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q laiszjl,am lawn Bacillus aryabhattai (CKNJh11), THPS1, PWROL wag OYNH19 Fafauenliainfuuiinaerds A mu’uamw
Sou wiufoudisenanna uas yaln Taests 4 lelwan fiuszansamlunisadrsated e 97.05, 92.21, 92.08 ua 84.58%
AUEIRY 114ﬂ’1§‘1/1@]§‘1®Uﬂ’]51/|‘1491@ﬂ‘3®114ﬂ‘iuLW”I £8113 WUIORIINITTONTINGINTT 83% msvuseIndathi fisnsnisson
ganin 73% wazavesvosleluian OYNH19 mmsawumwmaulmwamwammu 80 °C Ineildns1n15500%39 Ao 91.30%
@11 B. aryabhattai (CKNJh11), THPS1 wag PWRO1 mmmmumwmaulmwammaﬁumm 70 °C Imwamwmﬁamm Ao
85.94, 90.10 uay 90.79% mueeiy mmmmsamﬁmmauaaﬂaaaa Talslonl wazaufiy wuinavasvesia 4 leluan &
amwmiiammmmmmw 70% Wlothavedis 4 leluam uwasluomslivas mubwammmma q 1Wusyegian 30 Ju
wmwaﬂammmaﬂumm 4 laismam fidnsnn3sentinganin 70% snuansAnuedel uandliiuinalesvssuuatide
ﬂamwaaawmumimaauw 4 lolawan fanuiaties AU wasnumusaan1zang 4 16a aunsathluussgndlddulng
luiamﬂmamimwmmumiLamamLLazqmmﬂssmmmiamﬂm
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ABSTRACT: The objective of this research was to study the properties and persistence of probiotic Bacillus spore
under different conditions of 4 bacteria isolates of namely B. aryabhattai (CKNJh11), THPS1, PWR01, and OYNH19
which were separated from shrimp pond soil, hot spring soil, cup lump rubber and chicken feces. The 4 isolates had
97.05, 92.21, 92.08, and 84.58% of sporulation efficiency, respectively. In the gastric acid tolerance test the survival
rate was greater than 83%. Bile salt tolerance had a higher survival rate than 73% and the isolate OYNH19 spores
were the best heat resistant at 80 °C, with a survival rate of 91.30%. B. aryabhattai (CKNJh11), THPS1 and PWRO01
had the best heat resistance at 70 °C, with survival rates of 85.94, 90.10 and 90.79%, respectively. The ability of
tolerances to alcohol lysozyme and salinity of 4 isolates had higher survival rates of more than 70%. When the four
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isolates of the bacterial spores were mixed in chicken feed and kept at various temperatures for 30 days, the
bacterial spores of the 4 isolates showed a survival rate of more than 70%. The results of this study showed that
the Bacillus spores tested in all 4 isolates were stable, durable, and resistant to various conditions. It can be applied
to use as probiotics in agriculture, animal husbandry, and the feed industry.

Keywords: stability; spore; Bacillus; probiotic; chicken feed
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Tuiligtufinshqdunidunszgndldusslovdinning fafiugaamnisy dunsinuss duduindon s
Fruguam qaunsdiduddTiavunadninuldludwneden au wasded Siwinfidussloviuandulng nslulefin
fnduderduridnquilifuvsslonidesune Wellegluvimuimnzauartslvsrutlusamerinuduund (Anee et
al, 2021) IngtanizsruumaiuemswagsevugdAudunagulnstuledn lauwn wuaiiSelungu Lactobacili,
Bifidobacterium, Streptococci wag Bacillus (Alkalbani et al., 2019) a"da%suaqLwﬂﬁﬁ'aLi‘]u?ﬁlagﬂa%fwa%ul,ﬁal,l,mﬁﬁaagﬂu
anmwindeuiiliunvay wasdulassadreitiliuuaiiSedaunumuseannzwindensae 4 suansanuse
gaumgiising q lunszuaunswanlutlagtuavesinsluledngnldensnirswnsdunywdifioduomsaiuludaildiduans
LE@suLTIN1sLastAvle (Ramlucken et al., 2020) ﬁﬂﬁ?ul,mﬂﬁL%‘sf[,maq'um%aé’aﬁ?u?m,ﬂwﬁﬂumqLﬁaﬂﬁuaﬂwﬂuiaﬁﬂﬁﬁ
Usgdvsam iuivensulutlgiu wasdanuvasafelunmaiunldludusing q lddesduiunisumg dunmsinues
wagnsiasadas Wudu (Cutting, 2011)

