B A A EFACE st V. enterocoliticax 7)o MFET (2,
6, 8, 16, 29, 32).

« A FEAe] Wl #oste B WE4A 84 7FH shul biofilme] @4 quorum
sensing®ll 93l ZE==H =& Al TEe 65%7F ol nio| B EH #HHAEo Tt
(26, 29, 31).

« B HAE 9% vlo] 2B E FAALS HIAY HITE Adst AEE €A A
o gAA7T 54 HAddd BHRHYANE BFsta blo] LI5S FashkA] Zal &7
A WA EAE do7e T8 doE AZsta Qo] AsEdE wHFoEHA o
LIE YA S AUHE A XshA st 71 FAA Fool tid WS FHAaA 7 T
FFS AZ3tnA = AFEC] Ay o 6, 11, 2.

2. =9 ZeMEds

ATy 7 ALY W&

e 1YW ATEHLS WEA AAS #FAY 357 AEE o= P
olo] @9} | aeruginosal FAAED MES e AZALEL FHS A=
THHE | AFEE] HSL =4 8897 E 73 2 =4 d{E voled&
Ao #g AT XPHIL oy #HH 55FF, AF AEE YT
FA | =EHY |e @ xux AFEL nlso| Pseudomonas NEAEE Wit AF
AYA | W AdE I, HASA] FAA EF FUANEE YHATE AP Folth
AEA Quorex |» W= QuorexAt+= Quorum Science $HA| Pseudomonas$t & AW
2% |phamaceu| Aol A quorum sensingS WA 7= AT EZ 9] ﬂc-’r/\}ﬂ]Q] s =
tical  AHAdS AoE AT =2 FA8 A7 A F <
HeAHE o William Bentley 52 F]AES quorum sensings 7|¥Fo2 Yk 7]
o AR P AFAZA R e AEAA NS SR A 28 7))
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dTrd 7R

AL g

e Dong¥ Zhang ¥ H]ﬂ] Zz=Z quorum sensing®] AT EHS E
A7ME= et G4V AZAHAGE B & A3 A7 AL B4R, AE
Zyoist,| WAAR A Erwinia carotovora«] /\1§7<4%_"%7§_«] A AN A,
Hl) 2 o 22, WS, g2, Bl SolA HAdAZES esiAF e garol A viA
tigte] o] we AR FEATE FAsa ATk
« Chen T2 FHAAMA | o3 HHE7ZE ATetr] A3 845 VAE
Dalian ol A &g, 45t Tg mAEd A8t ke nAESTH o
polytechnic| 2] 7kA 7]1dol 8T 5 A& ELYS FHFORA A F2Td
university | xFHE oly g} Al T3 22 A 23 oA HHARE 2l FI
AT
o olz=gtde  Kumar ATEHLS iAol wESWE  JHElE=
B (extracellular death factor) 7} interspecies interaction % o}yz}
o st intraspecies interaction = 7}sdlths AFAFNE LRSS UAYES
o] &3 MEL TFY F8A ML 7S AASAH
S22 |« FEIE FHUE Pittman A7F8-2 Valencia orange oAl 9]
Hdois | WA 2y F ARdge gAY $4e HotE + UAte d7EH
A7 Az | B wrEglon], %7hAl2 thste] Pendleton ATEE W Fol orange
o & oAl Yol E coli 0157:H7 £ QAT dT7AHAE TR
T o AEFFY Lu AFHES thyme¥} carvacrol ¥ 22 o4ld 2d 59l
ME | depsol | T#elZ EntEet Te AidA ARt F2E& AAEFER A%
o8t FA3} A& A Ho ofald 0UL Hylsle] AALELS AT 2= 9
7 == AR
o)} | Danisco |+ ¥=¢] Amerah ¥7H3 ZFA o} HistATHL2 Av FEES 4ol=
Animal AAT 7 RolA drdet 4 dol&s 61-77% T TE A
714 | Nutrition | ZA3& 335
S « Jeff Hasty ¢} 35dT9E2 & AErE Aol 23 s A+
HAGAAY F2UYEES 5718 st AFstAh oz g+ ojd o]
Az | = LCD ¢ FAFSHA BlA& s&h&Ee 2ARTFE AAS F+ AeH 4
o} st 7H%% 28sHA HA vlo] g FEUE A7F FAA vlo] QAN E
M=o Fad 2 HAdTY EA F5FE ST F dS AR &
Alskar ot
e Ron Weiss & AF®-E& P aerusinosas FZ 3t TH3 Ald & A+
MIT HAA JAE e F e ZATES HENeH I 3o s A
E YAE A
* Mathew chang> ti&+tol 52 2 39 AnE FH7lste #HHA o
2 dAHE doe FFY HH o] SeEds FH0E MEIAX
AR ge agAs dgom 2o mwae AAE gAsat =@ 1
%OO]E?]% 2lelgt Bl FutH ol HElol=E 2HT & e tATS
T wse gea ure gARAE AAE ERAES BEe B4
AE 4 =5 4
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H3d gilgEsd U=s X 2t

A 1A 0 AN AR AR =

N

L AZ Ao 4 3 25E€ A=

A7 XN EF  Zngiber miogAThunb.) Roscoe (%3h+E

F2E A%

AT F7kel AHE 248k T

A8 L Zingiber officinale Roscoe (B7He A4Vsd, Curcuma domestica (7338) & A%

oA Punica granatum L (X5)3} Citrus junos SIEB ex

TANAKA (F7be= A,

Prunus mume Sieb. et Zucc.(vj )& stz oA Yt ZFEES A XYt (12, 17, 24).

6Fo] AEL AT EMo] 98 AoT AZAEE ) £ B RRS Azxsie B
g2 gE & AzxF 15g @ 700 ml 70% SNBSS E Ao 150 rpm SEE 2447 ZE
3t F=38ta A2 o33te] vacuum evaporator® Yt A Xt WS A A o F

=< 3,

sEale] 23EES FWEAT. ED ool 4FoIAE ALY AR Ul
P AR =

2 0.5¢g & 30ml MTBE (Methyl Tertiary Butyl Ether)

Zingiber mioga
(Thunb.) Roscoe

Curcuma
domestica Punica granatum,

Zingiber officinale

Concentration

Crude MTBE after MeOH MTBE MeOH of MeOH MTBE
of Zingiber mioga(Thunb.) Roscoe  Zingiber officinale  of Curcuma domestica

MeOH of Punica granatum,
Citrus junos, and Prunus mume

Fig. 1. Schematic diagram of the extracion process in this study
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Fig. 3. 447154 % 71548 98 A4 w48 T ¢ H7HE AP JAHEAd=

FAY E vlgd &) 4F 100% 4, 710% +4, 50% =4, £)& o] &3l IHdd &
SRS ol &ste BAHEZEE At 7M %8 B 255 A2THS A3
AT 652 2= g Violacein AAEY SHA 3 Zngiber mioga (Thunb.) Roscoe (%
3}), Punica granatum L (85, Prunus mume Sieb. et Zucc.(W§4)), Citrus junos SIEB ex
TANAKA (Fr7h) & 70% F=AFE=dA4 7 =2 243018-22mm JAZHS FA)S B
FAoM Zngiber officinale Roscoe (RB7H)3 Curcuma domestica (733)-& 4714 & RFo
A FAFEA (13-16mm) & RAFAot (Fig. 4. 734 =AZ4x0E= 743 A%, F245004
4% & RFolA Hd A4S B Fou, oFeket AR, Ay ABe FAH9 HlEol
E2 A1 B 52 240] dEs &S (Table D.

g4 violacein AAEAE AHAE FTEI A, B AFdAME 0% FAHFEES
TTFEHOE At AHgS7IE AR SR

K
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Zingiber mioga
(Thunb.) Roscoe
%45t

Curcuma domestica
23
Punica granatum L [§
ME
=TT
Citrus junos SIEB
ex TANAKA
Xt
Zingiber officinale
Roscoe
Prunus mume oa
Sieb. et Zucc.
o &

Fig. 4. Violacein inhibition activity of ethanol/water extracts from various plants. A. 100%
ethanol, B. 70% ethanol, C. 50% ethanol, D. Water
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Table 1. Antibacterial activities of ethanol/water extracts from various plants.

Diameter of inhibitiory zone (mm)

Concentration
(100mg/m}) 100%ethanol ~ 70%ethanol ~ 50%ethanol  Water
L. monocytogenes 18 17 14 11
Zingiber
mioga S. aureus 15 15 13 12
(&¥F3h)
Salmonella sp. - - - -
, L. monocytogenes 14 16 14 15
Punica
granatum S. aureus 13 16 13 14
(%
Salmonella sp. 17 20 16 15
L. monocytogenes 12 13 12 -
Citrus junos
S. aureus 12 14 12 12
(+2b
Salmonella sp. - - - -
L. monocytogenes 17 20 16 15
Prunus
mume S. aureus 16 20 14 12
(v &)
Salmonella sp. 16 18 14 12
L. monocytogenes 14 11 11 10
Curcuma
domestica S. aureus 13 13 13 10
%)
Salmonella sp. - - - -
o L. monocytogenes 12 12 12 11
Zingiber
officinale S. aureus 12 12 12 11
(7
Salmonella sp. 11 10 - -

AR ZFFEHoE gdHE 70% FAHAF=ES &
5 )

AE EEE sl A7t EEHrE ol&sted wFAIZl ¥ liquid-liquid extraction
o] g3l &Y tHFig. 5. NS hexane® £33+ ¥ hexane < 283 & de

- 27 -
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N2 thA| ethero} 52 FE3t) ether T2 © EE35H7] 913t methanol2 £33t} =
= B3agAe 23] diEstct. okt 2F=E-S hexane, ether, methanol, & 23 o g 1}
o] 78 L Asaud 2o FgFHAoH %Q@Eg glstr] st TLCE ©] &3
agp RN 3&%510%9}% EAE9 profiles vlwstdth (Fig. 6).

Silica gele] =% TLC platejoll <4 o«l 8 &2 loading 3t =3 F A7) &nf
toluene: ethyl acetate (93.7)7} Solde &7 go EFEE ANA 7“:‘r TEs| EYEE
S Z7/MAIZ1 & development solution (10% methanolic sulfuric acid) €<fe] # A * 110C
dry ovenollA FHWdT. &3t F=2 BIEES vl 23 EET o AEH solventd
polarityol] @we} 1 ¢tol E3tHo] A= EHEE FAG polarityE Hol= Ao E AL EHU
A E8Eole B2 220 EAEH Ao gE E¥8EdE FARE AEE0] B2 F
o ol wk AR 4o e AR FRIFHUT. A& £8E (MTIBES 70% ethanoD<l 7
T et B = 2y 7 859 TLC profilese] F3 3 2po] & EO:]—F—L Rom F &
g E0] AR Fd3] & 2850 £FFH e AS=E AsHEY. MIBE #8952 743 &
T4 22H 43 &AFA EHAE0] EAHY oAy 70% methanol &8 =ol& kg 4
TA, AT 22 S0 v Solde ALE FJAHIH (Fig. 6).

Crude extract
Hexane remained extract
| Ether Water
¢
| Ether I |Methann] |
Fig. 5. 710% FAF==9 €4 A& &8 4=
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(A) ®

Crude DW MeOH Ether Hexane

Fig. 6. &3t & &3=A) 3
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1L Asxg wadEd 24 SAYE 75
7}. Violacein 1nh1b1t10n assay W T35

F M9 reference 5 C wviolaceum CV 026 3} C. violaceum & ©] &3 SHUHOZE
F=420 B9 violacin A Ao WA FFE biosensorZ AR T Chromobacterium
violaceum CV026-2 C. violaceum wild-type strain< mini-Tn5 transposon©.Z mutagenesisE&
ot 42 AoE FAFAAN 7Fe o FH=4LE YAPFCE ASHAYE wHdEd B oo}
et 84 542 23edol &85t ok (14, 24).

o] #S o]&3 bicassay WH-2 Luria-Bertani agar (LBA) platedll borerE Apg3}e] &
Hell well& THE3L o] welle] =4 B FE2E5 47 7tsta 385+ —r%— 0.85% LBA
soft agare} E3sle] Hojix Z3A 37CoA 16A17F &<F vjFst &, agar well =99 B
g Al A dAIESE mmE SASIS violacein JATE ALFEATE EAWMOlFE C

violaceum CV 026 & 2l &4 =E2 N-hexanoyl-L-homoserine lactoneg EFE3 F& F&
=4 A Frbete R A AAeE ST B FAA 1L AN ETOE
DMSO, %At 2O 2 resveratrole AlL35le] ol SHAAEHAE =Hste] & Ala A

g ITHED 40 U dExToE F8F F JEFE HHYsEIAT (Flg. 7

(A) ®)

e

A: C.violaceum N-hexanoyl-L-homoserine lactone (HHL) Negative control (DMSO0)
B: C.violaceum CV026 in C. violaceum CVO026 in €. violaceum CVO026

Resveratrol Hesveratrol Hesveratrol
300ug/ml) (200ug/mi) (100ug/mi)

©

Fig. 7. Violacein inhibition assay. (A) Typical colony of C. violaceum and C. violaceum CV026
on LB agar plate. (B) Violacein inhibition assay in C. violaceum. (C) Effect of Resveratrol in

C. violaceum CV026 including L-homoserine lactone.
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S HAYEsly] Y3 Ho R E X2 C violaceumo A R A Ay
=S AES¥I, 13 A¥E FEES Aoz 23 sddol:
A Hail:-

st Wi o2 AAstHt (Fig. 8).

e oA

violaceum CV 02604 A&axg nabE2dS A

)

1. QSIresults of medicinal plant extracts 2. QSI results of medicinal plant extract
screened with C. violaceum screened with C violaceum

3. Q5 inhibition in C. violaceum CV026 by screened
plant extract [N-hexanoyl-L-homoserine lactone)

Fig. 8. Schematic strategy to screen materials targeting quorum sensing mediated virulence
from Zingiberaceae plant extract.

