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gentamycin, erythromycin ka2 nalidixic acid lalgian LH5 a1u1s0ey ézama‘m??fymmuu ANGenelsATiin
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Abstract
Background and Objectives : Main problems affecting the raising of laying hens in Thailand, especially on the
growth and efficiency of egg production are the epidemics and heat stress. Supplementation of viable probiotic
cells to poultry diet has been widely accepted as an effective treatment in the reduction of infection and

promoting poultry health instead of the use of antibiotics treatment. Nowadays, the antibiotics supplementation
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in the livestock production is restricted and controlled in many countries including Thailand. In addition, the
gamma — aminobutyric acid (GABA) substance plays a significant role in mitigation of heat stress impacts on
growth and egg production efficiency of laying hens. Thus, the discovery of GABA - producing probiotic strain,
a dual - functional feed supplement, with high specificity to poultry gastrointestinal tract is a promising strategy
for the laying hens raising and egg production. The objectives of this research were then to screen the probiotic
strains capable of GABA production from the digestive tract of laying hens for the application in feed
supplement purposes, especially reduction of the impacts from above mentioned problems and to investigate
the survivability of the probiotic cells after the formulation of product powder.

Methodology : Isolation of lactic acid bacteria from the cloaca of laying hens was conducted on de Man Rogosa
and Sharpe (MRS) agar. Those isolates were subjected to the preliminary in vitro tests of their probiotic
properties. The tests included the investigation of hemolytic activity (alpha -, beta - and gamma - hemolysis) on
sheep blood agar, the growth ability under the acid conditions (pH 2.0, 2.5, 3.0 and 3.5) and the presence of
bile (0.3 and 1.0% (w/v)), the cell surface hydrophobicity (%CSH) assessed by the auto-aggregation ability of
cells after toluene addition, the antibiotic susceptibility on 13 antibiotics interpreted according to the standard
protocol of the Clinical and Laboratory Standards Institute (CLSI), and the antimicrobial activity against some
enteric pathogens; i.e. Escherichia coli, Salmonella Typhi and Staphylococcus aureus, using the spot on lawn
technique. Subsequently, the ability of the selected isolates on GABA production in MRS broth supplemented
by 0.5% (w/v) monosodium glutamate was studied. GABA was quantitatively and qualitatively determined by
using spectrophotometry method and thin layer chromatography (TLC), respectively. Finally, species
identification of the selected isolate by the analysis of 16S rRNA gene nucleotide sequencing and used to query
GenBank via BLAST was investigated. Furthermore, probiotic powder was formulated by mixing with rice bran
and drying by freeze-drying process for further study of the cell survivability when stored at 4°C and room
temperature for 12 weeks in the sealed aluminum foil bag.

Main Results : The results showed that 42 isolates of lactic acid bacteria were obtained from the feces samples
collected from laying hens cloaca. They were Gram-positive bacteria, non-catalase producing bacteria and
capable of acid production. Moreover, it was found that their morphology of cell shapes were coccus and rod
(5 cocci- and 37 rod-shape isolates). After the preliminary test of probiotic properties, it was investigated that
isolate LH5, a coccus shape bacterium that occurs in pairs and short chains, exhibited the highest potential of
probiotic properties when tested under the simulated conditions of poultry digestive tract. It could grow at all
tested pH levels (2.0-3.5) and high bile concentration of 1.0% (w/v). Its cell surface hydrophobicity was at the

moderate level with the cell surface hydrophobicity value of 57%. The isolate LH5 was susceptible to penicillin,
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ampicillin, vancomycin, cefoxitin, chloramphenicol, clindamycin, ceftriaxone, ciprofloxacin, cephalothin and
rifampicin, while resisted to three antibiotics, i.e. gentamycin, erythromycin and nalidixic acid. This isolate
possessed the antimicrobial activity against two pathogenic bacteria, i.e. S. Typhi, a harmful pathogen causing
Salmonellosis outbreak in poultry, and S. aureus. The isolate LH5 did not show a hemolytic activity on sheep
blood agar (gamma-hemolysis). Subsequently, the isolate LH5 was identified as Enterococcus faecium with
the similarity of 100%. It could also produce GABA of 39.05 mg/L and GABA could be obviously detected on
silica gel - coated aluminum sheet with high intensity. In addition, the formulation of probiotic powder was
achieved. The survival rate of E. faecium LH5 in probiotic powder was high at 95.39 + 0.07 and 94.15 + 0.19
% after the 12 weeks of storage at 4°C and room temperature (approximately 30°C), respectively, and not
significantly different (p>0.05) comparing between both temperatures at each week.

Conclusions : Enterococcus faecium LH5 bacterium was a potential GABA producing probiotic. Its cells were
stable during the formulation process into a powder form and the storage at room temperature. Therefore, it
was a promising probiotic strain for further utilization as the feed additive in laying hens. However, a study on
the effect of E. faecium LH5 supplementation on growth performances and the efficiency of egg production
under the challenge of either heat stress or pathogenic infection is necessary to be further investigated before
applying as a feed supplement.

Keywords : probiotics ; GABA ; laying hens ; heat stress ; feed supplements
* Corresponding author. Email : pairotewong@gmail.com
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Methodology

1. N12AALEINTALLATLTLNIAUAAANAINN A WAIM7 1A
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dfudradaenidananalugnanssansasiilidniszunm 1-2 i wddradanannluamsiangns
de Mann, Rogosa and Sharpe (MRS, Himedia, India) 11U uaztinluaninzleandiau goinni 37 esrnimaidas
e 24 $alig AnBnSAENULaN M ANTIE e MRS agarﬁm?mmﬁuﬁmm'a‘fmﬁm bromocresol purple
finanududu 50 ppm FoaanialafiAeafiFadunsuuan (Gram positive) las1qeulnales (endo-spore) waz

Tiaseulnipnynag (catalase) wieldlunisAnssia

2. mManaaeLieAnBENuLATF N saunRANT IR AT U TeBN 92 in vitro

nstialAReALA (hemolytic activity) wmﬂuiﬂﬂ%m%@muummimwm%@ blood agar (Biomerieux,
France) aMniiasiudi 37 asaaaifaa 24 4alus annazlfannia tufindnenzamssenlalad Idud lidanis
tlaeLinlannLAg (Y-hemolysis) Hnnsdaendniannuasingdau (Ol-hemolysis) wazinistiasilinlaanuagacng
any3n] (B-hemolysis)

ANIMUADAN2ZNIALALIN AL L2 (acid and bile tolerant ability) laelsTe N maRRUaRe 11
a1382A"t phosphate-buffered saline (PBS) Autdud 50 mM pH 7.4 Tl utuiviniusys 0.5 McFarland
wéaiie 1 iluiidelunnmeaey Tnalunnmaaeunnuaunsanunsatsinldlaanisdneiaide 50 uL aslu
BIVNTNAIGAT MRS FlFuN pH Winiu 2.0 2.5 3.0 waz 3.5 TurniziinmadeuANAIIMUARLTY 5L
pH Guduresamiamas MRS il 7.0 uasifiuiing (bovine bile, Sigma) liAudNduSasas 0.3 uaz 1.0 (wiv)
sagesnmmagauLinnglfaniazifeniadunen 24 dalug 'ﬁfqmmﬁ 37 avrnaidaa udednsludalued
0 3UAz 6 Lﬁfafimmm?tmmLmﬂﬁGﬂ&’hﬂmiffmmmi@mnauumﬁm’mmqmau 600 W luuAT (Sirisopapong
et al., 2023)

ANAINTRILLAT BE UL adieyanldrinisianedenannan analiiteuihaes
Nufarad (cell surface hydrophobicity, CSH) FaAaRfaulasann Rodriguez-Sanchez et al. (2021) Tagszeid
viaauaauaat lua19azae phosphate-buffered saline (PBS) AvuidNdW 50 mM pH 7.4 U5uliiAnsganau
LEARMNENIAAL 600 w1 U As NG 0.50 HANTARLIIBARLAINA1UATANTINgBUlUER NI 3 uaz 1

