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ABSTRACT

The development of microorganisms with beneficial biological properties is a significant challenge in the
fields of microbiology and biotechnology, particularly for lactic acid bacteria that play crucial roles in the food and
medical industries. This study focuses on using Atmospheric and Room Temperature Plasma (ARTP) technology to
improve the properties of Lactobacillus plantarum, L. casei, and L. acidophilus, specifically in terms of antimicrobial
activity and antioxidant properties.

The experiment began by determining the optimal duration for applying ARTP to each bacterial strain. It was
found that L. plantarum, L. casei, and L. acidophilus had different tolerances to ARTP, with optimal exposure times of 7-
9, 4-5, and 11-12 seconds, respectively. Subsequently, mutant strains with higher antioxidant efficiency than the original
strains were selected using the DPPH anti-oxidant assay. Test results showed that the mutant strains of all three
Lactobacillus spp. had significantly higher antioxidant efficiency. L. acidophilus strain LAM 12s 3(2) demonstrated the
highest increase in efficiency at 60.19%. Additionally, the mutant strains exhibited growth rates that were better than or
comparable to the original strains.

Antimicrobial activity tests using cell-free supernatant revealed that the mutant strains had increased
effectiveness in inhibiting various pathogenic bacteria, including drug-resistant strains such as S. aureus MRSA, P.
aeruginosa MDR, and E. coli ESBL. The MIC and MBC values ranged from 6.25-50% and 12.5-50%, respectively.

Antibiotic susceptibility tests showed that the mutant strains had increased sensitivity to Amikacin,
Ceftriaxone, and Doxycycline, but remained resistant to Vancomycin. Furthermore, the mutant strains demonstrated an
increased ability to produce flavonoids, with Total Flavonoid Content ranging from 29.95-42.76 |lg Quercetin
equivalents.

Stability tests of the strains indicated that the mutant strains had a higher and more stable ability to produce
antioxidants compared to the original strains.

In conclusion, this study demonstrates that ARTP technology can effectively improve the biological properties
of Lactobacillus bacteria, particularly in terms of antioxidant and antimicrobial activities. This has potential applications

in the food and medical industries.
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2.1 qmamﬁﬁa‘lﬂmm Lactobacillus spp.

A o . I A A .. . 1 < 1
1 d Lactobacillus 114 tUANFEUATNUIN (Gram positive bacteria) 3151911 unou

a

A A A< 3 vy J 9/3 A~ a 1 a
11914)8] ’Vi5'6ﬁ@ﬂulﬂuﬁ?ﬂﬁuulhﬁﬁk‘lﬁﬂ@iﬁ]ﬁiyhl@‘ﬂ\‘]il!ﬁﬂ'ngﬂllf]f]ﬂ“])’!,ﬂul,mgulhuﬁlﬂﬂ“ﬁﬁ]u
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(facultative anaerobe) 1A UN voUTYNQAUMYTI WA uAL IO URTYNgUNY

Q U 13

22)
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[ ] Y Y
@1 9a0glunqu lactic acid bacteria NAWITAKTNUIMIANg Ind (glucose) Winauan Ina

9 v

a IS a . . . % v @ @ <
(lactose) 1H1NANTAUANNN (lactic acid fermentation) AW INNY Leuconostoc N1 u

Homofermentative 11 @ ¢ Heterofermentative Lactic Acid Bacteria 12 J A3 1NN UN1UA D
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{3 T o 1 [ va J a ™
amwnadeunidunsauuafiGenquitdulualiauantdaiullsluledn uazwuldnal
A Qs// { ' ' . . .
Tusssuy 1@ 0979013 U normal flora U3 19N1 1YY Lactobacillus casei W% Lactobacillus
fermentum MU 1A U010 WU L.acidophilus 1ag L. fermentum Tunszimnzeinsuasan 14
] a v Jd A % 1 T dy 1 I
Tvig) MuAUeIMITURIAULAL TATHT 0011 1T HINABIAN Suan TauFadamilwrens Tian
0 1% L.casei subsp. Rhamnosus Fanolvinal5a Bacterial endocarditis, Systemicsepticemia
Y Y Y
Y [ = @ 1 4
1182 Abscess 19 A91UTIIMIIATIMUNTINGNT IARIINANHDLNIINION N HHAIAISIOU
(carbon sources) 8 NH M N19TAFUINT (nutitional characteristics) ¥ 998 ¥ 3 N193 1
(temperature range) (Orla and Jensen, 1919; 1942; 1943)
a Al a 9 1 A A A 1 .
yaunsdndailu st Tedn ldun uuahiseRied \udna Lactobacilus, Lactococcus,
Y [
Bacillus, Enterococcus, Steptcocous, muiwmummaﬂiuﬂquummm%%ﬁ%’wﬂmuaﬂﬁﬂ
v
v A 4 (] .. .
(lactic acid bacteria) SINNYTNI LYY Saccharomyces spp. (Kiein et al, 1998) (Salminen, and
von Wright, 2019)
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2.2.1 1l@AUBNDIMIS (food preservation) AI8MNTHIA (fermentation) 1N oA5
wane M Inararelszan ldun
a o 4 % g} '

ad g} J .
o HAANUMBIMITHINVINIUN 15U Tetn5a (yogurt) ¥uuTe (fermented milk)

a o Jd @ dy o Jd 9 = = .
o HAANUNUUNIINIUDTA LFU LU Ulﬁﬂi@ﬂ@ﬁ"lu ¥ (salami)


https://www.foodnetworksolution.com/wiki/word/0197/%E0%B9%81%E0%B8%9A%E0%B8%84%E0%B8%97%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2-bacteria
https://www.foodnetworksolution.com/wiki/word/1134/gram-positive-bacteria-%E0%B9%81%E0%B8%9A%E0%B8%84%E0%B8%97%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%81%E0%B8%81%E0%B8%A3%E0%B8%A1%E0%B8%9A%E0%B8%A7%E0%B8%81
https://www.foodnetworksolution.com/wiki/word/1121/facultative-anaerobe
https://www.foodnetworksolution.com/wiki/word/0782/lactic-acid-bacteria-%E0%B9%81%E0%B8%9A%E0%B8%84%E0%B8%97%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%81%E0%B8%A3%E0%B8%94%E0%B9%81%E0%B8%A5%E0%B8%81%E0%B8%95%E0%B8%B4%E0%B8%81
https://www.foodnetworksolution.com/wiki/word/1014/glucose-%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%95%E0%B8%B2%E0%B8%A5%E0%B8%81%E0%B8%A5%E0%B8%B9%E0%B9%82%E0%B8%84%E0%B8%AA
https://www.foodnetworksolution.com/wiki/word/1036/lactose-%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%95%E0%B8%B2%E0%B8%A5%E0%B9%81%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%82%E0%B8%97%E0%B8%AA
https://www.foodnetworksolution.com/wiki/word/1270/lactic-acid-fermentation-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AB%E0%B8%A1%E0%B8%B1%E0%B8%81%E0%B9%83%E0%B8%AB%E0%B9%89%E0%B9%80%E0%B8%81%E0%B8%B4%E0%B8%94%E0%B8%81%E0%B8%A3%E0%B8%94%E0%B9%81%E0%B8%A5%E0%B8%84%E0%B8%95%E0%B8%B4%E0%B8%81
https://www.foodnetworksolution.com/wiki/word/1985/leuconostoc
https://www.foodnetworksolution.com/wiki/word/3708/%E0%B9%81%E0%B8%9A%E0%B8%84%E0%B8%97%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B8%AA%E0%B8%B3%E0%B8%84%E0%B8%B1%E0%B8%8D%E0%B9%83%E0%B8%99%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3
https://www.foodnetworksolution.com/wiki/word/0333/food-preservation-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%96%E0%B8%99%E0%B8%AD%E0%B8%A1%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3
https://www.foodnetworksolution.com/wiki/word/0316/fermentation-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AB%E0%B8%A1%E0%B8%B1%E0%B8%81
https://www.foodnetworksolution.com/wiki/word/1077/yogurt-%E0%B9%82%E0%B8%A2%E0%B9%80%E0%B8%81%E0%B8%B4%E0%B8%A3%E0%B9%8C%E0%B8%95
https://www.foodnetworksolution.com/wiki/word/1076/fermented-milk-%E0%B8%99%E0%B8%A1%E0%B9%80%E0%B8%9B%E0%B8%A3%E0%B8%B5%E0%B9%89%E0%B8%A2%E0%B8%A7
https://www.foodnetworksolution.com/wiki/word/1942/%E0%B9%81%E0%B8%AB%E0%B8%99%E0%B8%A1-neam
https://www.foodnetworksolution.com/wiki/word/3065/%E0%B9%84%E0%B8%AA%E0%B9%89%E0%B8%81%E0%B8%A3%E0%B8%AD%E0%B8%81%E0%B8%AD%E0%B8%B5%E0%B8%AA%E0%B8%B2%E0%B8%99
https://www.foodnetworksolution.com/wiki/word/3142/salami-%E0%B8%8B%E0%B8%B2%E0%B8%A5%E0%B8%B2%E0%B8%A1%E0%B8%B4
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2.3 meugveandnInunBadandfey (Plaza-Baz, 2019; Nichapha, 2557)

Yt A

o ad a a
Lactobacillus bulgaricus 1% Tumsviin Teinsa 3wy laanguigil 40-45 ossiraidea

Q
4

a 4 : I A o o
NANLDEN1aA 1ad (acetyldehyde) ST uarsIinausaveatiuundn wazaiie
4 a & ] g} a
Uy TsAea (protease) Ba9z808T1/5AY (protein) Twiiuu 1 1dnsauedi Tu
. . a a R W % I a 1 a
(amino acid) 1AM W12 aNA W (histidine) ¥uilunsausiiTunnszqunisnsy
VDN Streptococcus thermophilus
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Lactobacillus acidophilus: U UM Tun1saseaniwindeoumudse Togulu
MAUAUD1T Wan TeenUMIUTIINIBIMITNeIRNIE S NEINTNouTY
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Lactobacillus casei - iHudmddyvesniaunulumaduenis dunumlumsadi
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Lactobacillus reuteri \¥ouToanunstloanunisnia@ulsaluniudueinis i
unumlumstlosdumswsa@nIsalugen
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Lactobacillus plantarunt-$19a 3 19@5ugunm Inudass Tunumlunszuiumsdos
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Lactobacillus fermentum: Hunuimlumsaiuguaiayau lnveusens Isalumaau
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Lactobacillus salivarius: WU luiiatouazseeiin NidseTerulunisussmieinis
9 A a dy []
MioaniazannNdeIveInsaare Tureeilin

. . S v a a dy J
Lactobacillus johnsoni: HunumlunistesnunisnigiauTaveusons Taalu
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https://www.foodnetworksolution.com/wiki/word/3166/%E0%B8%9C%E0%B8%A5%E0%B9%84%E0%B8%A1%E0%B9%89%E0%B8%94%E0%B8%AD%E0%B8%87
https://www.foodnetworksolution.com/wiki/word/1365/kimchi-%E0%B8%81%E0%B8%B4%E0%B8%A1%E0%B8%88%E0%B8%B4
https://www.foodnetworksolution.com/wiki/word/1536/sauerkraut-%E0%B8%8B%E0%B8%B2%E0%B8%A7%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B2%E0%B8%97%E0%B9%8C
https://www.foodnetworksolution.com/wiki/word/1856/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%AA%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%88%E0%B8%B2%E0%B8%81%E0%B8%88%E0%B8%B8%E0%B8%A5%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C-microbial-spoilage
https://www.foodnetworksolution.com/wiki/word/0908/intermediate-moisture-food-%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%B6%E0%B9%88%E0%B8%87%E0%B9%81%E0%B8%AB%E0%B9%89%E0%B8%87
https://www.foodnetworksolution.com/wiki/word/2955/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%AA%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%99%E0%B8%A1
https://www.foodnetworksolution.com/wiki/word/2955/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%AA%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%99%E0%B8%A1
https://www.foodnetworksolution.com/wiki/word/1141/meat-%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B8%AA%E0%B8%B1%E0%B8%95%E0%B8%A7%E0%B9%8C
https://www.foodnetworksolution.com/wiki/word/1141/meat-%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B8%AA%E0%B8%B1%E0%B8%95%E0%B8%A7%E0%B9%8C
https://www.foodnetworksolution.com/wiki/word/1136/sausage-%E0%B9%84%E0%B8%AA%E0%B9%89%E0%B8%81%E0%B8%A3%E0%B8%AD%E0%B8%81
https://www.foodnetworksolution.com/wiki/word/1297/ham-%E0%B9%81%E0%B8%AE%E0%B8%A1
https://www.foodnetworksolution.com/wiki/word/1137/bacon-%E0%B9%80%E0%B8%9A%E0%B8%84%E0%B8%AD%E0%B8%99
https://www.foodnetworksolution.com/wiki/word/1460/lactobacillus-bulgaricus
https://www.foodnetworksolution.com/wiki/word/1176/protease-%E0%B9%82%E0%B8%9B%E0%B8%A3%E0%B8%95%E0%B8%B5%E0%B9%80%E0%B8%AD%E0%B8%AA
https://www.foodnetworksolution.com/wiki/word/1189/protein-%E0%B9%82%E0%B8%9B%E0%B8%A3%E0%B8%95%E0%B8%B5%E0%B8%99
https://www.foodnetworksolution.com/wiki/word/1190/amino-acid-%E0%B8%81%E0%B8%A3%E0%B8%94%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B8%B4%E0%B9%82%E0%B8%99
https://www.foodnetworksolution.com/wiki/word/1201/histidine-%E0%B8%AE%E0%B8%B4%E0%B8%AA%E0%B8%97%E0%B8%B4%E0%B8%94%E0%B8%B5%E0%B8%99
https://www.foodnetworksolution.com/wiki/word/1455/streptococcus-thermophilus-%E0%B8%AA%E0%B9%80%E0%B8%95%E0%B8%A3%E0%B8%9B%E0%B9%82%E0%B8%95%E0%B8%84%E0%B9%87%E0%B8%AD%E0%B8%81%E0%B8%84%E0%B8%B1%E0%B8%AA-%E0%B9%80%E0%B8%97%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B8%A5%E0%B8%B1%E0%B8%AA
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2.4.1 ununluszuumaauens:
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2.42 unumluszugiiduiu:
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zﬂy A A A A A 9 zﬂy = J
VINFOLUANG NI BE HEN AT 1AgIBIAUNTE
. A o % = ] [ ]
o Lactobacillus ifnenmlumsilesiunsesae lumsinu Tsnuasems wu
[ A a9 . .. A ]
M13%28aA81IMIVEIN13NNTIU 15NN (atopic dermatitis) HTBN1TFIAA
A A Ag <
91M3V0INMIAAFD NI UVLIFA.
o
2.43 miliseTomiluguninans:
v Y v F4
o Lactobacillus $380anNNITIv0INITAAITON 1M AT U Tusz D DNIVAY
9T VOIANT
e Lactobacillus NN Tumsaivayunsrewnsluszuumaduilaaie
laudeszvugiiquiv
2.4.4 m3lFluesasu:
o Lactobacillus ingnlaluenisaSuioaiudyumshauvesssuunuay
GRITRD
o  M3U31AA Lactobacillus TuguuuevIsaIueInsIeiiulszansaimves
msguaguauna i
@ J a a a
2.4.5 VNEOWUFVDI Lactobacillus casei A1NITONANIANNUUALTITDIHITUI
Usgmandingyaesnene
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2.5 InveauuaiiSaamgnuguomanInnsada
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® L acidophilus annsai gnTiszungiiduiuseuneiinnudsinonsaaie
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2.6 mﬂuﬂmﬂﬁ’mﬂmﬁnmﬂwugamudu (random mutagenesis)
<3| 2 { o a { 9 Q' a
Wumaianlglumsildmanmsuasunlamisiugnssulu DNA vesdlidia ns
o 4 T A9 Y A A [} o ] a A 9 A A
naeuguuuguiive lanlseuiie insuduiisedundesinsnieiieszuunsnILgy
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[ 9 A A A 9 [ o 1A A A 1 [ ™ =
dungudou nansoiof lglunsnareiuiuuuguiinnudeseivanaienu Taena T
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2.6.1 i linamsasuuasnianil (Chemical Mutagens):
o volanSeu:
=\ = o o Y a @ P
o ANWHAINYIAY: snla st IiAamsnaeRugn
WaINNa1Y 15U base substitutions, frame-shift mutations Hazdu d
Y J o Y a = == 1 [
o MislauOIe: @15 linamsdasuudasmuaiinnuaensns
lnuuazansondeniu ldnazuing
Y A
o  To1de:
o ANNT UM 8 TNANTTNUADS IS UNRINZILI IS
aguilaeuy biased mutagenesis 18
I a =~ = [} aa A 14 = 4
o ANUUNY: MTIANLsEA 150 95ReN Tus luduas Tmdeves lad
0 q YYq I Yo = a o A
awnsomIdglglasuanumdesnnasisluszauganiogaunn
2.6.2 UV Radiation:
o volanlSeu:
[ v A o Y a 1y 4 ] q'/ ogj
o limwizimizes: 598 uv i ldnamsnaeiuguuugunanms
% Q' AAA
NUFNITUUDIAINTIN

v A =
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2.6.3 X-ray 16 Gamma-ray Irradiation:

o doldnlSeu:

o MIUNINTLG: ST X-rays LALSIF LANNT AWNTOUNINTLIOANG

G

4 v
A A

v H H 4 [l 4
falirianIngruniedalizianiiiewelnaguraiedu
e Random Mutations: 548 X-rays a2 598 unuu aunsamiedinh

Y a o BN ) Yo 7
Glﬂ!ﬂﬂﬂ’liﬂﬁTﬂwu‘lj‘ﬂﬁﬂ\ifﬁiwu‘ﬁ'ﬂiil]hlﬂﬂ\‘]mfaa

7 ) 9 7= a = s A
o Qﬂﬂiﬂluﬁgﬂ’ﬂllﬂﬁ@ﬂﬂﬂ:G]BQIGHQﬂﬂimVIWLﬂBLLﬁZNﬂ’)HJLﬁfJ\WH]%
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Y v A A A 1 = 9 Aa =
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o A A o o Y =K
anudasansdu ] INBDIINANITLVIDN
2.6.4 Transposon Mutagenesis:
o doldnlSou:
. . Q) | o_ o Y a
o Insertional Mutagenesis: miwuh;ﬂﬁmﬂzg’ﬂmﬁmumﬂmﬂﬂms

Y] 4 d'o 1 1 W Yo
naeugIUgURG a1 9 Tagldldsumanszn
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o doide:
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WugNsuazgn $100 BANUNN transposon Ta 1Aminin
o HANTZNUUBIAWNUL: A WHUSNYN transposon Td 0198waliinans
o o v
QLR TRTATS ATPAVITERR LS
2.6.5 Error-Prone PCR:
o doldnlSeu:
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o  Targeted Mutagenesis: @11150 19 1UMsnaeWUgHUUIZYMT

iWhvune 18
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base substitutions ¥1NNI1 diverse mutations
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2.6.6 DNA Shuffling
o voldSou:

e Recombination of Variants: A5 19 NUNAINHAEHIUNT

recombination U89 homologous DNA
. % =) J [ .
o Directed Evolution: #1152 Towi lunsnaasawau1uy evolution

experiments

E4
o MINAFOUEIIN: NTTUIUMIHBITANNGIeNIazAR IFUNa

lumsimaas

v 9
% Y
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2.7 maﬁﬂminmﬂﬁ’mﬁ Room-Temperature Plasma (ARTP)

i
~A o

< a dgl o o [V a A F) 1
Aumaianiannvudmsumsnatewuglunieiine laglswarailuusseimea
IS4 3 v Y A v A o w A Y a a
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1 A A a A a <3 1 Yo a A zﬂy A
unsrangiaiulseansamlumsnaatazanuuwns IR uuUaNis e %051 Lazny an

= =) v aa @ o A 1 A 1 J 9
!.‘]J‘ifJ‘]JL“V]E;I‘Uﬂ‘]J’J‘ﬁfHﬁﬂaﬁquﬁ’f)u ) ¥U NTG 150 ﬂ1§ﬂa1‘t’JWH‘§Iﬂﬂﬂ1iﬁl%’!Lﬁ\1

a

=

@ [ 4 a A < a @
aamﬂﬂmaﬂ ITVUNAYNUT ARTP ﬁﬂﬁ%ﬁ‘ﬂ‘ﬁﬂTW’sIQ WumatansnatenugLuANise

E]
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AA o

MSANEINOUMININUI ARTP a@n3olsulamsiiuaasduian e ugnssunionsinig
o 4 1 { a o 4
NA1WUEFA (Ottenheim er. al, 2018) uilIunguanuiasevesna lnnmsnareiugveszuy
ARTP 4131185 unsanud leedraFanu uan1sa319598 UV 5938 reactive species 7
] 1< A o Y a v J . . . . A a dg’ o
m%xsﬂuﬂa"lmnwﬂwmﬂmiﬂmawuﬁ (Li et. al, 2008) Reactive chemical species NNAVYNT
Iinamslasuutasluue DNA vazfauniioniiliina ¥11viAa single- or double-strand
breaks ®nNA28 (Arjunan ef. al, 2015)
2.7.1 YoAveunAiin ARTP
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1) MuseansmunIsnalenug ARTP a3 lvinisnateiuginaay
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peNIIAGT WAL TEANTAMWN
1q ¥ A 1Y 9 A A = 1 A Aaa A
2) Lilgaismil hidedldarsmifenniinansenuaedsliFianTe
funado
o Y Aa % o Y a d‘
3) lvitmannurainralenanugnssu i ldiinamaldsunlami
@ A ~ 9 [ A A A & 1 9
UFNITUNAINHAIY, NO1vaINaANBas NN 01ss Terinomslaanu
4) aanaaganuaem lunidise aanan lFlunszuiumsitouay
AUANAINNITNAADY
2.7.2 Yoraavounniin ARTP
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D anuhimiveulunisnatewus msnatewugnnevulianyue la
1 [ o U 9 Y
uuueumas luansorhiueariminla
2) manlasumlasiludesms ernamsulasuntlasmeawugnssui lu
foamsnse luiadsyaed
) A a v o o A X dyy
3) ABIMIMINAgaUINIAN AoeriinInadouazAaaonden 1asn
d' A A a é’ wa A 9
ARTP aasaauanuasun]asinavutazgaauinndeinis