SAY 75
I o 2 agar well diffusion W3} Disc diffusion o]
ATk I 71EdE e FHEEE AYUEs EHo] agar £0E gilEo] OER1% A4S S
AA gl A7|E AAstE WHo| AR disc F4HH S o] &3S A& discoll FHg o
Edo] A ATHAY discHE FHo] agar®E S4tE7] o9 =29 3+t
AEgstA A3 ol @™ol o] agar well diffusionyS o] &3t FFTFAS
skAth (7, 18). W& Mueller-Hinton agar plateell borerE Ab&3te] FHo] wellS
o] welld] #F&d v FE52 44 7tet £F7FE 0.85% MHA soft agaret
of FojA =284 37ColA 1643t T wjF &, agar well F=2 wAE] o] A3
+ clear zone Z7E FAsIY FqFHol AV|E AMSATE SAUNERTOE 7 AR
3 Ao AFg3F DMSO, AU zTFoZ dAAQl kanamycing AH&3IR o™  Streptococcus
mutans, B. cereus, L. monocytogenes, S. aureus 133+ 4F3  E coli O157:H7,

Bl oo o ox

=
urec 1| R

(o

o
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Salmonella sp., P. aeruginosa, Y. enterocolitica 52 ¥+ 450 §4Sd3 ASFS g
REATE ARG 2SS HAF kAT (F1g 9).

Fx 8FY v E et FHEAHAHS TSR Y 1949 —%%% e
AoMe F8 AT5dA B cereus, L. monocytogenes S aureus 1%
O157:H7, Salmonella sp.s ¥4 255 UdF2 AFE3ATH

S.mutans B. cereus L. monocytogenes S. aureus

E. coli 0157:H7 Salmonella sp. P. aeruginosa Y. enterocolitica

Fig. 9. Antimicrobiao activity by Agar well diffusion assay.

2. gl Haud A%y mEAE 2454
olm] FFEAHo] Y= Aow AR WA 2B HE = FJF SANEOR diE
= 3= B FrIFEC tg violacein AR FHEBHE SAsAT. AAR galanal,

i

galanolactone ¢ A& Aol dHA UAT Ao R FAujEH YA Pol TS
=4 4+ gl9loem, o-Terpineol, 1.8-Cineole, (-)-« -Pinene, Phytol, Bornyl acetate,
4-Allyl-1,2-dimethoxy benzene, A -Pinene, Borneol, (+)-Naringenin, (s)-cis-Verbenol, ¥
-Terpinene, (-)-trans-caryophyllene, « -Terpinene %5 13%Fol] thsle] FA4=H AHS 43
stk (12, 22).

Violacein A& C wviolaceum CV 026 = reference ¥+= HHL (10uM) 30ule} &
AE (10 mgmh 70 ulE FAA Hrlsld SAsA=W I A3} o -Terpineol,
(+)-Naringenin®} (-)-trans-caryophylleneol| /] &4 7lsAd& <183, « -Terpineold
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(-)-trans- caryophyllene ol t$t C wviolaceum oA =¥ &< AF A} violacein A&
A o) Qh‘s}?ﬂ 9,1 cug AANA ERXZ sl= Zngiber mioga (Thunb.) Roscoe FE&
A ddEs 1T F g (Fig. 10). =3 F+2A4
2 Ha ¢ w5 (100 ug/weld2 2t &S
#, aFFd o] A e %“4 et gl oy 2754 vt ol

g4e Hux e FoF yehgon, 4-Allyl-1,2-dimethoxy benzene, phytol
Borneol & &S ol thdk Aol ¢lATt (Table 2).

4

-TiQHUWOO{N

12 54 5.6
11,12

810

Fig. 10. Violacein inhibition assay in C. wviolaceum CV 026 by various compounds from
Zingiberales. 1. « -Terpineol, 2. 1.8-Cineole, 3. (-)- « -Pinene, 4. Phytol, 5. Bornyl acetate, 6.
4-Allyl-1,2-dimethoxy  benzene, 7. B-Pinene, 8. Borneol, 9. (£)-Naringenin, 10.
(s)-cis-Verbenol, 11. y -Terpinene, 12. (-)-trans-caryophyllene, 13. «-Terpinene PC:
Resveratrol, NC: DMSO
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Table 2. Antibacterial activities of compounds isolated from Zingiberales.

Diameter of inhibitiory zone (mm)

Compounds

(100ug/well B. cereus L. monocytogenes S. aureus E. coli Salmonella sp.
o -Terpineol 20 22 20 9 9
1.8-Cineole, 16 20 21 - 10
(-)- a -Pinene 18 20 18 10 11
Phytol 18 20 18 - -
Bornyl acetate 13 12 12 9 12
1,2-dimethoxy benzene 14 18 16 - -
B -Pinene 17 18 18 10 9
Borneol 12 14 12 - -
(£)-Naringenin 14 13 13 12 11
(s)-cis-Verbenol 10 12 12 - 12
y -Terpinene 18 16 14 10 -
caryophyllene 10 16 15 12 12
« -Terpinene 16 16 16 10 9

3. AEAG uH=d FASH ¢ SHFEE AY
7}. Violacein inhibition &A % R

Violacein A S o] &3 2zHdY wHEHLS Ae 25t dAA AxdH U
Ay AEe 2FEFES o83t bioassay wF<l C violaceumoll A FE=°] EHEEH
+ agar well 919 B M4 QY AAZS mmE ZSA3tS violacein S AFS A4St
Aot Gxo= C Vlblaceum CV 0265 ©o]&3} violacein A4 JA&(=Z SHFEES
A g Aoll oyt A& AEE A N-hexanoyl-L-homoserine lactones H7}& vl &3 A7k
o] ARHER {FEAEO 1"5:31% AN AFS AT WHOE ARG, 1, 23 2447
Y dAAME C violaceumE AHESHAT 2, 12, 14, 24).

= A= AR AE F Zngiber mioga (Thunb.) Roscoe (3}, Zingiber
officinale Roscoe (K7}), Curcuma domestica (733) 3} ZFod7|Qol LA Punica granatum
L (B+), Prunus mume Sieb. et Zucc.(wj &), & AF&o] #AE 7t &= Citrus junos
SIEB ex TANAKA (f7b & 671¢] A& st 2F2=< 7HAD Asdg udEd &84
SAS APeAtt. 1 AH HF, &b, A Ay WeE FEEFNA4 15-25mm ©]4¢]
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violacein A g-& UeH oW, 8] wWekE3} MTBE (Methyl Tertiary Butyl Ether) &%
B, A7 WEs FEEdAE violacein GAZA (13mm)S B Fot (Fig. 1D).
65 = AAEY e =FE=dd tF AadE wd=sd FISFEEH 7}XL z

o g8 YeVWAW Zngiber mioga (Thunb.) Roscoe (¥3he] 70% e+ FE2ES &,
g oHZ, i Fo SR ThA —’F%?‘& 3o g S %—Xéfi A3}, violacein

inhibition activity 7} & ®8Eo|A FAHUZT< resveratrold FAFSHAl YERST (Fig. 12).
=3 J&3 violacein JA FHFEE A ‘3P7l et w=E LRSS AT A3
2 B3 E9 violacein &4 HA JAFTZ=7F 10 mgmlzA IR} FIdId =& &
AL BolFQtt (Table 3). B AE3 &4 =AHS 9siA 10 mg/ml 3 5 mg/ml Apo] oAl
o] F7tE FlE Ao, FIHH SR C wviolaceum CV 026-= reference @& ©|&

3} violacein inhibition assay7} <=3 = ojofF 3t}

Fig. 11. Violacein inhibition assay in C. violaceum by various crude extracs. 1. Punica
granatum L., 2-4. Zingiber mioga (Thunb.) Roscoe, 5-6. Curcuma domestica 7. Zingiber
officinale Roscoe, 8. Citrus junos SIEB ex TANAKA, 9. Prunus mume Sieb. et Zucc., 10.

DMSO. 1, 2 and 5-9: MeOH extracts, 3: MTBE extracts after extracts by MeOH, 4 and 6:
MTBE extracts

_35_



Solvent Crude (1)| DW (2) |MeOH (3)|Ether (4) |Hexane (5)| NC PC

Zone of Violacein
Inhibition (mm) = 28 16 13 12 12 | 28

Fig. 12. Violacein inhibition assay in C. violaceum by extracs of Zingiber mioga (Thunb.)
Roscoe. 1. Crude extract, 2. Water fraction, 3. Methanol fraction, 4. Ether fraction, 5. Hexane
fraction, NC: negative control (DMSO), PC: positive control (resveratrol)

Table 3. Violacein inhibition activity against C. violaceum.

. Diameter of inhibitiory zone (mm)
Concentration
(mg/ml)
Crude Water Methanol Ether NC PC
100 25 27 12 12 10 27
20 17 19 11 - - 20
10 14 17 - - - 17
5 - - -

g4 SAsun 1

FRoH, 7H =2 violacein

2
gk
ox
o
i
iuj
=
32
r
N ox

ingiber mioga (Thunb.) Roscoe (%F
sh& WgE %, MIBE =, e 5% MTBEZ F=3F 3M9 2355 EFA
3 | violacein A &Ado|l XY Punica granatum L
A7/ FE2EL M9 2FF8H IFSE 757 EFoNAM 2 4S5 e violacein
AAGAFo] & FEEo] F+#d8AH T =58 FAT 5 JAT =S Prunus mume
Sieb. et Zucc. (vj4) WMEE FEEE IHEEH 47 EFNA4 2 245 YHeERAT
(Table 4).
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< UErNAY  Zngiber
= 4Fo) g HAAH%

g dAlA 0.4
mg/mle] FHAEGZAATEE YEHAT A7 wes < 53], gl 8
mg/mle] HAAZZAAFTEE BAFAT (Table 5).

Table 4. Antibacterial activities of crude extracts from various plants.

Compounds Diameter of inhibitiory zone (mm)
(100mg/well) B cereus L. monocytogenes S, aureus E. coli  Salmonella sp.
Punica granatum (MeOH) 18 16 15 16 19
Zingiber mioga (MeOH) 20 17 9 - -
Zingiber miogaMTBE after _ ~
MeOH) 20 13 13
Zingiber mioga (MTBE) 22 19 18 - -
Curcuma domestica (MeOH) 12 - - - -
Curcuma domestica (MTBE) 13 - 12 - -

Zingiber officinale (MeOH) 12 - - - -
Citrus junos (MeOH) 14 12 13 - -

Prunus mume (MeOH) 20 20 23 - 11

Table 5. Minimum inhibitory concentration (MIC) in extracs from Zingiber mioga (Thunb.)
Roscoe and Punica granatum L.

Minimum inhibitory concentration (mg/ml)

Food-borne
pathogens P. granatum Z. mioga Z. mioga Z. mioga
(MeOH) (MeOH) (MTBE after MeOH) (MTBE)
B cereus 3 0.4 0.8 0.4
L. monocytogenes 30 04 12 0.4
S. aureus 15 0.4 12 0.4
E. coli 8 - - -
Salmonella sp. 8 - - -
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Violacein A &A FEE AdoA w7 A=E Zngiber mioga (Thunb.) Roscoe (F3H)
o] 70% olgtE FZ=of e 4T &vFZ=o i DAHZSH 23}, violacein JA &4
2= = BN 7P E3AN A48 wEEH oHE FE25 ZelA B cereus &
0.42} 0.8 mg/ml o]/l A L. monocytogenes ¢} S. aureus = 0.8 2 mg/ml F% ©]/dol A
24S Uelo A28 dAls = FARAIRE WHEs E8dA F4del ¥ 52 AS &
& =+ AU (Table 6).

Table 6. Minimum inhibitory concentration (MIC) of the solvent fractions from the 70%
ethanol extracts of Zingiber mioga (Thunb.) Roscoe.