Hadans auanay e iddwdunan 90 Auni uazasie 3 uandunguugivesdunan 15 widl daAnis
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Tmerldurin susceptibility antibiotic disc (Oxoid™, Germany) a1uau 13 1HA G9ATaUAGNNENE U Tz
(antibiotic class) %14 10 nqu (Maasjost et al., 2015) Tmm’mLLm'umﬂﬁ%quzLLr;i@mﬁmmuu@’]miLL%qqm MRS

a

R - = 2 ne ° & & o LA
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a

37 a4ANTALTEE 4N 15aNNA 24 F9109 wAITATUIATRILFREUE (inhibition zone) NNATLIBL WELEN
Ufaaue wlanananulasesndfasusineiauauinresuiomdudsiugie Clinical & Laboratory Standards

Y]

Institute (CLSI) T p.A.2017

ANNATNNTDANBRLAT e lsANNLALeunT nagevulaeldwmaTla spot on lawn TnemaaaLNAseLe
wUAR Y Escherichia coli, Salmonella Typhi wae Staphylococcus aureus Tuinuani1maaeslaanisdnaunn
WinaeudiseuialatitequuafiGansauanin
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° P a Ao oA v & A .
duuaiFansauanannanaanlanimiziaealua1unsiuas MRS NHE2NaNY89 monosodium
glutamate (MSG) Aaudindudaaas 0.5 (wiv) (Han et al., 2023) IN1ziaeNTignang i 37 asAiaaidiaa aniayls

a

ana lunan 48 alue Tuwdsuanisadiinauidasey 8,000 g iluwaan 5und ATUANGUNNH 4 891
VAT ﬁﬁmm:mm&quhﬁié’mﬁﬁmﬁLmﬁ:ﬁm@mﬁﬁﬁ"\iL%qﬂ?mmmx@qQmmwﬁfafﬁ%mimmL‘}Jnim
M ImwvTuazmaila thin layer chromatography (TLC) Iaginnsatased@nsnitsaemaia TLC Tdueudaniaa
£115931 U F,., (Merck, Germany) Lﬂuﬁ’gﬂmm‘ﬁ AN9ATANUNANTRY butanol: acetic acid: deionized water
FRINEIU 5:2:2 (VVIV) Lﬂungmmﬂ?q'@uﬁ M unuansdsnglaenisquluaisazans ninhydrin AanxLdudy
Faeay 2 (W) @uﬁqmmﬁ 105 IANLTALTEA wmzvll"qﬂmﬂgl,mumi (Phuengjayaem et al., 2021) luanuzi
AATiBuuan T R aNsan s Tmuyiangna8eann Zhang et al. (2014) AnuaUTNNUa19n11N
TmﬂLﬁﬁuﬁuanmmgmmmmmmwmﬁﬂ (Sigma-Aldrich, U.S.) Ftanludaeaanudududaud
0- 100 mg/L

4. N17IARUAULIATILTE]

seyalldd (species) seuLATBansauananlelnanniidnan wiluins e Anuasnanansniridagnig
Ainazdansuiianalalnsaestiu 165 rRNA Tneazanmduianaagaaing1i§agy TIANamp Bacteria DNA Kit
(TIANGEN, China) @Wm%ul,ﬁmﬂ?uﬂmmiﬁ’uﬁqmwmmau 16S rRNA AqginAlia polymerase chain reaction
(PCR) Tneld Insluas 27F way 1492R (Frank et al., 2008) ililndnduianate nfuesdudouiiSuaily (ATGC
Co., Ltd, Thailand) LL@:%Lﬂ?’wﬁmﬂmﬂLﬁﬁluﬁud‘i’]u“ﬂ}mﬁj@ BLAST 1284 the National Center for Biotechnology

Information (NCBI) (http:// www.ncbi.nim.nih.gov) iN@scyata3duasuuafize wasAnuauduwusid
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ATmurnisiuuuafidesiingu lnaas1e Phylogenetic tree Aaelilsunsy MEGA 11.0.10 AMNATN15204
Neighbour-joining method (Tamura et al., 2021) Tneaanlden Bootstrap 1,000

d? o a a aa
5. mimmwujﬂmummm Insluladnuasnaaeiinissandam

o

wnzidsauupiFelelnaniidnidentd luamsmangns MRS Usunng 3.5 ans s nsnfEanimaun

o =3

5am9 (WINPACT, {1 FS-06, USA) AYLANEIMUYH 37 A Laidaa TilANaInIA NauAigns159 50 rpm uaz
Tdaauau pH 1w 24 dalus amifufuaznewsaddaanisiiusies drafeaisazans NaCl duduienas
0.85 (W/v) 1 ﬂ%\‘i mni’fuﬁqmzn@mﬁm"’lﬂmmﬁuN\‘iﬁgﬁmmﬂﬁuﬁmuma 105 TNl 100 NS ?imummhl,%@
Tnefuns iR N nd e GuduLlszunns 10° - 10° CFU/g udari 1L usdaeiseruiauuniEenuds (Drawell

DW-12N, China) ilauiudn uailuniuazuiiaussglugeegiilenneaandaaiin uiafuinuiguugil 4 eeen

' 1
= a

wafeawaznguuives (30 aaraadealaatszunn) Wwean 12 dlaf iusastaiednmsiaiuueag

o ! o

ARTIM (log CFU/G) ANNITLNNZLAENLUEIMNT MRS agar IagitFe Ui uan U aas nia s AnauLasuadans

ol Alala

Vuiuazsendnaniaiuinungaumnsine) luusazdladf vell wWrauinaua1efeae99 8B s aNHT6
TnediAseil ANOVA Miszduanuiesiuatiniaafaaay 95 (p<0.05) waziFauiieUARALIBIUARETANIT

nnaaalneR1e9 Duncan Aqalilsunsudiagy SPSS V.29

Results

o A N a a d’d o a
1. ﬂ’75‘?7&7Lﬁ@ﬂu?_lﬂ‘VILﬁ‘EIﬂﬁ‘ﬁ)L[,@f‘?ﬁ?ﬂ‘lflllﬁﬂﬂfﬂWL?j‘lJZ\WTIZUZ‘@ﬁﬂ

HANNINARBIARLENULATIFENIALAARNAININNTFaNTas liaT U 3 Faating WudHuLATEEA1wY

v v '
o

adu 42 lalaian Naunsaasgyuaviiadulalatidssn dnwoizyy wazuannsatunnlngdunnaindaesanmng
wisnnmuseulalatinasududinges uazainnisasaaeul desdunudisnnamduwuanzenliadeales
Tinanismesaueulalazaznaiuay uaziglsenananuou 5 lalaan uazgiiaviausiuon 37 lalaan seann

Tsmnnnmegaudnan wlunisduiuesiiBeinslulefnaesia 42 lalaan wan1s@nuuandly Table 1 waz 2 Tag

[ % ' 1
= o

WuIHLUANEaYeAY 28 lalaani lddaadnlaanuns (Y-hemolysis) lunmuenluuafizaauau 4 uay 10

v
o > o

lalmannwuinnsdesidaiaanuaeialudnenie O-hemolysis Uaz B-hemolysis AMNANAL ATiLA lAwLAT G
719 28 lalgamsananauinegeululsvisuaurall nanimedaunissendsnaacnuAiBanialfan1izanand

aanszinIzasnLausas leltiana nnsnsendinuaziasyd luseAunuansnaiu (Table 1) visitlalaian LH5

PP

annsanuseaniaznialannga Inaidwiaslelaammnaansandinuaziasoylannszau pH 2.0 luanens
wuaize 14 laloianfiaseylan pH szausaus 2.5 3l uazlaloiannmasaiunsniasoyleiila pH 4991 3.0
aa = a 8 ad ° o @ > | oA
WAZNANAABLNNIIAATIA LW 1T AN HNNANUN AT ST uNN9a8 0980192098 LA NAIUE WL H LR
lalgian LH21 Pladarunsaiasnyldludnfynszau (Table 1) Anuantsmagauisaasiinliaiuisnagilan

wuaRnEelalman LH5 LHO LH34 LH37 LH38 LH40 LH42 LH44 LH45 LH49 LH50 way LH52 Jlan1aeaTanann