wuafi3uana Bacillus spp. a1xnsadauenlda1ndawandousi 9 18uA Ay (Mohkam et al, 2019) ‘L];”I‘V!'%’EJU
(Mohammad et. al, 2017) szUUNIBAUDIMITVEIERT (Nguyen et. al, 2015) wazyadnd (Li et al, 2019) tJusu g
wuaiiiieana Bacillus spp. NUVasTiAnaiuariquant@nuandsiueenlunudwindouiiendeey uuaiisoana
Bacillus spp. euthaldiduansiasulnslulefniislusyusuazdafandian 1éun 8. subtilis, 8. clausi, B. aryabhattai
B. coagulans waz B. licheniformis (Elshaghabee et al., 2017) Lﬁaammﬁmﬂ%‘amﬁwﬁmdmaqLmﬂﬁﬁ'auaﬂaﬂﬁlm%ﬁﬂ
auas (Konuray and Erginkaya, 2018) ﬁﬂﬁu’qdwaﬁiamslﬁw%’ﬂmLLa3miﬁﬂﬂlﬂﬁ"lugﬂmaﬂmlviaaﬂ

Yaquiinsugdunsdlunquues Bacillus spp. inUszendldlusugaaivnssunisuanomsdnildinandudns
Unvsodn i w?al%m%ﬂummsé’miﬁmﬁmé’mmmﬁ@@dm waziiiunananiildandas (e5We uazane, 2563) lng
JfseloviannisldansufTusdrossmsnigiiulauas Tostulsaludn esanlusfnldfinnsldasuiduresis
undvanglunisdesdng sadeiiinnumnvesmsliansuifiuzie nsandmesmnsiieidusunmedeaunimuasiin
vosuilnn luvsiigdunidinslulonlineliAnsunsiereuyuduardnd lugramnssunsidssdfazdlnslulofnunld
Tuguansazanevielasuiuomsdnd lnenuiawnsaaneuaonvesdnd iuanudunulsavinlidainTgaulald

[

E]EJ"NLL%QLLNﬂizél:ui%UUQﬁ N Laziunananueddn (Angws, 2561; Barbosa et al., 2005)

q

o =

aad lunddelddingussasriefnyiauautivasanunmuvesaUssiuafiisengy Bacillus spp. Tuaniie

Ang 9 laun nsandeund anuseu lalelel uazAnwiUssdnSnmnswaualasaes Bacillus spp. astuewisinlaeiiuli

a ] A o I v & a 1 Y
gamgiwaviaansing o iedwdunumislunisussandldduinslulefinmensinensiunsitesdns

3Bnsfine
unasiiun dyguinen mmeseuniedaadl wazuszansawnsaiealavanuaiite

thuuafiGeanunaaiosns andutedmou Ao leleian THPST (faudio way a3m, 2561) nAuvIanUeds
fi® B. aryabhattai (CKNJh11) (93918, 2563) a1nyaln Aelelaian OYN19 (a3%y, 2563) s ufaudlise1mis fe