Concentration Minimum inhibitory concentration (mg/ml)
(mg/ml) Crude Water Methanol Ether
B cereus 0.8 2 0.4 0.8
L. monocytogenes 2 100 0.8 2
S. aureus 2 20 0.8 2
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g (quorum sensing) weko] FRl= o] MHHA <sf, A7, FAe 4
IHG E]'E;é AR EAGFEE FRlstd SRS T8 st AERES
simultaneous distillation extraction (SDE) WHo 2 FZ3F % 3| E23 HJLEZZ Fo
Y. enerocoliticas} P. aeruginosas ©]-&3t] 6719 ®& o] tigh anti-biofilm FA3-S #ZS 2
I EE ARAA 37 e AoE A AY (Fig. 13 and 14). J|E=22 GC/MS=E #9
AA7E AP o v 3EE2 -2 solvent-solvent extractiong %3l ether, ethyl acetate (EA),
dichloromethane (MC), butanol (B), & E-EDW)C.& tA F=3Qa 058 X33 7 A&
S gFgor FE3lo SAHAAE A AT AAHNE Yt AFEEH AT (Fig. 13 and 14).
3l o]l F /M &RVt v AoE #FHE FIEHEH BHEHo] £ BAHA=HY I
HEA(F3HS GCMSE #e] AA st e B3L¢EH-S solvent-solvent extractions 53l
T8 FEsl ZAS Bkl o] 5 &HUF £ butanol 8 (¢Fsh1; Fig. 158 <4
solid phase extractioin (SPE)E ©]83te] © #&3te] acetic acid #3-& Lot Acetic acid
82 NMRE o]&3sto 72 &3kt

O

It ml
rlr

w7 Mo HgrEy g
sample A e e e
SDE (simultaneous distillation extraction)
= MLE i
gggn ., ORI |AA  HFEEH
SAHD dap |
—ATT:
]
st [coms [ [} | ]
Ether Ethyl Dichloromethane water Butanol
5 |
’4+?rc1 o acetate (EA) MED SBE g
M=
B I Silica 60 (70-230 mesh) R
/AT Open column chromatography Aceticacid
I | | ‘ NMR oFg|
Hexane : Ether  Ether Ether: EA Ether: EA EA  |EA:methanol Methanol &1
(50;50) (70:30)]  (50: 50) (30:30)
otsic l SPE(NH)  OFSIE
Ether:EA

(50:50)

Fig. 13. Schematic diagram of the extraction, isolation, and purification of bioactive compounds
having anti-biofilm formation or antimicrobial activity from Zingiber mioga, Punica granatum L
and Cifrus junos.
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Y. enterocolitica ATCC 9610
Control

Zingiber
mioga _____
Citrus
Junos | -—-— st a0
Punica
granatum

| Control

Zingiber

miaga Il

Citrus i

Junos 11 FEEHE1%
e HHEE PSS e s e 8

P. aeruginosa PAO1

6% 4% 2% 1%
ﬁ'ngiber
me1 HOHOUETCWE W |
e 0 e o

Junos |

= ____ﬁﬁai

Control

Zingiber

mioga Il

Citrus

Junos 11

.

granatum |l ¥ = v .

Fig. 14. Effect of the solvent fractions on biofilm formation of Y. enferocolitica and P.

Cuintm[

u o x|
EE

aeruginosa.

1% 1% 1%
ovancy & & g + 8 | e o8
v PEE e POW - OO
o8 5o e féfé} D99
(control) E E {:o:trnf} E @ u {Gontrolj 5 @ u

Fig. 15. Effect of the solvent-solvent fractions on biofilm formation of Y. enterocolitica.
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&, A7, Ao o EAARE Fdsy] A8 A EE2 SDE WHow &3
T AT 233 vHEAd 2o2 vro a¥sAdd (B ool S oenteritid)T 1@ ST
(S aureus, L. monoctogenes, B. cereus)E ©]-&3teo] A543 (clean zone) 6“4% 725
n3lo] APt (Fig. 13). SDEQ] A4z n|3ayg B3o] st ZE A= 1577} g7
&AL S8 AFEHANeH R EgolAe EAdo] YEhA gkgtem H%‘ﬂ‘ 8 ol A
= F3le HS BZE EoA ZAo] 9)\9121/} £3] ethyl acetate SolA EE o Ofsh
g3 o] Holykow §A= ethyl acetate &, A4 HF= ether, ethyl acetate, % % oNA %
FA ol e FFaEHE At (Table 7).

o] ¥ ®IH7} £ ethyl acetate #8& silica 60 (70-230 mesh)Z ZZ1gF open column
chromatography S ©]&3sle] OA 77 AECE EIsyon d#+3A =AHZ ether : ethyl
acetate (50:50) #&-go] 7} &Ado] =Tt (Table 8).

Table 7. Antibacterial activities of the solvent-solvent fractions from Zingiber mioga, Citrus
Junos and Punica granatum L.

Diameter of inhibitiory zone (mm)

bempie B. cereus S. aureus L. monocytogenes E. coli O157T:H7  Salmonella sp.
EA 19 21 21 NT NT
MC - - - NT NT
A5
Ether 16.5 22 22 NT NT
DW 17 13.5 12 - -
EA 11 8 8 - -
MC - - - NT NT
Ak
Ether 10 - - - -
DW 11 - - - -
EA 16 18 16 11 17.5
MC 13.5 9.5 9 NT NT
3t Ether 18 19.5 14 NT NT
DW - - - - -
71et 8.5 - 8 - -
PC(Km) 26 28 11.5 26 25
NC - - - - -
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Table 8. Antibacterial activity of fractions purified of Zingiber mioga by silica gel column.

Diameter of inhibitiory zone (mm)

Sample
B cereus S aureus L. monocytogenes E. coli O15TH7  Salmonella sp.
Hexane:ether=50:50 15 14 13 - -
Ether 100 18 17 18 - -
Ether:Etyl
3 23 30 23 17 20
acetate=70:30 (%3} C)
Ether:Etyl
N 29 35 30 21 30
acetate=50:50 (%3} D)
Ethyl acetate 100
) 18 29 18 15 17
(%3t B)
Ethyl aceatae:
14.5 10 13 - -
Methanol=50:50
Methanol 100 12 NT NT - -
PC 29 33 28 27

NC - - - - -

SHE w Ao M A UEHd et & &A% A3 Fig
16 oA HEnpel o] terpinen-4-ol,  cryptone, borneol acetate, g -elemene,
geranyl-p-cymene, geranyl- o -terpinenes &783t¥ . ©|E F geranyl- « -terpineneo] 43}
I 488 F8 EHA=Z gAHAG (12, 22). 53 HTY dF=isd oA
terpinen-4-ol ¥4k oly2} o -terpineneE Hl £ B2 terpenese| biofim FAHS As|st= A
oz v AT weld &5t 19 AsHYg A gl
terpenes7t A 0w LS TheA ol w =k
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200
1754 geranyl-o-terpinene
180] | l

P e
125 U

~
] T
100 P P
crvptone
0.75
bormeol acetate
050] terpienen-4-o / el geranyl-p-cymen
elemene

0.25] / / \
0.00 . MA_M.J‘LJ\ L ) J\,JI__L\. L_l_ﬂl\_kll | 1_..,I\_u—-‘—~"—"'”‘l : ""_'——'—‘I""‘_—“—"H—
: 5.0 ?5 10.0 12.5 15.[1 175 204 225 250 2ih 300

Fig. 16. GC/MS chromatogram of SDE extract (II) from the root of Zinger mioga.

.

%]
Ao] U AR ether : ethyl acetate (50:50) &8 (%3} D) & o

gH3l] FREAS AE AT NMR £4& 98 BYES d=x A T dimethyl
sulfoxide-ds ¥+ methanol-d,2 =oUo] NMR 300 MHzE 43t} (Fig. 17; 12, 22). 18
U B8 E &FEF Yol sMst=d B2 AV oiA EEES ¢ B AT T A
EA s ofnt sty GC/MSZA e} 371 8o tigh nwdaE o= KB isoeugenol, nomilin,
B -sitosterol, A -Pinene, o -Terpineol & ¥ 4 Ao o] A= Ui HAAH gslo 3=
7FeA e dd=A g AR E AT Ty, FUHEES T ST 5480l

Saygoloksiy] Al AAFel Uk

Polyphenol regions Sugar regions CH3-rich groups

Solvent

Chemical shift (5, ppm)

Fig. 17. 300 MHz NMR spectrum of acetic acid fraction (A), ether:ethyl acetate fraction (B),
and methanol fraction (C).
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Ad4d AsADG 3D SR OIF ATH B4 D FEa
FR9| Aoj7)2 7

LAZAG wed S448E gk Aests 54 H7t

7}, Violacein JA&4 =4

A ZAD(quorum sensing) we FAAR O T Foly FAAHEL] AT HTZF O
3171 938ke] violacein J A& Hlo| LAA FF21 C violaceum CV 0262 A3}
Itk 2l s AEE2 N-hexanoyl- -homoserine lactone (HHL) 3 7}8}A] &2 CV 026
Z7 o2 HHL (10uM)& H7Fsted violacein S A5 & Alsde udk SAZES
1 (0.5-2 mg/mh=E #H71slAR-S o violacein A3 FS 585nmell Al =3} violacein &
[(control ODsgs nm - test ODsgs nm/control ODsgs nm) X 1001& Al4HeE A3 G4 EE2
7V S7 gl wEt Aol Frkston A" AEs F dEIEE 60% A1
65%)N A dAZAd o] 71 =A #ZHAG (Fig. 18; 14, 30)

p

[‘2

of
o 1:1[0 AN Hu

2 off ox ot g

dot b1t b a".:

=
[¢)
2

% of violacein inhibition

0.5 1 15 2
Concentraion of extracts (mg/ml)

= Y51 = MBI = 5D m MRIO

Concentration Inhibition %
(mg/ml)

20 20 25 30

0.5
1 38 30 35 40
1.5 50 40 50 60
2 55 40 60 65

Fig. 18. Quantitative analysis of the quorum sensing mediated violacein inhibition in C
violaceum CV026 by bioactive compounds at 0.5-2 mg/ml.
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L vloleFE A oA &<l
Hlo] QM A #F1 C violaceum CV 0269 4] violacein JAZA Z=AHAHOZE A3 AE w0
& o] e AeR Fdd oFste] BE 27 (1, 1) EXZEH H7e 8 27 (I
1) SRAR thste] AF=H< Y. enterocolitica?t BYdolm 2]Fo] HijE doy=
J 5 A Ay 7

B2l P aerusinosadl) Al ﬁ\liﬂ%" gk F4S
=]

sHA T (2, 23).

T FY #FE 30ColA 2443F A ¥iF ¥ ODeoll A 0.01 ©] HEF ZgHd =
g}o] = (Polyvinl Chloride) #1222} 500 ul UAE FEHol 200 ulE HZF3 & 30CAA 50 rpm
O Z gt} 2443 Fof] HjFH-& W E]a PBS (Phosphate-buffered saline)2 o\l oh
0.3% Zg]2% ulo]2d (Crystal violet) 2.2 30 < I3 3 PBS = 23] AlAS}. 95%
NEEE FoldeE A 2T vho]&HdlS o] 595 nmolA FBEE FA 3} Fig 19
3} Table 994 == A3} o] Y. enterocolitica?}y P. aerusinosa 2% RFolA 4719 &
AR =71 S7HE wet vlo] 8 & A AAlsel Eokxlen <Fst (0.2% % 80%

ANt AF 0.8% = 80% A 25 11 AR ASHAYE Ak Ao ¢ & AL
Z I
Yersinia enterocolitica ATCC 9610
1% 0.8% 0.5% 0.2% Control
%Fb_'"]: \ \
OkS}-TI
M I y
A_:liE_ /
Pseudomonas aeruginosaPAO1
1% 0.8% 0.5% 0.2% Control
U8l I S - -
%f}-1I -
AS-1 S - . S .
M-I

WA e em e

Fig. 19. Effect of the solvent fractions on biofilm formation of Y. enterocolitica and P.
aeruginosa
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Table 9. Concentration-dependent antibiofilm activity of bioactive compound against Y.

enterocolitica and P. aeruginosa.

Compound

Concentration (%)

Biofilm formation absorbance (Mean=SD)

Y. entrocolitica

P. aeruginosa

1 0.092£0.001 0.203+0.026

0.8 0.196 £0.059 0.412+0.072

Zingiber mioga 1 0.5 0.52240.043 0.623+0.045
0.2 0.854£0.072 0.875£0.033

DMSO(Control) 0.986£0.044 0.942+0.032

1 0.198£0.034 0.965£0.025

0.8 0.367£0.055 0.944+0.031

Punica granatum 1 0.5 0.678+0.038 0.934+0.065
0.2 0.898+0.042 0.937£0.027

DMSO(Control) 0.966£0.025 0.958£0.048

1 0.078£0.003 0.082£0.011

0.8 0.114+0.022 0.145+0.013

Zingiber mioga 11 0.5 0.232£0.034 0.245%0.027
0.2 0.325+0.037 0.295+0.019

DMSO(Control) 0.914+0.031 0.928 £0.054

1 0.182+0.023 0.198£0.026

0.8 0.312£0.045 0.388+0.048

Punica granatum 11 0.5 0.545+0.043 0.564+0.078
0.2 0.867£0.063 0.858£0.049

DMSO(Control) 0.954£0.042 0.983£0.032

_46_



t}. Swarming A &4

Al AE (quorum sensing)S =3+ communication o] &3 UElU= theFdt f-HAEEE
Z 7l swarming @S2 Swarming assay= YREZ 02 Hlo]le T E A EH HAo B
HAH o2 ALgEE= oItk (13, 14, 25). T FZro| Ui A zZu|AEJ P aeruginosa =
oz 10 mM 253229 1% EYES i LB agar (0.6% 943 = (0-2
mg/mhe] HiolAE FAH AAlT AP AEE YL FHAE 4TS HUM & E# )
EEZ s FY 01] aeruginosa &) @Y ZEYUE HITH T 48N <t 30T oA wl ek
8= EHZ{rL %“* g0 §MlE XSt FHOIEE ol &St FEYIL HF
H FYs s 0157%3 S5kt

1 A3 Fig. 20 oA vERA vkl Zo] nlo]edF A AAlTd vHAIR
T2 o2 P aeruginosa®l °l&°] AEHE AEAE ut 4L VAL e &
A om Fst 1 (97-30mm) 11(98—21mm), A7 11 (97—-28mm) &84 &2 2 mg/ml
o A swarming®| 70-80% 7}A GAE = EFE HAFATH

rE off

o M
o Lo

orst I |

L=
=

o3t |

Swarming Diameter (mm)
ha =Y
= ]

0 1 2
Concentraion of active compound (mg/ml)

B USHI m MRI = YO = RO

0 mg/ml 1 mg/ml 2 mg/ml

Fig. 20. Effect of bioactive compounds at different concentration on swarming motility of 2.
aeruginosa.
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2t AsAG B2 His &2l
AsHdGE wghe Aol e Aoz dld SR 4T sty AHFsEd Y
enterocolitica o IR AALE] = o= &4zl 271 9] Az HEGEA

an

N-hexanoyl- -homoserine lactone (C6-HSL) 3 A-(3-oxo-hexanoyl)--homoserine lactone
(3-ox0-C6-HSL)ell thgk &3lls& &1str] fstd Y. enferocoiitica o &34 ES 71314
%S AL UERToE 459 SAAAES 24 2 mg/ml H7Fste] 30T oA 48A1ZF wlj &Fgho).
HgE Al dARgsted #& AATS & FF3HS A5t odotAEolER 23] =
T {718 & 35CAA T FTANF, JoAES weso] &3iAA LC-MS/MS #4&
FastA o (10, 12, 14, 20).