358



B

M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAIININE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

Y o

anazguusslumasuamsdousuls senynlalaanlagniszifiuanuainisalunistininizuisanldlug)

Tpan198aNaINATANN NI LU U N UR AR WLAT (T8 NANIIVNAZDLLARIAI Table 1 1w WU RTaAY 13

Y

lolaianndien %CSH luszauge InalArgendnfasas 70 uazdianuou 11 uaz 4 lalmaniiian %CSH Tutag

a

Faeaz 30-70 (32AULNUNAN) kaz 0-30 (STALAN) AMNANAL AININELTINITLLNTZALL8Y Boutchard et al. (2015)

o

FemnRarsanuuafiFalunguiidnaniwsasdinainanldiandausiuuas wudndineslaloian LH34 uaz LH40

v ' 1
L yal a

wirsiuunu ldfimnuatunsogauuailsan ldug s wazlalaam LH5 Marunsonuredniaznsnlaangn

a

£
a o

1 %CSH luszaiunans uanannid uammeaestanuitlalaian LHS LH50 uaz LH52 SAnnaanansaduds
naasyaesuuAnGanalsmls 2 98a laun S. Typhi uas S. aureus Tneadasondudiunnieds 8.33 - 11.67
uaz 14.33 - 15.00 Daduuns auarsu luansilelaaniivdesusadudeuneiiFudelsnldiflos 1 2iin
atinalafinnu duueiiFansauaninuinia 19 lelnanikivansnadudenisadyrecuuniidanelsaiiviun
nadauAfilld (Table 1)

u@nmnm?‘wmmu@mmuﬂmwﬂu‘f@ﬁnﬁugmmmﬁuﬁq wuATiGusa 28 lelmanldgminaunnagey
A lasieenfTauz 13 9ia Tnatuiinaunauiunndudedifnturenuiuandfisusuazulanalae oy
AUNIMT§1UU04 The Clinical and Laboratory Standards Institute (CLSI) HaN1TNAAUULAAIA Table 2 4
wuinuuafi3usialalnianiipanalasiesndfiauslusssuiuansineiu lelaian LH18 Sanulasennlfiouy
sunfigeits 11 9%in 2esasun Idur Talnian LHS uaz LH38 flaseanfious 10 28 luansiilelaan LH1 LH7

LH9 LH21 LH23 LH26 LH30 waz LH42 ilunquitlasiesndjdausdesngn (Rea1didous) lnasnuandfdous

=

= a X . ax A 1 = , o

NINTN 7-9 98A tian vancomycin Wluendfdausinudndidenesuinnigais 26 lalaian dauan ampicillin,
. . P 2 a o o = A a P a
cephalothin W& chloramphenicol HUsz@niandudanuaiizansananinlane 27 lalaiam uinfaisan
1// o dl Y £% 1 a a a lﬂld o £

ANHANIIMAAaLTIINARINeuldd s unudwuan Fansauaafn laTaiaanRAn s W Useyn sl
wslulemnludmndls Town LH5 LH50 way LH52 tHasaniuudlduseaidnandan1acmaniidunsanas
%’ a o a £% 1 1 Ddtz‘l lﬂy a 6 a a a 1 %;
wnszAugluniuiuamsdouduaaslnlalinngs wulomaduuaizauansnuantifnnlisaun
Tedaadn iiastmnzuaziasyuuntlan €165 deznaudulmnuanunsosasuuuanGanalsa S. Typhi uaz
S. aureus & atnglsfimn nantsmaaauaanlosee I fTousaliiiudn LH50 waz LH52 Auenlfdeus
WD 6 1in peiilalnian LH5 awdwieslalnanmaaiauiiaulaniazgnanaenillsyegneldiiuansiasy

douznguinslulemnlunisaslildsiell
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Table 1 The results of probiotic property tests in the lactic acid bacteria isolated from the cloaca of laying hens

Isolates Growth under the acidic Growth under the % CSH  Antimicrobial activity (mm)
condition presence of bile
pH2 pH25 pH3 pH3.5 0.3% 1.0% E.coli S Typhi  S.aureus
LH1 - - ++ ++ ++ ++ 74.32 - - -
LH2 - - - ++ ++ ++ 54.58 - - -
LH3 - - - ++ ++ ++ 50.16 - - -
LH4 - - - ++ ++ ++ 44.42 - - -
LH5 ++ ++ ++ ++ ++ ++ 56.68 - 11.67 14.33
LH6 - - - ++ ++ ++ 16.42 - - -
LH7 - - - ++ ++ ++ 52.84 - - 11.00
LH8 - - - ++ ++ ++ 18.44 - - 11.67
LH9 - ++ ++ ++ ++ ++ 48.11 - - 10.00
LH10 - - + ++ ++ ++ 55.38 - - 14.67
LH11 - - ++ ++ ++ ++ 68.30 - 9.33 -
LH18 - - ++ ++ ++ ++ 52.66 - - -
LH21 - + + + - - 88.78 - - -
LH23 - - ++ ++ ++ ++ 90.16 - - -
LH25 - - ++ ++ ++ ++ 89.12 - - -
LH26 - - ++ ++ ++ ++ 82.60 - - -
LH30 - + - - ++ ++ 92.95 - - -
LH33 - - ++ ++ ++ ++ 85.99 9.33 - -
LH34 - ++ ++ ++ ++ ++ 2.66 - - -
LH37 - ++ ++ ++ ++ ++ 68.40 - - -
LH38 - ++ ++ ++ ++ ++ 67.21 - - -
LH40 - ++ - ++ + ++ 0.00 - - -
LH42 - ++ ++ ++ ++ ++ 76.42 - - -
LH44 - ++ ++ + ++ ++ 74.94 - - -
LH45 - ++ ++ + ++ ++ 71.02 - - -
LH49 - ++ ++ + ++ ++ 82.24 - - -
LH50 - ++ ++ + ++ ++ 75.56 - 8.33 14.67
LH52 - ++ ++ + ++ ++ 83.10 - 10.00 15.00
Note: “-" =no growth, “+" = growth with A, < 1.000, “++" = growth with A, > 1.000
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2. MavageuANNANIIanasa1sn11n e s luTesinyiAnden lauaznisseyaiad
A a [y ° a » 2 Ha

wupfiFensauansnlelaan LH5 lagniininaasuanainnsalunisnanansniti Meliiinnsmesey
ANANNIDAINaTedlalEan LH50 uay LH52 sdaetvanisifsauiiay uansmagaunudnlalaian LH5 Lam
ann L lAluLFun 39.05 £ 0.003 mg/L wazasianulduuukiudanuaalaalsnguouansnifinaumile
LOLT9A1T MSG (Figure 1) aeinglsimin wudnlalaiam LH50 waz LH52 nanansnitnlaiduny Inanan
TuFun0u 2,14 £ 0.003 Uaz 4.52 + 0.004 mg/L ANaaU Teanduananinglalaian LH5 ag1ednian Aati
lunnsdnmafadl lalaian LHS asilaonumunzanngnanaentt sz naldiduamsasunguinglulasin
dmNanIsananatsni watdunnglunisudladyuininaeslnlddanesyliuda lalaian LH5 1y
wuaFanaiansauanin Talatidrsn gUdnananyu (Figure 2A) Wwstyla luaninsilfannia uazgliraaesaas
A = ' % = @ ] ' LA e H . A 2
WaAn R undesqanssAldianaseunuddunsanan agilugisesefiuiuanadu (Figure 2B) uazilafnmn
arnutlandlalnsaestiu 165 rRNA vinldawnsnszyatadlmduuuaiite Enterococcus faecium WaZUWEAUNIN
dendrogram uanen1sdAnguAdaLAafuLATaaIng 1 udeays GenBank wazlalaian LH5 Tugduuy

phylogenetic tree uanslilitudn E. faecium LH5 Hmanuduusetlunguues E. faecium (Figure 2C)