Toloian PWROL (351050] wagAmy, 2564) viaviun 4 lolglan uaesuue msiasadis Nutrient Agar (NA) A2835n15inae
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e (Spread plate) uagUniigaungfi 37 °C uw 24 v, asratusualealad MnduthuuafiFounsuuanitldannmsmeaey
gouunsy (Gram strain) MANYIANBALNNEUGIWINGT waznadoun9Twall tawn Motility test, Starch hydrolysis test,
Oxidase test, Catalase test uag Indole test antudeandsdluewnadsaie Luria-Bertani (LB) broth Uuﬁqmmﬁ
37 °C w1 18 . Mniueeideasuy Difco Sporulation Medium (DSM) LLa:ﬁﬂﬂﬁuﬁqmmﬂ 30 °C WY 72 ¥y, Yaaves
poNaNATMNDMUAEAIFEindueiTe mfuudaduaesngunismanes Ae nauitlilinrwiou uaslfenudoudi
Mgl 80 °C MntuiFenauarinindsatuuonnsiasade NA Uuflgamnfl 37 °C w1y 24 93 TNUNLYNNISTARDILUY
completely randomized design (CRD) ffn15naasest snun 3 o1 wazilisuiiouUss@ns amnisadieades
(Permpoonpattana et al., 2012)
nAsBUAANURBNsALAzING BT AvasaUasLUATISY

thalesveuuaiiieimadeuntsnusensalneaeauasadhuiudu pH 2.0, 3.0 uas 4.0 indertarududu 0.1,
0.3 uay 0.5% Unluguauuuigrdenuiiisey 150 sou/unft figamagd 37 °C iunan 3 vu. ndunsvasunisidia
Tnendensisluionnaslsd 0.85% waztuindsasuuenmadsnde NA Uuflgamgd 37 esanwadea Wunan 24 o
IALHUYNNITIAABILUY completely randomized design (CRD) finnsvaaessianun 3 91 uazduausnsIN1350nTin
(Kavitha et al., 2018)
NsNAgaUNIINUANTUasHURSWUATGY

ﬁwaﬂa%maﬁLmﬂﬁFsamiﬁmm%fauﬁqmm:ﬁ 50, 70, 80 Wag 95 °C tWuan 30 w1 As19NsETInvedelneide
erelafounaolss 0.85% waziunndsasuuoimaidsate NA Uniigamgf 37 °C WHunan 24 5u. aununns
NAaeILuUU completely randomized design (CRD) ﬁmimam‘ﬁwm 3 62?’1 LAZAIUINERNIINITIOATIR (Luong et al,,
2018)
nsnegauaunusialalyledvesalasuuaiite

thavesveauuaiiioumageumsnuselalelesfiasaedoadlulalylefludnmdin 1:1 tiluvuiigumgd 37 «C
Huiaan 30, 60 waw 120 unit eransiifisvendolasidensielaiounaslsd 0.85% uazthanindsasuuemsidseio
NA Unidi gaungdl 37 °C tfutaan 24 ¥a. 19UHUNNNITMARBILUY completely randomized design (CRD) #n15vnaos
Waa 3 91 uarAAATINITeRTIn (Ragul et al., 2017)
nsuauaUasvanuaditeluamisla uazn1snsvsauaMiidInvaaUas

ihavesvoswuafidomnauluoimslifiiunissndeuassliuidlasdislifigumnivos viormsuniuldd
gaungdl 4, 25 way 37 °C Huaan 14 wag 30 Ju vaaea 3 41 winduthensliviun 1 n. wders feleden raolsd
0.85% LNAgasuLaMNT NA Unfigamail 37 °C Ul 24 ¥, 19UHUYNNITNARBILUY completely randomized design
(CRD) finmsvnaaianun 3 $1 wazFuINEnsIN350nTIN (Neuyen et al, 2015; 85V uazAn 2563)
NFAATIERTaYANISERA

dayaranisnaaeinTiinsgineain ngldisiaseinisimeeinuudsusiu (Analysis of variance) uagm
AMULANANITDIA A UAZNGNN1TNARBIRIETE Duncan’s new multiple range test Aimnuidosiufosay 95 waghiansan

SR o

ANuLANAsensited Ayneats Inaldlusunsu SPSS

o

NAN1TANEN
nsAnEANEMEdyYgIUINGT nagaun1eTuall wazn1sadealas
NNsAENEIENYENNEugIAneLieduduluaiise wud foufindunsuuin wasligusne Wuwisdunseurisens