ARntEI ] A= Y. enterocoliticadll EASHE 2F°] AsHY B4 peak BT 48

jus)

AIZE Zof] A8 TFAFORE AsHEEHe] AedG wd SR o3 EIEHIL
%% glslHtt (Fig. 2D. 184y 2z S E= sk ¢ $e Fmxolx C6-HSLI}
3-0x0-C6-HSLO] WahE Helslrlt oleiglonz e Ex MFEAL nhie] 4yYe
—’Fﬁﬂﬁﬁok 4 ZoE fAddEn. B AFfoME st 11 PR AsHdAY =2 &350l
7V wskom AR I, 3t 1, AR 22 A4S 7HAL YA
Intens
400 = . 3-ox0-C6-HSL C6-HSL Control
20 - '/}l\,‘.e" . “‘-\/\\ / /'k, ,.":\_ A
g CRY™
0 4= - -
400 - 3-oxo0-CG-HSL 6-HSL
: N U1
200 - 7
0 [ o s
400 - 3-ox0-C6-HSL 6-HSL
g g M1
il M
0 ] A Vo
4W -
] 3—oxo-06-HSL C6-HSL oFsl I
- Ko
o ’ o, [\_/(\-\o——fl_/-\-‘
400 3-0x0-C6-HSL
] 6-HSL MET
o hd
) D G A V.- V=V - N A e ——
3 10 15

Retention Time {min)

Fig. 21. LC-MS/MS chromatograms of 3-0xo-C6-HSL and C6-HSL present in the supernatant from
Y. enterocolitica control and from cultures supplemented with bioactive compounds.
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ol A 7R 93 g9l

orAl 43 E violacein FAAAAl, vlo|2TWE JA%, 5
ol Ug B4 4 As gstel £3 24 (1, 1) BRI 4R B 24 (1, 1D
L A wzk FAo] = Aer FRIHNonR AFEwll Y. enterocolitica
Hddoln AFd Rujg dore W F2 Jdo] A AmnAWER P aerusinosa

oF A&

g U eE 4% AEEY E40o] AdEaxdDEr] A (quorum sensing)e wHEFOZ Yetes &
A 7 AEES] EAo 3 Tt AR AJAE SIS Hste 47 SHPHE
S Aadg HEAE el Hole® 2 mgmDoZ HI7MsE & 2447 B2t 30T oA n)
I T AATE SAHSAT

Table 10 <9 ZAFoA HiE nHie} Zo] olFZAE HISHA &2 279 #F V.
enterocolitica &+ P. aerusinosa ©| 24Xt 3 Aot ARG HUE 7+ AF Tl A9
Aigs zol7b gloerg oA SAHE AsdY wd &4 JE o s Frte
Aol ARee Yol glas FUs

Table 10. Cell counts of Y. enterocolitica and P. aerusinosa grown in TSB supplemented with
different bioactive compounds.

Cell counts (CFU/mD

Compounds Concentraion
Y. enterocolitica P. aerusinosa
Control 6.2 = 1.2 x 108 4.7 + 0.7 x 107
Zingiber mioga 1 2 mg/ml 54 + 15 x 108 32 + 09 x 107
Punica granatum | 2 mg/ml 59 + 1.3 x 10° 49 + 0.7 x 107
Zingiber mioga 11 2 mg/ml 72 + 1.7 x 108 39 + 1.2 x 107
Punica granatum 11 2 mg/ml 42 + 0.6 x 10° 52 + 1.1 x 107

0.5mg/ml 1mg/ml 2mg/ml

@t . . .

BﬂSmgfml 1mg/ml 2mg/ml

@ @ @

ih'aram. ® ©

| 2o @ e ©
¥1. e ©

\

=@ 0 ©

\\___

———

Psudomonas aeruginosa PAO1 Yersinia enterocolitica ATCC 9610
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olu] Aol A& ALE R 4F9 AP ET 7 S0 4 AR 1 &
3 dotA A AdS 121C, 80C, 60C oAl violacein A5 &<l
& Ittt 3T SRS AsHdG JLEP%HQ UrE‘r‘ﬂi = &
mg/mDE 7zt 1m1’&‘| FHA £57% &, sd2=4 1584 H g

um

e mmz AT 2 Ax Sl AF1 SGHAYREL Lo AA ] 749] =93}
A4S Uetdo] B dAFtolA ARG SRS ol TS FAskAT (Fig. 22). 53
HFN SAHELS 121CAAE 90% °od &-4E& FASE T

o1 |

oI

100

&

Anti-Qs aicitivy (%)
S

20

%I %o} I CEL:

H Control W §0°C ® 20°C MW 171%C
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Fig. 22. Heat stability in Y. enterocolitica and P. aeruginosa of bioactive compounds.

2. FHFAaA FHO Aojr|F} AT
7h ARG 24 34 2 3% AT

A F=1 Y. enterocolitica 7¢ A4 sk AEAEEAY] AL yenl ¢ yenR ol |3
ZAEY T3 o]5o & Al %A (biofilm formation, swarming) = ZZF o2 AlZE
A wdk FPAdRoE Fld TR o8 ofHl EAFEY WMErt A=A &l
23t o] 59 mRNA ¥d &S vlustA T (24, 25, 28, 30, 32). mRNA IHdS &<Rlst7]
st AEHdGE wHFSFAHES VERA 4F9 FREHS YV enterocoliticad) 1 3 2 mg/ml &
E2 H7ISE & 1841 B9 30CAA wjksled mRNAE F=5 5, cDNAE A st Table
11 ¢ =Zglo|HE ALE3le] realtime PCRS 331 CT#2S ksl Aoid dd e
AHES AT

olw] AiA HeFS 93t 16S rRNAS AL831ATH yenRe z7d AT BFAA
H3l7E gloy AsHgEsds 43t AR yenl o 5 438t S 1 mg/ml H
7hE el ARk 3ol FrFE Ao fHl, AR 13 11 S ENE =2 w571 AU
Hol| we} Hdo] A3 AT mE o]lE FHYPREC] AaHG B FAH =Hd F
83 &8 st d5S AT F Y} (Fig. 23)

Table 11. Primers used in the study of gene expression in Yersinia enterocolitica.

Sequence ,
Gene Product . Primers
Accession
N-acylhomoserine lactone F-GATGTGAGCCTACCTATTGATGGTT
yenl YP_001005892.1
synthase R-CCCACCATATCTCTTGCTAATGCTT
quorum-sensing F-CCGGTTATATTGACGGCGAAAGATA
yenk - . AM286415.1
transcriptional activator R-CGGCGGAATCCGTCGAT
. RNA polymerase sigma F-AACAACGGCTCGGACGT
1A AM286415.1
factor forflagellar operon R-CTGGCGGTACTCAGTCAAATCAATA
thermoregulated motility F-GGCGGTCGAAAGATAATGAACAAAT
fleB _ L.33468.1
protein R-AGATTCCAGCCAGAACTTGCA
motility master regulatory F-GCGCGCTTGCAGATGTT
fIhDC AF081587.1
operon R-GCTGCCTCTCAGCTCTTTATAGA
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Fig. 23. Relative gene expression levels in Y. enterocolitica of yenl in the presence of bioactive
compounds (1 and 2 mg/ml).

U, vlo] e E(HATA)PEAL =HAA AT

Y. enterocoliticar| X A EHAG=H s volBE FAAH &F5Ho WUt
P Ao A #dslarl o5 Td L flagellao] s o] Fo]A =2 flagella Ao
1= 3/ AR (74, fleB, fIhDO2] WHE o2 o]5 HdFPo| #ost= EAES yen/ oF 2
1S H o 2 gRlslt (Table 3; 24, 25, 28, 30, 32).

I A 49 BHAPAE 2F 2 mgmle FEolA 18AIZF wikd ¢ flagellad] 54
Aol AAT & de Ao FeHorng 1 mgmle EEE 2447k o)A wjekdtid oA
40 AA 2 F & Aoty Ty det 1 AR AS yenl & A} wiUAE
mg/ml FX=lA fleBe}y fIhDC A2 o] F7tsle ASE Kol ©hedt &5 2o
3 3] BRogeE g2 §d2 2d 71Fo] EAT F5T ¢ o T 18AtEY &
S AZE WA Y AR WstE gl Holop & Aolw B AFoA WHIE FAY
AU A 2} FAB/A AF7F FrtE oo & AR AT (Fig. 7).
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0.125 mg/ml WLl HAAZE JATEE BAFIUTH
A7 Afdde aFF8ddAAE 4ol glley agEd¥E+Y A¢ 01 - 015
mg/ml & HLAGZAAAEE=E BAFAT (Table 13). =3, stet A7
E=oA MIC 2o 52 dgtov 7z AR &

Aoz s Ak

il
flo
in
HE
fo 4

Table 12. Antibacterial activities of bioactive compounds from Zingiber mioga, Citrus junos
and Punica granatum L.

Diameter of inhibitiory zone (mm)

e B cereus S aureus L. monocytogenes E. coli O15T:HT Salmonella sp.
A 19 21 21 - -
B - - - - -
Punica granatum L.~ C 16.5 22 22 - -
D 17 13,5 12 - -
E - - - - -
A 11 8 8 - -
Citrus junos B 10 - - - -
C 11 - - - -
A _ - _ - -
B 18 17 18 - -
C 23 30 23 17 20
Zingiber mioga D 29 35 30 21 30
E 18 29 18 15 17
F 14.5 10 13 - -
G _ - - - -
PC(Km) 26 28 11.5 26 25
NC - - - - -
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Table 13. Minimum inhibitory concentration (MIC) in bioactive compounds

mioga and Punica granatum L.

from Zingiber

Minimum inhibitory concentration (mg/ml)

Food-borne
pathogens Punica Punica Zingiber Zingiber Zingiber
granatum A granatum C mioga C mioga D mioga E
B cereus 0.125 0.15 0.75 0.05 0.1
L. monocytogenes 0.125 0.1 0.75 0.05 0.1
S. aureus 0.125 0.1 0.05 0.025 0.05
E. coli O15T:H7 - - 0.125 0.1 0.15
Salmonella sp. - - 0.1 0.05 0.125
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28

24

_56_

Punica granatum  Punica granatum
25

Zingiber mioga
24

10

Compound Water extract of MTBE extract of Methanol extract of Inhibition zone (mm)
No.

Table 14. Violacein inhibition assay in C. violaceum by various ratio of the three extracts.



Fig. 25. Violacein inhibition assay in C. violaceum by various ratio of the three extracts. NC:
DMSO

NEAY DAY BYEZ AFD 4 BFE gAAE o Fo £ APL
Adtel BTN MC 29U 5T LFE A3l vioacen FHE AL
e HxBHA FEE FHUL 4N BHE BRH H2BY JAFE

mg/ml 2 UERETE (Table 15). ©] 3=& &4 43 % ] Ol 3 Hd=o A
AE oA 718 Ae sl 2837 st SAHHUS

Table 15. Violacein inhibition activity against C. violaceum in various compounds.

Water MTBE Diameter of inhibitiory zone (mm)

1.
Compund - extract of - extract of Me()(f)iz;:c Concentration (mg/ml)
No. Zingiber Punica 8

mioga  granatum F™™ 100 50 25 125 625 313 156 0.78 0.39
3 1 2 28 24 22 19 16 12 12 12 12
6 1 2 30 2 22 19 17 12 12 12 12
9 | 2 1 29 25 22 18 17 12 12 12 12
10 1 1 2 28 25 22 18 16 12 12 12 12
NC DMSO 12

(2 FHFEPdaA Y EdAA A=
ANsARGw A7 oAz FFSAo] Ao =
ethyl acetate (E/A) FE&7 w4 FAHFEE F7 3
do] £ Zo= e I Hes FEE9 I FEE A

Fn?
OOSL
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Table 16. Antibacterial activities of compounds mixed by various ratio with three extracts.

Salmonella

Diameter of inhibitiory zone (mm)

B cereus 5. aureus L. monocytogenes E. coli

dwem
TS
SRR
mE S
f N
(@]
)
S~
T Q
QESSS
=5.88
(@]
B 0
< SsJ/Y
Mz ° LR
v N

Compunds
No

13
15

11
16

16
15

18
16

17
15

50mg/ml

50mg/ml

14

16 16

14 16

50mg/ml

11.5

13

20

22

19

16

17

23

25

21

10.5

11

17

19

17

10

10

15

18.5

16.5

11

18

20

18

16

15.5

15

13

16

20

24

20

10.5

13

28

21

18

13

14

20

23

20

10

14

20

22

19

10
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o2 BEEE AAd e HEE tsiss o ol sdE &Y A &
A Ade fste] 4 #5538 MIC SAH o Ha A JAF=E 7o 1895
Aol As 28 EF=o] 40 mgmlz M e sERoH, AFgFATe] A fole 5-15
mg/ml ¢ HAZA AAEE A (Table 17, Fig. 26). th& H3 =0 A= 18
A2 50 mg/ml, THYA -2 6.25-20 mg/ml & HAEA JAFE=EE UHEIHAT

Table 17. Minimum inhibitory concentration (MIC) of various compounds against bacteria.