AR E BE
R s o

GABA MRS+ |y45  LH49 LH50  LH52 LH5
MSG

Figure 1 The analysis of Y-aminobutyric acid (GABA) production by the isolated lactic acid bacteria from the

cloaca of laying hens using thin layer chromatography
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Isolates P AM  KF VA CRO FOX Cc E CcC GM CIP NA RD
LH1 R S R S R R S MS R R R R S
LH2 R S S R S S S R R R S MS R
LH3 R S S R S S S R R S S S R
LH4 R S S R S S S R R S S S R
LH5 MS S S S MS MS S R MS R MS R S
LH6 R S S R S S S R R S S MS MS
LH7 R S S R S R S R R R R R R
LH8 MS S S R S S S R R R S MS R
LH9 R R S R S S S R R R S MS R
LH10 MS S S S S R S R R R S R S
LH11 R S S R S S S R R S S S R
LH18 S S S S S S S S S R MS R S
LH21 MS S S R R R S R R R R R S
LH23 R S S R R R S S R S R R S
LH25 MS S S R S R S S S R R R S
LH26 MS S MS R MS R S R R R R R S
LH30 MS S MS R R R S R R R R R S
LH33 S S S R MS R S R S R MS R S
LH34 S S S R S MS S MS R R MS R S
LH37 S S S R S MS R MS S R MS R S
LH38 S S S R S MS S MS MS R MS R S
LH40 MS S S R S R S R R R S R S
LH42 R MS MS R R R S R R R S R S
LH44 MS S S R S R S R MS R MS R S
LH45 MS S S R S R S MS R R MS R S
LH49 MS S S R S R S R R R S R S
LH50 MS S S R S R S R R R S R S
LH52 MS S S R S R S R R R S R S

Note: “R”, “MS” and “S” represent resistant, intermediate and susceptible, respectively. The list of antibiotics:

P = Penicillin (10 pg); AMP = Ampicillin (10 pg); VA = Vancomycin (30 ug); FOX = Cefoxitin (30 pg);

C = Chloramphenicol (30 ug); CC = Clindamycin (2 ug); CRO = Ceftriaxone (30 pg); GM = Gentamicin

(10 pg); CIP = Ciprofloxacin (5 ug); KF = Cephalothin (30 pg); E = Erythromycin (15 pg);
RD = Rifampicin (5 pg); NA = Nalidixic acid (30 ug)
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é’ dly = a a aa
3. ﬂ’75‘7’7@ZV@Llilug‘ﬂﬂsldL°17@I,I,Llﬂ‘V)Lﬁ‘EIf‘VVﬁ‘ZLIT@B’?ﬂLL@L”V)@ﬂ@llﬂ’)ﬁ‘ﬁ‘@ﬁ)‘ﬁ’.?m

NIALTARAATRY E. faecium LH5 WAZARIUN1TNwiIudnesa Figure 3 IAWLLNIaaAN1990AT IR

'
a v

AUNAINTINLFFRE A 86.54 (ANULAINMURE log CFU) wazianuqutaantadsnizusuluaalnslulesn
9.17 log CFU/g slandaiiudnunalnslulesinnialiguugd 4 esangaidaauazguingiiesnudngas
1 U = al aa a o rdldda = [~3 v [~3 o

Aaud1INANIANTUAZIDATIRNGS HN17AARITBATUIBLTAAN T INENIANTasnaanAN1TL AL BTluan

3 1neu Inaleduganimasasinisanadluszalaiiiu 0.5 log CFU Asnanimaaasly Table 3 Andufeaay

'
Fa £%

N139DATIM 95.39 + 0.07 WAL 94.15 + 0.19 ANNA1AL g UAUa wEaatsnFulunaInslulafin anvia

¥ g o sl Alala a ' rtzi & o ¥ a = !
LLNWUQ’W’]HQHLT@Z‘]V]N‘HQMIuNQTWT»LUI@ff']ﬂLLE‘]@&ﬁ'ﬂﬂ’]ﬁV]LﬂU?ﬂH’]ﬂ"lﬂlm‘ﬂqmﬁQN 4 AIANTA LT AGINITN

a v o o

Inslulasnmivlugamnives wsldldsdrAtymisads (p>0.05)

SEM HV: 5.0 kV WO: 5,51 mm | VEGA3 TESCAN|
SEM MAG: 20.0 kx Det: SE 2pm

RUAEM Sc MJU

Enterococcus faecium LH5
ool Enterococcus faecium AB512765
Enterococcus faecium AB512765

Enterococcus faecium HE681086

Enterococcus faecium LC311309

Enterococcus cecorum MN537442

Enterococcus columbae AB681220

Enterococcus casseliflavus LT745978

Bacillus cereus LK392517

0.01

Figure 2 The morphology of Enterococcus faecium LH5 colony on MRS agar (A) and its cell morphology
studied under the scanning electron microscope (B) and the phylogenetic tree based on 16S rRNA
gene sequences showing the relationship of E. faecium LH5 with strains of closely related species.
Confidence values on the branches were obtained for 1,000 bootstrap replicates with MEGA

11.0.10 software (C)
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Figure 3 The biomass of Enterococcus faecium LH5 probiotic; fresh (A) and powder (B) form

Table 4 The viable cell count of probiotic E. faecium LH5 in the powder form after storage at 4°C and the

room temperature (30 °C) for 12 weeks

Storage time (week) Viable cell count (log CFU/g)
4°C Room temperature (30°C)

0 8.89 + 0.05' 8.89 + 0.02°

1 8.76 + 0.60°” 8.70 + 0.01*

2 8.75+0.01° 8.67 +0.01°
3 8.63 +0.02% 8.56 + 0.02™°
4 8.67 + 0.06™ 8.51 + 0.04™°
5 8.59 + 0.017°%* 8.51 +0.03%*
6 8.54 + 0.06™ 8.40 + 0.13%
7 8.41+0.10° 8.42 +0.16™°
8 8.50 & 0.03° 8.40 £ 0.12%°
9 8.39 1+ 0.09° 8.46 1 0.12°™
10 8.40 £ 0.10° 8.34 £ 0.07°
11 8.46 1 0.04°™ 8.37 £ 0.11°
12 8.48 = 0.07° 8.39 = 0.19%°

Note: Different superscript letters in each column represent significant difference at p<0.05. The means

between 2 treatments of temperature at each week are not significantly different (p>0.05) by t-test.
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Discussion

o A A A a o ° Py A a ° o 1 o £y aa
AuantANuguesu Az nsluleAnnasinn Miduansidsudauedmivlnhesaiudesendin

v v
=2 o

nalfaniaznanlunssmnzaninsazing lan I dndausi Gan1An AR HnuIN NLUAN FUNIARAARNUANS

'
o 1 A A

TelmanniamuantRfiuguiinann fslluuanzenunsaing InfidAryeunguiiunacuaunisdullmsen (H)

o q

wazleasuuanaanannimadas1elilsy@ninin anvsdinguiiunaruaNn1sdauaTziuaziunanynsaar iy

Ihduansmunuelavindgmsidusiaiedfuaniazannuidunse-snsiaaseumad iidunans (Chen et al., 2024)

wiinisiauamsdausuaedlinseainnasnau1shanIineis (crop) NSz (proventriculus) WAz

-

(gizzard) B9daudAsdunsanszdusnaiu Tnageineinisuedlnladl pH Avws 4.1 - 6.8 Iuduaafug

Q

(Kieroficzyk et al., 2016; Hervo et al., 2024) nszinnzuiuaznuil pH Iagdssunni 4.2 -5.27 uaz 1.2-4.0
ANA1AL (Morgan et al., 2014; Recoules et al., 2019) dauinareslnlsznevldmaansaunm (bile acids) wag

A o a

\NAaUIA (bile salts) T9lN19ABUYLNA (conjugation) FuNsAardty taurine iludaulun) uasurAN TN