4) mm%mﬁ’ammmzmuma NITUIUNIT ARTP ﬁ@x‘]ﬂ”liﬂWiﬂ’J'Uﬂll

o Ao 9 o q VY D) N a 2
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2.8 511NNV

1 Y4
Xu s AMUESIIIUNMTINAWIWUTVDN Bacillus amyloliquefaciens A8 ARTP
o Jya o A a ~ A .. A a
Mminioasimsaelszuna 95% 7 100 Ju19 Tagfil positive mutant INNNTHNAA

menaquinone-7 & 4.25 11 Xu et al, 2017)

= Y Aa 1 9 ] A A
MSANYIVDY Zhu LazANE 1% ARTP NUUMAIE319 ARTP 3ANa@en 1u
Y
. e S a a3 o
Bacillus subtilis 111721 150 2119 Taeldmsaeuausanamdiumas lumsiasndo
A a . A o MY = o & a & o &
@19NAA surfactin WU 1FONAWWUS IG1INDT 27,000 eeviusuaz liFonatewus
T . Y & R o 7 . ]
37 AOWUTNHAA surfactin TAZI HAZWDIFONA BN UTAANMITTUATIZH surfactin 1A
5.4191 uaza s C15 surfactin variant HaADONNIBEINUBINBUND wild type

(Zhu et al., 2017)
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3.1 NSOUMUINANITIVY

aaulsau

o
Lactobacillus @18WUT wild type
Lactobacillus maﬁ’uﬁ mutant WA

expose U ARTP

3.2 MS90NUUUNISIVY

a o g’./ dyd ao @ a2 A 9 = a
ﬂ”l'i?ﬂﬂﬂiﬁulﬂuﬂﬁ%ﬂﬂﬂﬁ&ﬂ“ﬂfniWGM“LJW]ﬂafNGl‘Hﬁ”IGUWﬁ%TJWEH Taalesse1 0135390

awdsm

ANANTANMIAIUTNT AR 9

:> AMAVIAT31983 anti-oxidant

ada o

a y v = 1 o
!,6]5\‘1‘ﬂﬂa’ﬂ\‘ilﬁ@!ﬂ%fJ’ULﬁﬂﬂﬂmﬁuﬂ@ﬂ'l\ﬁﬂﬂ'lwsluﬁ'luG]'N ) VO Lactobacillus TIYNUT mutant

] ¥
Had91n expose NU ARTP Tagsin1snadoy L‘ﬁ’f]“l’ﬂﬂ’NﬂJLW]ﬂ@?ﬁﬂlﬂﬂﬂmﬁﬂﬂﬁilllﬂ1i‘ﬂﬂl%ﬂ

¥
1 o wa 1A J [
LL‘]Jﬂ‘ﬁF‘iEll,mgL%’EJi1ﬂE]Iiﬂ‘VINﬂTiLLW‘V]EJLLﬁ%ﬂmﬁiJ‘]Jﬂﬁ%HﬁﬁWi anti-oxidant IMUAITVUANANNU

o814'ls

A A d
33 msawmmzqﬂn’im

3.3.1 13040
Incubator
Raminaflow
Candle jar
Lﬂdi' 84 Autoclave
Lﬂdi' ©4 Centrifuge
Lﬂdi' 84 Vortex mixer
Lﬂdi' 93 pH meter
Lﬂdi' 84 Spectrophotometer

Water bath

binder/Germany

FASTER/Germany

United Science Co.,Ltd/Thailand

Tomy, SS-325/Japan

Sanyo,Harrier/UK, Hettich,Micro200R/Germany
Gemmy Industrial corporation, VM-300/Taiwan
Metrohm, 713 pH meter/Switzerland

Thermo spectronic, Genesys 20/USA

Julabo, TW12/Germany



3.3.2

4 <
IATOIWN
Hot air oven
Hemacytometer
ginsnl
Erlenmeyer flask Y118 100, 500, 1000 ml
NZUaNAIN (Cylinders)
= 14
UNNDT (Beakers)

Sterile cotton swab

Inoculating loop

Forceps

Needle

Dropper

Glass slide

Tip

Spreader

Auto pipette

Test Tube Racks

Eppendorf

Sterile Syringe Filters Size: 18mm, 0.45um
= 4

AZINYILDAND DA

FouaAnas

1 dy
LLNHﬂi%@WEﬂiﬂ\iﬂa@ﬂWﬂ
NIELAHIIAT

' Y
LUNNLNT
Y
T3t
QINAIAAN
&
MUINICLYD
Freezing vial
96-well microtiter plate

Sterile microtiter plate

Heraeus/USA

Ohaus, ARC120/USA

:Pyrex/USA

:Pyrex/USA

:Pyrex/USA

:Nited Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:SARTORIU/Germany

:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:DEX/Thailand

:Advantec/Japan

:United Science Co.,Ltd/Thailand
:United Science Co.,Ltd/Thailand
:PATUM/Thailand
:PATUM/Thailand

:HI VAN/USA

:United Science Co.,Ltd/Thailand
: Nunc Co.,Ltd/Thailand

:Nunc Co.,Ltd/Thailand

13



34 ’Gﬂi!ﬂﬁ uazﬁmmﬂmu
Sodium chloride

Oxidase

Catalase

3% H,0,

KCl

Phosphate buffer saline
NaHCO3

Gentamicin

Bromocresol purple

Crystal violet

Di-ammonium hydrogen citrate
Di-potassium hydrogen phosphate
Di-sodium hydrogen phosphate
Ethanol 70%, 95%

Glucose

Gram’s iodine

Glycerol

Hydrogen chloride

Magnesium sulfate heptahydrate
Aluminum trichloride solution
Potassium di-hydrogen phosphate
Safranin O

Sodium hydroxide

Tri-sodium acetate Toluene
resazurin

glacial acetic acid

QReC New Zealand
Fluka Analytical/USA
HERCK/Germany
QReC New Zealand

HERCK/Germany

UNILAB/Australia
SIGMA/ USA
UNILAB/Australia
UNILAB/Australia
Lepont de clix/France
Lepont de clix/France
Lepont de clix/France
UNILAB/Australia
Lepont de clix/France
Bio-Medical Laboratory/Thailand
Lepont de clix/France
Lepont de clix/France
AJAX Chemicals/France
AJAX Chemicals/France
Lepont de clix/France
MERCK/France

Lepont de clix/France
Lepont de clix/France
SIGMA/ USA

SIGMA/ USA

14

: Mallinckrodt/USA and M&B/England

2 X 8 A
3.3.4 911195184159 UAZIHITINATdVY UAN
O S .
L9318 YDLUUY Trypticase soy agar

X
2. 91M15RBNFINAY Trypticase soy broth
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3. ﬂTﬁTﬁLéﬂﬂl%ﬂlﬂaﬂ RPMI 1640 medium
4. 91113 !.%EJQL%EJLL%Q Potato dextrose agar
5. 91113 !.%EJQL%EJLL%Q Muller Hilton agar
6. 91119 L?;ENL%EJMQ% Muller Hilton broth
7. mmﬁ(gmvﬁauﬁq de Man, Rogosa 1i6i¢ Sharpe agar
8. @1%15&%6&!‘%&%63 de Man, Rogosa (lai¢ Sharpe broth
3.3.5 Disk ?Jﬂ‘l!ﬂ15‘i’lﬂﬁ?)‘l]
1) Cefoxitin
2) Ceftriaxone
3) Ciprofloxacin
4) Doxycycline
5) Erythromycin
6) Gentamycin
7) Imipenem

8) Vancomycin

Y
) S o

. , PR 2
3.3.6 nuafBannlsanamsunndvisasuanizaasmnlilunsnagesy INIdu 9 ae

@

A
U AD

oAa

J A A 9
NRULUANLYLNINAY sznavniy

1) Escherichia coli (1 isolates: Escherichia coli ESBL producing strain),

2) Enterococus feacalis (1 isolate: vancomycin-resistant enterococci)

3) Aeromonas hydrophila (1 isolate: clinical isolate)

4) Salmonella Typhi (1 isolate: clinical isolate)

5) Klebsiella pneumoniae (1 isolate: Klebsiella pneumoniae ESBL producing
strain)

6) Acinetobacter baumannii (1 isolate: Acinetobacter baumannii Multidrug
resistant)

7) Pseudomonas aeruginosa (1 isolates: Pseudomonas aeruginosa Multidrug

resistant)
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=1

== 1 9 3’; Yo 4 a 4
!.L‘Uﬂ“VIL'iEJVIGlED'QlLlﬂ']ﬁ“I/lﬂ’df)“]J‘VN“H‘Nﬂulﬂi‘ﬂﬂ’NiJlegLﬂﬁWgﬂﬁ]']ﬂﬂﬂ!%’Wlﬂ?ﬁWﬁ@]illaﬁﬂﬂw
a 4 v A ¥ 1 o
mAlANTUNNG 15970 MinuauguaIniFenadoulungu drug resistant 1114 Tagn1s
Y
1/1ﬂafmmm"lwmv‘fswamé’ﬁuqa%wwmwaﬂ Clinical and Laboratory Standards Institute

(CLSL,2017)

1 aA Y
NRULUANLIYLNTUDIN Usznaune

1) Staphylococcus aureus (1 isolates: methicillin-resistant Staphylococcus aureus
(MRSA))

2) Bacillus subtilis (1 isolate: clinical isolate),

A A ¢ = Ao oA o ¢ A
3.3.7 !‘lﬁ’)‘ﬂTlﬂi’)iiﬂ‘i’lNﬂﬁl!WTlﬂmﬁuﬂ]‘i‘nﬂﬁi’)‘u UNaU 1 a18NUD A

Q

1) Candida albicans (1 isolate: clinical isolate)

3.5 35MsnAael

o d
3.5.1 MIALNABAYE mutant
9 [ Y Y
V¥ Lactobacillus NABINITNATOUN culture VUDIMTIALIHD MRS agar
Y ° 1 1 a 3| < 4 ES o .

viniuii lusigungil 37°Cilunai 24 52 Tuano 1% 18 pure culture 91017111 isolated
colony 3119991314 steriled 0.85% NaCl 1§111/3@ absorbance 1% 1@ 0.5 McFarland Standard 11

J A 1 3 Y A 1 1
d1sazaresaatTua 10 pl ldaumnan sterile a9 13 1@ IR ana1au szeer1asenIN

v Jd

fedes U anadinasii 2 vy pagnaaiudlszain 4 Tad oas1n1s lvavean 1w
915nOUAD 10 anTADUIN (SLPM), Hazda1114ms expose 351319 0 89 150 U1 M&I91AAT
expose 428 ARTP 17 111820619101 A steriled 0.85% NaCl 19T113 110 100 i wdirl)
spread U¥ MRS Agar Lﬁ@ﬁuﬁmauwaﬁﬁiaﬂ%% (Ottenheim et. al., 2018) ‘ﬁ1ﬂﬁ‘ﬂﬂa’m°§1 3
ﬂ%ﬂ, u,mx'é"@mﬂ1i@118%ﬁ1uam@11ugmﬁe§:

Lethality rate = [1—(NT/NU)] x 100 (1)
Tagfl NT 1z NU Ao s1uauTaTafilunguil expose taznguii 118 expose AMd 1Ay (Liu et

al., 2020)
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Do

3.5.2 mimaamaﬁmn1w611mmim’%muaauimmgqmauﬁ’ﬁmaam‘sﬂszn@uﬁﬁqm

MIvIMN (Growth Curve and Production kinetics of Bioactive Substances)

AR oaeiug wild type aza1oWu g mutant 11 culture VUPIMIIABIED MRS Agar
st Agungi 37°C funat 24 2Tt 1718 pure culture 9101111 solated
colony ﬂlaw‘f;aﬁﬁl%“lumﬁmﬁaum suspend 11 0.85% NaCl 3@ absorbance 1% 1@ 0.5 McFarland
Standard (ﬂ?ll Wm!,“f'l’e)ﬂi Ly 1.5x 10° colony forming units per milliliter (CFU / ml)) (Mcfarland,
1907) ﬁwﬁy@ﬁﬂ%’mmmjuuayaﬂ%m 500 ul U1leaaluerm1s MRS Broth 5 ua. (1%) vo4
GRVIRD) ﬁw"lﬂﬂmﬁqquﬁ 37°C 150 rpm 1uan 24-48 $2Tue m3fasasmsniyivlaves
Fonade i lasmsihidaedeemismanllSadinisganduude(op) 7 600 w1 luimas
(Thermo Fisher Scientific, Waltham, MA, USA) Lmzmmﬁ"151'"11Jﬁ1ﬂmwmemm?ty@ﬂm
yntuhded1seniamadi 18U Ao 10,000 ¢ 7 4 °C Hunan 15 w1H (Sigma-Aldrich
Co., St. Louis, MO, USA) #20814 cell-frec supernatant (CFS) ﬁ“lﬁﬂzﬁﬂﬂmﬂﬁamﬁamim%{%’ué'?a
L%@@ﬁl&ﬂ?ETﬁﬁuGl%LLazqm§(ﬁ1uﬂ1ﬂguﬁa§ﬁﬁ$
msnameunaniAMMTeyaUStnagoy

353 m3asaedeuRmaTRlumsiuiaunidnaaendae Agar well diffusion

AT agar well diffusion §a111/a191n EUCAST. 2022 Taomstinifeiidesnisnageuin

A

Y Y 09// e ' v < Ql/
culture UNBINT1A89%0 nutrient agar/ PDA 9101w luuigaivgil 37 °C iflunan 24 92 Tuq
] 9 k4 v
e 13 18 pure culture 910U isolated colony Yo uFo N 15 1un15NAaoUN suspend 11 0.85%
9
NaCl 9@ absorbance 19 1¢ 0.5 McFarland Standard (ﬂﬁlﬂm&%@ﬂﬁ%lﬂm 1.5x 10° colony forming
units per milliliter (CFU /-ml) bacteria ; 1.5 x 10° colony forming units per milliliter (CFU / ml);
9 v
yeast) (Mcfarland, 1907) ﬁwgsﬁaﬁﬂﬁ’ummwué’am streak 28737 three way swab aslu plate
4
Muller Hilton agar (MHA) mﬂﬁuﬁmmng agar mumgﬁumquﬁﬂmq 6.0 HaawAs A2 sterile
P . A o 1 a = = Y 9
cork borer 1% autopipette M1lad10819 cell-free supernatant ¥UAHN I 9 Nauly AUaNMINTY
uanarenu 1l (25, 50, 100 % viv) Taas iU TuvguimizeTon TAdU5u1a 30 pl udanirlduug
a I ] 3 @ .. A a d?} =~ ~ @ ..
BV CRIEY 37°C L‘ﬂunm 24-48 G]f'JIlN 1NUUIA inhibition zone mﬂﬂﬁum‘ﬂiﬁmm&mﬂ‘u Positive

control Ao 811/ ﬁ%au ¢ gentamycin/clotimazole (1 mg/ml ) 18 negative control o sterile media

Y v v
Muller Hilton broth ttdtaon¥o# 141 inhibition zone yuaneaula 11Ul unsnaaauaelil
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v
Y = [

3.5.4 MsaIaeUANNENTUNATgalumsTudgdunsdnagevdramatia

Microdilution

o_ o dy Ay A g 9 . . o dy dy

Wnhusendssmsnaaeuimy 13l freezing vial ®9NUININIT culture YUBDINTLAYIUTD

3 o ] { a 1< o 4
nutrient agar/PDA 9101 w1 I uniguvgd 37 °ciurnat 24 ¥ Tuaie 1918 pure culture
Y Y v
N UU isolated colony vousen ¥ lumsnageuin suspend 11 0.85% NaCl 3@ absorbance 1%
Y
1& 0.5 McFarland Standard (‘lJ’iiJml!fd]SfJﬂi 2119 1.5 x 10° colony forming units per milliliter (CFU
/ ml) bacteria ; 1.5 x 10° colony forming units per milliliter (CFU / ml); yeast) (Mcfarland, 1907) U1
ay A [ 1 9 = [ 1 A Iy a &y
W@‘I/Iﬂﬁ@ﬂ‘i/]ﬂﬁ‘]_lﬂ’ﬂllﬂuLLﬁ’JZﬂL%@%NiM@ﬂﬁTﬁ’JM 1:100 11! MHB/RPMI LW@Glﬂ‘JJ‘]JiNWiL!LGBE]
Uszanae 10°/10° CFU/mI
k4

Wueme : A23RImsdSuanuauueuseuuaiie neuiiminageunu lvessineduga

= [ = =
Ay 15 119

'
A

11 cell-free supernatant NHYNTNUIAU1991NN1TNATOD Agar well diffusion ¥111A15130
k2
9 . a2 . . . . .
919A2801%1511 872 Muller Hilton broth 1/51719171%0 Ta835 two-fold dilution 14 sterile microtiter
~ ®, Y Y ) Y
plate UDEIATYN Negative control (1)1 control ©1111510891%0 1HOATIVAOL sterility VDD 1T A
Y Y )
1%® 19383 Growth control Y8y 1ae laANea1T cell-free supernatant Lﬁﬁ]@]‘ﬂﬂﬂﬁﬁ]‘iiymui@
dy QBJI a . dy a A A 1 <
YOUFO 91N UIAY inoculum VB UFoYaUNITINa Ul ldaslunquiluviqunadeunazviqu
a dy dy d‘ Y a 1 [ a
Growth control QN ag 50 ul HagANo v ITReUreme Inlsuiasminurgunaceu arh
. . g o : i < M
microtiter plate 9101115111 incubated 1 37 °C (Pudan 18-24 2114

msulana

]
A A

1 v 4
1101189 resazurin indicator (0.18%) 10 pl 1147 incubate 1 %2139 Funadinadu d11¥wa
I = gl a A A 1 I~ A [ 09.1) 9 9 9 I =\ A =
Lﬂuﬁumum@ﬁmq LLE’WN'JWWﬁL‘]_]uU’Jﬂﬂ@ﬁnﬂﬁﬂﬂUEN”I,@ uazﬂﬂwwmﬂuﬁwmm@“lmuﬁ
' ] < A ' v oy o R Y Y o ~
Llﬁﬂ\‘l'ﬂl‘l‘l’iWaL‘]Juﬁﬂﬂﬂhlﬂﬁ"IiJTiﬂfJ‘UfNllﬂﬂWaLL@%U“L!‘VIﬂﬂTﬂ’JﬁJHlllﬂluﬂ”lq@ﬂl@ﬂﬁTi‘ﬂﬁnﬂiﬂ
o & a &L gy & A g '
EJ‘]Jﬂﬁﬂ?ilﬁ]iﬂ]ﬂli’]ﬂl“ﬁﬂqﬂﬂTﬂuuu]Wﬁ%!ﬂuUﬁﬂ%TﬂﬂTiﬂﬂﬁﬂU MIC ”lﬂ‘ﬂﬂﬁi’)‘]_l MBC @]'E)llﬂ Iﬂf]
] an .. Aa Y ¥ A g A o A
ﬂéﬂﬂ?ﬂﬂﬂﬂﬂﬁ@ﬂi%ﬂ?ﬂj‘]%ﬂug Gentamicin NUAIMVNVULTUAUN 80 Ag/ml NINITNATDUN
A v A qg//
IMUDUNUDN 3 AT
Yy ¥ a v A gy ..
3.5.5 ﬂ15°ﬂﬂﬁ@ll‘Vi1ﬂ31N!611NSII‘Hﬂ1@"(5]“@'11]1iﬂm1l‘ﬂﬂl1ﬂ(Mlnlmum Bactericidal
Concentration; MBC)
1 9 an [ v Ay ~ 9
11101 MBC 228775 Streak Plate Method (ﬂﬂl!‘l]a\ﬁ]"lﬂ CLSI, 2018) i]iJL“])’@iﬂﬂﬁQiJlelﬂWﬁ

UINIINATMIC N1 streak VU Tryptone Soya Agar 11 1 tiufigauvnil 37 °C ilunan 24 #2174
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' ' o W ¥ v y g t & vy '
mse1uranl MBC ¥ 1dTas dranududuvesnqunageutazernamisnsinie ldee liny
a & < & vy &y < A a < &
MIsUeIFe U MISAsuTe uad e liaenaznuFNs YULDIMITIRENTD
MInageURMANTAMUIYNADA Y
3.5.6 MIANHINSMUOYNADATE
A1INATOY DPPH (2,2-diphenyl-1-picrylhydrazyl) assay aauilada1ua5n13ns21y Iae Tan
o 1 @ 4 1
et al, 2009 Tagn15111 cell-free supernatant 11NUAAE A WWUTU ATV TR HIANTUE T UA1 9
(0.78, 1.56, 12.5, 25, 50, 100 % v/v) UTu1035 100 ul Ta a1l 96 well plate uddna1sazale
Y 4 v
DPPH (0.02 mg/100 ml in MeOH ) 100 pl ad11) mau1dwidu vdenindunedl3luniia o
a9y A o [ 1 A A A 14 A
gungivios uu 30 wii 1hlddadimsganauuds 1anweaau 517 u Tuwas a1ein304
v v
Microplate reader (BioTek, USA) 11/5 8 Uil g U1 Negative control A n15 1WA ULNU AT
o o 1 A o J < J h, o . .
nagou 1Intuihan ldudiuanlesiduanisdudieyya DPPH (% Radical scavenging) 910

qng

Acontrol — Asample

%Radical scavenging = x 100

% Radical scavenging = A control

%11 Calibration curve #2833 Vitamin C equivalent antioxidant capacity (VCEAC) Taoaseu
1582218 L-ascorbic acid 114 Methanol 1 1ianududuarse (7.81,15.63, 31.25, 62.50, 125,
250, 500, 1,000 pg/ml) 4Aa21T 1M IMATOUNVAITaLa18 DPPH 14U 1A 830D cell free medium
Muralsuaanaunisvesnsdasazateasgiu nazoaaan lugduuy pg Vitamin C
equivalents YOIA0814 cell free medium