E/A MeOH EtOH
Compound €xtract — extract extract
of  of Prunus of Prunus

Concentraion (mg/ml)

No. Zingiber  mume mume E coli  Salmonella B cereus L. monocytogenes S. aureus
mioga  (yellow)  (green)

2 1 2 40  40<KMICL50  MICLS 15 15

7 1 1 1 50 50 7.5 20 20

9 1 2 1 50 50 6.25 15 20
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E. coli ATCC 10536 5. Enteriditis ATCC 13076 £ coli 0157 (NCCP11091) B. coreus ATCC 14579

Compound 2
E/Aextract of Zingiber
mioga: MeOH extract
of Prunus mume
yellow)=1:1

Compound 7
E/Aextract of Zingiber
miogs : MeOH extract of
Prunus  mume  (yellow):
EtOH extract of Punus
mume(green)=1:1:1

Compound 9
E/Aextract of Zingiber
mioga @ MeOH extract of
Frunus  mume (yellow):
EtOH extract of Prunus
mume(green)=1:2:1

5. aureus ATCC 25923

L. monoeytogenes ATCC 15313

Compound 2
E/Aextract of Zingiber
mioga: MeOH extract
of Prunus mume
(yellow)=1:1

Compound 7
E/Aextract of Zingiber
mioga : MeOH extract of
Prunus  mume  (yellow):
EtOH extract of Punus
mume{green)=1:1:1

Compound 9
E/Aextract of Zingiber
mioga : MeOH extract of
Prunus  mume  (yellow):
EtOH extract of Prunus
mumeigreen)=1:2:1

Fig. 26. Antibacterial activity in compounds in various concentration.
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AABSA FAHIL AS st (Fig. 27, Table 18)
Fadd LA HEdE 22 25C, 45T oA AAst 744 pH7} HRolH oy o] =
W3l Qlo] ALHNo AZWste gllon H 5 7lE Wstes #FHA gt (Fig
28). ¥ TSe=RE E coli ATCC10536, :l% Ao 2 B cereus ATCC14579¢} L.
monocytogenes ATCC15313& A HFF= 3l FH+E2-H S A3 23+ Fig. 289} Table 29
oA Yetue= A o] AHA Z%Jr Hluste] 250 mE zpolx glloem AHA7|Zto] A

SHolE B4 Hxo BARS AASL AT

LA 5= 7%% H S 9ol A Xﬂ’%ﬂﬂ &<t pHE| W3yt xpol7t A
¢ AEHAT. 4 2
e M7z wWIlx %i?iitﬂ @%iﬂr Ze @rﬁ—}’-‘i Hsle AR It (Fig
& ARt A3 XA A3 vluste] 25 DA 2

A4S FASHA Y (Fig. 29, Table 29).

offl mlo

>~I

o

B 37 al 2 232 129 g7 BPE 22 A o
E EBE] Ao W 9 I T3 e o wWEEo] BIEA FyYy pH £ YA
FAHL JQen A Fod 7 BB FHS WA &du FAFOEA F BFaA
=
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Fig. 27. Change in anti-quorum sensing compound 6 by storage temperature and period.
pH, B: Color and anti-quorum sensing activity
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Table 18. Violacein inhibition activity against C. violaceum in anti-quorum
sensing compound 6 by storage temperature and period.

Inhibition zone (mm)

Temperature Day :
C. violaceum

0 23

2 23

7 23

10 C 15 23
23 23

30 24

2 23

7 23

25 C 15 23
23 23

30 24

2 23

23

45 C 15 23
23 23

30 23

_63_



——10°C
7 1 -5
e 5

pHSM P ﬂ____.—s-r-‘ﬂ

[u] 5 10 15 20 25 30
Day

0 day

E. coli B cereus L. monocytogenes

2 day

7 day

15 day

30 day

Fig. 28. Change in antibacterial compound 2 by storage temperature and period. A: pH, B:
Color and antibacterial activity
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Fig. 29. Change in antibacterial compound 7 by storage temperature and period. A: pH, B:
Color and antibacterial activity
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Table 19. Effect of antibacterial activities on temperature and storage period of
antibacterial compound 2 and 7.

Inhibition zone (mm)

Temperature Day E. coli B. cereus L. monocytogenes
ATCC10536 ATCC14579 ATCC15313
0 14 22 21
2 14 22 21
7 14 22 21
10 C 15 15 21 21
23 15 22 20
30 14 22 22
Compound 2 14 22 20
9 7 15 21 20
25 C 15 15 22 21
23 15 21 21
30 13 22 21
2 14 22 20
13 21 21
45 C 15 15 22 20
23 14 22 21
30 14 22 21
0 12 19 19
12 19 19
7 12 19 19
10 C 15 12.5 19 19
23 12 19 19
30 12 19 18
2 12 19 19
Compound 7 12 19 19
7 25 C 15 12 19 19
23 12 19 19
30 12 19 18
2 12 19 19
7 12 19 19
45 C 15 12.5 20 19
23 12 20 19
30 12 19 19
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2. A EFLA FREH HAA
7} GBS A AlzAGw @ 34, violacein Inhibition &3

oln] MAE AEAY we BFE 6wy FTTAH B2 247 W F o) ByE
Zyzto] gk EdA el o3 A S FAREUCERE 3FY HEFES EFS AsAD
T BEFES TR JA4EAH BIES HAE ALY F Jde HES 3] A% 4
s 78533}95‘\‘:}

WA FHEFEF} AaHdAY wHFEFEL &S 27 1:1=50 mg/ml:50 mg/ml, 2:1=50

mg:25 mg/ml, 1:2=25 mg/ml:50 mg/ml= ZAARstd F Mo Fdd8 HFE 285t
violaein inhibition assayS 2 Al%F A3} Fig. 30 3} Table 21 oAe] Az (A) E3HE o]
B) Ed=xHT HA Ao ¥ EJYTh ojn AsHAGnT EHo THGA AN EdEo]
@ S LA e Hlwste] 30% ol Aol B Eokxte AL &R Q Aew F e &
qAe BFEo] EAHAS w (Ao AfoAHE 11 v& 1 «l gdo] fFAFSH
Uetgtens A4 AL&AddAAE 11 BlE&EE AFESE Zlo] 2o g AZtHET.

nj
fol [\3-|
o
) =
m&

Antibacterial compound 2+  Antibacterial compound 7+
Anti-quorum compound 6 Anti-quorum compound 6

Fig. 30. Violacein inhibition assay in C. violaceum by various ratio of anti-quorum sensing
compound 6 and antibacterial compound 2 and 7.

Table 20. Anti-quorum sensing activity by various ratio of anti-quorum sensing compound 6
and antibacterial compound 2 and 7.

Compound Antibacterial compoumd 2 +  Antibacterial compoumd 7 +
Anti-quorum compound 6 (A)  Anti-quorum compound 6 (B)

Antiquorum ratio

sensing activity 1:1 2:1 1:2 1:1 2:1 1:2

Diameter of inhibitiory

24 22 24 22 21 22
zone (mm)

_67_



AsHGusd 47 Az 22 BEdEs FoEFES Jsde ddEFES
Z+z} 1:1=50 mg/ml:50 mg/ml, 2:1=50 mg:25 mg/ml, 1:2=25 mg/ml:50 mg/mlZ H| &2 %33}
FoddS AU Adeddud B4 A A8 FASH (A BdEc]l B) HFRER

o A BAol o Eghor B BB A5 o IFLAFANA B ehiA o
Aas GUT = JA (Fig. 31, Table 21). ol= AZHo] ©& F /M9 EEEo| =
a3he] FHAE B opUeh Fazgol dold & Ake A& FHsE Zo

ru

ftlo

FA (A) E=o AHeE 5Ed=4 =20 AN SdBA A 9} H
watd 50% ol &dol ¥ wobHu= AL Q%ﬁ}ﬂip—ﬁ L1 W&t 12 vl&9] Aol
ARSHAl UEbg oy g ehEe] L1 Bl&o] Hls) Aoz Folg 12 HIEdAE I
A5 dlenz o] HiAlAY = AHEITY Fd= 7|Ee] dAnto g =
d F e HEF HES FE F AUG (Table 21). =3+ Fdo] o FU4A A) EFES
HE IR AAst] A8 ATE AT V1R AR ATS A% Ha FAEA
=5 ZAsAT (Table 22).

w o

mﬁ
>
ofo
mlo

|

off b

A. Antibacterial compound 2+ Anti-quorum compound 6 B. Antibacterial compound 7+ Anti-quorum compound 6

. E ¢coli O157:H7 S, Enteritidis _ E cofi O157:H7 5. Enteritidis
E. colf ATCC 10535 CCP11091 ATCC 13076 E coli ATCC 10536 (NCCP11091) ATCC 13076

B. cereus i monocytogenes 5. aureus

B. cereus L. monocytogenes 8. aureus
ATCC 14579 ATCC 15313 ATCC 25923

ATCC 14579 ATCC 15313 ATCC 25923

Fig. 31. Antibacterial activities of compounds mixed by various ratio of anti-quorum sensing
compound 6 and antibacterial compound 2 and 7.
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Table 21. Antibacterial activities of compounds mixed by various ratio of anti-quorum
sensing compound 6 and antibacterial compound 2 and 7

ihacterfal activity Diameter of inhibitiory zone (mm)

Antibacterial compoumd 2 + Antibacterial compoumd 7 +
Anti-quorum compound 6 Anti-quorum compound 6

1:1 2:1 1:2 1:1 2:1 1:2

Strains

E. coli

12 11 12 - - -
(ATCC10536)
E. coli O157:H7

11 10 11 - - -
(NCCP11091)
S. Enteritidis

14 10 14 - 10 -
(ATCC13076)
B cereus

20 19 20 19 18 18
(ATCC14579)
L. monocytogenes

20 18 20 20 18 20
(ATCC15313)
S. aureus

20 21 19 19 20 18
(ATCC25923)

Table 22. Minimum inhibitory concentration (MIC) of final compound (anti-quorum sensing
compound 6 and antibacterial compound 2) against bacteria.

Concentration (mg/ml)

Strain
100 50 25 12.5 6.25 3.13 1.56 0.78
E. coli 12 8 - - - - - -
B cereus 19 16 14 11 10 8 8 8

L. monocytogenes 18 12 8 - - - - -
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-
= sAYEY B4 2P eNS 1] WL 23T HE 2PA
Ao hF A4 el 9t A ARART npRAAR 10T, 25T, 45T L9
A 29, 79, 159, 23, 309 AFEke] WS AT pHE 290Al0] 25C 9} 45C
NBE oA oF 03 Yolglon} olFo] 3|BE o] 0LAA W glo] A&HYeH FY
77t Eek AW 2 AW 5 Ve syl BRER ol 7+ BHBFEA Y npIA
2 o@ael Wt glo] dAF R FAHT Yee X 5 AT (Fig 32

A.
90 A
1 C
i3 55C
70O A
—_—A5°C
oH 50 W
30
10 T T T T T T
() 5 10 15 20 25 30
day
B,

Fig. 32. Change in final compound (anti-quorum sensing compound 6 and antibacterial
compound 2) by storage temperature and period. A: pH, B: Color

U ddAA e A8 FRTE ASHA FQ

AdE HF EFAAY BRAVNES FFEdo]l dAHHOE FAHEAE ERIE]
et agSA E coli ATCC10536, 1A+ B cereus ATCC14579¢F L.
monocytogenes ATCC15313¢ tiAo & 10T, 25T, 45C9 zF exd= 29, 79, 159, 23
d, 30d EHAVEEe FHEd wst HE Fls Yt Table 237 Fig. 339149 Az}
NMHHE A M3} vwste 2=3o] mE F4go WHIT gllon AHAr|7te] 2|4 o
T BAHe 2 FEFEANAM S FAET AAT

_70_



Table. 23. Effect of antibacterial activities of final compound on storage temperature and

period
Temperature
(day) E. coli B. cereus L. monocytogenes

0 15 22 22
7 15 22 22
14 15 23 21

10C
21 15 23 22
30 15 23 22
7 16 23 23

o570 14 16 23 22
21 15 22 22
30 15 22 22
7 15 23 22
14 15 22 23

45C
21 14 22 22
30 15 22 21

E coli B. cereus L monocytogenes E. coli B. cereus L. monocytogenes

7 day

15 day

23 day

30 day

Fig. 33. Antibacterial activities of final compound (anti-quorum sensing compound 6 and

antibacterial compound 2) by storage temperature and period.
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monocytogenes A E FHA A MEHE LS
Bio reporter strain®! C wviolaceums o2 Al S

H ol 2 Fo] EFEIAS v hExT o2 AMEH FHEFAATOR Fld %/‘éﬂr«l X}
o7} filon, drtAow FH&Ago] Qe A= dHzl 0% ¥ oYz}
0%t 80% oMM = oehE AAFHEHdS A=A dof FEFdLAS FAo] FAFHIL
e Gl (Table 24).