9L INaNNA (total solid) iuesAdsznevudszunFasas 19.8 tagunutinuiie (Tancharoenrat et al., 2022)

©

v

wanwilaannunuindaadagiunisdanladulun1afiue1nisusa INAaUIAEIAI NI UEINITLAT Y IR

a a o & a ' a a a a ' a
qaunsdlwdennataaiia wiuuanidalnslulefnuazuuafizanalsaunsniin 1w Samonelia sp. waz

v

Shigelia sp. Baiwiaanalandr Aty ludadindinalnnadaninlunissugnazesnaetinats (Gunn, 2000) dowlu
nstdaesinglulafinng lactobacilli uaz bifidobacteria wuanldnalnnisn@siaulasings bile salt hydrolase na'ln
o a ¥ o o - . d o .
nsduindsunfeananaad (active efflux of bile acids/salts) kazn1slfuiasuesAilsznavaeuteduimaduay

nawIad (Ruiz et al., 2013) laavinliluan nnsdmasninglulemninuunanseiuauidndusasaz 0.15 - 0.30

A '

(whv) Dadisanatazidunsansulunisuiiunldgsuluanns dndtn (Xu et al., 2023) walun1sAnsATaTl

% = o v v P o Y vl P . a Y A
VL@W@@@UQQ?z@U@Q'WNLmﬂﬂuiﬂﬂﬂz 3.0 (W/v) Lu@qqqﬂﬂ@@quuiﬂﬂqquq'ﬂﬂwv‘luqqﬂqiL@ﬁ‘Nﬂﬁ‘ﬂuq@LWNTU@’]‘MW?

v

d” ' [BN] o a asg o a a a ' 1
welnlddonfulpeanssnuznisasy wunueddnedleiy uazannaqduvsdluniasauemsiilald (vang

ANa Ao

et al., 2022) patiu nupBeRAaaanlalun1Aneasatastlaniasandinannan lan leunaulun1asnNun g

AmdRdugandnulunmuesinlaiall inewasudnesialiliasntinases (colonization) Nuiaanld ey
al a a dl o a 1 £ a = o [ 1
wuAfiFansauanRnnAnuanaInIsiuaslilagnissifiuanuainisnlunistiamnizaisandlng)
TnanegananAAu il gautnresNuiaaswuAEy TelneiallAeuFinauniduesmlsznayluduaaadon

% -

varuiras mndninazin A1 AN it L eI uRNIAREY ANHANRUSILLSY Van der Waals wazuaalnii

q

a o

adneTvnlaasTiaa a7 lun1s8 AN eeiadld (adhesion ability) g9 yanannifasing Aauduriug
FIUaNALAMNANNITOVRNTAR MUN1TAURULEY (auto-aggregation) WAZNNTALAUIZUINNULIATIFRANSTTRA
(coaggregation) %'qLﬂu@mmuu‘"ﬁﬁﬁmmiwﬂui@ﬁn (Chantanawilas et al., 2024) ¥aian ldres&ndtindanuena
fdundnesyed ewnsinadinldnaniios 2 - 3.5 dalue saulnsluleAndesilinamanunsadannzudeanld

Iapianisasinnresuaziiasiunisinnsasiuiinan dlnauuaiGanalsn s1euaes Ben-Miled et al. (2023)
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=

WudLUANEENIALARRNN AT %CSH gesiniduuuaiFaanana Lactobacillus sp. waz Bifidobacterium sp.
Tuanennguidatunansuazinagluana Enterococcus sp., Leuconostoc sp. WA Pediococcus sp. WAZATN
N1991891UAN %CSH VRIULATITE Salmonella sp. A1UIUNI1 22 serotypes Nnalsan1aduatmslanaluan

wazdndiining Abdallah et al. (2014) wudnH g luga9m9ws 0.29 + 0.56 D9 29.55 + 0.1 TIANTIULATIGY

'
1l o

douwlunnAauanlalunis@nunil fatii a9AAd L AN Ea9 9 lalaanTeaNAl %CSH sLAULIUNAILAT A

o U

1% ' '
I~ = o

waniaziiasuaimisalunisutiuaiyinasesiuiuus 1414mngn Samonelia sp. euuaiFungs
Salmonelia sp. \uiderielsAnnaiiuessguussludadiinfelsn Samoneliosis daiannisudnAeiesso dx
iAnesuazany shnudrdidudevsesdeluilelianuazlaliderelsasel s inald famnuingnld
21 1 FuanunsniAannRaige S. Enteritidis THulld5uLRes 1-5 irad (Shai et al., 2023) Avdasdianasnind
szfamaundszinelun fudadiindalanathadume
Uszifupanuanunsnlunisdiugndfieuzesinslulefngdendufionifecednand1eaens iflasann

v 2o oA & - o oal v as Y =
umwmanqwmwmmﬂwﬂui@mnmnﬁumwuqmwmiamumﬂgmuﬂwmﬂmwLummnmmm

1
oA o v

aa % 1 Y o a v 6 Y = o < 1| v aa I A o
iﬂﬂ‘HQMVLﬁN’WﬂﬂQ’]M’mQUi‘Iﬂﬂ (AULATERN) ﬁl‘ﬂ\‘iNﬂ’1i‘iﬂ']:f’]@’]ﬂ"lﬁ‘L@‘LI‘ﬂQEI@QFJE’T]JQ“T]Qu?J BAUNIFIENANNAAATU

q

o =2 Adl = 1 = ¥ ad U d” a o a A o ' a
Awanslanianeradinisdenegusinuendjgsuzivalanninslulesn dsqaunadnalsasne lunusiuems

osLeza A 6

71 m@umﬂﬂ@‘imLumﬁﬂmﬂLﬂumwﬁuﬁﬁ@mLL@:mnﬁi@mﬁﬂm (Sharma et al., 2017) A lunsed
fanurmaisruidaesiymmsneanresqawidialsaduiu feaduayunisldelulefngiailasesn
UjFauzlumeianniduevnaaiululnlingil

wafidelelnan LH5 fignAmdeniduuuaiideinslulefinlunsinenasedl wudignszyaildidu
Enterococcus faecium 31l unileluaundnaesuuni \38ngu enterococci ﬁQﬂiﬁm’]udﬂﬁ ANLANTR
Twslutesnuangn 20 ﬂLL@:Qn“l%’L%\‘im?ﬁﬁLﬁ@Lﬂummﬂzﬁuluﬁm“ﬂmﬂﬁﬁmﬂmmﬁqLﬁm VT E. faecium
SF68° WAy E. faecium strain11181 %ﬂﬁﬁ*uwmmmn the European Food Safety Authority (EFSA) 11411114
mmmﬁmLﬁ@lﬁmmuﬁmmmu:mm?mﬂmﬁmrummﬁm (Zommiti et al., 2022) &Na Enterococcus sp.
Tagnwuiludndaugegelumsinmdnuenuueiideinslulednand ldlideuarlild nensludndouienas
76.2 38989N1AR Lactococcus sp. @Y Streptococcus sp. LL@ﬂu@qa Enterococcus sp. ﬁwmﬁm E. faecium,
E. faecalis waz E. avium \udndaugaganefonas 42.8 12.0 uaz 9.5 auanau (Carvajal et al., 2023) lunsl
yaennalildy Svarseniaseiildinsluledneiia £. faecium Weiuilzenmninmsideamaununisld
enlfFanz izl £. faecium DSM7134 fiaaiiiunananld parsvuiddents uaznisdesldaesasenns
wazditoaananuintuanizangulaavesululiwug ISA brown (Park et al., 2016) WANANT E. faecium siadae
anszailamnamelsfuaznaranuiisaneendinduluden Wussil 1gG aanisinide S. Enteritidis Uiuaxga
m@qfﬁuw?‘ﬂ“lwmqLﬁummﬁmmmm ﬂﬁﬁ‘ﬁm@ju Bacteroides, Desulfovibrio, Synergistes Was Sutterella LL[}W'LWIN

WUARFENEN Barnesiella, Butyricimonas Wag Biophila (Huang et al., 2022) uannsanmmaniifautiududnanin