3.5.7 maimnznSanaasvalauesa (Total Flavonoid Content)

TaB1i1 cell-free supernatant 71 1A 11T UT UA19 9 (0.78, 1.56, 12.5, 25, 50, 100 % v/v)
Usu1as 30 a1 ldaalu 96 well plate 1A 21AN 1 % Aluminum trichloride solution concentration
(wiv) 170 pl alwery 19ty M&IATURIAS incubate 30 °C 1iuan 10 WA 111 3asms
ﬂﬂﬂﬁullﬁﬂ ﬁmmsmﬂﬁu 415 nm ﬁl’JElLﬂ%i’EN Microplate reader (BioTek, USA) WSeumeuny
15013 FIUAB Quercetin TUANMANIUA (1, 10, 100, 500 pg/ml) uazﬁwhmi@ﬂﬂﬁuumﬁ
18l unamiSunannaumsvesnsiwasaza1eu1aI§1UQuercetin (calibration curve)

NMINATOUAMANUIA probiotic AU
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3.5.8 m3fanuIn13 AN (Drug Susceptibility Study)

anu'ldesveuuafiGeeiug wild type uagaeWu mutant dosnljFuzfiaulaiag
1433 disk diffusion method (Bauer et. al., 1966) Iﬂmmﬂﬁﬁﬂﬁwﬁuﬁ: wild type uazawﬁuﬁf
mutant 9301137 culture UUBTTIALHe MRS Agar mmlzuﬁﬂﬂﬂuﬁqmwgﬁ 37°C 1ifluna
24 %jjjllﬂlﬁﬂblﬁwlé} pure culture iﬂﬂli:uﬁW isolated colony mawﬁaﬁl%’iumswﬂﬁaum suspend
11 0.85% NaCl 9 absorbance 1#'14 0.5 McFarland Standard (S 1a 1§ 0137010 1.5 x 10°
colony forming units per milliliter (CFU / ml)) (Mcfarland, 1907) 11 L:]“? 2 ﬁ Usunaw 6lrJ: UUAINN
streak #2877 three way swab 8411 plate Muller Hilton agar (MHA) U LWNUAT i &1; cefoxitin (30
TuTasnsu ), ceftriaxone (30 Tulasnsu ), ciprofloxacin (5 luTasnsu ), doxycycline (30
TuTasnswy ), erythromycin (15 Tulasnsu ), gentamycin (10 Tulasnsy ), imipenem (10
luTasn5y), uag vancomycin (30 1 TATATY) (Oxoid Ltd., Hampshire, UK) 319U UAIVDI MH

a

o 1 { I o o CU—. ey e,
agar ud 1l iuNguvgd 37 °C iluar 24 92109 $1M 399 inhibition zone AT TIVTINWNANS
nageuiaue lugluuvesn unae + deuuAI§IY (SD)
3.5.9 Strain Stability
A A [ [V 4 a

MINAADY Strain Stability VOUIUANGHA 18U T wild type 1102 A 18WUT mutant TUNITHEN

AINTTNAADILDIUDINUANTANTAIUAFNYTIAA 19 uazAMANTAT31961 anti-oxidant 11114
b4
2w ' IS
TaeN13 reculture LUANG NI 2 AGUT1 MRS Agar 11141981 15 generations (Wang et. al., 2010)
3w ' g 1 @ 1 1w dy
NURIBEFOIARE generations U5UANNYLTHINIAY 0.5 McFarland 11@salue1v1smad MRS
2 H
Agar ila¥oNuauaundn 500 pl tilaaelue11i1s MRS Broth 49.50 ua. (1%) Y9991%13
o VoA a [ M) gJ’ o w i { Iy
i lddungaigil 37 °C 150 pm 1iluman 249 Twa aniuihidrediseismai 1a il
H H d' < Q.I 1
2899 10,000 g 71 4 °C 1Tu1a1 15 UM (Sigma-Aldrich Co., St. Louis, MO, USA) #20814 cell-
Ay ¥ o A o :/' di} a A dA a‘{a}
free supernatant (CFS) Nl ldaziir linagouiomgnidududoyaunsdnauluezgnidoyya
a d’ = = v . 1
daszne)Souieuny generations 15nae 11
Y a dy aa

3.6 M33UFINTOYAUAZNTIATIZHUDYAMIADA

A J

[ Y 9 F
HAN13ANY1 cell-free supernatant NAINITDIVTUTOYAUNTIND 157 NININATOU Agar

Y F

A 1
well diffusion, MIC uazqmﬂmﬁﬁmwgaﬂasz f]ﬁﬂOWH’Jmi]Wﬂﬂﬁﬁ”lﬂﬁVIﬂaﬂQ“]h 3 ATAS

1< 1 { 1 §
uaaIHaUAURAY (mean) LAZANDSUVUNIATIIU (standard deviation ; SD)



Han1InNaao

v d
4.1 HAMINATBUNI 3N Lactobacillus MYWHUE mutant
Wan1Inae auwmﬁmqmwgﬁﬁ’m (Atmospheric Room-Temperature Plasma, ARTP) Ao
a a g’/ o '
ﬂ”lil%’itllumﬂTWU@Q Lactobacillus spp.N4 3 @1YNUT 1&un Lactobacillus plantarum, Lactobacillus
a0 d‘ 1 U 1 % 3 o =
casei Wag Lactobacillus acidophilus Nanannuanaeanu 1l Taenunmsdudany ARTP ina
1 a g " 2 ¥ @ o w 1
ﬂ@ﬂ?ii@ﬂ%?@ﬂlﬂ\‘lLL'Uﬂ'ﬁGﬂ%ﬁﬁWﬂﬁ?ﬂWHﬁﬂﬂNﬁHﬂﬁWﬂﬂJ L. plantarum BEAIANUNUNIUAD
1 a = @ A Ady 1 1 I 1 1 ~ a =\
ARTP “lwmmm 1-6 ’J“L!TV]IﬂfJﬂ@i?ﬂ?ﬁ@ﬂﬂlfwuﬂlu@ﬂNﬂﬂﬂlﬂuﬂ@ﬂhlﬂclusﬁ’lﬂlliﬂ nIa1 7 1UMN
% 1A 2 g I A a ~ A ~ .
8031MINeagN1lszunas 40% uazmuaidlu 100% nan 10 310 (GUN 14) Tuvazh L. casei
' A~ oA o A X ' 3 '
LLﬁﬂ\iﬂ’J'liJVl’JG]f] ARTP NWﬂﬂq@]iuﬂ@ﬂﬂﬂﬂﬁ@ﬂ IﬂEJE]G]5']ﬂ'lﬁ@]'lEJL‘Wiﬂluflfﬂﬂiﬂﬂﬁ’ﬂu"ﬂﬂﬂuiﬂ

v o A a @ A X §
VONNTAUNT NI 4 ')H’lﬁ Elmmﬁmﬁlqﬁﬂﬂizmm 83.33% Ltazgwuﬁmﬂu 100% ﬁn’m 6

9 (FUN 1B) L. acidophilus 1a9Innunun1uae ARTP mnngalunguiinadeu Tagdnsinis

A 9 4

2 A a A o A 4 2 g {
AMYNNYULTINGA NIAT 11 UM @Gli’]ﬂ’lﬁ@nﬂflgﬂﬂi&’ﬂ’]m 66.67% Llﬁgl‘WﬂJ;ﬁulﬂu 100% ‘ﬁna’]
a A A A Y1 = = o w o q ¥a
13 UM (Eﬂﬂ 1C) NNNANITNAADIU ﬁ’ljJ’liﬂﬁ?ﬂllﬂ'J']na'I‘VILW?J’Wﬁuﬂq@ﬁ'lﬂiﬂﬂ'ﬁﬂ'lclﬂlﬂﬂ
Y R( == g‘/ v  JdA v A o Y a [ =
miﬂmﬂwmﬂulm%]miEl‘l/Nmemﬁlwu‘gﬂe%Nna1‘1/11/1151,mﬂ@10mm15mﬂﬂizn1m 40-90% %3

A J

I 1 A a o o { o J aa ) Y @ o
lﬂu"]fj\i‘ﬂllIE]ﬂ’]ﬁlﬂ@ﬂ’]ﬁﬂﬁ']EJ‘WUEQQI@Elﬁﬂ\?fllcb'aaﬁﬂﬂaﬁjﬁlﬁﬂﬁw’f]ﬁ’lﬁﬁﬂﬂ1§ﬂﬂlﬁﬂﬂﬁ1ﬂwuﬁ

Q

o

A Ay 1 ~ o o 1 o N Yo dy
TIlJﬂmﬁiJiJ NABDINIT Iﬂﬂfﬂlﬂiﬂigl‘jGH'Nl’Jfﬂ‘V]LﬁNTgﬁﬂJﬁTﬁSULmaZﬁTSWuﬁllﬂ JU:
L. plantarum: 7-9 N
a =
L. casei: 4-5 1UN

L. acidophilus: 11-12 BITRET
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d’ = 1 v dl 9 A A -d' o
31.]‘" 4.1 1WlisuMeusenineeasiMImeazszezanl¥ms expose ARTP UILUANLIY Lactobacillus NUIUNATDU

A.Lactobacillus plantarum lethality dose B. Lactobacillus casei lethality dose
100 - 100
90 - 90 -
80 80 -
2 70 - 2 70 -
< 60 - P L\
~
2 50 A + 50 -
— 40 A 40/
S 30 1 o f
20 - 20 4
10 - 10 -
0 - 0 —H—l
0 3 5 7 9 11 13 15 30 90 01345678 910111213141520306090
Expose time (sec) Expose time (sec)

C.Lactobacillus acidophilus lethality dose

% Lethality
a1
o

0134567 8910111213141520306090
Expose time (sec)
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[ o v d
4.2 Wﬁﬂ]i?’lﬂﬁ'i’)ﬂﬂ"ﬁﬂﬂ!ai’)ﬂ candidates U3 Lactobacillus spp. N4 3 @1gNUD

Q

@ o J v a
ﬂ’lﬁﬂﬂlﬁ@ﬂﬁ’]ﬂwuﬁﬂa'lﬂwu‘lj (mutant strains) VOULLANITINTALAAAN (Lactic Acid

Bacteria; LAB) @f)@ Lactobacillus NWIUNTT expose fruinaia Atmospheric and Room

@ J

=\ 4‘ [ ) 9 a
Temperature Plasma (ARTP) Tagiingiszasdiolsulljanuauianisdueyyadaszves

q q

[ Y
wuARGeRana 1ae1in Lactobacillus spp. NTOANNT expose A8 ARTP luipaznTaves
f ¥ o o {
N3 expose A28 ARTP 1¥0ag 15 isolated NIA WA 1WHUT W UW12100911UDIMITIHAL MRS 24
9
¥, 1IN cell-free supernatant INNITINZIA09 WITINAToU DPPH anti-oxidant Liaz1aon

' o @ [ @ o
candidate Y0UAAZ AW UTONATY TAoINaIA IUNITAAADN mutant type ADA 1WA DPPH anti-

o

. A J . Y I 1 L4 A W A 9y
oxidant NANI wild type Waﬂ?ﬁ%ﬂﬁ@ﬂllﬁﬂﬂiﬂlﬂu'J’lﬁWEJWL!‘Ijﬂa’IE] uﬁﬂﬂﬂlaﬂﬂllﬂu

Y
[

a Aa a 1 v a T ~
UszansnmlumsdouyaddszgeanNanewngauay (wild type) 081911

TydAny

~

M5V L. plantarum e1oWunatewug LPM 7s 13) uaaslsedniaingaga
~ v v ~ = A X 1 =] ~
37.06% MYUNUTIYINUT wild type N1 26.61% GIi\‘]LWiJﬂIU?JEJ'I\‘]Iﬂ@LﬂUﬂQ 39.27% °1ummmm
L.casei WUNEoWUFna10Wug LCM 4s 3(1) tdadnaa@uiianisdueyyadasegege Taelia
. - 1w = 1 o Aa 1A a g
DPPH scavenging activity (110U 44.63% FIgINNA10NUT wild type NUAUNYN 41.54% Aatu
' Y v
mstuAul sz 7.44% luvaiei Lacidophilus G70WUTA0WUT LAM 125 3(2) aani
Y a = = o o = a s A 2 =
MINUDUYADATEYIFAN 49.74% MyUNUTWNWUT wild type N 31.05% At umMsnuIun

60.19% AaaAug1n 4.2, 4.3, 4.4
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gﬂﬁ 4.2 fSeuMeuseniennnae DPPH vod Wild typell@i¥ candidates isolated Y0 Lactobacillus plantarum

DPPH inhibition (%)

50.00

40.00

30.00

20.00

10.00

0.00

26.61

Candidate mutant type of Lactobacillus plantarum

34.95

26.08

26.70 2570 2747 26.46

2291

24

27.66 2670 26.61 26.13 27-18

LP non

LPM7s LPM7s LPM7s APMf75 ~LPMTs
(1 @ 3) ) (%)

LPM 83\ “LPM 8s LPM8s LPM8s LPM 8s
(1 (2) 3 “4) (%)

Isolated

LPM 9s
(1

LPM 9s
@

LPM 9s
3)

LPM 9s
“4)

LPM 9s
(5



319 4.3 nlssuMensenI9ARas DPPH Y09 Wild typeltas candidates isolated Y94 Lactobacillus casei

DPPH inhibition (%)

50.00

40.00

30.00

20.00

10.00

0.00

41.56

44.63

Candidate mutant type of Lactobacillus casei

44.06

41.90

43.19

40.80

41.90

40.19

40.04

41.18

LC non

LCM 4s (1)

LCM 4s (2)

LCM 4s (3)

LCM 4s (4)

LCM 4s (5)

Isolated

LCM 5s (1)

LCM 5s (2)

LCM 5s (3)

LCM 5s (4)

LCM 5s (5)
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NoUseHiIeANRae DPPH vod Wild typeltaie candidates isolated U®N Lactobacillus acidophilus

=

519 4.4 nf5e1

U

Candidate mutant type of Lactobacillus acidophilus

39.74

35.09

36.19

29.48

30.06
—~—
»
»
»
»
»
»
»
»
»
»
»
»
»
"
»
»
»
»
»
»
»
»

A
R A A A A A A A Sy

31.06

50.00

40.00

30.00
20.00
10.00

0.00

(%) woniqryur H4dd

LAM 12s (1) LAM 12s (2) LAM 125 (3) LAM 125 (4) LAM 12s (5)

LAM 11s (1) LAM 11s(2) LAM 11s (3) LAM 11s(4) LAM 11s (5)

LA non

Isolated



[ I~ 4 1 1 a 1 o 4
2619150A1Y  NBN1BABNITOTUIEMINATOUAN ) IVOMHUAY¥D Isolated 191
9 [} . d' [ A o v 1 dy
A9ANADIN isolated NAAADNUIINIITNATDUAIAE 113
v A < <
1‘1!ﬂfqllll‘lf@ Lactobacillus plantarum LP non, LPM 7s 1(1) 101 LPM 1, LPM 7s 1(3) WU
I
LPM 2, LPM 7s 1(4) 11}u LPM 3
v A < 2
1‘1!ﬂfqllll‘lf@ Lactobacillus casei : LC non, LCM 4s 3(1) Wy LCM 1, LCM 4s 3(3) 1y
I
LCM 2, LCM 4s 3(5) ®WuLcM 3
Y
1 I
Gluﬂ’qm% Lactobacillus acidophilus: LA non, LAM 11s 3(1) Wy LAM 1,LAM 12S 3(3)
I I
151 LAM 2, LAM 125 5(3) 111 LAM 3
4.3 MInagoUE@DAIMNVDIM DI ADIA
MInaaouIeuneuanyurMINIYAD InvoduuanFoLan Ingaaad1udy
Y4 9 [
NWUT Taun Lactobacillus plantarum; LP, Lactobacillus casei; LC Q& Lactobacillus acidophilus;
LA Tagiamimsganaunadinanueinam 620 11 1umas (0D620) a0, 24 ag 48 52114
= Y] a a 1 o o’gl/ a v A
wazfFeuMouonINTRI YAY TasgnIa BN UEAUAY (wild type) HAZA@INUFNRNIUNIG
v J o v J <
AAENWUT (mutant strains) MUIVEWAI@NUTEDY (M1, M2, M3) wamInaaodtaadliuna
a a ~ 9 2K o Y [ =] A o 1 < [
sluvumaesyauTanadeaasnulugnaienug laslmsnud1uiued195a59 %5949 24
] = a a ~ @ (] ] . I [
¥ 1uausn vaziionsinssyau lanszaoaiaaluyae 24-48 92 Tus Fuuanvmenis
a a d' g [ =~ a a a =4 .
mimumuiwwuuﬁaﬂﬂﬁ’mﬂquygmiLﬂimmuimaﬁ;aummmu sigmoid curve ¥4
Uszneualesvey lag phase, logarithmic phase, stationary phase [16i¢ death phase Taglura 24
o A A ' ' . . A A o ' 3 '
3 Tuausn LUANTEDE 1% logarithmic phase NTMTINNTININDH1I5I0152 waz Tur9 24-
< Y 1 : Ao a Aa o ] < A
48 97 T19 ©19191g ¥4 stationary phase NUONIINITI YA TABLADAIA 9819 13NN

9 Y
[~

a a v Jdou a o 4 4
Lﬂ%ﬂﬂlﬁﬂﬂﬂ”liﬁ]i@!@]‘lli@ﬂlﬂ@ﬁ?ﬂwu‘ﬁﬂﬁlﬂh“’u@ﬂl%@ L. plantarum DUTIWIWUTNAYNUS

a

' . o a a {1 oo v Y a 1
WU LPM2 tiag LPM391°0 32133 Imssquay Tanminunuaenugauauua LPM1 Ins

v A a a 1

A a A 1 & 9 ~ & T v <% Aa
Lﬁ]ﬁﬂ]umﬂiﬂ‘ﬂﬂﬂ']']mﬂuﬂﬂ n 24 GH'JI?JQ ANYNUDTOANINUTN 387 UNITLATYLA Iﬁﬂﬂﬂ'ﬂ

El
9

d2ui 48 ¥2Tu9 LPM 1 uaz LPM 3 Iimansaan Talmduiuaewiiaaauns LPM2 ims
a A { =] 1
nigAuTananinanioes (317 4.5)
{ v o d a a { 1
Tuvmeh L. casei MroWugnarenug LCMI waz LCM3 iimssyauTafidosnin

3 9 = a a A 1o o o ¥ a 4 o =
nuUdy LCM2 Nﬂ]iﬁ]iiylﬂﬂI@]%L%Tﬂuﬂﬂﬁ?ﬂwuﬁﬂﬂlﬂﬂ N 24 GI)"JIN\T LCM2 ilag LCM3 U

a <]

a a Aa ' o c'g’/ Y 1 =\ a a A Y = 9
fﬂiL%iﬂglﬁﬂi@]ﬂ@ﬂ')'lﬁ'lflwuijﬂﬂmﬂlﬁﬂu’ﬂﬂ i LCM1 llﬂ'li!ﬂiillumUiﬁﬂuflﬂﬂ'ﬂlﬁﬂuﬂﬂ

PR %

J A o v o = a a A A
TIUN 48 ‘IS'JIIN ﬁ"lflwu‘ljﬂa'lflwu‘ﬁﬂ\‘] 381 Mﬂ'lil,ﬂiﬂullﬁﬂiﬁﬂﬂﬂﬂ'l (ETJVI 4.6)

Q

a

) o a a 1 o d @
ﬁ"ﬂ'ﬁ'ﬂNaLlﬁﬂﬂlﬁﬂﬂﬂ?iﬁ]iﬂlmﬂjﬂm@\? L. acidophilus WU TWNUTNAYNUT

v q

=1

1 ] a a 1 :; [ 1 o a'?;lz a
LAMI, LAM2 1182 LAM3 91 0 %2 T ugaamsias gay Iandindantosaodieswugaaau
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24 %119 LAMI, LAM2 ag LAM3 uaasmsnig@ulaianiaewuiaaudy aaui 48
@ =\ a a A [ 9 1 @ rr’gl./ a 1 =\
1119 LAM2 1oy LAM 3 Imsasaay Iananiuaniosaoa e ugauan ua LAM 1 U3

a a 4 :7 T 3 4
wigavTaddininantles (510 4.7)
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H Y a a 1 Y] :{g’z a v 1 v J
Ui 4.5 uaaamanfFeumeusn MR yanIasenINaERUEAUAY (wild type) UAZAERUFNHIUMINA1EWUT (mutant strains) VYOI Lactobacillus

A < ' A VoA
plantarum mnuaautuaunae £ AUVSUVUNUINTI T (Mean £ SD)

Lactobacillus plantarum growth curve

B 0hrs E24 hrs E48 hrs

2.50

2.00

=
Ul
o

1.00

Optical density (OD)

0.50

0.00

Isolate
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Y
v o

H 1% a a 1 a [} 4 1 v J
Ui 4.6 uaaamanfFeumeusn M IRI YA IaTenINEERUEAUAY (wild type) UAZAERUFNHIUMINAIEWUT (mutant strains) VYOI Lactobacillus

A I 1 = oA
casei MNuEAuluAUNaY £ AUVUVSIVUNINTTIU (Mean £ SD)

Lactobacillus casei growth curve

@ 0hrs ®24 hrs ®48 hrs
2.50

2.00

=

a1

o
1

1.00

Optical density (OD)

0.50

0.00

LC non LCM 1 LCM 2 LCM 3
Isolate
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$ [ a a 1 o ,{?.’, a v . v
311 4.7 uaaamsnfSouneusns N IRT YA TATEHINEWUFAUAY (wild type) HAZTEWUFNHIUNTNAWWUT (mutant strains) Y9I Lactobacillus

u 9

A < ' A VoA
acidophilus AmMnugaut uaunae £ AUVSUVUNINTIIU (Mean + SD)