ﬂlﬂo»

Table 24. Antibacterial activity of bioactive compound added in various solutions.

Inhibition zone (mm)

G
E. coli B. cereus L. monocytogenes C. violaceum
NEE B AR (A) 13 20 20 23
A T+A 13 19 17 22
£a oo
2 A 60% of §-&+A 13 18 20 22
H] 3o o] 22+A 13 21 23 24
EAHAAI L} it PAA FEHE AT HUMA TR wE SAAWSE g 23 A4
244, deEA, F3Al FolA E coll BF, dEad vlaste] 4ol Uk A" @
ZEY [Fo& zol7l gl AR Holw B cereust L. monocytogeneso| A= FARSEA Y
R e Zlo® Holu & &4 Aole glv ZoE HRY AAHOE C violaceum

N
AMe e H7HAC sty &9 Wyt 24 &L Jo= yeyt. 1 9 AV A
A, BEA, BE5A FolAe BAE xS FeEFLATeE GlE G ol
7F len, EF FJUMAZ 2ol AgEHE Fizhgo] e oAdded (3, s

dited (FAA, dopal, @gtolx FAX, B, Somh, st tie FFZAFNAME
FaEdaAgnor A G4 Aoyt glo] BAAAS} wtuFAAZ AFo] oA
=W FHZho] FAE F dve FIT F AJT (Table 25).

&2l
EHAAAE WHE7] 98 H7tE = F A, 23A S HAUHAL] SR/ e U3t
E 13k 23 XA A} vy, BAAA L] HIlEAA S} nf Xl =2 E coli, B cereus
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o} L. monocytogenes, C. violaceumo| A 1 FF&do] < =AY G2 AoF Hol B
T ofARStel 2 @49 Aole flE ASE YEgon B AT7AFRE /o g wrEojA =
ol AZAE AFHEL §2= Hoz AZtAT (Table 26).

Table 25. Antibacterial activity of bioactive compound added in dispersant and semi-solid

formulation.
Inhibition zone (mm)
<k
E. coli B. cereus L. monocytogenes C. violaceum

M A EFAA (A) 13 20 20 23
ST H EFQI+A 15 19 19 28
S EAREAAA 15 19 19 28
SF9807+A 15 19 19 28
TobH+A 15 19 19 28

et
314 A +A 14 16 16 25
A Ztel+A 13 15 14 24
ME LI E+A 14 16 16 25
&7 ho] A +A 15 19 19 28

F3HA
g B = 13 17 16 23
d AR Z e d+A 14 16 16 25
= 13 18 21 22
ASA 7R M940+A 12 17 23 21
Sho] A +A 13 17 21 20
=g A g+A 13 18 20 24
Al ghulo]l =+A 13 21 18 21
3| o} FE4HA 13 21 18 22

BEA
GTERI+A 13 21 19 24
E g sH+A 13 21 19 24
o = of | 2} A +A 13 18 20 21
AV ERT E+A 14 21 18 22

HEA
Uz E]+A 15 19 19 28
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Table 26. Antibacterial activity of bioactive compound added in powdered formulation.

Inhibition zone (mm)

e
B E. coli B cereus L. monocytogenes C. violaceum
NE e EFLaA (A) 13 20 20 23
HFEAEZ O Z+A 14 18 17 21
FEA e AGEFEEDHA 14 18 18 25
EHlE+A 14 19 19 25
FT3A wEHE+A 11 18 21 24
e Z2 FE+A 14 19 19 26
AESA+A 13 19 19 24
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Table 27. Effect of antibacterial activity on temperature and storage period of bioactive
compound added in solution.

Storage period Inhibition zone (mm)
Temperature
(day) E. coli B. cereus L. monocytogenes
13 20 20
13 19 19
14 12 21 19
10C
21 12 20 20
30 12 20 19
7 14 20 20
14 13 20 20
25C
21 13 19 20
30 12 19 19
7 13 19 19
14 14 20 20
45C
21 13 20 19
30 12 19 19

Table 28. Effect of antibacterial activity on temperature and storage period of bioactive
compound added in dispersant and semi-solid formulation.

Storage period Inhibition zone (mm)
Temperature
(day) E. coli B cereus L. monocytogenes
13 20 20
13 20 21
14 13 21 20
10C
21 12 21 20
30 12 20 19
7 14 22 21
14 14 21 21
25C
21 13 20 20
30 13 20 20
7 13 20 22
14 13 19 21
45C
21 13 20 20
30 12 19 20
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Table 29. Effect of antibacterial activity on temperature and storage period of bioactive
compound added in powdered formulation.

Storage period Inhibition zone (mm)
Temperature
(day) E. coli B cereus L. monocytogenes
0 13 20 20
7 13 20 20
14 13 21 19
10°C
21 13 21 20
30 13 21 20
7 14 21 21
14 14 21 20
25T
21 13 20 20
30 13 20 20
7 13 21 20
14 13 20 21
45C
21 12 20 20
30 13 20 19

. FAH7}
SAAA, RDFAA, BGAAA 3N AeHO FERFLA BEH| AR H o]
A EAAA, ddvlF, s=ARd tisted 10C, 25T, 45C 254 7, 14, 21, 30¥€ &<
AR FFBH 4% B2 o 2ANN AR AeHEe dFge] Wl o
@ wEo] AP 30U B 3T A gl thatel BAAAL W EARAY A5 A
AZo] tha AL S ALSA A7 Wl So So] AL B 5 glglon], Helur
= 2 P WskE FolE 4 YUk FEARE A E
FqE exgsddA Feel Wsk % A2 5o ofd B WS vehdA st Fig
)

7 A ggoln 4T FTBA TG L AR RG] Az ARHUL
We] FEBHL fAST o] WAHA FAHT YL HAsGorw o] A8 =
ol P2 AT FAL AL AEL wEtr Aol g Aoz 47 Ao (Table
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A EA

Fig. 34. Effect of solution, semi-solid formulation and powdered formulation on temperature

and storage period.
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Table 30. Effect of antibacterial activities on temperature and storage period of solution,
semi-solid formulation and powdered formulation.

Storage period Inhibition zone (mm)
Temperature
(day) E. coli B. cereus L. monocytogenes
0 13 20 20
7 13 20 20
. 14 13 21 19
10¢C 21 13 21 20
30 13 21 20
7 14 21 21
) 14 14 21 20
Solution 25T 91 13 20 2
30 13 20 20
7 13 21 20
. 14 13 20 21
T 21 12 20 20
30 13 20 19
0 13 20 20
7 13 20 20
14 13 21 19
10C 21 13 21 20
. 30 13 21 20
Dispersant 7 14 91 91
and 14 14 21 20
25C
semi-solid 21 13 20 20
: 30 13 20 20
formulation 7 13 21 20
14 13 20 21
T 21 12 20 20
30 13 20 19
0 13 20 20
7 13 20 20
14 13 21 19
10C 21 13 21 20
30 13 21 20
7 14 21 21
Powdered  o5en 14 14 21 20
. 21 13 20 20
formulation 20 13 20 %0
7 13 21 20
14 13 20 21
T 21 12 20 20
30 13 20 19

_78_



2. et W7}

FAATEYA Y
FANA AR G BFaAY AEL A WY F S FEAR W7

442 selsty] AT 3 WA GAZM F4

o,
-

fr
ox
>

o
o
™

' B olyE dEEdAA Fo AHFEFH 64X < WAL g2 8
oaA (BAF, YFold, 2, AL FF, EFY, A, H
% 2

, L £ 9)E BEEA L
E o]

¢

o o o _I-#HJ
Mom froox -
o ooy =

o ox Hu

B oo [ o
Mo
TR s

=) b

g Mot

£y

3 i)

SR

® gy o

g

2 o

= O>’

L

2

2
>
ofr t:m -
S
o do in

=3t rks, B, A1A
o] HAE= A7+ i (Table 33). 74

2 ZAbell gk ALP, AST, ALT, cholesterol, triglyceride, creatinine, Blood Urea Nitrogen,
globulin, protein,Albumin/Glubulin RatioE ZA3G . tEzH I EFAAe] 3k &
TR AAE vud A FAEFLAY] Foo WE FYA e WHile WHHA &
BE APTH dxddA AZHEAE Yo, 43T 3t SASHoE FoA
+ Aol HFEEHZA 3kt (Table 34).
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Table 31. Mortality in mouse orally treated with final antibacterial compound.

Group

Day after treatment

Sex (még/l;g (r%g/iog)
" 1 2 3 4 5 6 7 8 9 10 1 12 13 14
0 05 05 05 05 055 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0f5
5 05 05 05 05 05 05 055 0/5 0/5 05 0/5 0/5 0/5 0/5 0/5
Femdle 50 0/5 05 0/5 0/5 05 0/5 055 05 055 05 055 05 055 05 055 00
500 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
5000 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0I5
0 05 05 05 055 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0f5
5 05 05 05 05 05 05 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0f5
Mde 50 0/5 055 05 0/5 05 0/5 055 05 05 055 05 05 05 055 05 Z00
500 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
5000 0/5 055 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 05 0/5 0/5
Table 32. Body weight in ICR mouse treated with final antibacterial compound.
Group Body Weight (g)
Sex  (mg/kg ;\rll?n?afl Y s
‘bw) 0 day 3 day 5day 7 day 9day 11 day 14 day
0 . 2717 2807 2958  30.07 30.87 3106  32.60
+£2.09 +2.16 +£236 +£1.82 +222 £200 +2.51
- - 2644 2674 2791 2912 2911  29.83  30.20
+£1.04 +1.07 £072 +£1.07 +100 =+134 +1.73
2707 2832 3022 3178 3146 3114 3281
Female 50 > 1165 L1422 162 +187 +215 +091 +1.44
500 . 26.87 2753 2918  30.92 3103 3132  33.25
+129 +1.16 +£138 +207 +181 £224 +253
2000 . 26.66  27.07 2866  30.19 3036 3039 3137
+167 +1.62 £214 272 +248 £224  +2.69
0 - 3247 3343 3549 3635 37.69 3820  39.48
+1.85 +206 £272 +298 +338 £3.79  +3.62
. . 3336 3427 3603 3951 3975 4043  42.08
+1.70 +216 +£148 +164 +179 £217  +2.07
Male 50 . 3235 3326 3531  37.29 3771 3844  40.17
+261 +261 +£295 +317 +3.16 +£3.06 +3.67
500 . 3236 3314 3502 3437 3760 3804  40.17
+£2.02 +223 +£238 +£268 +288 £3.09 +3.27
9000 . 31.78 3388 3533  38.03 3853  39.16  40.83
+200 +194 +£211 +243 +273 +£2.77  +353
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Female

500 mg/kg-bw

4 2000 mg/kg-bw

Fig. 35. Dissection in mouse orally treated with final antibacterial compound.

Table 33. Absolute organ weights for mouse orally treated with final antibacterial compound.

Sex Group No of Weight of Organs (g/100g-bw)
(mg/kg'bw)  animal Liver Stomach Kidney Spleen
0 5 0.36+0.09 0.23+£0.04 0.12+0.03 0.04+0.01
5 5 0.28£0.03 0.21+0.03 0.10+0.01 0.03£0.01
Female 50 5 0.37+0.06 0.25+0.02 0.12%0.01 0.04+0.01
500 5 0.36£0.07 0.24+0.04 0.12+0.02 0.04+0.01
2000 5 0.34+0.06 0.22x0.04 0.11£0.03 0.04£0.01
0 5 0.54+0.12 0.32£0.07 0.22£0.05 0.05£0.01
5 5 0.6£0.08 0.30+0.03 0.26£0.04 0.05£0.01
Male 50 5 0.52%=0.11 0.31%+0.07 0.24%0.07 0.04£0.01
500 5 0.56+0.10 0.31+£0.04 0.23+0.05 0.05£0.02
2000 5 0.56+0.11 0.33+0.05 0.25+0.04 0.05+0.01
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) AFASAE
B A A Add & el A& ez EAAAG BTt 22 R
HEohe FEATE AAs] sty vhe-2=E olgste] ARASAIFES AU A
249 A& 24AZ Aol w29 T2 AAVE AVIA FES WEIE o8&t Ee A
AstAnh. A G ARG nhg2o] S HAFE FALE 10 cm HAH o= 371 1.5 cm
A5 d& I8 BAFAL xToR FTHRS, 24 A8 base o ddste ¥=
Hl= base, #| A4l baseol FdHILANE HolA F1F =X AFGES AAE A=
2 93 g¥HeuE 4 bs SolHolzr A E & uAsAT. A =X 44
T A2E AAsAL A7) FFE MAA GEE FFFE AL 24, 48, 72 AL &
of CTFA ¢34 %7} 7hel=gklel we} “DRAIZE ¥ 7 A=574 A A28” & Farste
Brtete] daEFaAl o3 IR A4S AR 12 ASA AY=(PDDE AEste] #A
&+ T
FoaEdaAe] A =2
<)

% o

7

—l [

of A7 EF =xE F
Tu-rha @t g wge] @l

S QutEae] AR skgron t ooy
54 BAR B0 W¥AFe) F

39zt
=<
7F “0” 22 5000 mg/ml &ZelA HlA}

A e AR AAEHAY (Fig. 36).
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Fig. 36. Skin Irritation studies on final antibacterial compound.
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2. g4 AT st AT
Tk AFARE ol 43 AFS %L
G dYEBFgaA ] Hed A

FelAA 5 A £ FRAAY B ool g
el BEAE AET 4 ULOT AW ATHE A ABOE AR YnH oz
o7 TS AAT F AN HEstel A% F ol UE FREHS %7&6}9&%@%&

35, Table 36) AA| £=A=AE AH83t] easy checherg o] &3 I=ZHE
) 2 7o TR 27| w&d ’éﬁ“" ufwp

£ A5kt Atdrig Eoll 2oile #F B

O & A% 23S 7IHE e QAT dubAl AEFE ol F AT dES td e
2 IE dxTor e £ & AFZAE A8t AL Fol E&uty 2o x| A
of I F vlastdnt dduz A 27t oy 10° cells o] 10° cells G912}
e A= HIE AT ¢ Ao ARE &A1Y &0 At 5 < du (Table

37).