(Table 1) @uN15aaaUNITNAT town wANLad panTwna dulaa nswedeud Lalasadavastls wagnisasisauss wuan
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wupiliseynlelewan anunsawdeudild nageunisgeslalasiueseanlud (H,0,) nulaunsandmeuluinaviad uwas
anunsandaieulviozluaauldlunmsdesutsddinanisnageuduuin naaeveendna wuilifnsudmeuledlalnlasy
sandind waznisvageudulea nuildansandndulaasnninlawiuls dslinanimegeufuay wazannismedeu
UszdAnsnmnisasisaussvesiuaiiiiednuau 4 lelgian lawn PWRO1, THPS1, OYNH19 wag B. aryabhattai (CKNJh11)
WU 91 4 lelaan aunsnadrsauodld waviuseansawlunisaisates A 97.05, 92.21, 92.08 uay 84.58% AU

Tng PWRO1 fiUszavsnmnsainsaueigaiianidloiseuiisuiuleluiandu (P<0.05) (Figure 1)

97.05 (a)
100 - 92.21 (b) 92.08 (b)
920 - 84.58 (c)
80 -
70
£ 60
g 50 -
3 40
£
T 39 |
g
g 20 -
wv
10
0 T T T 1
CKNHJh11 THPS1 PWRO1 OYNH19
Isolate

Figure 1 The percentage of spore efficiency of isolated bacteria
* Different lowercase superscripts (*°°) on the bar indicate significant differences (P<0.05)

(n = 3, Error bars represent standard deviation among three replicates)

Table 1 Morphology and biochemical test of four isolated bacteria

Biochemical test

Starch
Bacteria  Gram stain Shape Catalase Oxidase hydrolysis Motility Indole
CKNJh11 + bacilli + - + + .
THPS1 + bacilli + - + + ;
PWRO01 + bacilli + - + + .
OYNH19 + rod + - + T -

The increased mark (+) in column rod shapes is gram positive bacteria and positive of biochemical test

(=) in column rod shapes is gram negative bacteria and negative of biochemical test

MsnAFaUATINURBNsALazIndaTAveEUasLUATiGe

INNINAFOUANNAINITAIUNTIUABNIAT pH 2.0, 3.0 waz 4.0 Wuaan 3 vu. wulifian1iensa pH 2.0 veq
B. aryabhattai (CKNJh11) uag lelwian OYNH19 fnsnssendingsiian Ae 93.49 uag 91.95% muddiu (P<0.05) 71 pH
4.0 w99 B. aryabhattai (CKNJh11), lelatan THPS1 wag lolwian OYNH19 ﬁé’mwmisam%mqaﬁqm Ao 90.07, 89.47 way

90.76% MUBIFU (P<0.05) WaLAISNAFBUAIIUAINISOIUNITNUA BLNABUIAT AT UTY 0.1, 0.3 kA 0.5% WUIN
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v
°

nnleleaniisninissentings uasnuindaunfaianududulusedudig 4 uidnsnissendislufinuuansaiumada

(Table 2)

Table 2 Tolerance activity of four spores isolates at different pH and Bile salt concentration

Bacteria Survival rate of isolated bacteria (%) Survival rate of isolated bacteria (%)
pH Bile salt (%)
2.0 3.0 4.0 0.1 0.3 0.5
CKNJh11l 93.49+0.60"  88.88+0.90° 90.07+0.59° 90.31+2.81 87.41+1.73 91.86+2.44
THPS1 86.17+1.81°  89.35+1.47  89.47+1.10° 87.56+1.79 89.35+1.32 88.35+2.87
PWRO01 90.67+0.92°  84.97+3.34  81.98+4.34° 84.00+0.48 84.20+1.30 83.85+0.69
OYNH19 91.95+1.04*° 88.96+0.94°  90.76+0.70° 87.24+1.28 87.70+0.60 86.89+1.09

Values (mean + SD, n = 3) with different superscripts in each row are significantly different (P<0.05).
(*®) Uppercase letters in the same row are significantly different between pH for each isolate (P<0.05).