366



B

M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAIININE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

2904 E. faecium Tunaidulnsluledinld dmiudssmelnasiu £ faecium lagnseylflumedainslulefindniu

Tduenmzau (UszniAnsznseansnaniga wes “nisldaaunadinglulesinluennns asdui 27 Aquian 2554)

q
'

wiinsilanvinednd dsznAnsensaainemsuazannsnl aedui 21 wAANIaL 2559 Fas “Tuuadngiinlueims
&nT Buounisld uazReulalunisdiunan Wnd viseanse s dnd” Idssydluadin Streptococcus faecium
13 Fadudaadalhnaas E. faecium (Zhou et al., 2020) Tayatnaniidaaasieaaudulada E. faecium LH5
aasaenlaidlantawazdnan win i ldlss Tanliduinglulesnluldlels anweniaduiuafFanfnuanain
a 1R dl aa a U a U v .
mahuasliasilaniagenanunsasesdinuaziaseynialianinemiaiuanmsueslils (Gioson et al., 2004;
Carvajal et al., 2023) WA UTI91284 Khalifa & Ibrahim (2023) TeAauaninsluledn £. faecium CF2 ann
yaliudarnaulisdaluawaiaeliiug white leghorns w&anugaatlfuilssiiuiinga annismne annis
AATe S. Enterica ludnuuaziannda waznsaanuans proinflammatory cytokine 1% interleukin 1 B luanld
anas
- y , drve o e b A o o a4 oA d
HanARansntinlae Enterococcus faecium LH5 Mlfday luszAuailemauiuuuaiGaainaunnad
genuneunti agnglsfinn anizdanaitenalildaniesiumanzanluniaasyuasuanansnitin valinagms
dl QI o o 'S v a a o £% = Adl a
WalinszAun1sduAziansni i lnauuafiaenan lalaan1ansefunisuaniaanest uNALANN1INER
vaulaad glutamic acid decarboxylase (GAD) ludnaz1ilugin gadA uaz gadB LazN1THAR glutamate/GABA
, - 4o o4 A . d. .
antiporter GadC lagifii gadC T9utinnuanilagis GABA uaz glutamate Tnaitin GABA Ndaaszifluitaaaan
UBNITAS MIULELREIRTUYN glutamate annuenaadnNnlumad (Yao et al., 2023: Tan et al., 2024) N9sALLad
WUFNITUTANIUIAN LTI TaNTIaNso T ua AW dan liflunzaansuanseansestiumailanaliy
Ao a a = X A o |a o= pry a v | s X
nagnsnddsz@nsamlunsdbniziaesuuaiizeludeljnsaldanimiendnan sn1tn unagnsinaniiana
TadmunzaninidetuuanGadsnataiduansaindourludnduazuyued agslafinau £ faecium Nendely
MuAuemsanagnnasiuliduamziasnitisaulitinunalnszuy quorum sensing (QS) Baiflunisdeans
dnuansunuelaraesdszainsqdunzdluniaiuemisln AuduniAnetaeeuddaves Tan et al. (2024)
AINPIENUNHIUNT E. faecium BS5 TagnAnuananuaniusiunteslssmaaume ldgnaneaudifidnanindu
wslulefnuazuanansniiinle (BS et al., 2021) luanied E. avium JS-N6B4 Nuanainuuasiiiuawsuye
(Jo et al.,, 2019) uaz E. avium GL1 NAnuenlaainiaTasan Daqu a84tlsvinaay (Li et al., 2024) ugneiugn
nana1InT la lulFunigenanie 13.68 waz 206 g/l AMNAIAL WUANEUNIALAARNTNABUNNANUNIWKEAR
arsnii I lulsunugeuaziunimeseuanantfnslulefniduiu andoetnggu Weisella confusa G2
(246.2 mg/L) wanldaindad@eaninaesilssimeaduide (Devi et al., 2023) waz Levilactobacillus brevis Lo
4-8g/L Aagl conversion ratio @x‘lﬁx‘i%"@ﬁl@: 89 (Casertano et al., 2023) wrneinalafmy dalawlFeuues £, faecium
LH5 arnauassillunisdszgnsfldiduamadinlulnifad uinslulesnnilanasendingauaziasoy luniamu

1 1o a Y o dl % 1 Y v
@’1'1)1’]?“]]@\‘11?1ﬂ’]‘].l@ﬂ‘]_lﬂ’]ﬁ‘ﬂqﬁﬂ@ﬁ]@qﬁ‘ﬂqlﬁﬂQ‘V]vLﬁﬂ@’WVL"JLL@’J

367



B

M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAIININE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

| = a ' X AN A \ P Py a -
atinalsfinnu H9e91udn E. faecium uupiiGannusiannuiaulaninaaunsonugumginisniaiaelsd

#1 62.5 aeAEaLTeA lAUIUAY 20 WIT (Martinez et al., 2003; Spelina et al., 2007) asa1auluimaHadasien,

- R R - .. ) A ,

n3senTIRTRdIaaTglatiuinE g dseneudu £. faecium 1lunuafizangu facultative anaerobe
Feudiastylan luanazilfeandian uwinalfaningndeandiaudndasfidaainisniasoylaus ldgaunn (Kalode
& Patil, 2023) aandiauiuanuanisanaaasinslulefnuareatinsae insnzeandiauiduivsamadiuainEe
ngu obligate anaerobe Tlisasnisaandiaulunisaiylaeinliiinnsazanaes O, OH waz H,0, Tun el
wasus lddinalnfdlsc@nsninlunisindn reactive oxygen species anil wananidanudn H,0, Taw919
fangIu289 fructose-6-phosphofructoketolase Tatdutaulaima1AnylunszuiunisuunuedTntesiIna

a o

(Cruz et al., 2009) dayanaialiiiudiuanann £. faecium LH5 Adnaninidulnslulefininanaisnii

1
a

udadadannandulyidlunstugd dundndnsineinslulefniidaanuasiage Annuasianesingluledn
E. faecium LH5 Hanaiflunai@ananunannindnofinguifuansdus (carrier) Tunnsvinusiadae (ilesannsrdng
HanswgnuAi (phytochemicals) ‘wmmﬁmﬁ@@ﬂqmqﬁrﬁm@%@%m: (antioxidation activity) T3aziludmnniu E
413 tocotriennols 819 Y-oryzanol kara131UsznauWWeaNn 11 coumaric acid, ferulic acid WAz syringic acid
s (Gul et al., 2015) LL@xﬁdﬁﬁmﬁqm sandrnsluleAnilein iU unan luamsdnduds fasdianuan

o

waanNaInsaNAulidesndn 10° CFU Aaa1unsdnd 1 Alanin Audan1uuaeedlssnIAnIsnsaanenILas

annsnd aadul 21 woAANIEU 2559 Fad “Muuadngnintueednd Uiununisld uarRenlalunisiunan

q

o ¥ A s,
11N YTRUUDIUNTRRT

Conclusions
o A N X P a = A a &
ANNNTDAPLARNLLATNEE Enterococcus faecium LH5 leainszuumiaauatnisla sawuanze e loamnil
Fanan1widulnslulefnuazdaiauainsauanasnitin’ts wanannil £. faecium LH5 HpadLaies6e
o Y a ° o | A o a & o a Ay Aa %
nszuauNIsLiIsatmatian s uiuu Ut Eanuisiazguuginisiuinmnn guug e Tnasesdnnle
Uszunnufasay 95 naniufnedunan 12 §lany 691iu uan1meaesd liiiudwuafize £ faecium LH5
fananduldldlunisaugdundssiusiansasuiouenguingluleAindmiugsnluemslild Tnaanivatiega
nstunldlss Toadlunsiaesinldaaslssmanadandyiuilyuiainiafeu adaslataiu gelaauaniiu

VNARILNATBNNIATN E. faecium LH5 slaanssouznisiastyuaznnan wuanan lalnse

Acknowledgments

o

weuAmnsatiuayuglnend uazan A HuNUIdEAINAMEANE AanT Nndnenduuly

368



M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAEY

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

References
Abdallah, F. B., Lagha, R., Khaled, S., Kallel, H., & Gharbi, J. (2014). Detection of cell surface hydrophobicity,
biofilm and fimbirae genes in Salmonella isolated from Tunisian clinical and poultry meat. /ranian

Journal of Public Health, 43(4), 423.