A B C D
o et& 70 ml e 60 ml oS 0m  oEe 70 ml
T 29m  FFF Im FFF 29m  FHFF 25 ml
=YBYgAE Iml Fo}FEL lml  3o}#&al lm  SgAH 5 ml
o2} 10%-&  o}Zun} 10 gz 37g  olZun} 25%&

FoddEds 1g YIRHERE 1g

ok
=
ok
o,
d
ot
{Cha

lg FoddEds 1g

ofie

& 100 ml  FF 100 ml  F%F 100 ml F%F 100 ml

Table 36. Effect of antibacterial activity on hand sanitizer.

Inhibition zone (mm)

Recipe
E. coli B. cereus L. monocytogenes
A 12 20 20
B 13 22 21
C 12 21 20
D 12 20 19
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Table 37. Total cell counts before and after hand cleaning by hand sanitizer.

Test Before

1.6 x 10? cells 2 cells

U g d7ASE ol &7 AFE AT
HLFAA T viFs F2, 58, A9EY Asdl
2] - 3ok 2Hgo oA =AlmHe FAE eded
2 AAA R Fd sF2 Aolrt 7%«] il FEd &
T A A AEIFFOE G538 s st
HYFE AAAAY] dFe= 3*91%“ ARERE AR ARRIY TSl Al sttt A
ol FWHALY AT a3 &WlE A ste ddolgts ERER A3 &4, ?'{}/‘Ji‘r,
v, B 5 O ZlsA 240l dEel e AFel 43S A Jlon, du Al

3, b3l B4 5o uxd 2
AAS A5 AEHE ERB
of Ao U 4l AYow B

Oﬁ ““" %o
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of #&ol 7Fedoz 3 AFEE AR
ANE Adestel Azt 3 ol e FHEEAS

fru
iy
o
ol
ol
£
e
2
>
o
fu
(™
i
rﬁ

A9t (Table 38, Table 39).

A5 mR7HAI = easy checherg ©]-&3F EZHER ] o3 a3 54 0}0513}
A5 A &5t A o &npg BeFe] wiA

S} cell
counte] H3IE AT 4 o] A= fi}i”ﬂ F7F &3t e A2 AR HT (Table 40).
o wet Abs FIFAEAY TheA S &S] ¢
E—FJ} @ol Ho A& vpdH 2 Alg--2o disto
AAEHRE glstg o, Ardet= 125 mg/ml, AT 25 mg/ml, v 2 Al

UdoR fEHe NETOE e F
of Mol WUF F mmwsgth £2ZA sk AR AR A7k 3

rlo
2\

AR ATIAZA FH Ao o
stof abmdel, YA H:% 37

§-22= 6.25 mg/mle ai%ﬁﬂ TEE AL ASS AT F e (Table 41) ¢+AA

Table 38. Compositions for manufacture of solid soap

HARE AFste & o HEE Aoy SRR IR fFo

A B C D
H] s o] & 97 ¢ H¥FHo|X 97 g HlFHo]A 95 ¢ H] s o] & 95 g
20%
ooy lg ol2nt . ® o} 2} 23 EHolf 15¢g
=
o4 1g 249 lg  Hred lg  Agvlelz 24
EIHE 05 ¢ ZARLY lg ATEOIE 05 ¢ HEl E lg
2 0 HF
o} Zu} . ° EYs 3g
=
FoddEds 1g ITBAERE 1g FIZHEEE 1¢g FoBHERE 1 g
Y 100 g % 100 g % 1005 g F% 100 g

Table 39. Effect of antibacterial activity on solid soaps.

Inhibition zone (mm)

Recipe
E. coli B. cereus L. monocytogenes
A 13 19 19
B 12 21 19
C 12 20 20
D 12 20 19

_86_



Table 40. Total cell counts before and after hand cleaning by natural soap.

Test Before After

A e
ST __ b
2.5 x 10 cells

B

C

2.1 x 10 cells

Table 41. Effect of antibacterial activity on animal feed.

Concentrations Inhibition zone (mm)
(mg/g) E. coli O157:H7 Samonella sp. B. cereus
6.25 - - 11
12.5 - 8 13
25 8 10 16
50 10 13 18
100 13 16 20
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87bsde FAs] A F7F ATFE FIEA

Y. enterocolitica &= A& & EFAA AlTAES dode JAFTELATOE A
ol AHA] HT5S do7IH HAVE sFAT e o] A= SAstEA H)
2dEo] A B FHAA edgomA AFTFo dddo] o 53] A2oE AL
2ol FEALR HAFTAZA FHIMete] ol AT = v AFFOoZ QA7 A
A Eds FY F UAS A= =} Y. enterocolitica o2 AAEHE Q1517

o
n:ﬁ’i‘

M o
(0]

pas
g Arletd A4Y F AAEHE FAFYT (Fig. 37).
el

o
4
o
o
il

=
>

l-oll
=L
g
El
M oox

=
1:2=25 mg/ml:50 mg/ml= Hl&=2 X3t AP A3 & FEFEC] 50% T FUtEH=
Y. enterocolitica SAAZo] 1.1 vl&H} LA Uehtes AS=E 1= Ao H(Table 42)
Ol S Atgdle HAaYAFTEE 3.125 mgml2ZA GA A= E coli B cereus, Salmonella
sp., L. monocytogenesSt RWInstR < w 7Hd €371 £3kt} (Table 43).

Fig. 37. Antibacterial activities of final compound (anti-quorum sensing compound 6 and
antibacterial compound 2) against Y. enterocolitica.

Table 42. Antibacterial activities of compounds mixed by various ratio of anti-quorum
sensing compound 6 and antibacterial compound 2 and 7 against Y. enterocolitica.

Antibacterial compoumd 2 +
Anti-quorum compound 6

11 2:1 1:2

Diameter of inhibitiory zone (mm) 21 18 22
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Table 43. Minimum inhibitory concentration (MIC) of final compound (anti-quorum sensing

compound 6 and antibacterial compound 2) against Y. enterocolitica.

Concentrations (mg/ml)

Strain

100 50 25 125 625 3125 156 0.78 0.39

Y. enterocolitica 24 21 19 16 12 10 -

T OE HedTY de FAEE HYLFY HVHEA JhesAdS st A
Edc s 749 AR E Al NS =2e FAAAA T FAE A 2= Aol
AR FesiA L Yk ol¢t TEo] AH|Ae Tkt &5 FIA7]7] f8 S =Rt
A8 AL S A2AR & Aoy 25 FE2E e Aol F7EIL JOoE=E on
ATES 9 g7 gk ko] FrREo glerng FAHH wAE] oy &4
gl A ZALY AFEIE 7hs stk ARlol Sl

57 T8 ATFTE oln I APoA JAEAdo] FlH o AFASo| txF
el SIreprococcus mutans ° gt QAL AR Streptococcus mutans + 5
T3 AsAY idEFEY HEH 2o 93 A, AZHY ndEFERY FA 5=
o] 50% &< O‘EOE A7tH O E Y3 EHE YEUAE & mAdEde 28 F5
9 o] ML E O 52 Z4ES Hole AS FUSAT (Table 44). =3 o] &< A
st HAaYAlEEE 3125 mg/mlE2A dA SRJ1E Y. enterocolitica ) BHH 2 o=

vEFSET) (Table 45).

Table 44. Antibacterial activities of compounds mixed by various ratio

sensing compound 6 and antibacterial compound 2 and 7 against S. mutans.

Antibacterial compoumd 2 +

Anti-quorum compound 6
Compound

11 2:1 1:2

Diameter of inhibitiory

24 24 18
zone (mm)
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Table 45. Minimum inhibitory concentration (MIC) of

final compound (anti-quorum sensing
compound 6 and antibacterial compound 2) against against S. mutans.

Concentrations (mg/ml)

Strain
100 50 25 125 6.25
S. mutans 25 24 20

3.125  1.56 0.78 0.39
17 13 10 -

ATE
% | <
BAIE
15 I EESXOIE2
G T T T |
= =

o olgl ;1759
(L 76%; Oof: 99%)
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—

AT w3 FFEY BPLA 4T YR WA

A7TH AE
o 24 (1 E3A)

H]

1. Y. enterocolitica wA 2 A thALA] 4
Y. enerocolitica®) S 718 oA L w A A}
[e)

[H

A 2ol WHsE BAstr] 93t
o Y. enerocoliticas 6, 12, 24, 48AZF&Qt vl & #AS WA E A EYE ol &35t
283 & fFEAgste] GCIMSE ol&3sted &AMt (Fig. 38). 4 %2 wiAe] GC/MS
datag PLS-DA TREEAEA W& o] &3t 243 $ scores plot# loading plotg 2
A5t BiAIQl 749 PLS-DA scores plot (Fig. 39A) gollAd ASA|Z7|ERE Feolzo=r
(p=0.065) THEEHE Ae AU TAZXCE M EAVE g/l A2 FAHAT (Fig. 9
C and D). 28y oA AR 22423 PLS-DA scores plot AollA ASAZ7|HE FEEHE
ZAAH HolAnt FAA R FolstA] & AR FAHIJT (Fig. 39-11).
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Fig. 38. Representative GC/MS profiles of Y. enterocolitica and its growth media.
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Fig. 39. GC/MS-based metabolomic analysis of the growth media( 1) of Y. enerocolitica and
Y. enerocolitica (11) at different growth stage.
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AWEA 718 Y. enerocolitica w4 2 wjA] IAAIE T FH SR xolE Hole iAE
S FA3 Ay wjA A= glycine, glutamic acid, succinic acid, fumaric acid, citric acid,
aminomalonic acid, theronine (Fig. 40), ¥l A+= succinic acid®} tetradecanoic acid’} &%
Ao (Fig. 4D. ¥iAl A9 P& tAEZEESC] 6A%F o|F F43] Hidte A=
Hol&= WA citric acide ASFAIZI7F 71845 &3] F7iste A& #RFHAT. 7

gArEE S A tiFE wiA oA fFalld Aoz Alsd WA citric acid?! 4+
AoA AAH] WA E wEHE Ao AsdY. #4120 A9 succinic acid7} 1241717 %
Z7Felt 7 1 o) %o TAaste 4&FS Bl W tetradecanoic acide A FAIZro] Sr1E4S
=2 A& FUisitr) 484170 343 &

rl->m

AN

1E08

Glycine o E
8 Fumaric acid
S irs
€ irm d
£ 5
g T
© b ey an s é
,,,,,, B e — —
= ] 6 121 b 138
E irew Glutamic acid
%
2z .
2 4 Theronine
g

Chromatogram intensity

H ‘
H Succinic acid sEm —— p—
i3 ‘ on 12k 2em 150
E aeese |
£ um
2 ‘ e
& i * ; B Citric acid
o m I I [~
s L=
: & ame
H Aminomalonic acid &
g
5 : - i
i S e
o 1 24 5
P | e B @ mm
oh 12h 24n 13h Growth time (i)
Growth time ()

Fig. 40. Quantitative analysis of major media metabolites contributing to the separation
between samples on the PLS-DA scores plot.

Succinic acid Tetradecanoic acid

$E=D5

SE-D5

'l

6h 12h 24h 48h 6h I2h 24h 48h

Chromatogram intenyity
Chromatogram intensity

Growth time (h) Growth time (h)

Fig. 41. Quantitative analysis of major cell metabolites contributing to the separation between
samples on the PLS-DA scores plot.
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2. AesAHg udEd A8 Y. enterocolitica®)l HARA -4
7k LCIMSE o] &3 thAAl #4
= RE o3 ASAY wHdEEAE AT T 124X, 244 %F, 48A%F v R Y
enterocolitica ©| A ¢} wjge] AEH Solde dA=EEEY WIE Fa AaAd
2 wHEEFY Ayt el mAle FFES st ﬂ%*ﬁﬂ & PstAh 50%
methanol FZ&&-& LUPLC-Q-TOF MSZ 4] (Fig. 42) 3+ & data processingg 7 * thH =
FAEAFAL AR T FoH SR AoVt e AEEES St 85

==
)
=

Control Treatment
Olzamide
o ) 108
™ 12h 12h 2
Asp-Glu-Am o oo
= CisSphinganine  ppyp7.y B 02 imeemadie 1y 4D 171
Asp-Glu-Am 38 i‘zk&: 13 + ) l . m 5
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g
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= 33 i |
e
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! 48h
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Basaavanaznaiosiosessuniennione s,
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Fig. 42. Representative LC/MS profiles of Y. enterocolitica (A and B) and growth media (C
and D) treated with the quorum sensing agent.