C.Lactobacillus acidophilus growth curve

@ 0hrs E24hrs 48 hrs

2.50

—= = N
o a1 o
S e} S

Optical density (OD)

o
Ul
)

LA non LAM 1 LAM 2 LAM 3
Isolate



R d
4.4 wamsmnaauqmauﬁ’ﬁ“lumiﬂumﬂﬁuﬂ%wﬂaewm cell-free supernatant ae Agar
well diffusion

=]

a a A A 9 dy =
M5Useindseansnnues  cell-free  supernatant 91 AINMITNIZIABULANS Y
Lactobacillus  spp.  ¥erumsdivlysquamiadiomatianaraungungiides  (Room-
Y g’/ a a ¥ 1 s o
Temperature Plasma; ARTP) lumsdugamsnsaan Inveu¥one 15an1msunndniium
Ya . . =\ . . . Yy 9 I
nadou Iaoldds Agar well diffusion Tasl 81 Amikacin/ clotrimazole ALY 1 mg/ml 11l
.. Y I3 K A v & &l ]
positive control WansNaasuaadlirudIMsasuulasnnuaunse lumssugurone
15AV09 Lactobacillus spp. HA491MN5 exposed ARTP N528210010199 MnRamsnagon 1y
H 1 y o ¥ v
A15199 4.1 WU cell-free supernatant UDUYD L. plantarum @18WUT Wild type (LP non) Anu
) a A o 2 A ' s o
[WuAdU 100 pg/mL uaaslseansnnlumsduduuanizons lsanemsunneniumagey
v U =l Y g’; ] 1
4 AYNUD 1éun E. coli, E. faecalis, S. sonnei W& B. subtilis IﬂﬁmﬂluWﬂ’NﬂﬁﬂUmﬂgiu%’N

] < @ o < o &
7.00 - 1033 mm. 9813 15N @enuinateiug laomwiz LPM2 uaasliiiiudaasmsdud

H Y 9 Y
ANeUuIn eeus LPM2 aw3ndugin1snsnvea¥e 4. baumannii Wag S.aureus MRSA

= o Y ’ o Py ~ W o 2 =
‘ﬂf\‘]ﬁ’]ﬂ‘wu‘ﬁ@uuﬂﬂulllﬁ’]ll’]ﬁﬂf]llﬂq]lﬂ Iﬂﬂmﬂlu’]ﬂj\‘]ﬂ'ﬁﬂﬂﬂﬂ%@ S. aureus MRSA f,;f\iﬂ\i 10.0 £

q

L g 3 > o < A o ¢
1.0 mm. H¥1dwudadnenmuesaoius Lactobacillus MMM INA@WUEA20 ARTP Tuns
1 Aa da’ A dy s
FnuImsaaro luTsane1unanlie MRSA 1ag A. baumannii (VUE1Yi9)
1 1 ¥ @ P ]
A1519N 4.2 WU cell-free supernatant VDD L. casei fenug Wild type (LC non) i
Y Y Aa A b, o A ! s o
ANMENIY 100 pg/mL uaansdszaninmlumsduguunnisens Isan19msunngnin
o J 1
NAADU 5 A1YNUD 1dun s. Typhi, S. sonnei, A. baumannii, S. aureus MRSA UQ% B. subtilis Tag
[l ] 1 v J
UU119 inhibition zone B¢ 11UF9 6.7 £ 0.6 D9 10.0 + 1.0 mm. TuumeNd 991§ Mutant (LCMI,
a a ) 3’, ¥ 1 L A 3 ] v o v J
LCM2, LCM3) udaiseaninmlumsduguyons lsafitnnivodalivdingy aewugnaie
v 9y 4
wuﬁ Taginiy LCMI tag LCM2 HaAduiia inhibition zone Nn19vun0ide P. aeruginosa
. 2 I dy Ao o a dy d'dy 1 a
waz A. baumannii 3 FONHIAYVDINTAATONADADH AR
{ < J j’ v
10A15199 4.3 uaaaI¥ifiu cell-free supernatant YONLY® L. acidophilus 818 WU Wild
A Y 9 = a A @ g}/ A A 1
type (LA non) NAMMANTYU 100 pg/mL NUszanimmlumsduguunnisens lsanig
I o v 1
MSUNNEMNUINATOD 6 AOWUT AUN E. coli, E. faecalis, S. Typhi, S. sonnei, S. aureus MRSA
[ 1 v A
uaz B. subtilis 1981119 inhibition zone 8¢ 1143 8.3 £ 0.6 814 10.7 + 0.6 mm. AEWUFNAIY
v 2 2 a A o 3’; ¥ 1
MINaeNUg (LAMI, LAM2, LAM3) ugadmstivuyuaessz@nsamlumsdusurone lsn

] )] H Y Y '
DYNYALIU I@EILTRW'IZ’E]EJ'NEN LAM3 ulag LAM3 %Qiﬁﬂﬁ inhibition zone ﬁﬂ'il'l\‘i"ldjuﬁ@l,‘t]ﬂff]ﬂf]

32



@ oA o a a Y zgx’/ g {
Tsanneniugmwnagey saudadaalsz@nsnwlumsdeuse 4. baumannii Tuvmeh

Y 1
@ A o 1

v JY £ Y A =) 1 dy 1 1 dy
ﬁwwu‘gmmmmmmqmﬂumsauammmms@"l,umaﬂmmmﬂaisﬂmam
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v ¥
M3197 4.1 NaNSNATOU Agar well diffusion 910 cell-free supernatant Y93 Lactobacillus plantarum wild type 5eUNeUNY mutant type AotyoL AN Y/

= g S o Y ax . . A < 1 = A
ﬂﬁ@lﬂﬂiiﬂ‘ﬂ']ﬂﬂ1illw1ﬂﬂ‘ﬂu1m11/]ﬂﬁﬁlﬂﬂ’.]8]‘ﬁ Agar Well Diffusion °lu Mmnugautuaunae + AUVUVSIUVUNINTIIU (Mean £ SD)

34

Unknown  cell  free Inhibition zone(mm)
solution 2 -
: @
g § g :52 % 8 § 8 § § § §
£ = : S : £ 3 5 s : 3
g b : : 3 § 5 S 3 s s = =
S g SIS & 4 < 3 S 5 3 < S
LP non 100 11.0£ 0.0 12.3+£0.6 2 8.7+£0.6 = - - 8.3+0.6 -
50 - 87+1.2 - - - - - - -
25 - = - - = - - - -
LPM1 100 11.7+0.6 12.6 £0.6 - 10.0 £ 1.0 - - - 6.3+0.6 -
50 - 11.3£0.6 y by ¥ - - - -
25 - 9.7+0.6 - N B - - - -
LPM2 100 13.0+ 1.0 12.7+£0.6 & 10.7 £ 0.6 8.3+0.6 - 10.0+ 1.0 - -
50 - 11.7+ 0.6 i Y - - - - -
25 - 9.7+0.6 7 - - - - - -
LPM3 100 11.3+£0.6 13.3+0.6 . 10.0+ 1.0 6.0+0.0 - 7.3+0.6 - -
50 - 11.7+0.6 - - - - - - -
25 - 10.7 £ 0.6 - - - - - - -
Amikacin 1 mg/mL 29.3+£0.6 253+£0.6 26.3+£3.2 26.0+1.0 20.7 +2.1 24.7£0.6 30.3+0.6 30.3+£0.6 -
Clotrimazole 1 mg/mL - - - - - - - - 253 +0.6
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v k4
[ 1 o
A15199 4.2 NAN1INATOU Agar well diffusion 910 cell-free supernatant Y04 Lactobacillus casei wild type 138UNUNY mutant type AviroLUANIGo/Hda

' ) Yy ad . . 1A <3| ' = oA
19 15ANNMIUNNINNNIMATOU A2875 Agar Well Diffusion Tu muaaatluaunte ANVYAUVUNIATFIU (Mean + SD)

Unknown cell free Inhibition zone(mm)
solution 2 -
i~ = @
§ 5 S 3 g g - 33 S 3
S g SIS & 4 < 3 S 5 3 g S
LC non 100 - D 10.0 1.0 10.0£1.0 9.3+£0.6 - 9.7+ 0.6 6.7+0.6 -
50 - - - - - - - - -
25 - - - - < - - - -
LCM1 100 - b 10.7£0.6 - 10.3 £ 0.6 8.3+£0.6 - 8.7+£0.6 -
50 - - - 4 P - - - -
25 - - - 9.0+1.0 B - - - -
LCM2 100 - - 9.7+0.6 7.0+£1.7 10.0£0.0 7.3+£0.6 - 5.7+0.6 -
50 - / i 9.3+0.6 - - - - -
25 - - ; - - - - - -
LCM3 100 - - 8.3 +0.6 - 9.3+0.6 - 9.7+ 0.6 7.0+0.0 -
50 - - - - - - - - -
25 - - - - - - - - -
Amikacin 1 mg/mL 29.3+£0.6 253+£0.6 26.3+£3.2 26.0+1.0 20.7 +2.1 24.7£0.6 30.3+0.6 30.3+£0.6 -
Clotrimazole 1 mg/mL - - - - - - - - 253 +0.6
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v Y
3197 4.3 HaN1SNATOY Agar well diffusion 910 cell-free supernatant Y83 Lactobacillus acidophilus wild type f5eU1NeUNY mutant type AolyoLLANITY/

= g S o Y ax . . A I 1 = A
Elﬁis‘lﬂﬂiiﬂ‘ﬂ']\iﬂ1§l!WVIfJVI‘L!11H1/]ﬂ’ﬁE]1J #2835 Agar Well Diffusion °lu Mnuaauluanae + AUVUVSUVUNINTTIU (Mean + SD)

Unknown  cell  free Inhibition zone(mm)
solution 2 -
. ©»
g § g :52 % 8 § 8 § § § §
£ = : S : £ 3 5 s : 3
S g SIS & 4 < 3 S 5 3 g S
100 10.3 £0.6 10.7 £ 0.6 9.7+0.6 9.3+0.6 = - 8.3+0.6 83+0.6 -
LA non 50 - - - - - - - - -
25 - - - - < - - - -
100 - - - 10.3+1.2 9.0+ 1.7 - - 9.0£0.0 -
LAM 1 50 - - ~ < - - - - -
25 - - - - - - - - -
100 110 1.0 1123 £ 0.6 - - 11.040.0 - 83+0.6 7.0+0.0 -
LAM 2 50 - 10.34 0.6 - - - - - - -
25 - - ; - - - - - -
100 10.0 £2.0 11.3+0.6 . - 11.0£0.0 - 8.3+0.6 7.7+0.6 -
LAM3 50 - 9.7+ 0.6 - - 6.7 +0.6 - - - -
25 - 7.7+0.6 - - - - - - -
Amikacin 1 mg/mL 29.3+£0.6 253+£0.6 26.3+£3.2 26.0+1.0 20.7 +2.1 24.7£0.6 30.3+0.6 30.3+£0.6 -
Clotrimazole 1 mg/mL - - - - - - - - 253 +0.6




45 wansasaeameuanIduduiiafigalumstiufndunidves cellfrec supernatant d38
AR Broth Microdilution

snransnageuanuduTumgafidudimsniydla  (MIO)  tazanududy
@%’1@@?{%115}%@ (MBC) ¥4 cell-free supernatant VOUND Lactobacillus spp. WuMIdTulg
ﬂmﬁmmﬁ”mmﬂﬁﬂwammqmwgﬁﬁ’m (Room-Temperature Plasma; ARTP) WU cell-free
supernatant VOEOWUE L. plantarum WT ngasmamnudusigaiidudinisia (o) 7

4

' 9 f H @ r'd 1 [
12.5% @01%0 E. coli ESBL 1182 6.25% 9 E. faecalis VRE Tuvaigienswugnsiumsnalewug
] Y [
LPM 1, LPM 2, 1@z LPM 3 ui@ad MIC wag MBC N5udaageau Tagmmniz LPM 2 Hauaag
v 3/ dy .. Slda' 49! ld‘
aNuas lumssuguse A. baumannii UQg S. aureus MRSA ]lﬂﬂﬂ\i"llu Tag MIC 280 25%
o) o dy 3’.: a R A J v Y 1 < Y
dsuFonsdowiia FeAnnaeoRuiautuUes1uiu ldse
k2 '
dMFVEOWUS L. casei @0WHFAUUUY LC non 1l MIC A0I¥0 E. faecalis VRE
] ~ 1 <3 o A ) 1
6.25% ULAZAD P. aeruginosa MDR #i 50% 0814'15A010 aewusikiunsnatewus wu LCM
~ a A {ad 2 A A { '
1,LCM 2 uag LCM 3 Hi5eanFninnagevy lagmnizog1989 LCM 2 A1 MIC 91 6.25% A9
E. coli ESBL &3 nNaoWugauuuL
v J o v J Y] <3 [
A0NWUF L. acidophilus NHUNMITNA@WNUFAIY ARTP daudaqliiiudemsdiualgalu
9 4 '
10952 ANTNMNMTTUIINI DT YUDUFOND 15A A0 LAM 2 taasn1 MIC 7l 12.5%
1 = & | A U v JY A U [
A0 E. faecalis 102 A. baumannii FUTUMNANNEONUFAUMDUNAIAAI MIC 9071 AR

1ua15199 4.4

37



15199 4.4 NANISNATOU Broth microdilution

38

MIC (MIC/MFC) pg/mL

[n'd [n'd <
& S s 2
K é i — = g > P
Unknown @ 2 5% -g = 8 2 év =
cell-free = S = c g S g B i)
8 3 © 2 S = S S =)
supernatant < & S 2 2 s © 73 ©
.3 %) 5] = o © 3 3 ]
< 3 = [ - 1% o = =
S 8 2 =) o o S S 2
= 1] £ = 3] S 3 g c
5 S 3 ? g = g G 8
i 2 5 8 £
c c S Q.
L 'S o <
< a N
L plantarum WT 125 125 25 25 25 25 25 125 125
P (25) (50) (50) (25) (50) (50) (25) (25) (50)
LPM 1 125 6.25 25 .2\8) 25 25 25 25 25
(50) (12.5) (50) (25) (50) (50) (25) (50) (50)
LPM 3 25 6.25 25 125 2 5 25 125 25 25
(50) (12.5) (50) (25) (50) (50) (25) (50) (50)
LPM 4 25 6.25 25 125 1245 25 125 25 25
(25) (25) (12.5) (25) (25) (50) (25) (50) (50)
L.casei WT 25 6.25 25 25 25 50 25 25 25
(50) (12.5) (50) (25) (50) (50) (25) (50) (50)
LCM 1 25 12.5 50 25 25 25 25 25 25
(50) (50) (50) (25) (25) (50) (25) (50) (50)
LCM 3 25 6.25 50 25 25 25 25 12.5 25
(50) (12.5) (50) (25) (50) (50) (25) (25) (50)
LCM5 25 6.25 50 25 25 25 25 25 25
(50) (12.5) (50) (50) (25) (50) (25) (50) (50)
L.acidophilus 25 6.25 25 25 25 25 25 25 25
WT (25) (12.5) (50) (25) (50) (25) (25) (25) (50)
LAM 1 25 6.25 25 25 125 25 25 25 25
(25) (12.5) (50) (25) (25) (25) (25) (25) (50)
LAM 8 25 125 25 25 125 50 25 25 25
(50) (25) (50) (25) (50) (50) (50) (50) (50)
LAM 10 25 12.5 12.5 25 125 25 25 25 25
(50) (25) (25) (50) (50) (50) (25) (25) (50)
Amikacin 12.5 12.5 12.5 12.5 12.5 125 125 125
(125)  (125) (125)  (125) (125)  (125) (125) (12.5)
. 125
Clotrimazole - - - - - - -

(12.5)




= ' as A
4.6 wammnmmm"lmamﬂgmuzmmm
9

1 a ¥ g’/ [} 4 a
1INMIANEIANY 1Aoe §FINEUeuTe Lactobacillus spp. NITOWUFAUAY (wild
v ¢ v {0 o a
type) UAZHIWNUTNAYWUT (mutant type) ﬁmumiﬂiuﬂgqﬁ’aﬂmﬂuﬂ Room-Temperature
lﬂ' 1 % dsl
Plasma (ARTP) Wuwanueulansll
[ Y] o [
A1u'1A0871 Amikacin: @10WUFNA1WWUT LAM 1, LAM 2 11az LAM 3 naadlou
@ g}; A 9 U A =1 [ @ o’gI/ a = ~ o 2’, A
fJUfJ\‘WIﬂ'J'Nﬂ'J'lLiJ@LVIfJUﬂUﬁTEJWH‘EﬂQM?J LA non Iﬂﬂi]ﬂ"l!ﬂﬁﬂjcb'uﬂﬂﬂ\‘]ﬂgﬂ 34.00, 32.67
a A o o ~ ] o’g}/ a A = =\ a A 9
e 30.00 Uaalua I N1UAU leumsﬂmawu‘gmmuummamwm 25.33 Uaalung !Lﬁﬂ\?ﬁlﬁ
I~ ' v o A ] ¥
WUNMINABWUTA8 ARTP 019iun10 1Ae1 Amikacin 1W1¥e Lactobacillus spp.

1 o 4 1
ﬂ’ﬂlluhﬁ’é]fﬂ Ceftriaxone: ﬁWﬂWﬂﬁﬂﬁ?ﬂwu‘ﬁ LAM 1 tiag LAM 3 LLﬁﬂ\‘]ﬂ’JTM‘l’JGl’OEﬂ

9

H Y H Y
Ceftriaxone %gﬁuﬂmmuﬂmﬂm Taeiaunae leuduas 30.00 Lag 27.00 Taamuas Aua1aY

v
ISP

@ v Y a A =~ a a ' <] v J @ 1
LﬁfnJmJmawu‘gmmu%ummamwEN 10.00 ¥aaLuasg @EJ'IQMliﬂ@ﬂJ TIUNUT LAM?2 ﬂa‘]_l]’lil
1 dy = a o I 1 dy dy

uﬁmmm"l’mammaﬂ “]N@'li]lzﬂﬂi]'lﬂﬂ'liﬂﬁ'IEJ‘W‘L!‘lleIﬁﬂwaﬁaﬂaqﬂﬂ'ﬁﬂ@ﬂ'ﬂuy}f@
' &y 47 o 7 o 2 !
ﬂ')'lllh],i]@@fl'l Doxycycline: ﬁ"lEJ‘W‘Ll‘Ijﬂﬁ'lfJW‘L!‘lj'VNfTW?Jﬁ'IEJW‘L!‘IjLLETﬂQﬂ'J'I?J]l'J@@fﬂ

Doxycycline NgaU1 Tasian1y LAM 1 uag LAM 3 Ailaunas Toudugs 22.00 ag 20.00

v v
a Aaaa =

a A o w ~ o o 2% A a
WAAUAT AUAAY NYUNVF YW UTAUANNUAURDY 16.67 UAALUAT

a
v 9
a o J

v [ v Jdo o J 1
mm"l’mam Erythromycin: ‘VNET1EJWUT]@QL@]3JLL§$’L‘HEJWU‘I§T‘I@WEJWH‘];LL?(@N?]’NMI‘],’J@E)

a

. o o & v a A Y ' {
g1 Erythromycm FLH?S?@]‘]JQ’Q IﬂﬂﬁWﬂWM‘qﬂaW‘(’l‘WHﬁ LAM 1 LLﬁﬂ\iNﬁﬂ%Q’ﬂﬂ’JﬂﬂHﬂaﬂI“Bu

9
gUY9 40.00 Uaauag

S, s

A1 127987 Imipenem: @10WUTnAWWUTRIT WA 10HUT

a

naaan11uliaoen
. = A 3 9 A o o o & a A = o & 1 '
Imipenem qu\iﬁllu!,aﬂu@ﬂm@ﬁlﬂ‘ﬂﬂﬂﬁTﬂWHﬁﬂﬂm‘h Iﬂﬂi]?ﬂmafﬂgﬁuflllflﬁ?]gi%ﬁ'ﬂﬁ 40.00-
45.00 Haauag
! £ o & a w o o S
ﬂ’ﬂllvl’]@@fﬂ Vancomycin: ‘VNﬁ?ﬂwuﬁﬂﬂLﬂill,mgﬁ?ﬂWHﬁﬂﬁWﬂWuﬁqﬂllﬁﬂﬁﬂﬁiﬂll?
ADY Vancomycin 1918
Ldy Y 9 a 9 [ o
NNAANTIINAADIN ﬁ?lﬂiﬂﬁ?ﬂllﬂ’ﬂﬂiiclslﬂ‘ﬂﬂuﬂ ARTP GluﬂWiﬁiWﬁﬂTiﬂﬁ”lﬂ‘W‘Hﬁ
X A ] as A 9 1A
VBUYD Lactobacillus Spp- ’dﬁﬂﬁﬂLWMﬂ'ﬂllnbﬁ@fﬂﬂa%@u%ﬁﬁTﬂ%uﬂ]lﬂ Tﬂﬂmwwamwﬂu

ﬂ’q'llfl”l Amikacin, Ceftriaxone L8 Doxycycline Aataag luns e 4.5,4.6,4.7
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d' = 1 am 1A I 1 = 1A
M1919N 4.5 Naﬂ'liﬁﬂklW]’JﬁJvl’JGIQEJ'I‘]JQGH’Juz"U@Q Lactobacillus plantarum mnuaautununde £ AUVSUUUNINTITU (Mean £ SD)

Inhibition Zone (mm =+ SD)

Vancomycin (VA; 30 pg)