Ben-Miled, H., Benoit-Biancamano, M.-O., Ben-Mahrez, K., & Réjiba, S. (2023). Alpha-amylase and
alphaglucosidase inhibitory properties, beta-galactosidase activity, and probiotic potential of lactic
acid bacteria and bifidobacteria from Apis mellifera intermissa and its products. World Journal of

Microbiology and Biotechnology, 39(8), 205.

Bouchard, D. S., Seridan, B., Saraoui, T., Rault, L., Germon, P., Gonzalez-Moreno, C., Nader-Macias, F. M.,
Baud, D., Francois, P., & Chuat, V. (2015). Lactic acid bacteria isolated from bovine mammary

microbiota: potential allies against bovine mastitis. PloS one, 10(12), e0144831.

Bs, S., Thankappan, B., Mahendran, R., Muthusamy, G., Femil Selta, D. R., & Angayarkanni, J. (2021).
Evaluation of GABA production and probiotic activities of Enterococcus faecium BS5. Probiotics and

Antimicrobial Proteins, 13, 993-1004.

Carvajal, E., Contreras, S., Diaz, W., Martinez-Bello, D., McCown, M., Ardila, Y., & Vasquez, M. C. (2023).

Enterococcus isolated from poultry intestine for potential probiotic use. Veterinary World, 16(8), 1605.

Casertano, M., Fryganas, C., Valentino, V., Troise, A.D., Vitaglione, P., Fogliano, V., & Ercolini, D. (2024). Gut
production of GABA by a probiotic formula: an in vitro study. Beneficial Microbes, 15(1), 67-81.

Chantanawilas, P., Pahumunto, N., & Teanpaisan, R. (2024). Aggregation and adhesion ability of various
probiotic strains and Candida species: an in vitro study. Journal of Dental Sciences,19(4),

2163-2171.

Chen, Z., Niu, C., Wei, L., Huang, Z., & Ran, S. (2024). Genome-wide analysis of acid tolerance genes

of Enterococcus faecalis with RNA-seq and Tn-seq. BMC Genomics, 25, 261.

Cruz, A. G., Antunes, A. E., Sousa, A. L. O, Faria, J. A., & Saad, S. M. (2009). Ice-cream as a probiotic food

carrier. Food Research International, 42(9), 1233-1239.

369



M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAEY

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

Devi, P. B., Rajapuram, D. R., Jayamanohar, J., Verma, M., Kavitake, D., Avany, B. A. M., Rani, P. U., Ravi, R.,
& Shetty, P. H. (2023). Gamma-aminobutyric acid (GABA) production by potential probiotic strains of

indigenous fermented foods origin and RSM based production optimization. LWT, 176, 114511.

Diana, M., Quilez, J., & Rafecas, M. (2014). Gamma-aminobutyric acid as a bioactive compound in foods: a

review. Journal of Functional Foods, 10, 407-420.

Elkomy, A., Zahra, A.E., Belih, S., Shaheen, Y., & Aboubakr, M. (2020). Effect of drinking water supplemented
with gamma-aminobutyric acid (GABA) on laying performance and egg quality parameters in laying

hens. International Journal of Advanced Research, 8, 312-317

Elhussiny, M. Z., Tran, P. V., Pham, C. V., Nguyen, L. T., Haraguchi, S., Gilbert, E. R., Cline, M. A., Bungo, T.,
Furuse, M., & Chowdhury, V. S. (2021). Central GABAA receptor mediates taurine-induced
hypothermia and possibly reduces food intake in thermo-neutral chicks and regulates plasma

metabolites in heat-exposed chicks. Journal of Thermal Biology, 98, 102905.

Frank, J.A., Reich, C.l., Sharma, S., Weisbaum, J.S., Wilson, B.A., & Olsen, G.J. (2008). Critical evaluation of
two primers commonly used for amplification of bacterial 16S rRNA genes. Applied and

Environmental Microbiology, 74, 2461-2470.

Gibson, G.R., Probert, H.M., Loo, J.V., Rastall, R.A., & Roberfroid, M.B. (2004). Dietary modulation of the
human colonic microbiota: updating the concept of prebiotics. Nutrition Research Reviews, 17,

259-275.

Gil, M. G., Gomez-Raya, L., Torres, O., Cigarroa-Vazquez, F. A., Davila, S. G., & Rauw, W. M. (2023).
Heterophil/lymphocyte response of local Spanish breeds of laying hens to cold stress, heat stress,

and water restriction. Journal of Thermal Biology, 113, 103542.

Gul, K., Yousuf, B., Singh, A., Singh, P., & Wani, A. A. (2015). Rice bran: Nutritional values and its emerging
potential for development of functional food - A review. Bioactive Carbohydrates and Dietary Fibre,

6(1), 24-30.

Gunn, J. S. (2000). Mechanisms of bacterial resistance and response to bile. Microbes and Infection, 2(8),

907-913.

370



M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAEY

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

Han, J., Zhao, X., Zhao, X., Wang, Q., Li, P., & Gu, Q. (2023). Microbial-derived Y-aminobutyric acid:
synthesis, purification, physiological function, and applications. Journal of Agricultural and Food

Chemistry, 71(41), 14931-14946.

Hervo, F., Létourneau-Montminy, M. P., Méda, B., & Narcy, A. (2024). Effect of limestone particle size and
microbial phytase on phosphorus and calcium digestion kinetics along the gastrointestinal tract in

laying hens. British Poultry Science, 65(5), 605-614.

Huang, S., Rong, X., Liu, M., Liang, Z., Geng, Y., Wang, X., Zhang, J., Ji, C., Zhao, L., & Ma, Q. (2022).
Intestinal mucosal immunity-mediated modulation of the gut microbiome by oral delivery of
Enterococcus faecium against Salmonella Enteritidis pathogenesis in a laying hen model.

Front Immunol., 2022 (13), 853954.

Jeong, S.-B., Kim, Y. B., Lee, J.-W., Kim, D.-H., Moon, B.-H., Chang, H.-H., Choi, Y.-H., & Lee, K.-W. (2020).

Role of dietary gamma-aminobutyric acid in broiler chickens raised under high stocking density.

Animal Nutrition, 6(3), 293-304.

Jo, M.-H., Hong, S.-J., Lee, H.-N., Ju, J.-H., Park, B.-R., Lee, J.-h., Kim, S.-A., Eun, J.-B., Wee, Y.-J., & Kim,
Y.-M. (2019). Gamma-aminobutyric acid production from a novel Enterococcus avium JS-N6B4 strain

isolated from edible insects. Poultry Science, 95(12), 2829-2835.

Kalode, V., & Patil, P. (2023). Enterococcus species: a systemic review. Journal of Pure & Applied

Microbiology, 17(2).

Khalifa, A., & lbrahim, H. . M. (2023). Enterococcus faecium from chicken feces improves chicken immune
response and alleviates Salmonella infections: A pilot study. Journal of Animal Science, 1017,

skad016.

Kieronczyk, B., Rawski, M., D’fugosz, J., Swiakiewicz, S., & Jozefiak, D. (2016). Avian crop function—a review.

Annals of Animal Science, 16(3), 653-678.

Kim, D.-H., Dasagrandhi, C., Park, S.-K., Eom, S.-H., Huh, M.-K., Mok, J.-S., & Kim, Y.-M. (2018). Optimization
of gamma-aminobutyric acid production using sea tangle extract by lactic acid bacterial

fermentation. LWT, 90, 636-642.

371



M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAEY

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

Kim, D.-H., & Lee, K.-W. (2023). An update on heat stress in laying hens. World's Poultry Science Journal,
79(4), 689-712.