H| FAZH w2 A9 v A E LC/MSZE #4135k tAA|E PLS-DA scores ploto.2 -4
gt Ay WA WE A A Y tAMEEEY WHStE AAHJAAT AZHAE w@EE Y



Al & WEe FoHoE zol7b A vt (Fig. 43). 1=y A<l 49 PLS-DA
scores plot oA A9 v A7 FREEE o] FAFHUL ojw) A& PLS-DA
model®] qualityE =43 A3} =E parameters (R2X, R2Y, Q2)¢} wat@dZo] tAAS &
Asted EA7F §le A2 FRIFATH

I Cell I Media I
L R

FE0 A1, FEAV=0 487, Q2=0311, Parhe=0 720519 F2ME0 728 BAY=0201, Q2=-000124 F= 0599931

N Temrozted Origial Pemrntted Origiul
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3 g a 1 a
Con - Ix) Il [ u =
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_ a¥Bh 0 emnn \ -% 04 § 02 = . 12h %0,4 g
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Fig. 43. PLS-DA scores plots of metaboites obtained by LC/MS from Y. enferocolitica and
growth media treated with the quorum sensing agent. PLS-DA scores plot models querm
sensing were evaluated by quality parameters (R2X, R2Y, Q2) and permutation test.

PLS-DA scores plot “ollA Zfo]& Rol= A HAAE T AIRE 7He] zolof] Hoist
= EAES 543 Z3} Asp-Glu-Asn, 5-deoxy-5-(methythio)adenosine, C16 sphiganine,
oleamide, LysoPE(16:1)7} f-o]H o2 Alol7} Y= Ao 2 SRIHAT (Table 46).

E3] olE UAHAE FolA 71E A QU™ Asp-Glu-Asnz} wjFAIZEo] X LpH A
FTE7F Eobzl W AHEFol A HiF 12A1tel] EASHATIIY ZHASTH Y 4841t A
3l glojAl= Ao g AFHASM oleamided] F& Aol ofsiA HMRbol]stE ZrAste= 7
FS e 4= AU (Fig. 44). LysoPE (16:1)Q1 739 48AI1%F wj e A NA T =4 A=
v s g1t ole Asdd 712 d4F Ul AEes 3 JsdYE 22E
AZFO R o]FA7E BFo] AEHY aHEH A2 T Yehte Ao F
At Aadg a@dEde] Az s wAW AgAE EFE Wyl wol A=
o= #AY FE7l Z/HEAS o) FAE AZAY ndEHES] AW == Felols AW
EAES 74 W = §1eE HEUWA #A9 TEE ZEsH fell wet ol AAE=
Aol HEelo| =59 A4 waEE ABXEHE] Bostes ZoZ AARHTH
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Table 46. Identification of major cell metabolites affected by the treatment of the quorum
sensing agent.

Exactmass

Sample Identity (M~H) MS Fragments P-value® VIP®
Asp-Glu-Asn 377.13 245133217 0.003 1.16
53'-deoxy-3-

(methythicpdenosne  298.09 136,75.61 0.020 1.12
- C16 Sphinganine 27427 256,229 0.007 1.46
Oleamide 282.27 265,247,177.97 0.002 1.34
LysoPE(16:1) 452.27 3t 0.047 1.14
PE(17:1) 466.29 325 0.68 0.48

=P-value was analvzed bv one-wav anova test.® VIP is variable importance in the project and its value of above 1.00 showing high
relevance for explaining the differences of sample groups.

o ey

Asp-Glu-Asn §'-deoxy-5-

' (methythio)adenosine

‘ 6 4 7 cowdzoe
g - i
Il 2 %3 LysoPE(16:1)
T
0 +—= = ;0 4—m M
12h  24h  4%h 12h  24h  4%h PE(17:1)
PE(17:1) €16 Sphinganiie _ C16 Sphinganine
2 i 10 4 E .
v &) Oleamide
. | T T 1T T
! ‘ T i T Asp-Glu-Asn
0 5 "i'"i‘_"'l_ 11 T U L LGS =TT 1
12h 24k 48h 12h 24k 48h 5-deoxy-3-(methvthio)adenosine
Dleamide LasaPEQE) - 5 -deoxy-3-(methvthio)adenosine
7 4 -
70 4 - T =
‘ ‘ b C16 Sphinganine
i ] =
‘ T i ‘ Con Tt Con Tt Con Tnt
%
LS e s L S T 12h 24h 48h
12h  24h  4%h 12h 24h  4%h
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treatment

Fig. 44. Relative abundance of identified metabolites and their heat map. The heat maps
were drawn by R with ggplot2 and the green-red color represents the z-score transformed
raw data of soybean sprout metabolites with significant differences among sample groups. Red
and green colors indicate an increase and a decrease of metabolite level, respectively.
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. GCIMSE o] &3 tAAl &4

o] A5 FA dAle S 2t e AR " s P E [, T
enerocoliticas ¥ &3t WA A2 + 2 Ao EAsE AEEEY W
GCIMS=E A3ttt (Fig. 45). tHZFFA AT A3 viA] A5 &3t F2F A=
x84 (control)7} PLS-DA scores plot AollA F2jx o2 (p=0.0012).2 EgF+= Hk
AN A FYHeE F AolE YENYA 3t

o ~

¥ enteroc sl a i
Y L Growibmadiafor
I sutgmcelitca

| HY| X|
8
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Fig. 45. Representative GC/MS profiles of Y. enerocolitica and its media treated with quorum
sensing agent and their PLS-DA scores plots.

B A TESG FAYT Aol zold #ASE EHS FAHL A vjA|
1470 Edo] fFoF o7 2po]E B o H|E PLS-DA scores plotoll A 2] & ¢l
A 5

o A&
2ol & %%“SP SFAA T 44709 TA tALA = 2871¢] tiAE o] feolHo g xjo)r}
AE Aoz FgexArt (Fig. 46). vl Eo] biofilmE A o}—‘ztﬂ] FAsts Aoz LA

valine?l -9 A= Hasta dAdA = S7Hete A2 ##EE S nicotiamide,
hypoxanthine, adenosine, guanosine 5 DNA, RNA #3&j 34 4 FAESY o] AxdE

AFAEFHES AT o7& UolA 7tk AT s A T
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Fig. 46. Relative abundance of major Y. enerocolitica and its medium metabolites affected
by the treatment of quorum sensing agent.

3. = AYA vAAE L wjA] AA EA
7F FHEAAE 2t e FEFEES A S dlA giAA 4
FHed S zta = Aoz FH st FAAE (U3ID; ether:ethyl acetate FEE)

S A3 E coli S enteritids, Y. enterocolitica, L. monoctogenes, B. cereuss 164 3Hs
st wiA o] thAMAIEES GCIMSE ol &35t #A43 & THIFFAEA WHo=E &4
A3 25 AET9 control Ateloll o] & Q1 Zfol7t AFEH AT (Fig. 47).

ot FAHE AYTEH FAB T Abolol] Zpolo] #Ast= =-ES FAHI A E col
" | ol A= alanine3} lysine, S. enferitids WA ol 4= alanine, Y. enterocolitica W|A] ol 4=
isoleucine®} 3-methylglutaconic acid, B cereus vl A ol 4= lactic acid, threaonine, glutamic
acid7t froldo g xto]E Bl WvH L. monoctogenes WA A= o3t xtolx #HEE R
okt =3k Alanine, lysine, isoleucine®] & I EZo] Ao uet FaEHE HEIFS

o o

Rl d¥bH 3-methylglutaconic acid, lactic acid, threonine, glutamic acide= F7}st= A3
B3 (Fig. 48). S enteritidis FANH= F+EZ AH2]& <3l phosphoric acid kel

oo r Aadte Ae AT 5 AT (Fig. 43).
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Fig. 47. GC/MS-based metabolomic analysis of the growth media of £ coli, S enteritids, Y.
enterocolitica, L. monoctogenes, and B cereus treated with Z mioga extracts having

antimicrobial activity
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Fig. 48. Relative abundance of the growth media metabolites of E£. coll, S. enteritids, Y.
enterocolitica, L. monoctogenes, and B. cereus treated with Z mioga extracts having

antimicrobial activity
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of

O:
ox

. 88 2 e ERAAE AEd uiA] oA 24
SHES zty = BEFAAE A 5/ #A (E col, S enteritids, S. aureus, L.
monoctogenes, B. cereus) Z °lE WA WAAIE UPLC-Q-TOF MSE o]&3te] EA43F 2
B AA S A ZEaLo] & ZolE #AEsAT (Fig. 49). EFAAE A aA<A 4
T AT Ade EdEo] A AAG dE I AEY EHdELS AHAAY I 7
ZFo] w9 2 AoE #AFHIY olF HAEEAES U =
ANA Aot HIA g F7F FEEHA FEEE A Fls)

OO{

Media
= - “_—_ o
B. cereus Aalas .:7_7 .k e —
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L.monotogenes kx JL x — o Ejﬂw_ Ejl»L = e
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Fig. 49. Representative GC/MS profiles of Y. enerocolitica and its media treated with
quorum sensing agent.

E. coli| &= glutathione, NAD, LysoPC(C18:2)¢] &#Fo] A g]Fol 9a Z7}sti ot
m/z 796.63¢} m/z 782.63€ Zt+= EAE9 FHFLS HAstATH (Fig. 50).

S. enteritidsol| A= glutathione, NAD, Cys-His-Lys, retinoic acid, 13, 14-dihyro-15-keto
PGF 2a isopropyl ester®] 3t&Fo] A gl F-oll &3] F7istAth (Fig. 5D.

S. aureusel A= NADS}F Asp-Mete] 3 AHzlFo] <ol3] 7HASHA|9 Cys-His-Lys,
LPC(C18:2)¢] ke =713t} (Fig. 52).

L. monoctogenesol| Xl = Asp-Mete] a2 A gl+tol o8] 7F4skA T+ NAD, Cys-His-Lys,
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LPC(C18:2)¢] &2 F7tstAith (Fig. 53).
B cereusol A=  Cys-His-Lys,
Cys-His-Lys¢] &2 F7lst=

' Control

LPC(C18:2)9] 3&F2
HEA sucrosed] 32 fHAaskA T (Fig. 54).
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000 500 0 1000
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Fig. 50. Representative LC/MS profiles of E. col,
compounds and PLS-DA scores and S-plots.
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Fig. 51. Representative LC/MS profiles of & enteritids treated with the mixture of
antimicrobial compounds and PLS-DA scores and S-plots.
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Fig. 52. Representative LC/MS profiles of S. aureus treated with the mixture of antimicrobial
compounds and PLS-DA scores and S-plots.
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Fig. 53. Representative LC/MS profiles of L. monoctogenes treated with the mixture of
antimicrobial compounds and PLS-DA scores and S-plots.
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Fig. 54. Representative LC/MS profiles of B. cereus treated with the mixture of antimicrobial
compounds and PLS-DA scores and S-plots.

5A4E ole EAE ol9o|x m/z 387.17(fragment 105.06), 414.30(fragment 368.29,
194.05), 457.31(fragment 395.31), 448.28 (fragment 354.27, 180.10), 400.28(fragment 354.27,
180.100¢8] EHEE HAd BAGlel FHAE SFAAL Ao s F/hete o= &
A=A (Table 47).

Table 47. Identification of metabolites from cells and their growth media

Exact
Sample Bacteria name Identity mass MS Fragments P-values VIPP
(M+H)
L. monocytogenesis ;s 387.17 105
Cys-His-Lys 0.007 1.34
L. monocytogenesis LPC(C18:2) 520.34 184,104 0.093 1.14
S.aureus Asp-Met 265.08 171.150,104.219 0.003 1.11
cell S.aureus, .
- Ecoli OI57-H7 NAD 664.11 428,232, 136 0.014 1.09
EcoliQO157:H7 Glutathione 308.09 76.84. 116, 162 0.016 1.13
S.enteritidis Retinoic acid 301.21 91,105,119 0.006 1.21
S.enteritiais 13.14-dihydro- 301.21 205,189 0.021 124
15-keto PGF
2u 1sopropyl ester
B.cereus Cys-His-Lys 387.17 105 0.007 1.34
Media
B.cereus Sucrose 3651 203,185 0.027 1.08

iP.valuewas analyzedby one-way anova test. " VIP is variable importance in the project andits value of above 1.00 showing high relevance for explaining
the differences of sampls groups.
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& EgAAe Ao oJaf Alx¥ Eafrt

=, AgHdE BEAE, 4R AEEe ksl A

H oyAdom AHEE= iAW sucrose FHEF

Ao A=A S WErt FA48HA dojd whd
gl (Fig. 55).
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Fig. 55. Relative abundance of metabolites identified from cells and media treated with the
mixture of antimicrobial compounds.
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« Toxin Profile, Biofilm Formation, and Molecular Characterization of Emetic
Toxin-Producing Bacillus cereus Group Isolates from Human Stools (SCI, Foodborne
pathogens and disease, 2015, 12: 914-920)

« GC/MS& ©o]&3 Yersinia enterocolitica ¥ 2 Hjx|e] oAb #244 (WISCI, Journal of
Agriculature & Life science, 2015, 49:199-207)

« Pomegranate (Punica granatum 1.) peel extract inhibits quorum sensing and biofilm
formation potential in Yersinia enterocolitca (¥]SCI, Microbiology and Biotechnology
Letters, 2015, 43: 357-366)

« Bacterial quorum sensing and food safety (HISCI, &)&338t3} 4+, 2013, 46: 48-57)

« SCI &=& 1¥o] @A revision &
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» Quorum Sensing Inhibitory, Antibacterial, and Anti-Biofilm Activity of Dietary Plants
cultivated in Korea (FEMS Congress, 2015, nf~Ez2]3]E)

+ Anti-Quorum Sensing Potential of Pomegranate Peel in Yerisinia enterocolitica (3+=v]A &
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