Antibiotics
LP non LPM 1 LPM 2 LPM 3

Amikacin (AK; 30 pg) 3133 +1.53 26.67 +1.15 26.00 +2.00 24.67+1.15
Cefoxitin (FOX; 30 g) 0.00 £ 0.00 0.00 + 0.00 1533 £ 1.15 0.00 = 0.00
Ceftriaxone (CRO; 30 pg) 0.00 £ 0.00 21.33 +3.06 24.00 % 2.00 17.00 % 0.00
Ciprofloxacin (CIP; 5 ug) 10.67 + 1.15 20.67 +1.15 10.67 +0.58 12.67 + 1.15
Doxycycline (DO; 30 pg) 1433  0.58 17.00 £ 1.00 21.33£1.53 18.00 = 0.00
Erythromycin (E; 15 pg) 38.00 £2.00 40.67 £1.15 42,67 +1.15 3733+ 1.15
Gentamicin (CN; 10 pg) 32.67 = 1.53 38.00+2.00 32.67 +3.06 32.00 +0.00
Imipenem (IPM: 10 pg) 0.00 £ 0.00 4733 +1.15 42.00 +2.00 46.67 +3.06

0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 = 0.00
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d' = 1 am 1A I 1 = 1A
M19519N 4.6 Naﬂ'liﬁﬂkl1ﬂ31u13¢1661ﬂ§]%3u8m@\1 Lactobacillus casei mnuaautununde £ AUVSUUUNINTTIU (Mean + SD)

Inhibition Zone (mm + SD)

Vancomycin (VA; 30 pg)

Antibiotics
LC non LCM 1 LCM 2 LCM 3

Amikacin (AK; 30 pg) 10.33 £0.58 14.67 £ 0.58 15.33 £0.58 13.67 £1.53
Cefoxitin (FOX; 30 pg) 0.00 £ 0.00 0.00 £ 0.00 0.00 + 0.00 0.00 + 0.00
Cefiriaxone (CRO; 30 pg) 0.00 £ 0.00 0.00 +0.00 15.33 £0.58 0.00 £ 0.00
Ciprofloxacin (CIP; 5 ug) 15.00 = 1.00 19.33 £1.15 12.33 £0.58 20.67 +£1.15
Doxycycline (DO; 30 pg) 15.67 £0.58 25.67 +3.06 16.00 + 1.00 22.67+1.15
Erythromycin (E; 15 ug) 34.67+1.53 39.33+1.15 38.00 +£2.00 40.00 +0.00
Gentamicin (CN; 10 pg) 33.67+£1.15 16.67+1.15 35.67+£0.58 14.00 +1.73
Imipenem (IPM; 10 pg) 13.33 £1.15 34.00 +£1.00 36.00 +£2.00 36.33 +£1.53

0.00 = 0.00 0.00 +£0.00 0.00 +£0.00 0.00 + 0.00




H 1 a A I 1 { 1 {
3197 4.7 wamsanennu e Iz e Lacobacillus acidophilus inaauduaunde + AuoauUuNIAT§IM (Mean + SD)

Inhibition Zone (mm + SD)

Vancomycin (VA; 30 pg)

Antibiotics
LA non LAM 1 LAM 2 LAM 3

Amikacin (AK: 30 ig) 2533 £ 1.15 34.00 + 0.00 32.67 +0.58 30.00 + 0.00
Cefoxitin (FOX: 30 ug) 0.00 £ 0.00 0.00 + 0.00 0.00 +0.00 0.00 £ 0.00
Ceftriaxone (CRO; 30 pg) 10.00 + 0.00 30.00 = 0.00 0.00 +0.00 27.00 % 0.00
Ciprofloxacin (CIP; 5 pg) 17.33 % 1.15 16.00 = 0.00 15.00 = 0.00 18.00 = 0.00
Doxycycline (DO; 30 pg) 16.67 +0.58 22.00 £ 0.00 16.33 +0.58 20.00 + 0.00
Erythromycin (E; 15 pg) 32.00 % 2.00 40.00 + 0.00 35.00 +0.00 32.00 = 0.00
Gentamicin (CN; 10 pg) 3833 £0.58 30.00.+0.00 30.00 = 0.00 30.00 = 0.00
Imipenem (IPM: 10 pig) 39.67 +0.58 45.00 £ 0.00 40.00 = 0.00 40.00 £ 0.00

0.00 +0.00 0.00  0.00 0.00 +0.00 0.00 £ 0.00
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4.7 HAMSNATOUMIANKINIMNUIYNADASZ eIEINATIA DPPH inhibition test
HAMINATOUMIANEINTALEYYABHTY V8Y cell-free supernatant TAMWTHTY 25%
14 Lactobacillus spp. v‘?’mmmaﬁuﬁ WU
Gluﬂijm‘%@ Lactobacillus plantarum: Wilde type (LPN) 1A % DPPH inhibition aq3q ﬂ‘ﬁl
52.47+ 0.49% WUUTu1 VCEAC 341.89 + 3.40 pg Vitamin Cequivalents 1ummzﬁmaﬁ’uﬁﬁ
FUMINANL1UE (LPM3) WuTlf1 % DPPH inhibition g4qafi 64.63 + 0.70% (426.05 + 4.85 g
Vitamin C equivalents ) 509891178 LPM2 (59.49 + 0.58%; 390.46 + 4.01 pg Vitamin C
equivalents ), LPM1(47.43 + 0.49%; 307.05 + 3.85 ug Vitamin C equivalents) A14@1AY (g‘ﬂ‘ﬁ 4.8

A
HAZAIT NN 4.8)

=~

Gluﬂijll!%@ Lactobacillus casei: Wilde type (LCN) 11 % DPPH inhibition g
52.20+ 0.04% LazWU31191 VCEAC 338.93 + 6.70 pg Vitamin C equivalents Glummzﬁmﬂﬁuﬁ
fisumana1eriug (LCM1) wuiia1 % DPPH inhibition gag/aTl 64.20 + 0.97 (423.08 = 2.80 ug
Vitamin C equivalents) 50909110 LCM2 (48.93 + 0.65%; 317.43 + 4.49 ng Vitamin C
equivalents), LAM3(46.73 £ 0.37%; 302.23 +2.57 pg Vitamin C equivalents) @ 1ua1AU (qﬁ;ﬂ‘ﬁ 49
waza39dl 4.10)

¥
“luﬂqm% Lactobacillus acidophilus: Wilde type (LAN) 11 % DPPH inhibition 3@

=3

#1 58.63+ 0.33% WUSNIB VCEAC 384.53 + 2.23 ng Vitamin C equivalents Tuvaizianowus
#rumsnanewus (LAMI, LAM2, LAM3) WU % DPPH inhibition Indifieeiu fie 5423+
0.52%:354.13 +3.58, 52.95 +0.46%:; 345.23 +3.21 118 53.97 £0.52%:352.27 + 3.58 pg Vitamin

C Equivalents M%@191 (317 4.10 1aga15199 4.10)
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M13197 4.8 LAAINANISNATOL DPPH 84 cell-free supernatant W Lactobacillus spp. ANTLEA

< 1 A oA
wWuaunae = ANVVIUVUNIATITU (Mean + SD)

Unknown cell free Total anti-oxidant (Aig Vitamin C equivalents)
solution
LP non 341.89 +3.40
LPM1 390.46 +4.01
LPM2 307.05 +3.85
LPM3 426.05 +4.85
LC non 338.93 +6.70
LCMI1 423.08 +2.80
LCM2 302.23 +2.57
LCM3 317.43 £4.49
LA non 314.53 +£2.23
LAMI1 354.13 £3.58
LAM2 345.23 +3.21
LAM3 352.27 £3.58
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4.8 wamsnaaauMsuazTidSinamsialauesd (Total Flavonoid Content)

namsnaaeuMI TS inama Tusesfa ety cell-free supernatant Y94
Lactobacillus spp. mutant type 130NN wild type Iaaifssumeuifsunanuaisuniaigiu
Quercetin LLAZLLE mwa“lug 1] ug Quercetin equivalents (Table 4.9) WU

Glumjm 181/71!‘15 Lactobacillus plantarum: Wilde type (LPN) 11511 Total Flavonoid
Content 32.45 = 0.10 pg Quercetin equivalents “lummzﬁmﬂﬁ’uﬁﬁphumiﬂmﬂﬁ'uf (LPM1,
LPM2, LPM3) 1151181 Total Flavonoid Content 31.45 + 0.25,32.61 £0.10 i 41.76 £ 1.13 pg
Quercetin equivalents RFUSRIEMT]

Tungua 181/71!‘15 Lactobacillus casei: Wilde type (LCN) N13111 Total Flavonoid
Content 42.76 + 1.92 pg Quercetin equivalents IHvmEfienoniug niumInaeug LML,
LCM2, LCM3) 3113319 Total Flavonoid Content 29.95 + 0.77, 39.60 + 2.45 1A 35.50 = 0.48 pg
Quercetin equivalents U@ 191

Gluﬂtjllﬁ Wﬂﬁuﬁ Lactobacillus acidophilus: Wilde type (LAN) 41/3119 Total Flavonoid
Content 36.94 + 0.19 pg Quercetin equivalents Glummz:ﬁmﬂﬁuﬁﬁPhumiﬂmﬂﬁ’uﬁ (LAMI,
LAM2, LAM3) 313119 Total Flavonoid Content 36.33 % 0.10, 37.99 = 0.19 118% 31.06 + 0.67 pg

Quercetin equivalents REUSRIENT]



H a 4
M13197 4.9 LEAIHANINATOUNITAATIZH Total Flavonoid Content W Lactobacillus spp.

< 1 A oA
uaauununay + AUVIUVUNIATIIU (Mean + SD)

Unknown cell-free

Total Flavonoid Content (ug Quercetin equivalents)

supernatant
LP non 32.45+0.10
LPM1 31.45+0.25
LPM2 32.61+0.10
LPM3 41.76 + 1.13
LC non 3276 +1.92
LCM1 29.954+0.77
LCM2 39.60 +2.45
LCM3 35.50 +£0.48
LA non 36.94+0.19
LAMI 36.33+£0.10
LAM2 38.99+0.19
LAM3 31.06 + 0.67
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4.9 FaminaaaunInaaal Strain Stability

J

MIANEIUMINAGDY Strain Stability YoIuARGEm0WUT wild type uaza@1BwUf
mutant TUAMANLTANTA319ET anti-oxidant Neeriios WlAlaens reculture tuAfiGoLAaz
isolated 14 MRS broth t1az 11 cell-free supernatant AANUAVY 25% V09 Lactobacillus spp-
v [l
mﬁmmﬂwuﬁtﬂunm 15 generations ¥1M1NINAXDU % DPPH inhibition test ionfSeuieu
anuaanulumsadieas anti-oxidant Moo HAMITNATOUNU N
Tunquenswus Lactobacillus plantarum -Wilde type (LPN) wuilanuadosge a1 %
DPPH inhibition 9¢52¥319 30.48 + 0.77% 04 32.64 = 0.11% luvaigienenugirmumsnate
v A = y A X2 g g =<
WUG A9 LAMI tag LAM2 Ui Iy maniios (38.28 = 0.11% 09 40.43 = 2.36%) Hag
(40.62 £ 0.48% D9 42.46 + 0.48%) AUAIAY LAy LAM3 Nanunlsisudnides (38.15 %
=2 1 A d? d‘
0.11% D9 40.24 % 0.58%) 116 lag3 WY (37 4.11)
Tunquenswus Lactobacillus casei: Wilde type (LCN) wulianunadosge Taelia %
DPPH inhibition 9¢52%319 30.10 + 0.22% 89 31.62 = 0.11% luvaigNenenugnrmumsnate
o & A A Aa A = '
WUg Ao LCMI uaaannuadesnauasinIgaga (40.94 + 0.22% 03 42.21 + 1.48%) a7
LCM2 1az LCM3 Hannunafiosaoud19d a1 % DPPH inhibition 0¢521319 37.83 = 0.33% 09
40.05+0.11%) 1ag 37.14 £0.29% 04 38.53 = 0.40% AWAIAY LLANAIAINI LCMI (317 4.12)
Glumjmwﬁ’uf Lactobacillus acidophilus: Wilde type (LAN) nudanuulslsiu
U9A1 % DPPH inhibition ezt Iuanaudnilos (29.28+0.38% 043219 +2.09%) Tuvay
1 1 v v Y
NeeWus A uMINaeWus Ao LPMI 1oy LPM2 Juua 11ua1 % DPPH inhibition iy
L%ﬂﬁ’l’)ﬂ (36.38 =0.61% §4.39.61 + 0.22%) tag (37.01 £0.61% 9939.73 + 0.38%) ANANY
18z LPM3 1@@4a1 % DPPH inhibition NHA M o3 NA1azIAIGIga(40.49 £ 0.69% D4 43.60

+0.55%)(317 4.13)
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510 4.11 HAMINAADY Strain Stability Y84A1 % DPPH inhibition 1fFeuiioussninanuaiioaenus wild type Laza@18Wus mutant Y09 Lactobacillus

L'l

<3 . A I 1 A oA
plantarum Wunan 15 generations mnugautuanae + AUUVYUVUNINTTIU (Mean £ SD)

Strain Stability of Lactobacillus plantarum

LPM3

[] LP non LPM] LPM2

100
90

60 -
50 |
40
30
20
10

% DPPH Inhibition

3 6 9 12 15 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15

Generation
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H 1 1 o o . o J
31/11 4.12 WaN1INAADY Strain Stability Y99A1 % DPPH inhibition 138UV HINUUANTIA WU wild type 112 A18WUF mutant Y Lactobacillus

L'l

<3 . A < 1 = oA
casei 1 Tua 15 generations AmMnuaauiuaunny + ANVYAVUNIATTIU (Mean + SD)

Strain Stability of Lactobacillus casei

LCM3

[~] LC non LCM1 LCM2

100
90

70
60

40
30
20
10

% DPPH Inhibition

3 6 9 12 15 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15

Generation
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511 4.13 HANMINAADY Strain Stability Y84A1 % DPPH inhibition 1fFeuiioussnianuaiizoaenus wild type Laza@18Wus mutant Y09 Lactobacillus

L'l

<3 . 1A I 1 A VoA
acidophilus Wuan 15 generations mnuaauiuaunae + ANVIAUVUNINTIIU (Mean + SD)

Strain Stability of Lactobacillus acidophilus

] LA non LAMI LAM2 LAM3

100

80

70

50
40

% DPPH Inhibition

30

20

10

3 6 9 12 15 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15

Generation
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v A wa N AL ) = gad X = P A 9
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= £ Y = @ 4 4 . . . ~
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ANUNUMIUAD ARTP Tusgauthunan Tasligasnammmnzaudmiunmsnalewugogi 7-

93U FIA0ANADINVIIUIVEVD I Wang ef al. (2019) N 5183914 31 L. plantarum 1
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mavnna lnmmizlunisaeuauesas ARTP uana19aInaNuRseagUluuudu 151 AW

A =

FouUNITBNTA FIT0ANERINVTOTUNAVDY Li er al. (2021) NWUIIHANTLNUUDI ARTP #19

A d

a 1 1 o Y a
AUNTENANANINITNIABNAEWUFHUUUAUAN
Tun1easanudw L. acidophilus waasnnununIuae ARTP geiiga Taslisaranaii

o 1A

9

mugandmiunsnateiugoedn 11-12 717 wan1snaaesliadoandeanUNMIANEIVA

Chen et al. (2018) N31891UIN L. acidophilus HANUEINITD IUMTNUADTN1IZIATIADONFLA

= = < o @ 4 1 I
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Abstract

The escalating global crisis of multidrug-resistant pathogens necessitates innovative
approaches to enhance antimicrobial and antioxidant properties of probiotic bacteria. This study
investigated the application of Atmospheric and Room-Temperature Plasma (ARTP) mutagenesis
to improve the biological activities of three Lactobacillus species: L. plantarum, L. casei, and L.
acidophilus. ARTP treatment parameters were optimized based on species-specific lethality
curves, establishing optimal exposure windows of 7-9 seconds for L. plantarum, 4-5 seconds for
L. casei, and 11-12 seconds for L. acidophilus, achieving target mortality rates of 80-90%.
Systematic screening of ARTP-derived mutants revealed significant enhancements in both
antimicrobial and antioxidant properties. Superior mutant strains demonstrated remarkable
improvements in DPPH radical scavenging activity: L. plantarum LPM4 (24.6% increase), L. casei
LCM1 (24.8% increase), and L. acidophilus LAM8 (60.19% increase) compared to wild-type
strains. Antimicrobial spectrum analysis through agar well diffusion and broth microdilution
revealed expanded inhibitory activity against clinically significant multidrug-resistant pathogens,
including  methicillin-resistant ~ Staphylococcus aureus (MRSA), vancomycin-resistant
Enterococcus faecalis (VRE), multidrug-resistant Acinetobacter baumannii and Pseudomonas

aeruginosa. Notably, mutant strains acquired novel antimicrobial activities against previously



resistant pathogens while maintaining enhanced minimum inhibitory concentrations. Flavonoid
content analysis corroborated antioxidant improvements, with L. plantarum LPM4 exhibiting a
28.7% increase in quercetin equivalents. Growth kinetic studies confirmed that genetic
modifications did not compromise cellular fitness, with several mutant strains demonstrating
superior growth rates. Antibiotic susceptibility profiling revealed altered resistance patterns,
generally increasing sensitivity to f-lactam antibiotics while maintaining species-specific intrinsic
resistance characteristics. Stability assessment over 15 generations confirmed maintenance of
enhanced properties, supporting commercial viability. These findings demonstrate ARTP
mutagenesis as an effective, environmentally friendly, and regulatory-compliant approach for
developing next-generation probiotics with superior antimicrobial and antioxidant capabilities,
offering promising applications in functional foods and therapeutic interventions against oxidative
stress-related diseases and antibiotic-resistant infections.
Keywords: ARTP mutagenesis, Lactobacillus enhancement, antimicrobial activity, antioxidant
capacity, probiotic optimization
Introduction

The emergence of multidrug-resistant (MDR) pathogens. represents one of the most
pressing challenges in contemporary global health, demanding innovative antimicrobial strategies
beyond conventional antibiotic therapy (Ventola, 2015; WHO, 2024). This escalating crisis has
catalyzed renewed interest in probiotic bacteria, particularly Lactobacillus species, which
demonstrate remarkable potential as biological alternatives through their multifaceted mechanisms
of action. These gram-positive, lactic acid-producing bacteria exhibit antimicrobial activity via
bacteriocin production, competitive exclusion of pathogens, immune system modulation, and

maintenance of intestinal barrier function (Hill et al., 2014; Sanders et al., 2019). Recent advances



in microbiome research have further validated the therapeutic potential of Lactobacillus strains,
with studies demonstrating their efficacy against antibiotic-resistant pathogens including
methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci
(VRE) (Palanisamy et al., 2024).

Despite their inherent therapeutic properties, the natural bioactivity of wild-type
Lactobacillus strains is frequently constrained by limited expression of biosynthetic gene clusters
responsible for antimicrobial peptide synthesis and secondary metabolite production (Zhang et al.,
2021; Mu et al., 2023). This limitation significantly restricts their clinical efficacy and commercial
viability, necessitating advanced strain improvement strategies. Traditional microbial
enhancement approaches, including ultraviolet (UV) irradiation and chemical mutagenesis using
agents such as ethyl methanesulfonate (EMS) and N-methyl-N'-nitro-N-nitrosoguanidine (NTG),
have historically dominated the field. However, these conventional methods suffer from
substantial drawbacks including high cytotoxicity, non-specific genomic alterations, mutagenic
instability, and potential safety concerns for subsequent human applications (Ammar et al., 2018;
Chen et al., 2020).

The development of Atmospheric and Room-Temperature Plasma (ARTP) mutagenesis
technology has revolutionized microbial strain improvement by offering a sophisticated,
environmentally sustainable alternative with superior mutation characteristics (Liu et al., 2020;
Wang et al., 2024). ARTP employs precisely controlled ionized gases, typically argon or helium,
to generate reactive oxygen and nitrogen species (RONS) that induce targeted DNA modifications
while maintaining cellular viability (Wang et al., 2021). This technology demonstrates several
advantages over traditional methods: enhanced mutation frequency, reduced cytotoxicity,

improved genetic stability of induced mutations, and absence of hazardous chemical residues (Li



et al., 2023). The mechanism involves plasma-generated reactive species penetrating cell walls
and membranes to interact directly with DNA, causing single and double-strand breaks, base
modifications, and chromosomal rearrangements that can lead to beneficial phenotypic changes.

Contemporary research has extensively validated ARTP's efficacy across diverse microbial
species, yielding remarkable improvements in bioactive compound production and stress
tolerance. Notable successes include a 34.2% enhancement in surfactin production by Bacillus
subtilis, demonstrating the technology's capacity to upregulate lipopeptide biosynthesis pathways
(Xu et al., 2021). Similarly, ARTP-treated Streptomyces avermitilis exhibited a 21% increase in
avermectin production, substantially improving its antiparasitic therapeutic potential (Wang et al.,
2010). Recent investigations have extended ARTP applications to probiotic bacteria, with Bacillus
coagulans demonstrating enhanced bile resistance and thermotolerance following ARTP
mutagenesis combined with adaptive laboratory evolution (ALE) (Chen et al., 2020). Particularly
relevant to the current study, ARTP-treated Lactobacillus acidophilus exhibited significantly
improved acid tolerance, suggesting the technology's potential for enhancing probiotic survival
under gastrointestinal stress conditions.

The integration of ARTP mutagenesis with Lactobacillus strain improvement represents a
convergence of advanced biotechnology and probiotic science that addresses critical limitations in
current therapeutic applications. Recent proteomic analyses have revealed that ARTP-induced
mutations can upregulate multiple metabolic pathways simultaneously, including amino acid
biosynthesis, stress response mechanisms, and secondary metabolite production (Zhang et al.,
2024). This multi-pathway enhancement is particularly valuable for probiotic applications, where
strain robustness and bioactivity must be optimized concurrently. Furthermore, the growing

interest in next-generation probiotics (NGPSs) as biotherapeutics that alter the gut microbiome and



affect various diseases underscores the timely relevance of advanced strain improvement
technologies.

The global probiotics market, forecasted to reach $126.7 billion by 2030 with a 9.8%
compound annual growth rate, reflects increasing demand for enhanced probiotic formulations
with superior therapeutic efficacy. This market expansion creates substantial opportunities for
ARTP-enhanced Lactobacillus strains that demonstrate improved antimicrobial activity, enhanced
stress tolerance, and augmented production of beneficial metabolites. Additionally, emerging
research on the gut-brain axis and the role of probiotics in neurological health, metabolic disorders,
and immune function regulation further emphasizes the need for optimized probiotic strains with
enhanced bioactivity profiles (Martinez-Guryn et al., 2019; Cryan et al., 2020).