(*®) Lowercase letters in the same column significant different among isolate for each pH and bile salt (P<0.05).

nsAdaUNITNUAMUTaUTasaUasuUATiSY

PINNMIVAFBUNIUFBANSauNgamgl 50, 70, 80 uaz 95 °C 1Wukian 30 WI¥l NUIINIINAREUNIINURBADIN

= a

Souflgauundl 50 °C vasleloian PWR01 §8nnssendingsiian Ao 99.60% (P<0.05) figamgil 70 °C wadlelwian THPS1

q

uaz PWRO1 f8nsin1ssendingsiian Ao 90.10 uay 90.79% nuandiu (P<0.05) figumgdl 80 °C vosleluian PWRO1 uaz

OYNH19 #80351n1350nTIngefign A 90.35 wag 91.30% AUy (P<0.05) karilgamgil 95 sarwaidua vnlelyani
813 INN350ATINTLUANA9TUN1ERR (P>0.05) (Table 3)

Table 3 Tolerance activity of four spore isolates at different heat temperature

Temperature Time Survival rate of isolated bacteria (%)
(°0) (min) CKNJh11 THPS1 PWRO01 OYNH19
50 30 91.50+3.99°* 93.96+0.97°" 99.60+0.69™ 92.22+0.18°"
70 30 85.94+1.25% 90.10+0.93%° 90.79+2.75% 88.50+0.41""
80 30 78.41+2.99° 82.71+2.92° 90.35+0.54° 91.30+0.41%
95 30 72.61+2.07° 71.51+0.00° 71.42+0.00 70.11+£1.99°

Values (mean = SD, n = 3) with different superscripts in each row are significantly different (P<0.05).
() Uppercase letters in the same column are significantly different temperature (P<0.05).

(* ") Lowercase letters in same row are significant difference between isolate bacteria (P<0.05).

nsnagauaunusalalyludvasalasuuniiise
Anuanisnegevalassanisnulaleledidunan 30, 60 wag 120 wH nuIAinsnaasunsnusalalelesl 1Ju
a1 30 wiil nnleleaniidnsnissentinvesaasiluunnneiu (P>0.05) nsnaaeululallediduian 60 widl wui

lolgian PWRO1 uaz OYNH19 ddnsinssentinvesassuuafiiSegengaidensuisuiuleloandu laeiidnsinissen
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F30 f9 90.73 way 92.95% auadiu (P<0.05) wazfinsmaaeunisnusolaleledidunan 120 undt wuin Telwwan THPST,
PWRO1 uaz OYNH19 fi§ns1nnssendinvesatasuunfiiiogefign Ao 91.21, 90.49 waz 90.53% ua1fy (P<0.05)
(Table 4)

Table 4 Lysozyme tolerance activity of four spore isolates

Survival rate of isolated bacteria (%)

Lysozyme  Time (min)

CKNJh11 THPS1 PWRO1 OYNH19
30 89.15+0.94 87.88+1.83" 90.08+0.36 90.30+1.80"
50 pg/ml 60 89.00+2.23° 90.10+0.84* 90.73+0.27° 92.95+0.35™"
120 86.78+0.66" 91.21+0.78* 90.49+0.65° 90.53+0.24°

Values (mean = SD, n = 3) with different superscripts in each row are significantly different (P<0.05).
(*®) Uppercase letters in the same column are significantly different between time for each isolate (P<0.05).

(* ") Lowercase letters in the same row are significant difference between isolate bacteria (P<0.05)

nsuaNaUasvauuAiiseluamsln wazn1snsIvdauANiTInvesEUDs

NNIedeusnsIN1sTendinvesalasilionaulueimsla ulingamalisnetu 4, 25 waz 37 °C 1unan 14 uaz

U

30 Yy wdinsneaauivavasiusimsindunan 14 u wuin avesveuis 4 lelaanildnsinissontinnldwaneneiun

gaumail 4 uag 37 °C uiflgaungil 25 °C wudlelwan THPST Hdnsn1ssendingfian fe 97.92% (P<0.05) uarwainig

'
a

naasusivalasiuawisindunan 30 Yu Vigaunnd 4, 25 uag 37 °C wud avasveia 4 lolaan §aAsnsIN1550ATIN

gan71 70% wighsinssentinvesaleivnloluanlifinniuuansieiunisada (P>0.05) (Table 5)

Table 5 Survival rate of four spore isolates at different condition in chicken feed