Kim, Y. B., Park, J., Lee, H.-G., Song, J.-Y., Kim, D.-H., Ji, W., Joo, S. S., Kim, M., Jung, J. Y., & Kim, M.
(2024). Dietary probiotic Lacticaseibacillus paracasei NSMJ56 modulates gut immunity and

microbiota in laying hens. Poultry Science, 103505.

Kolupaeyv, Y. E., Shakhov, I., Kokorev, A., Dyachenko, A., & Dmitriev, A. (2024). The role of reactive oxygen
species and calcium ions in implementing the stress-protective effect of Y-aminobutyric acid on

wheat seedlings under heat stress conditions. Cytology and Genetics, 58(2), 81-91.

Li, T., Luo, B., Zou, X., Yin, J., Lv, S., Wang, J., & Gong, L. (2024). Enterococcus avium from a traditional
Chinese liquor fermentation system with the potential for the de novo synthesis of GABA. LWT, 206,
116560.

Mangan, M., & Siwek, M. (2024). Strategies to combat heat stress in poultry production - A review. Journal of

Animal Physiology and Animal Nutrition, 108(3), 576-595.

Martinez, S., Lopez, M., & Bernardo, A. (2003). Thermal inactivation of Enterococcus faecium: effect of growth
temperature and physiological state of microbial cells. Letters in Applied Microbiology, 37(6),

475-481.

Maasjost J., Mihldorfer K., De Jackel S.C., & Hafez H.M. (2015). Antimicrobial susceptibility patterns of
Enterococcus faecalis and Enterococcus faecium isolated from poultry flocks in Germany. Avian

Diseases, 59, 143-148.

Morgan, N., Walk, C., Bedford, M., & Burton, E. (2014). The effect of dietary calcium inclusion on broiler

gastrointestinal pH: Quantification and method optimization. Poultry Science, 93(2), 354-363.

Park, J., Jeong, J., Lee, S., & Kim, I. (2016). Effect of dietary supplementation with a probiotic (Enterococcus
faecium) on production performance, excreta microflora, ammonia emission, and nutrient utilization

in ISA brown laying hens. Poultry Science, 95(12), 2829-2835.

Park, J., & Kim, 1. (2015). Effects of dietary gamma-aminobutyric acid on egg production, egg quality, and

blood profiles in layer hens. Veterinarni Medicina, 60(11), 629-634.

372



B M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAIININE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

Phuengjayaem, S., Booncharoen, A., & Tanasupawat, S. (2021). Characterization and comparative genomic
analysis of gamma-aminobutyric acid (GABA)-producing lactic acid bacteria from Thai fermented

foods. Biotechnology Letters, 43(8), 1637-1648.

Recoules, E., Lessire, M., Labas, V., Duclos, M. J., Combes-Soia, L., Lardic, L., Peyronnet, C., Quinsac, A.,
Narcy, A., & Réhault-Godbert, S. (2019). Digestion dynamics in broilers fed rapeseed meal. Scientific
Reports, 9(1), 3052.

Rodriguez-Sanchez, S., Fernandez-Pacheco, P., Sesefa, S., Pintado, C., & Palop, M. L. (2021). Selection of
probiotic Lactobacillus strains with antimicrobial activity to be used as biocontrol agents in food

industry. LWT, 143, 111142.

Ruiz, L., Margolles, A., & Sanchez, B. (2013). Bile resistance mechanisms in Lactobacillus and

Bifidobacterium. Frontiers in Microbiology, 4, 396.

Salim, H. M., Huque, K. S., Kamaruddin, K. M., & Beg, M. (2018). Global restriction of using antibiotic growth

promoters and alternative strategies in poultry production. Science Progress, 101(1), 52-75.

Shaiji, S., Selvaraj, R. K., & Shanmugasundaram, R. (2023). Salmonella infection in poultry: a review on the

pathogen and control strategies. Microorganisms, 11(11), 2814.

Sharma, C., Gulati, S., Thakur, N., Singh, B. P., Gupta, S., Kaur, S., Mishra, S. K., Puniya, A. K., Gill, J. P. S., &
Panwar, H. (2017). Antibiotic sensitivity pattern of indigenous lactobacilli isolated from curd and

human milk samples. 3 Biotech, 7, 1-14.

Sirisopapong, M., Shimosato, T., Okrathok, S., & Khempaka, S. (2023). Assessment of lactic acid bacteria
isolated from the chicken digestive tract for potential use as poultry probiotics. Animal Bioscience,

36(8), 1209.

Sobczak, A., & Koztowski, K. (2015). The effect of a probiotic preparation containing Bacillus subtilis ATCC
PTA-6737 on egg production and physiological parameters of laying hens. Annals of Animal

Science, 15(3), 711-723.

Spelina, V., Schlemmerova, L., Landfeld, A., Kyhos, K., Mé&fi¢ka, P., & Houska, M. (2007). Thermal inactivation

of Enterococcus faecium. Czech Journal of Food Sciences, 25(5), 283.

373



B M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAIININE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

Tamura, K., Stecher, G., & Kumar, S. (2021). MEGA11: molecular evolutionary genetics analysis version 11.

Molecular Biology and Evolution, 38(7), 3022-3027.

Tan, X., Zhang, Q., Liu, J., Shang, Y., Min, Y., Sun, X, & Tang, J. (2024). Enhanced Y-aminobutyric acid
production by co-culture fermentation with Enterococcus faecium AB157 and Saccharomyces

cerevisiae SC125. LWT, 208, 116739.

Tancharoenrat, P., Zaefarian, F., & Ravindran, V. (2022). Composition of chicken gallbladder bile. British

Poultry Science, 63(4), 548-551.

Xu, Y., Li, D., Ding, X., Wang, Y., Liang, S., Xie, L., Zhang, Y., Fu, A, Yu, W., & Zhan, X. (2023). Probiotic
characterization and comparison of broiler-derived lactobacillus strains based on technique for order

preference by similarity to ideal solution analysis. Poultry Science, 102(5), 102564.

Yang, B., Huang, S., Zhao, G., & Ma, Q. (2022). Dietary supplementation of porcine bile acids improves laying
performance, serum lipid metabolism and cecal microbiota in late-phase laying hens. Animal

Nutrition, 11, 283-292.

Yao, L., Lyu, C., Wang, Y., Hu, S., Zhao, W., Cao, H., Huang, J., & Mei, L. (2023). High-level production of Y-
aminobutyric acid via efficient co-expression of the key genes of glutamate decarboxylase system in

Escherichia coli. Engineering Microbiology, 3, 100077.

Zhang, M., ZOU, X. t,, Li, H., DONG, X. y., & Zhao, W. (2012). Effect of dietary Y-aminobutyric acid on laying
performance, egg quality, immune activity and endocrine hormone in heat-stressed Roman hens.

Animal Science Journal, 83(2), 141-147.

Zhang, Q., Xiang, J., Zhang, L., Zhu, X., Evers, J., Werf, W., & Duan, L. 2014. Optimizing soaking and
germination conditions to improve gamma-aminobutyric acid content in japonica and indica

germinated brown rice. Journal of Functional Foods ,10, 283-291.

Zhou, X., Willems, R. J., Friedrich, A. W., Rossen, J. W., & Bathoorn, E. (2020). Enterococcus faecium: from
microbiological insights to practical recommendations for infection control and diagnostics.

Antimicrobial Resistance & Infection Control, 9, 1-13.

Zhu, Y., Cheng, J., Ren, M., Yin, L., & Piao, X. (2015). Effect of Y-aminobutyric acid-producing Lactobacillus
strain on laying performance, egg quality and serum enzyme activity in Hy-Line brown hens under

heat stress. Asian-Australasian Journal of Animal Sciences, 28(7), 1006.
374



M9IENTINENANARTYIW T 30 (RULT 1) WNTIAN — WEIEW W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNAINNIAEY

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online)

Zommiti, M., Chevalier, S., Feuilloley, M.G.J., & Connil, N. (2022). Special Issue "Enterococci for probiotic

use: safety and risk": Editorial. Microorganisms, 10(3), 604.

375