The application of ARTP mutagenesis to Lactobacillus species encompasses several
critical research frontiers. These include enhancement of bacteriocin production for improved
antimicrobial efficacy, augmentation of exopolysaccharide synthesis for enhanced prebiotic
activity, optimization of acid and bile tolerance for improved gastrointestinal survival, and
upregulation of antioxidant enzyme production for enhanced oxidative stress resistance (Kim et
al., 2022). Recent studies have also explored the potential of ARTP-induced mutations to enhance
the production of gamma-aminobutyric acid (GABA), vitamin B12, and other neuroactive
compounds that contribute to the psychobiotic effects of certain Lactobacillus strains (Strandwitz,
2018; Pokusaeva et al., 2017).

This comprehensive study aims to systematically investigate the effects of ARTP
mutagenesis on Lactobacillus species, with specific focus on enhancing their antimicrobial and
antioxidant properties for next-generation probiotic applications. The primary objectives include:

(1) optimization of ARTP exposure parameters to achieve maximum beneficial mutation rates



while maintaining cellular viability; (2) comprehensive characterization of mutant strains for
enhanced antimicrobial activity against clinically relevant MDR pathogens; (3) evaluation of
improved antioxidant capacity and stress tolerance mechanisms; (4) assessment of genetic stability
and phenotypic consistency of induced mutations across multiple generations; and (5)
investigation of the molecular mechanisms underlying ARTP-induced enhancements through
integrated genomic, transcriptomic, and proteomic analyses.

The scope of this research encompasses the selection and evaluation of representative
Lactobacillus wild-type strains, systematic ARTP mutagenesis optimization, high-throughput
screening for superior mutant phenotypes, detailed biochemical and molecular characterization of
selected strains, and preliminary assessment of their potential applications in pharmaceutical
formulations and functional food development. This investigation is expected to provide
fundamental insights into ARTP-mediated microbial enhancement mechanisms while contributing
practical solutions for developing superior probiotic therapeutics. The findings will advance our
understanding of plasma-induced mutagenesis in gram-positive bacteria and establish a foundation
for future clinical applications of enhanced Lactobacillus strains in combating antibiotic resistance
and oxidative stress-related diseases.

Materials and methods
Experimental Design and Study Framework

This investigation employed a comprehensive experimental approach to enhance the
biological properties of Lactobacillus spp. through Atmospheric and Room Temperature Plasma
(ARTP) mutagenesis. The study design encompassed four sequential phases: (1) optimization of
ARTP mutagenesis parameters for maximum beneficial mutation induction while maintaining

cellular viability, (2) systematic screening and characterization of mutant strains with enhanced



antimicrobial and antioxidant properties, (3) comprehensive evaluation of bioactive compound
production and genetic stability across multiple generations, and (4) comparative assessment of
therapeutic potential against multidrug-resistant pathogens. The experimental framework was
designed according to current ARTP mutagenesis protocols with adaptations for probiotic
enhancement applications (Zhang et al., 2023; Liu et al., 2020).
Bacterial Strains and Quality Control
Target Lactobacillus Species

Three clinically relevant Lactobacillus species were selected as target organisms: L.
plantarum, L. casel, and L. acidophilus. These strains were chosen based on their established
probiotic properties, commercial relevance, and documented susceptibility to beneficial genetic
modifications through plasma mutagenesis (Chen et al., 2020). All strains were maintained as
glycerol stocks at -80°C and subcultured on de Man, Rogosa, and Sharpe (MRS) agar (Oxoid Ltd.,
Hampshire, UK) at 37°C under microaerophilic conditions.
Pathogenic Test Organisms

A comprehensive  panel of clinically significant multidrug-resistant pathogens was
employed to evaluate antimicrobial efficacy, including: Escherichia coli extended-spectrum f-
lactamase (ESBL), Enterococcus faecalis vancomycin-resistant enterococci (VRE), Salmonella
Typhi, Shigella sonnei, Acinetobacter baumannii multidrug-resistant (MDR), Pseudomonas
aeruginosa MDR, Staphylococcus aureus methicillin-resistant (MRSA), Bacillus subtilis (control
strain), and Candida albicans. All clinical isolates were obtained from the Department of Medical
Sciences, Faculty of Science, and Faculty of Medical Technology, Rangsit University, Thailand.
Strain authentication and antimicrobial resistance profiles were confirmed using matrix-assisted

laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) and disk



diffusion susceptibility testing according to Clinical and Laboratory Standards Institute (CLSI,
2024) and European Committee on Antimicrobial Susceptibility Testing (EUCAST, 2024)
guidelines.
Reagents and Chemicals
All chemicals employed were of analytical grade and used without further purification. These
included: sodium chloride (QReC, Auckland, New Zealand), absolute ethanol (UNILAB, Sydney,
Australia), L-ascorbic acid (Chanjao Longevity Co., Bangkok, Thailand), 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Smart Science Co., Bangkok, Thailand), quercetin dihydrate (Chanjao
Longevity Co., Bangkok, Thailand), resazurin sodium salt (Sigma-Aldrich, St. Louis, MO, USA),
aluminum trichloride hexahydrate (Sigma-Aldrich), and gentamicin sulfate (Sigma-Aldrich). All
microbiological media were prepared according to manufacturer specifications and sterilized by
autoclaving at 121°C for 15 minutes.
ARTP Mutagenesis Optimization and Mutant Generation
Pre-treatment Bacterial Preparation

Target Lactobacillus strains were cultured on MRS agar plates and incubated at 37°C for
24 hours to obtain actively growing, pure cultures. Individual well-isolated colonies were selected
and suspended in sterile 0.85% (w/v) NaCl solution. Bacterial cell density was standardized using
a McFarland nephelometer to achieve 0.5 McFarland standard (approximately 1.5 x 10® colony-
forming units per milliliter [CFU/mL]), ensuring consistent cell concentrations across all
mutagenesis experiments (McFarland, 1907; CLSI, 2024).
ARTP System Configuration and Mutagenesis Protocol

The ARTP mutagenesis was performed using a standardized atmospheric pressure plasma

jet system (Tsinghua University, Beijing, China) configured with optimized parameters based on



recent studies demonstrating maximum beneficial mutation rates at approximately 90% lethality
(Xu et al., 2023). The system was operated under the following standardized conditions: argon gas
carrier (99.99% purity) at a flow rate of 10 L/min, radio frequency power input of 4.0 W, nozzle-
to-sample distance of 2.0 mm, and treatment chamber maintained at ambient temperature (22 +
2°C). A 10 pL aliquot of standardized bacterial suspension was dispensed onto sterile polystyrene
plates and positioned directly beneath the plasma nozzle. Treatment durations ranged from 0 to
150 seconds in 30-second intervals to establish species-specific optimal exposure times.
Survivability Assessment and Lethal Dose Determination

Immediately following ARTP exposure, treated bacterial suspensions were serially diluted
(107" to 10°) in sterile 0.85% NaCl solution and plated on MRS agar using the spread plate
technique. Plates were incubated at 37°C for 24-48 hours under microaerophilic conditions.
Surviving colonies were enumerated using a digital colony counter, and experiments were
performed in biological triplicate with technical triplicates for each dilution. Lethality rates were
calculated using the formula:

Lethality rate (%) = [1 — (NT/NU)] x 100 (1)

where N_T represents colony counts in treated groups and N_U represents colony counts
in untreated controls (Liu et al., 2020). Optimal treatment conditions were defined as those
achieving 85-95% lethality while maintaining sufficient viable cells for subsequent screening
procedures.
Mutant Screening and Primary Selection

Following optimization of ARTP parameters for each Lactobacillus species, systematic
screening for enhanced antioxidant properties was conducted. Surviving colonies from optimal

treatment conditions were individually isolated and cultured in MRS broth at 37°C for 24 hours.



Cell-free supernatants (CFS) were obtained by centrifugation at 10,000 x g for 15 minutes at 4°C,
followed by sterile filtration through 0.22 pm polyethersulfone membrane filters (Millipore,
Bedford, MA, USA). Primary screening utilized DPPH radical scavenging assays to identify
mutant strains exhibiting superior antioxidant capacity compared to their respective wild-type
counterparts. Selection criteria prioritized strains demonstrating >20% improvement in antioxidant
activity relative to parental strains.
Growth Kinetics and Bioactive Compound Production Analysis
Standardized Culture Conditions and Growth Monitoring

Both wild-type and selected mutant strains were subjected to comprehensive growth kinetic
analysis under controlled conditions. Bacterial suspensions were standardized to 0.5 McFarland
standard and inoculated at 1% (v/v) into 50 mL MRS broth in 250 mL Erlenmeyer flasks. Cultures
were incubated at 37°C with orbital shaking at 150 rpm for 24-48 hours. Growth dynamics were
monitored by measuring optical density at 600 nm (ODsoo) using a UV-visible spectrophotometer
(Thermo Fisher Scientific Evolution 220, Waltham, MA, USA). The obtained OD values were
plotted to generate growth curves.

Cell-Free Supernatant Preparation and Standardization

At predetermined time points corresponding to late exponential phase (typically 18-24
hours), bacterial cultures were harvested by centrifugation at 10,000 x g for 15 minutes at 4°C
using a high-speed centrifuge (Sigma 3-30KS, Osterode am Harz, Germany). The resulting CFS
was immediately filter-sterilized through 0.22 um membrane filters and stored at -20°C for further
analyzed to evaluate its antimicrobial activity against target microorganisms and its antioxidant

properties. CFS samples were standardized based on original bacterial cell density to ensure



comparable bioactive compound concentrations across different strains and experimental
conditions.
Antimicrobial Activity Assessment
Agar Well Diffusion Screening Assay

Primary antimicrobial screening employed a modified agar well diffusion technique
adapted from EUCAST standardized protocols (EUCAST, 2024). Test pathogens were cultured
on appropriate media (nutrient agar for bacteria, potato dextrose agar for yeasts) and incubated at
37°C for 24 hours. Bacterial/yeast suspensions were standardized to 0.5 McFarland standard (1.5
x 10®* CFU/mL for bacteria, 1.5 x 10° CFU/mL for yeasts) and uniformly distributed on Mueller-
Hinton agar (MHA) plates using sterile cotton swabs in a three-directional pattern. Wells (6.0 mm
diameter) were created using sterile cork borers, and 30 pL volumes of CFS at various
concentrations (25%, 50%, and 100% v/v) were dispensed into individual wells. Positive controls
consisted of gentamicin (1.0 mg/mL) for bacteria and clotrimazole (1.0 mg/mL) for yeasts, while
negative controls utilized sterile MRS broth. Plates were incubated at 37°C for 24 hours, and
inhibition zone diameters were measured using digital calipers. Strains exhibiting inhibition zones
of interest were selected for further testing.
Quantitative Antimicrobial Susceptibility Testing
Minimum Inhibitory Concentration (MIC) Determination

Quantitative antimicrobial activity was assessed using the broth microdilution method
according to CLSI M07-A11 (2024) and EUCAST standards with modifications for probiotic
supernatants. Test organisms were prepared as described above and diluted 1:100 in cation-
adjusted Mueller-Hinton broth (CAMHB) to achieve final concentrations of 5 x 10> CFU/mL for

bacteria and 5 x 108 CFU/mL for yeasts. CFS samples demonstrating promising activity in agar



diffusion assays were serially diluted using two-fold dilution series in sterile 96-well microtiter
plates (Corning Inc., Corning, NY, USA). Each well contained 100 pL of diluted CFS and 100
uL of standardized microbial inoculum. Control wells included: sterility control (CAMHB only),
growth control (inoculum without CFS), and positive control (gentamicin at 0.125-128 pg/mL).
Plates were sealed with sterile film and incubated at 37°C for 18-24 hours. Microbial

growth was assessed using resazurin indicator (0.018% w/v) with 10 pL added to each well
followed by 1-hour incubation at 37°C. Color interpretation followed established protocols:
blue/purple indicating growth inhibition (positive result), pink/colorless indicating no inhibition
(negative result). MIC values were recorded as the lowest CFS concentration preventing visible
microbial growth and were expressed as percentage concentrations (v/v) of original supernatant.
Minimum Bactericidal/Fungicidal Concentration (MBC/MFC) Determination

Wells demonstrating growth inhibition in MIC assays were further evaluated for
bactericidal/fungicidal activity using the streak plate method adapted from CLSI guidelines (CLSI,
2024). Aliquots (10 pL) from wells showing no visible growth were streaked onto tryptic soy agar
plates and incubated at 37°C for 24-48 hours. MBC/MFC values were defined as the lowest CFS
concentration resulting in 299.9% reduction in viable counts compared to the initial inoculum,
determined by absence of growth on recovery plates.
Antioxidant Activity Characterization
DPPH Radical Scavenging Assay
DPPH (2,2-Diphenyl-1-picrylhydrazyl) Radical Scavenging Assay

Antioxidant capacity was quantified using the DPPH (2,2-diphenyl-1-picrylhydrazyl)

radical scavenging assay adapted from established protocols (Powthong et al., 2022). CFS samples

were serially diluted to final concentrations of 0.78%, 1.56%, 12.5%, 25%, 50%, and 100% (v/v)



in sterile distilled water. In 96-well microplates, 100 pL of each diluted sample was combined with
100 pL of freshly prepared DPPH solution (0.02 mg/mL in methanol). Reaction mixtures were
thoroughly mixed using a plate shaker and incubated in darkness at room temperature (22 + 2°C)
for 30 minutes. Absorbance measurements were performed at 517 nm using a microplate reader
(BioTek Synergy HTX, Winooski, VT, USA). Negative controls consisted of distilled water
replacing CFS samples. Radical scavenging activity was calculated using the formula:

DPPH Scavenging Activity (%) = [(Absorbance of Control — Absorbance of Sample) /
Absorbance of Control] x 100

where A_control represents absorbance of negative control and A_sample represents
absorbance of test samples.
Vitamin C Equivalent Antioxidant Capacity (VCEAC) Determination

Quantitative antioxidant capacity was expressed in vitamin C equivalents using L-ascorbic
acid standard curves. Standard solutions were prepared at concentrations of 7.81, 15.63, 31.25,
62.50, 125, 250, 500, and 1,000 pg/mL in methanol and tested under identical DPPH assay
conditions. Linear regression analysis generated standard curves (R? > 0.995), and sample
antioxidant capacities were calculated from the equation and expressed as micrograms of vitamin
C equivalents per milliliter of CFS (ug VCE/mL).
Total Flavonoid Content Analysis

Flavonoid quantification employed the aluminum chloride colorimetric method modified
from established protocols (Powthong et al., 2023). CFS samples were diluted to identical
concentrations as DPPH assays, and 30 pL volumes were combined with 170 puL of 1% (w/v)
aluminum trichloride solution in 96-well plates. Reaction mixtures were incubated at 30°C for 10

minutes, and absorbance was measured at 415 nm using the microplate reader. Quercetin dihydrate



served as the reference standard with concentrations ranging from 1-500 pg/mL. Total flavonoid
content was calculated from the quercetin standard curve and expressed as micrograms of
quercetin equivalents per milliliter of CFS (ug QE/mL).
Antibiotic Susceptibility Profiling

Antibiotic susceptibility patterns of both wild-type and mutant Lactobacillus strains were
evaluated using the Kirby-Bauer disk diffusion method according to CLSI standards (Bauer et al.,
1966; CLSI, 2024). Bacterial suspensions were standardized to 0.5 McFarland standard and
uniformly distributed on MHA plates using sterile cotton swabs. Commercial antibiotic disks
(Oxoid Ltd., Hampshire, UK) were applied to plate surfaces including: cefoxitin (30 ug),
ceftriaxone (30 pg), ciprofloxacin (5 pg), doxycycline (30 pg), erythromycin (15 pug), gentamicin
(10 pg), imipenem (10 pg), and vancomycin (30 pg). Following 24-hour incubation at 37°C,
inhibition zone diameters were measured and interpreted according to CLSI breakpoint criteria for
lactobacilli where available, or general criteria for gram-positive bacteria. The data were presented
as the mean = standard deviation (SD) of triplicate experiments.
Genetic Stability Assessment
Multi-generational Passaging Protocol

The genetic stability of beneficial mutations was evaluated through systematic multi-
generational passaging over 15 consecutive generations. This approach was designed to assess the
consistency and heritability of enhanced phenotypic characteristics under selective pressure-free
conditions (Songnaka et al., 2023). Both wild-type and mutant strains were standardized to 0.5
McFarland standard, and 75 pL aliquots were inoculated into 1.5 mL MRS broth (5% v/v
inoculation ratio). Day 0 represented the initial inoculation, with duplicate cultures prepared: one

stored at -80°C for later analysis and another incubated at 37°C for 24 hours.



Daily subculturing involved transferring 75 pL of actively growing culture into fresh MRS
broth, maintaining consistent inoculation ratios throughout the 15-day period. Cultures from
generations 0, 3, 6, 9, 12, and 15 were harvested by centrifugation at 10,000 x g for 15 minutes at
room temperature, and CFS samples were stored at -20°C until comprehensive analysis. This
experimental design provided insight into mutation stability and potential genetic drift over
extended cultivation periods.

Phenotypic Stability Evaluation

CFS samples from selected generations were subjected to identical antimicrobial and
antioxidant analyses as described above. Comparative evaluation focused on maintenance of
enhanced bioactivities relative to generation O baselines. Statistical analysis examined trends in
activity levels across generations and identified any significant deterioration in beneficial
phenotypes.
Statistical Analysis and Data Management

All experiments were conducted in biological triplicate with technical replicates where
appropriate. Quantitative data are expressed as mean * standard deviation (SD). Statistical
significance was evaluated using one-way analysis of variance (ANOVA) followed by Tukey's
honestly significant difference (HSD) post-hoc test for multiple comparisons. Two-way ANOVA
was employed for analyzing interactions between strain type and generation number in stability
studies. Statistical analyses were performed using GraphPad Prism version 9.5.1 (GraphPad
Software, San Diego, CA, USA), with significance defined as p < 0.05. ICso values for antioxidant
activities were calculated using non-linear regression analysis with variable slope models.

Ethical Considerations and Biosafety



All experimental procedures involving pathogenic microorganisms were conducted under
Biosafety Level 2 (BSL-2) conditions in accordance with institutional biosafety guidelines. Waste
materials were appropriately decontaminated by autoclaving at 121°C for 15 minutes before
disposal. The study protocol was reviewed and approved by the Institutional Biosafety Committee
of Rangsit University (Approval No. RSU-1BC-2024-001).

Results and Discussion
Effects of ARTP Treatment on Lactobacillus Spp. Viability

The Atmospheric Room-Temperature Plasma (ARTP) mutagenesis technique represents a
paradigm shift in microbial strain improvement, leveraging non-thermal plasma technology to
induce precise genetic modifications while preserving cellular integrity (Zhang et al., 2014; Fang
et al., 2013). This advanced mutagenesis approach demonstrates significant advantages over
traditional chemical and physical mutagenesis methods, including reduced environmental impact,
enhanced control over mutation rates, and minimized cellular damage (Li et al., 2015).

The systematic evaluation of ARTP effects on three distinct Lactobacillus species (L.
plantarum, L. casei, and L. acidophilus) revealed characteristic species-specific sensitivity profiles
that directly correlate with their underlying physiological and genetic architecture. These
differential responses establish a foundation for understanding how plasma-induced oxidative
stress interacts with strain-specific cellular defense mechanisms (Chen et al., 2018; Bourke et al.,
2018).

The temporal dynamics of ARTP-induced mortality followed predictable kinetic patterns
across all tested species, yet exhibited distinct threshold responses that reflect inherent differences
in cellular resilience. L. plantarum demonstrated intermediate plasma tolerance, maintaining

substantial viability during initial exposure phases (1-6 seconds) before experiencing accelerated



mortality. The critical transition occurred at 7 seconds, where mortality reached approximately
40%, progressing to complete inactivation at 10 seconds. This response profile established the
optimal mutagenic window at 7-9 seconds, achieving the target 80-90% lethality essential for
effective mutagenesis while preserving sufficient viable populations for subsequent screening
(Wang et al., 2016; Misra et al., 2011).

In striking contrast, L. casei exhibited pronounced plasma sensitivity, manifesting rapid
mortality escalation within the initial treatment period. The accelerated inactivation kinetics,
reaching 83.33% mortality at merely 4 seconds and complete inactivation at 6 seconds,
necessitated a narrower optimal exposure window of 4-5 seconds. This heightened susceptibility
aligns with documented evidence of L. casei's increased vulnerability to oxidative stress,
potentially attributed to reduced antioxidant enzyme expression and altered membrane
composition (Liu et al., 2019; Turroni et al., 2014).

Conversely, L. acidophilus demonstrated remarkable plasma resistance, exhibiting the
most gradual mortality progression among tested strains. The extended survival profile, with
mortality reaching only 66.67% at 11 seconds and complete inactivation delayed until 13 seconds,
established an optimal treatment window of 11-12 seconds. This enhanced resistance correlates
with L. acidophilus's documented  superior oxidative stress tolerance, attributed to elevated
catalase and superoxide dismutase activity, along with specialized acid shock proteins that provide
cross-protection against multiple stressors (Wang et al., 2016; Klaenhammer et al., 2005).

The observed variations in ARTP sensitivity reflect fundamental differences in cellular
architecture and stress response mechanisms among Lactobacillus species. These differences
encompass cell wall peptidoglycan structure, membrane fatty acid composition, DNA repair

efficiency, and antioxidant enzyme repertoires (Chen et al., 2018; Lebeer et al., 2008). L.



acidophilus's superior resistance likely stems from its evolutionary adaptation to acidic
environments, requiring robust protective mechanisms that confer cross-resistance to plasma-
induced oxidative damage (Corcoran et al., 2008).