Bacteria  Survival rate of isolated bacteria (%) Survival rate of isolated bacteria (%)
14 Day 30 Day
4°c 25°C 37°C 4°C 25°C 37°C
CKNJh11  83.09+6.92  76.19+2.06°  74.99+3.57 73.80+2.06  77.81+£5.54 77.21+5.04
THPS1 85.41+2.74° 97.92+1.87*" 77.58+5.38° 76.90+4.74  75.24+3.23 76.95+4.82
PWRO01 74.48+2.83  74.99+£3.57°  82.65+2.02 79.40+2.06  78.48+2.54 77.53+0.89
OYNH19  76.54+0.59° 93.21+1.05” 80.53+1.95° 80.76+1.62  7536+2.73 73.30+4.89

Values (mean + SD, n = 3) with different superscripts in each row are significantly different (P<0.05)

a, b, C) (

(*®) Uppercase letters in the same row was ( owercase letters in the same column indicated significantly

different (P<0.05)

3130l
Tumsfnwiauandivazanunmuresalssundadalnsluledn Tuaniizane 9 veswuaiiens 4 lolgan laun
B. aryabhattai (CKNJh11), THPS1, PWR01 waz OYNH19 @ednuanldainduuiiiauens Auveuimieu wiudouiqe

8191157 Uazyali ann1svegeudsednsaimnisasisales wuiimns 4 lalianiivssaninimnisasisales de 97.05,
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92.21, 92.08 uaz 84.58% AuaRy Faiiewssuiisuiunuiseues Erdem et al. (2013) uaz Ramlucken et al. (2020)
wudmuafiFenau Bacillus spp. aunsandnavasliandt 80% lasusyavinmnandnavesussuuafifeartuetiuiats
naneifade ldu a1semns gamgl avundunsa-ang avesvosuaiiFainduideanue wandoulsivanyay wu ap
9193 ATwdeu viFeruuauds ansedl warded Wudu SsnmaAfeiliuaaenadesivmiadetiediu iemnuuaiiiends
Bacillus spp. fnmantia annsaairsavesdmusogumaiigsuaranimuindensng 167 nannaeunisvusionsauazinde
ihiwuhaunsanudeanmeiifunsaldfer pH 4.0 wasnuderuduturoundethiléaedis 0.5% Teynleluian T80
N1358nT3AgaNT1 80% denAA 3 UIIUITBUD Sookchaiyaporn et al. (2020) i lduiavad Bacillus sp. KUAQT wag
Bacillus sp. KUAQ2 LNNAAEUNTNUABNTAUAZLNADUNA WUTN@LnTanusaa pH Tudae 2-9 lafuagaiunsanuai pH
Tura9 2 WIuDe 6 V. LATEIUITANUABNTANGD 0.5, 1.0 WaE 2.0% AUIUDT 4 B, LaLTanUINtugInIan 2 ¥y, usn @vas
W93 Bacillus sp. KUAQ1 wag Bacillus sp. KUAQ2 @u15ata3gylananeie nan1snadeunsnuauisuesaUasiuniiiie
wuiuuaiFennleluanannsavuauieuiioamadl 50, 70, 80 uaz 95 °C ihunan 30 wnit 167 Taeynleluaniisnsinig
599%3ngeIn 70% Feaenndesiunuifoves Barbosa et al. (2005) filsithavssuuaiiiFaanmaasunismuauiou wui
aunsanusionmFeudl 70-110 °C luu 30 il Tnedisl Sas1nnssendingadis 70-80% uazdenadosiunuidoves
Larsen et al. (2013) #ildithavasues 8. amyloliquefaciens yvadeunisvusienusoudamuinalssanansanuanudeud
99 °C lawruiie 10 Uil wazaussves B. amyloliquefaciens @1unsanuanusoulan 105 °C lourudie 24 w1l wanis
nageunsnuse lalgludvesalasuuaiise 4 lalgian wuiraunsanusslaleleila Ineddninissendingsin 89% lay
donmdaifiuruideves Ragul et al. (2017) fildihavesveswuaiiiefidauwenlalurnisaasunisnuselalylel Tngt
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