Screening and Characterization of Mutant Strains

Building upon the established optimal treatment parameters, comprehensive screening
protocols were implemented to identify mutant strains exhibiting superior functional properties.
This systematic approach involved isolating 15 surviving colonies from each species post-ARTP
treatment, followed by standardized cultivation in de Man, Rogosa, and Sharpe (MRS) broth under
controlled conditions (37°C, 24 hours, anaerobic environment). The selection strategy prioritized
strains demonstrating significantly enhanced antioxidant capabilities, as determined through
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assays (Brand-Williams et al., 1995).

The screening methodology successfully identified mutant strains with substantially
improved antioxidant profiles across all species. L. plantarum mutant strain LPM 1 achieved the
highest DPPH radical scavenging activity at 37.06%, representing a remarkable 39.27%
improvement over the wild-type strain's baseline activity of 26.61%. This enhancement suggests
potential upregulation of antioxidant enzyme systems or increased production of bioactive
metabolites with radical scavenging properties (Mishra et al., 2015).

L. casei mutant LCM 1 demonstrated a DPPH scavenging value of 44.63%, reflecting a
7.44% improvement over the wild-type baseline of 41.54%. While this enhancement appears
modest compared to other species, it represents a significant functional improvement given L.
casei's already elevated baseline antioxidant capacity (Patel et al., 2013).

The most dramatic enhancement occurred in L. acidophilus, where mutant strain LAM 8

exhibited exceptional DPPH scavenging activity of 49.74%, representing a substantial 60.19%



increase relative to the wild-type strain's baseline of 31.05%. This remarkable improvement
correlates with L. acidophilus's inherent metabolic flexibility and suggests successful mutation-
induced optimization of antioxidant pathways (Lin & Chang, 2000).(Figure 2A-C).
Comparative Growth Analysis of Wild Type and Mutant Strains

The comprehensive growth analysis of wild-type and mutant strains provides crucial
insights into the relationship between ARTP-induced genetic modifications and cellular fitness.
Growth kinetics were monitored through optical density measurements at 620 nm (OD620) at
strategic time points (0, 24, and 48 hours), capturing the complete growth cycle from lag phase
through stationary phase transition (Zwietering et al., 1990).

All strains exhibited characteristic sigmoid growth curves, confirming normal microbial
population dynamics despite genetic modifications. The rapid proliferation during the initial 24-
hour period (logarithmic phase) followed by growth deceleration during the 24-48 hour interval
(stationary phase transition) aligns with established microbial growth principles (Wang et al.,
2019).

L. plantarum mutants demonstrated notable growth enhancements, with LPM1 showing
superior initial growth characteristics and all three mutant strains (LPM1, LPM3, LPM4)
exhibiting enhanced 24-hour growth rates compared to wild-type controls. The sustained growth
advantages observed in LPM1 and LPM4 at 48 hours, coupled with LPM3's elevated growth
profile, suggest successful metabolic optimization through ARTP mutagenesis (Li et al., 2019).

L. casei mutants exhibited more complex growth dynamics, with initial variations giving
way to consistent improvements by 48 hours across all mutant strains (LCM1, LCM2, LCM5).
This delayed enhancement pattern suggests potential modifications in stationary phase survival

mechanisms or resource utilization efficiency (Zhao et al., 2020).



L. acidophilus mutants showed initial growth depression followed by enhanced logarithmic
phase growth, with LAM8 and LAM10 maintaining superior growth rates through 48 hours. This
pattern indicates potential trade-offs between initial metabolic adjustment and subsequent growth
optimization (Wang et al., 2020).

The growth enhancements observed in ARTP-derived mutants suggest fundamental
alterations in metabolic pathways, stress response mechanisms, and resource utilization efficiency.
These modifications likely involve upregulation of key metabolic genes, enhanced substrate
transport systems, and improved cellular maintenance mechanisms (Zhang et al., 2014; Fang et
al., 2013).

The practical implications of these growth improvements extend beyond laboratory
curiosity to significant industrial applications. Enhanced logarithmic phase growth rates could
substantially reduce fermentation times in commercial probiotic production, leading to improved
economic efficiency and reduced energy consumption (Liu et al., 2022). Furthermore, strains
maintaining elevated viable counts during stationary phase transitions offer potential advantages
in shelf-life extension and probiotic functionality preservation during storage (Zhao et al., 2020).
The correlation between antioxidant enhancement and growth improvement in several mutant
strains suggests interconnected physiological benefits that could translate to enhanced probiotic
efficacy. Strains with superior antioxidant capabilities may demonstrate improved survival during
gastrointestinal transit, enhanced colonization potential, and increased therapeutic effectiveness in
oxidative stress-related conditions (Sanders et al., 2018; Hill et al., 2014).

Enhanced Antimicrobial Properties of Lactobacillus spp. mutant type through ARTP

Mutation



Atmospheric and Room-Temperature Plasma (ARTP) mutagenesis represents a revolutionary non-
genetic engineering approach for enhancing beneficial microbial properties, particularly in
probiotic Lactobacillus species. This technology generates reactive oxygen species (ROS),
reactive nitrogen species (RNS), charged particles, and UV radiation that induce controlled DNA
mutations, potentially affecting regulatory genes controlling antimicrobial metabolite production
(Zhang et al., 2015; Ottenheim et al., 2018). The significance of this approach lies in its ability to
overcome regulatory constraints associated with genetic modification while addressing the urgent
need for novel antimicrobial agents against multidrug-resistant pathogens.

The molecular mechanisms underlying ARTP enhancement involve complex interactions
between plasma-generated reactive species and cellular components. Research by Fang et al.
(2018) demonstrated that ARTP mutagenesis modifies gene expression profiles in Lactobacillus
strains, leading to upregulation of bacteriocin production and enhanced antimicrobial activity.
Furthermore, Zhang et al. (2019) reported that ARTP-induced mutations affect cell envelope
properties of lactic acid bacteria, potentially increasing the release of antimicrobial compounds
into the extracellular environment. This foundational understanding provides the context for
evaluating specific antimicrobial enhancements achieved through systematic ARTP treatment.
Agar Well Diffusion Analysis

The present investigation employed agar well diffusion methodology to evaluate
antimicrobial spectrum expansion following ARTP mutagenesis. This approach revealed
significant enhancements in both potency and spectrum breadth across multiple Lactobacillus
species, with findings that extend beyond previous research limitations as shown in Table XX.

Lactobacillus plantarum Enhancement Profile: Wild-type L. plantarum (100 pug/mL)

demonstrated baseline antimicrobial activity against E. coli ESBL (11.0 £ 0.0 mm), E. faecalis



VRE (12.3 £0.6 mm), S. sonnei (8.7 £ 0.6 mm), and B. subtilis (8.3 +£ 0.6 mm). The ARTP-derived
mutant strain LPM 3 exhibited remarkable antimicrobial spectrum expansion, maintaining
enhanced inhibition against previously susceptible pathogens while acquiring novel activity
against A. baumannii MDR (8.3 £ 0.6 mm) and S. aureus MRSA (10.0 £ 1.0 mm). This spectrum
expansion corroborates findings by Zhang et al. (2021), who reported enhanced bacteriocin
production in L. plantarum LB-B1 following ARTP treatment, though our results demonstrate
more pronounced effects against clinically relevant multidrug-resistant strains.

Lactobacillus casei Antimicrobial Evolution: Wild-type L. casei exhibited baseline
activity against five pathogens (S. Typhi, S. sonnei, A. baumannii MDR, S. aureus MRSA, and B.
subtilis) with inhibition zones ranging from 6.7 = 0.6 to 10.0 £ 1.0 mm. Following ARTP
treatment, mutant strains LCM 1 and LCM 3 displayed enhanced inhibitory effects against A.
baumannii MDR and acquired significant novel activity against P. aeruginosa MDR (8.3 £ 0.6 mm
and 7.3 = 0.6 mm, respectively). This newfound activity against P. aeruginosa represents a
particularly significant advancement given this pathogen's notorious resistance to conventional
antibiotics and critical role in healthcare-associated infections. These results align with findings
by Jiang et al. (2017), who reported that ARTP mutagenesis of L. casei increased production of
organic acids and hydrogen peroxide, enhancing antimicrobial efficacy against gram-negative
pathogens including Pseudomonas species.

Lactobacillus acidophilus Potency Enhancement: Wild-type L. acidophilus displayed
antimicrobial activity against six pathogens with inhibition zones ranging from 8.3 £ 0.6 to 10.7 +
0.6 mm. Post-ARTP mutation, strains LAM 8 and LAM 10 demonstrated enhanced inhibitory
effects and acquired novel activity against A. baumannii MDR (11.0 £ 0.0 mm for both strains),

which was completely absent in the wild-type. Additionally, LAM 10 maintained inhibitory



activity against A. baumannii MDR at reduced concentrations (6.7 + 0.6 mm at 50 pg/mL),
indicating significantly improved potency. These findings correspond with research by Chen et al.
(2019), who reported increased bacteriocin production with broader antimicrobial spectrum
following ARTP mutagenesis of L. acidophilus.

Quantitative Potency Determination Through Broth Microdilution

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) analyses provided quantitative validation of qualitative observations, revealing strain-
specific enhancement patterns that complement spectrum expansion data.

L. plantarum Quantitative Profile: Wild-type L. plantarum demonstrated effective
inhibition against E. coli ESBL and A. baumannii MDR at 12.5% concentration, while E. faecalis
VRE required only 6.25% for inhibition. The mutant strain LPM 1 showed improved activity
against S. sonnei and maintained strong inhibitory effects against E. faecalis VRE, with notably
enhanced bactericidal activity (MBC 12.5% compared to 50% for wild-type). This improvement
suggests not merely enhanced inhibition but actual killing efficacy, indicating fundamental
changes in antimicrobial compound production or activity.

L. casei Concentration-Response Relationships: Wild-type L. casei exhibited strongest
inhibitory activity against E. faecalis VRE (MIC 6.25%), while requiring substantially higher
concentrations for other pathogens, particularly P. aeruginosa MDR (MIC 50%). The mutant
strain LCM 5 demonstrated improved activity against P. aeruginosa MDR with an MIC of 25%,
representing a two-fold potency enhancement compared to the wild-type's 50% requirement.

L. acidophilus Targeted Enhancement: Wild-type L. acidophilus demonstrated strong
inhibitory effects against E. faecalis VRE (MIC 6.25%) and A. baumannii MDR (MIC 12.5%).

All mutant strains maintained effective inhibition of E. faecalis VRE, though LAM 8 and LAM



10 required slightly higher concentrations (12.5%). LAM 10 maintained consistent inhibitory
effects against most pathogens at 25% concentration, suggesting broad-spectrum potency
enhancement.

The observed antimicrobial improvements result from multiple interconnected
mechanisms that distinguish ARTP mutagenesis from conventional strain improvement
approaches. The technology's effectiveness stems from its ability to induce specific genetic
modifications without introducing foreign DNA elements.

ARTP treatment generates controlled oxidative stress through ROS and RNS production,
causing targeted DNA damage that leads to beneficial mutations affecting antimicrobial compound
biosynthesis pathways (Wang et al., 2021). These mutations can alter the production of organic
acids, hydrogen peroxide, bacteriocins, and other antimicrobial peptides that constitute the
multifactorial antimicrobial arsenal of Lactobacillus species (Riaz Rajoka et al., 2017).

Organic acids, particularly lactic and acetic acids, function through environmental pH
reduction and cytoplasmic membrane disruption of target pathogens (Zhao et al., 2020). This
mechanism particularly affects gram-negative bacteria, consistent with our observations of
enhanced inhibition against E. coli ESBL and A. baumannii MDR. Conversely, bacteriocins
typically demonstrate stronger activity against gram-positive bacteria (Cotter et al., 2013), aligning
with the consistent inhibition of E. faecalis VRE observed across all tested Lactobacillus strains.

The differential responses between Lactobacillus spp. reflect inherent genetic differences
in antimicrobial compound biosynthesis pathways (Wang et al., 2020). Liu et al. (2022)
demonstrated that ARTP-induced mutations alter gene expression profiles related to antimicrobial
compound synthesis in lactic acid bacteria, with species-specific patterns determining the nature

and extent of enhancement achieved.



Antibiotic Susceptibility Profile Modifications

ARTP mutagenesis produced significant alterations in antibiotic susceptibility patterns
across all three Lactobacillus species, revealing the technology's broader impact on cellular
physiology beyond antimicrobial compound production. These changes have important
implications for probiotic safety and therapeutic compatibility.

L. plantarum Susceptibility Changes: ARTP-mutated L. plantarum strains (LPM 1, LPM
3, and LPM 4) exhibited notable susceptibility differences compared to wild-type counterparts.
While both wild-type and mutant strains remained sensitive to Amikacin (AK), wild-type
demonstrated larger inhibition zones (31.33 £ 1.53 mm) than mutants, suggesting decreased
aminoglycoside sensitivity following mutation. Most significantly, mutant strains acquired
susceptibility to Ceftriaxone (CRO) while wild-type remained resistant, consistent with findings
by Zhang et al. (2013) regarding altered cell wall properties in ARTP-treated strains. Similarly, all
mutant strains gained sensitivity to Imipenem (IPM) with inhibition zones of 42.00-47.33 mm
compared to complete wild-type resistance, suggesting modifications in penicillin-binding
proteins or cell wall permeability.

L. casei Membrane Permeability Modifications: All ARTP-mutated L. casei strains
(LCM 1, LCM 3, and LCM 5) showed enhanced sensitivity to Amikacin compared to wild-type,
with LCM 3 exhibiting highest susceptibility. This increased aminoglycoside sensitivity likely
results from membrane permeability changes, as documented by Jiang et al. (2018) in ARTP-
treated lactic acid bacteria. The most dramatic change occurred with Imipenem, where mutant
strains showed substantially larger inhibition zones (34.00-36.33 mm) compared to wild-type
(13.33 + 1.15 mm), paralleling results from Chen et al. (2020) regarding altered peptidoglycan

synthesis pathways.



L. acidophilus Compensatory Resistance Mechanisms: L. acidophilus mutants
demonstrated variable antibiotic responses with interesting patterns. LAM 1 exhibited
significantly enhanced Ceftriaxone sensitivity (30.00 £ 0.00 mm) compared to wild-type (10.00 +
0.00 mm), while LAM 8 showed complete resistance. All mutants demonstrated increased
Imipenem sensitivity, with LAM 1 showing greatest enhancement (45.00 = 0.00 mm vs. 39.67
0.58 mm in wild-type). Conversely, all mutants showed decreased Gentamicin sensitivity,
suggesting compensatory mechanisms involving efflux pump modifications as described by Wong
etal. (2022).

The demonstrated enhancements in antimicrobial properties following ARTP mutagenesis
have significant clinical implications, particularly in addressing the growing challenge of
antimicrobial resistance in healthcare settings.

The acquired activity against clinically significant multidrug-resistant pathogens, including
MRSA, VRE, and MDR A. baumannii, positions ARTP-enhanced Lactobacillus strains as
potential complementary therapeutic agents. The consistent susceptibility of E. faecalis VRE to all
tested strains is particularly noteworthy given the clinical challenges posed by vancomycin-
resistant enterococci (Karimietal., 2018). This finding suggests potential applications in managing
infections where conventional antibiotics show limited efficacy.

ARTP mutagenesis offers advantages over genetic engineering approaches by avoiding
introduction of foreign genetic elements, potentially addressing regulatory constraints and
consumer preferences for "natural” probiotic products (Liu et al.,, 2021). The observed
modifications in antibiotic susceptibility profiles, while significant, maintain intrinsic species-
specific resistance patterns, particularly the conserved vancomycin resistance characteristic of

Lactobacillus spp.



The altered antibiotic susceptibility profiles may improve therapeutic compatibility when
probiotics are administered alongside antimicrobial treatments. The species-specific and strain-
specific variations emphasize the importance of careful strain selection for targeted clinical
applications, requiring comprehensive screening protocols for optimal therapeutic outcomes.
Antioxidant Activity of ARTP-Mutated Lactobacillus Strains
Comprehensive Analysis of DPPH Radical Scavenging Enhancement

The evaluation of antioxidant capacity through DPPH radical scavenging activity revealed
significant strain-dependent variations that demonstrate the effectiveness of ARTP mutagenesis in
enhancing probiotic functionality. The results, quantified as vitamin C equivalents (ug), provide
compelling evidence for the potential of atmospheric room-temperature plasma treatment to
systematically improve antioxidant properties across multiple Lactobacillus spp.

Among L. plantarum strains, the wild-type exhibited baseline antioxidant activity of
341.89 * 3.40 pg vitamin C equivalents, establishing a reference point for evaluating mutagenic
enhancement. ARTP treatment produced notably variable outcomes across different mutant lines,
demonstrating the stochastic nature of plasma-induced mutations. While LPM 1 showed a modest
reduction to 307.05 + 3.85 pg, both LPM 3 and LPM 4 demonstrated statistically significant
enhancements (p < 0.05), achieving 390.46 £ 4.01 pg and 426.05 + 4.85 pg, respectively. The
LPM 4 mutant represented the highest improvement within this species group, showing a
remarkable 24.6% increase over the wild-type strain. This enhancement pattern suggests
successful upregulation of antioxidant biosynthetic pathways through beneficial genetic
modifications affecting metabolic regulation.

L. casei strains exhibited the most pronounced improvements following ARTP treatment,

demonstrating the species' exceptional responsiveness to plasma mutagenesis. The wild-type strain



recorded 338.93 + 6.70 ug vitamin C equivalents, comparable to L. plantarum wild-type levels.
However, the mutagenic response revealed both positive and negative outcomes, highlighting the
importance of systematic mutant screening. The LCM 1 mutant achieved the highest antioxidant
activity among all tested strains at 423.08 + 2.80 pg (p < 0.05), representing a substantial 24.8%
enhancement over the parental strain. This exceptional improvement likely results from mutations
affecting multiple antioxidant pathways simultaneously. Conversely, LCM 3 and LCM 5 showed
reduced activities of 317.43 + 4.49 ug and 302.23 £ 2.57 ug, respectively, with LCM 5 showing
statistical significance (p < 0.05) in its reduction, demonstrating that not all mutations result in
beneficial outcomes.

L. acidophilus presented a distinctly different response pattern to ARTP mutagenesis,
illustrating the importance of genetic background in determining treatment outcomes. The wild-
type strain demonstrated the highest baseline antioxidant activity at 384.53 + 2.23 pg vitamin C
equivalents among all parental strains, suggesting inherently robust antioxidant systems. However,
all three mutant derivatives (LAM 1, LAM 8, and LAM 10) showed reduced antioxidant activities
of 354.13 + 3.58 g, 345.23 + 3.21 pg, and 352.27 + 3.58 g, respectively, though these reductions
were not statistically significant. This consistent reduction pattern suggests that L. acidophilus may
possess more tightly regulated antioxidant systems that are less amenable to beneficial
enhancement through random mutagenesis.

The observed variations in antioxidant activity following ARTP mutagenesis reflect the
complex interplay between genetic background, metabolic flexibility, and mutagenic
responsiveness. The enhanced metabolic versatility of L. plantarum and L. casei, documented by
Kleerebezem et al. (2010) and Cai et al. (2021), includes more diverse carbohydrate utilization

pathways and secondary metabolite production systems compared to L. acidophilus. This



metabolic flexibility may provide more opportunities for beneficial mutations to manifest as
enhanced antioxidant activity, while the specialized niche adaptation of L. acidophilus for acidic
environments may impose tighter metabolic constraints that limit beneficial mutagenic outcomes
(Azcarate-Peril et al., 2011). The enhancement of antioxidant properties through atmospheric and
room-temperature plasma (ARTP) mutagenesis represents a sophisticated approach to probiotic
strain optimization that operates through multiple interconnected molecular mechanisms. ARTP
treatment generates diverse reactive species including hydroxyl radicals (*OH), atomic oxygen
(O), ozone (0s), and nitrogen oxides, which induce controlled DNA damage and subsequent repair
processes that can result in beneficial mutations (Zhang et al., 2014). This mutagenic approach
fundamentally differs from targeted genetic engineering by creating diverse mutant populations
with varying metabolic capacities, offering unique opportunities for enhancing antioxidant
biosynthetic pathways (Li et al., 2015). The molecular basis for antioxidant enhancement through
ARTP mutagenesis involves modifications to regulatory genes controlling antioxidant enzyme
expression and secondary metabolite production. Recent studies have demonstrated that ARTP-
induced mutations can alter expression of genes encoding superoxide dismutase (SOD), catalase,
and glutathione peroxidase, while simultaneously affecting metabolic regulation pathways that
enhance production of antioxidant compounds including exopolysaccharides, peptides, and
organic acids (Wang et al., 2022). Additionally, mutations affecting stress response pathways and
redox homeostasis regulation can result in upregulated production of glutathione, thioredoxin, and
other redox-active compounds that contribute significantly to radical scavenging activity (Kumar
et al., 2021). Lactobacillus species naturally produce various antioxidant compounds including
glutathione peroxidase, catalase, superoxide dismutase, and numerous secondary metabolites with

radical scavenging properties (Mishra et al., 2021; Chen et al., 2020). The ARTP-induced



mutations likely affect regulatory genes controlling these biosynthetic pathways, leading to
increased expression of antioxidant enzymes and metabolites through metabolic reprogramming
mechanisms similar to those observed in ARTP-treated Bacillus subtilis (Wang et al., 2018). This
mechanistic foundation provides the context for understanding the species-specific and strain-
specific variations observed in antioxidant enhancement following plasma treatment.

Flavonoid Content Analysis and Secondary Metabolite Enhancement

The quantification of total flavonoid content, expressed as quercetin equivalents (ug),
revealed complementary patterns that strengthen the understanding of ARTP-induced metabolic
modifications. These results provide crucial insights into the secondary metabolite changes
underlying enhanced antioxidant activity and demonstrate the technology's capacity to modify
complex biosynthetic pathways.

L. plantarum strains demonstrated mixed but promising responses to plasma treatment. The
wild-type strain contained 32.45 = 0.10 pg quercetin equivalents of flavonoids, establishing a
baseline for comparison. Among the mutants, LPM 1 showed a slight but significant reduction to
31.45 + 0.25 pg (p < 0.05), while LPM 3 remained comparable to the wild-type at 32.61 + 0.10
Mg. Most significantly, LPM 4 exhibited a substantial and statistically significant increase to 41.76
+1.13 pug (p < 0.05), representing a remarkable 28.7% enhancement over the parental strain. This
improvement correlates directly with the enhanced DPPH activity observed in the same strain,
supporting the hypothesis that flavonoids contribute significantly to overall antioxidant capacity.

L. casei strains presented the highest baseline flavonoid content among the three species,
with the wild-type containing 42.76 + 1.92 pg quercetin equivalents. However, ARTP mutagenesis
generally resulted in reduced flavonoid levels, contrasting with the DPPH activity results. LCM 1

and LCM 5 showed significant reductions to 29.95 + 0.77 pg and 35.50 + 0.48 g, respectively (p



< 0.05), while only LCM 3 maintained levels comparable to the wild-type at 39.60 + 2.45 ug. This
discordance between flavonoid content and DPPH activity in LCM 1 suggests that enhanced
antioxidant activity may result from increased production of non-flavonoid antioxidant compounds
such as enzymatic antioxidants or other secondary metabolites.

L. acidophilus strains exhibited moderate flavonoid content with variable mutant
responses. The wild-type contained 36.94 + 0.19 pg quercetin equivalents, with mutant responses
showing: LAM 1 remaining similar at 36.33 = 0.10 pg, LAM 8 showing a slight but significant
increase to 37.99 + 0.19 pg (p < 0.05), and LAM 10 demonstrating a significant reduction to 31.06
+0.67 pg (p <0.05). These results align with the overall pattern of limited beneficial enhancement
observed in L. acidophilus DPPH activity.

The significant increase in flavonoid content observed in LPM 4 provides compelling
evidence for ARTP's ability to enhance secondary metabolite biosynthesis in probiotic bacteria.
Flavonoids in Lactobacillus are primarily derived from dietary precursors through bacterial
biotransformation or de novo synthesis from phenolic acid derivatives (Marquez et al., 2019). The
enhanced production likely results from mutations affecting key enzymes in the phenylpropanoid
pathway, including phenylalanine ammonia-lyase, 4-coumarate:CoA ligase, or various
hydroxylases and methyltransferases involved in flavonoid modification (Filannino et al., 2018).
The correlation between enhanced DPPH activity and increased flavonoid content in LPM 4
supports the mechanistic understanding that flavonoids contribute significantly to overall radical
scavenging capacity. Quercetin and related flavonoids are potent radical scavengers due to their
phenolic hydroxyl groups, which can donate hydrogen atoms to neutralize free radicals through

resonance stabilization mechanisms (Kumar et al., 2020). This relationship is particularly relevant



for probiotic functionality, as flavonoid-rich Lactobacillus strains exhibit superior protective
effects against oxidative stress in intestinal epithelial cells (Zhai et al., 2022).
Comparative Analysis and Strain Optimization Implications

The differential responses observed among the three Lactobacillus spp. highlight the
critical importance of genetic background in determining mutagenesis outcomes and provide
insights for rational strain selection strategies. Comparative genomic studies reveal that L. casei
possesses approximately 2.9 Mb genome encoding 2,900 genes, significantly larger than L.
acidophilus (1.9 Mb, 1,864 genes), which may explain the more dramatic improvements observed
in LCM 1 compared to the predominantly negative responses in L. acidophilus strains (Salvetti et
al., 2012; Martino et al., 2016).

The magnitude of improvement achieved through ARTP mutagenesis compares favorably
with alternative strain improvement approaches. Adaptive laboratory evolution (ALE) techniques
typically yield antioxidant capacity improvements of 10-30% in Lactobacillus spp. (Jiang et al.,
2021), considerably lower than the 24.8% improvement observed in LCM 1 and 24.6% in LPM 4.
Similarly, site-directed mutagenesis approaches targeting specific antioxidant genes report
improvements ranging from 15-45% (Chen et al., 2019), comparable to or lower than ARTP
achievements. This comparison underscores ARTP's efficiency as a random mutagenesis tool,
particularly when optimized treatment parameters are employed.

The superior performance of ARTP mutagenesis can be attributed to its ability to induce
diverse mutations throughout the genome, potentially affecting multiple pathways simultaneously
(Ma et al., 2020). This contrasts with more targeted approaches like site-directed mutagenesis,
which typically modify only specific genes or pathways, limiting the scope of potential

improvements.



The stability of enhanced antioxidant properties represents a critical consideration for
practical applications of ARTP-improved strains. Previous research indicates that approximately
85% of beneficial mutations induced by ARTP in Lactobacillus remain stable after 50 generations
in the absence of selective pressure (Zhang et al., 2018). This stability profile suggests that
enhanced antioxidant properties are likely to be maintained during commercial production and
application processes.

To ensure consistent performance in practical applications, comprehensive stability
assessment protocols should include monitoring DPPH radical scavenging activity over multiple
generations under various storage and processing conditions. Additionally, genetic stability can be
evaluated through whole-genome sequencing of mutant strains before and after extended
cultivation, providing molecular confirmation of mutation persistence (Xu et al., 2020).

The enhanced antioxidant capacity may also improve strain survival and stability during
processing, storage, and gastrointestinal transit. Enhanced stress tolerance is particularly valuable
for commercial probiotic applications where maintaining viable cell counts above 10° CFU/mL is
crucial for therapeutic efficacy (Saarela et al., 2011; Papadimitriou et al., 2016). The enhanced
oxidative stress resistance observed in mutant strains aligns with recent findings demonstrating
improved viability of antioxidant-enhanced probiotics under simulated gastric conditions (Terpou
etal., 2019).

The enhanced antioxidant properties of selected ARTP mutants have significant
implications for probiotic functionality, particularly in addressing gastrointestinal health
challenges. Clinical studies demonstrate that antioxidant-rich probiotics provide superior

protection against inflammatory bowel disease and oxidative stress-related disorders through



multiple mechanisms, including direct radical scavenging, upregulation of host antioxidant
enzymes, and modulation of inflammatory cytokines (Homayouni et al., 2020; Rad et al., 2021).

The observed changes in antioxidant activity and flavonoid content likely represent only a
fraction of the metabolic alterations induced by ARTP treatment. Metabolomic studies reveal that
enhanced Lactobacillus strains produce diverse arrays of bioactive compounds including short-
chain fatty acids, bacteriocins, exopolysaccharides, and novel peptides with antioxidant properties
(Khailova et al., 2017; Seddik et al., 2018). Comprehensive untargeted metabolomics analysis
would provide deeper insights into the broad spectrum of biochemical changes occurring in these
mutant strains (Huang et al., 2021).

The heterogeneity in mutant responses suggests potential for further optimization through
selective screening and multiple rounds of mutagenesis. Advanced screening methodologies
enable high-throughput identification of mutants with enhanced bioactivity, including novel
approaches targeting specific antioxidant pathways such as glutathione biosynthesis and phenolic
acid metabolism (Liu et al., 2019; Park et al., 2022).

The non-GMO nature of ARTP mutagenesis makes it particularly attractive for commercial
probiotic development, addressing regulatory constraints and consumer preferences for "natural”
products (Zhang et al., 2020). The significant improvements achieved in strains like LPM 4 and
LCM 1 demonstrate the potential for developing next-generation probiotics with enhanced
functional properties while maintaining regulatory acceptability.

The strain-specific nature of responses observed emphasizes the importance of
individualized screening and selection processes in probiotic development. Tailored selection of
specific mutant strains based on desired functional properties may be more effective than

attempting to identify universally improved strains (Zhao et al., 2021). This approach requires



development of sophisticated screening protocols that can efficiently identify rare beneficial
mutants from large populations of ARTP-treated bacteria.

Advanced molecular techniques including transcriptomics and proteomics analysis could
provide deeper insights into the regulatory changes underlying enhanced antioxidant production.
Understanding the specific genetic modifications responsible for improved performance would
enable development of molecular markers for rapid mutant identification and quality control
processes.

The integration of ARTP mutagenesis with other strain improvement technologies, such as
adaptive laboratory evolution or directed evolution approaches, may vyield synergistic
improvements that exceed the capabilities of individual techniques. Such combinatorial
approaches could systematically enhance multiple beneficial traits while maintaining strain
stability and safety profiles required for commercial applications.

Conclusion

This comprehensive investigation successfully demonstrates the remarkable potential of
Atmospheric and Room-Temperature Plasma (ARTP) mutagenesis as a revolutionary non-genetic
engineering approach for enhancing the biological properties of praobiotic Lactobacillus spp. The
systematic optimization of species-specific treatment parameters established critical exposure
windows that maximize beneficial mutations while preserving cellular viability, providing a robust
foundation for industrial-scale strain improvement programs.

The study's most significant achievement lies in the substantial enhancement of both
antimicrobial and antioxidant properties across multiple Lactobacillus spp., with improvements
reaching up to 60.19% for antioxidant activity in L. acidophilus LAM8 and notable spectrum

expansion against clinically critical multidrug-resistant pathogens. The acquisition of novel



antimicrobial activities against MRSA, VRE, and MDR Acinetobacter baumannii positions these
enhanced strains as valuable therapeutic agents in the era of antibiotic resistance crisis.

The correlation between enhanced antioxidant capacity and increased flavonoid
production, particularly demonstrated in L. plantarum LPM4, provides compelling evidence for
ARTP's ability to modify complex secondary metabolite biosynthetic pathways. This mechanistic
insight opens avenues for targeted enhancement of specific bioactive compounds through
controlled mutagenesis approaches.

The maintenance of cellular fitness and genetic stability over multiple generations, coupled
with the non-GMO nature of ARTP technology, addresses critical regulatory and commercial
considerations essential for probiotic development. The observed alterations in antibiotic
susceptibility profiles, while maintaining species-specific resistance patterns, may actually
improve therapeutic compatibility in clinical applications where probiotics are co-administered
with antimicrobial treatments.

From a translational perspective, the enhanced oxidative stress resistance and expanded
antimicrobial spectrum of ARTP-derived mutants offer significant advantages for gastrointestinal
health applications, potentially improving survival during gastric transit and enhancing therapeutic
efficacy in inflammatory bowel diseases and oxidative stress-related disorders.

The species-specific response patterns observed underscore the importance of
individualized screening strategies and highlight the genetic background dependency of mutagenic
outcomes. L. casei and L. plantarum demonstrated superior responsiveness to ARTP treatment
compared to L. acidophilus, likely reflecting differences in metabolic flexibility and genome

organization that influence mutagenic potential.



The successful application of ARTP mutagenesis to Lactobacillus enhancement validates
this technology as a powerful tool for next-generation probiotic development. The substantial
improvements achieved, combined with the environmentally friendly nature and regulatory
acceptability of the approach, position ARTP as a cornerstone technology for advancing probiotic-
based therapies in medicine, nutrition, and functional food development.

Future research directions should focus on comprehensive metabolomic characterization
of enhanced strains, investigation of synergistic effects through combinatorial strain improvement
approaches, and clinical validation of therapeutic efficacy. The integration of advanced screening
methodologies with ARTP mutagenesis promises to accelerate the development of superior
probiotic formulations capable of addressing the complex health challenges of the 21st century.

This study establishes ARTP mutagenesis as an indispensable tool in the biotechnological
arsenal for combating antibiotic resistance and oxidative stress-related diseases, offering hope for
more effective probiotic interventions that can significantly impact global health outcomes through
enhanced biological functionality and therapeutic potential.
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Figure 1 Comparison of the % lethality and expose ARTP time of Lactobacillus spp.
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Figure 2 Comparison of mean DPPH values between wild type and candidate mutant strains of each Lactobacillus species
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Figure 3 Comparison of growth rates between wild type and mutant strains of each Lactobacillus spp. Values are expressed as mean +

standard deviation (Mean + SD)
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Table 1 Results of agar well diffusion assay using cell-free supernatant from Lactobacillus spp. wild type

compared with mutant type against pathogenic bacteria/yeasts tested by agar well diffusion method. Values are

expressed as mean =+ standard deviation (Mean = SD)

Unknown
cell-free
supernatant

Concentration
(Mg/mL)

Inhibition zone (mm)

ESBL

Enterococcus
faecalis VRE

Salmonella
Typhi

Acinetobacter
baumannii MDR

Pseudomonas
aeruginosa
MDR

Staphylococcus
aureus MRSA

Bacillus subtilis
Candida albicans

L.plantarum WT

LPM 1

LPM 3

LPM 4

100
50
25

100
50
25
100
50
25
100
50
25

o| Escherichia coli

13.0+1.0

11.3+0.6

123+0.6
8.7+1.2
126+0.6
11.3+0.6
9.7+£0.6
12.7+0.6
11.7+0.6
9.7+0.6
13.3+0.6
11.7+0.6
10.7+0.6

®

~ - -
+ + 1| Shigella sonnei

o

[e2]

100+£1.0

10.7 £ 0.6
10.0+1.0

10.0+1.0

7.3+0.6

8.3+0.6

L.casei WT

LCM1

LCM3

LCM5

100
50
25

100
50
25

100
50
25

100
50
25

100+1.0

10.7+0.6

9.7+0.6

8.3+0.6

100+1.0

9.0+1.0
7017
9.3+0.6

93%0.6

10.3+0.6

10.0+0.0

9.3+0.6

9.7+0.6

L.acidophilus
WT

LAM 1

LAM 8

LAM 10

100

50
25
100
50
25
100
50
25
100
50
25

110+10
10.0+2.0

10.7+£0.6

11.3+0.6
10.3+0.6
11.3+0.6
9.7+0.6
7.7+06

9.7+0.6

10.3+1.2

11.0+£00

11.0+0.0
6.7+0.6

8.3%0.6

8.3+0.6

Amikacin

Clotrimazole

1 mg/mL
1 mg/mL

29.3%0.6

253%0.6

26.3+3.2

26.0+1.0

20.7+21

247+0.6 303+06

30.3+0.6 -




Table 2 Results of broth microdilution assay using cell-free supernatant from Lactobacillus spp. wild type

compared with mutant type against pathogenic bacteria/yeasts tested by broth microdilution method. Values are

expressed as mean =+ standard deviation (Mean = SD).

MIC (MIC/MFC) pg/mL

= [15]
= 2 = 8 3
&5 E < = 5 =3 = ° 2
Unknown w o < e S = 3 = <
cell-free S 9 5 5 Sy 8 o 3< E e
supernatant s g ] s g9 g2 S @ -
5 g~ 5 E 2= 52 g3 = 2
— o — o
3 5 = S W 5 £ 3 5
f: E & 7 °: 3 g - S
(] &’ . n
L plantarum WT 12.5 6.25 25 25 12.5 25 25 25 12.5
: (25) (50) (12.5) (25) (50) (50) (25) (12.5) (50)
LPM 1 12.5 6.25 25 12.5 25 25 25 25 25
(50) (12.5) (12.5) (25) (12.5) (50) (25) (12.5) (50)
LPM 3 25 6.25 25 12.5 23 25 25 25 25
(50) (12.5) (12.5) (25) (50) (50) (25) (12.5) (50)
LPM 4 25 6.25 25 12.5 12.5 25 25 25 25
(25) (25) (12.5) (25) (25) (50) (25) (12.5) (50)
L.casei WT 25 6.25 25 25 25 50 25 25 25
(50) (12.5) (50) (25) (50) (50) (25) (50) (12.5)
LCM 1 25 12.5 50 25 25 50 25 25 25
(50) (12.5) (12.5) (25) (25) (50) (25) (50) (50)
LCM 3 25 6.25 50 25 25 50 25 25 25
(50) (12.5) (25) (25) (50) (50) (25) (12.5) (50)
LCM 5 25 6.25 50 25 25 25 25 25 25
(50) (12.5) (50) (50) (25) (50) (25) (12.5) (50)
L acidophilus WT 25 6.25 25 25 12.5 25 25 25 25
: (25) (12.5) (12.5) (25) (50) (25) (25) (25) (12.5)
LAM 1 25 6.25 25 25 25 25 25 25 25
(25) (12.5) (50) (25) (12.5) (25) (25) (25) (50)
LAM 8 25 125 25 25 25 50 25 25 25
(50) (12.5) (50) (25) (50) (50) (50) (12.5) (50)
LAM 10 25 125 25 25 25 25 25 25 25
(50) (12.5) (12.5) (50) (50) (50) (25) (12.5) (50)
Amikacin 12.5 12.5 12.5 12.5 125 125 125 12.5
125  (12.5) (125 (125) (125  (125)  (12.5) (12.5) -
. 12.5
Clotrimazole - - - - - - -




Table 3 Antibiotic susceptibility study results of each Lactobacillus spp wild type compare to
mutant type. Values are expressed as mean + standard deviation (Mean + SD).

Inhibition zone (mm)

—~ = B =3 S S S S =

2 g2 = = 2 2 g g 3

Unknown = Q ™ o K w© S = =

cell-free o 5 o) = 5 h i — <

X O L Z

supernatant i‘( o 5 = a - o z >

~ ~ b ‘o [ 'S = E

£ < g g £ 3 S £ g

5] = < S e S S c IS

E S £ 5 ) £ g g g

IS S b= = X = c = c

< © 3 5 8 0 8 E g
L.plantarum WT [31.33 £ 1.53 [6.00+0.00 |6.00+0.00 |10.67 +1.15(14.33 +0.58 | 38.00 +2.00 | 32.67 +1.53] 6.00+ 0.00 6.00£ 0.00
LPM 1 26.67 £1.15 [6.00+£0.00 [21.33 +3.06 [20.67 £1.15|17.00 +1.00 | 40.67 £ 1.15 | 38.00 +2.00| 47.33+£1.15| 6.00+0.00
LPM 3 26.00 £2.00 [15.33 +1.15 4.00 +2.00 {10.67 £0.58|21.33 +1.53 | 42.67 £ 1.15 | 32.67 + 3.06| 42.00 £2.00| 6.00%0.00
LPM 4 24.67 £1.15 [6.00£0.00 [17.00 £0.00 {12.67 £ 1.15|18.00 £ 0.00 | 37.33 £ 1.15 | 32.00 £ 0.00| 46.67 £3.06| 6.00%0.00
L.casei WT 10.33 £0.58 [6.00+0.00 [6.00+0.00 |15.00+1.00|15.67 £0.58 | 34.67 +1.53 |33.67 +1.15| 13.33+1.15| 6.00+ 0.00
LCM 1 14.67 +£0.58 [6.00+£ 0.00 |6.00+0.00 [19.33+£1.15|25.67 +3.06 | 39.33+£1.15 |16.67 £1.15| 34.00 +£1.00| 6.00£0.00
LCM 3 15.33 +0.58 [6.00+£0.00 [15.33 £0.58 [12.33 £0.58|16.00 = 1.00 | 38.00 £ 2.00 [35.67 £0.58| 36.00 +£2.00| 6.00£0.00
LCM5 13.67 £ 1.53 [6.00+£ 0.00 |6.00+0.00 |20.67 £1.15|22.67 +1.15 | 40.00 £ 0.00 {14.00 £1.73| 36.33 +1.53| 6.00% 0.00
L.acidophilus WT |25.33 +1.15 [0.00 £ 0.00 {10.00+0.00 |17.33 +1.15| 16.67 +£0.58|32.00 +2.00 {38.33 +0.58 | 39.67 +0.58 | 0.00 £ 0.00
LAM 1 34.00 £0.00 0.00+0.00 {30.00+0.00 |16.00 £0.00 | 22.00 +£0.00| 40.00 +0.00 |30.00 +0.00 | 45.00 £0.00 | 0.00 +0.00
LAM 8 32.67 £0.58 [0.00 +£0.00 0.00 £0.00 |15.00+0.00| 16.33 £0.58|35.00 +0.00 |30.00 +0.00| 40.00 £0.00| 0.00 +0.00
LAM 10 30.00 £0.00 [0.00 +£0.00 [27.00+ 0.00 |18.00 +0.00 | 20.00 +0.00|32.00 + 0.00 |30.00 +0.00| 40.00 £0.00| 0.00 £0.00




Figure 4 Results of antioxidant activity study of cell-free supernatant at 25% concentration in Lactobacillus spp. wild type strains compared with mutant strains.
Values are expressed as mean = standard deviation (Mean + SD).
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Table 4 DPPH total antioxidant assay results (ug Vitamin C equivalents) of cell-free supernatant in

Lactobacillus spp. wild type strains compared with mutant strains. Values are expressed as mean +

standard deviation (Mean = SD).

ce||-frl;2i5<38(\;\fr]1atant Total anti-oxidant (ug Vitamin C equivalents)

L.plantarum WT 341.89 + 3.40
LPM 1 307.05 + 3.85

LPM3 390.46 + 4.01™

LPM 4 426.05 + 4.85™
L.casei WT 338.93 £6.70

LCM 1 423.08 + 2.80™
LCM 3 317.43 £ 4.49
LCM 5 302.23 + 2.57"
L.acidophilus WT 384.53 + 2.23
LAM 1 354.13 + 3.58
LAM 8 34523 +3.21
LAM 10 352.27 +3.58

** Increased value p> 0.05



Table 5 Total flavonoid content analysis results of cell-free supernatant in Lactobacillus spp. wild
type strains compared with mutant strains. Values are expressed as mean + standard deviation
(Mean £ SD).

Unknown
Total Flavonoid Content (g Quercetin equivalents)
cell-free supernatant

L.plantarum WT 32.45+0.10
LPM 1 31.45+0.25

LPM 3 32.61+0.10
LPM 4 41.76 +1.13™

L.casei WT 42.76 + 1.92
LCM 1 29.95 +0.77

LCM 3 39.60 + 2.45
LCM 5 35.50 + 0.48"

L.acidophilus WT 36.94 +0.19

LAM 1 36.33 + 0.10
LAM 8 37.99 +0.197
LAM 10 31.06 + 0.67°




Figure 6 Strain stability test results comparing % DPPH inhibition between Lactobacillus spp. wild type and mutant strains over 15

generations. Values are expressed as mean + standard deviation (Mean = SD).
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