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Isolation and Role of Halophilic Bacteria and Halotolerant Lactic Acid Bacteria

Involved in Biochemical Reactions in Fermented Fish Fermentation Process
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The objectives of this study were to isolate and characterize microorganisms presented in
fermented fish (pla-ra). Forty-two samples from pla-ra producers and vendors in Sapphaya district,
Chainat province were collected for the isolation of halophilic and halotolerant lactic acid bacteria that
may potentially produce enzymes necessary for the fermentation process. The salt (NaCl) content
varied from 9.2 to 24.5% with pH from 4.57 to 7.13. The total halophilic bacteria count was found to
be in the range of 3.3x10° - 2.1x10® CFU/g. Out of 181 isolated halophilic strains, only 10 showed the
ability to produce different enzymes including Halobacillus sp. 10MK2-2A and 10SB1-2 (protease);
Halobacillus sp. 10PL2-1 and 10BL1-5A and Halococcus sp. 10BL2-3 and 10CL2-2B (gelatinase);
Halobacillus sp. 10BL2-1 and Halococcus sp. 10PJ1-5B (lipase); Halobacillus sp. 10BL1-1S (amylase);
and Halobacillus sp. 10PY2-2 (gelatinase and lipase). There were 104 isolates of halotolerant lactic acid
bacteria presented and identified as Pediococcus, Weissella and Lactobacillus. The inhibitory effect of
antimicrobial activities against Bacillus cereus ATCC 9634' Staphylococcus aureus ATCC 6538,
Salmonella abony NCTC6017", Escherichia coli ATCC 8739 and Pseudomonas aeruginosa ATCC 27853"

were observed from all sixteen strains of Pediococcus spp., Weissella spp. and Lactobacillus spp.
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warAnwiAuauUAveILUATIT Yo UINA BuAY
wualidunsauanfnnuindefianunsonanieulsivildy
Tunszurunsnsinuazanssuduuailsenelsaly
HANAUIIUA1F19NT5IURER wagdTmdigyani
Snneassne) Ymiadeum weldiduwuanialunis
auidovhuandn lngINNIsAnwIAMS N LY
W luressegavardsiuiu 42 dreg1s wudnd
USunaunaeolutig 9.2-24.5% Aranadunsa-aAna
4.57-7.13 wavuuATLS oW anun 3.3x10° - 2.1x10°
CFU/n3u @11130u8nwuATT8¥0uULNa03UT 19U
waznauld 181 lolwian wasduuafiiefiniunis
Amdonitaiunsananiouledla 10 leloan lawn
Halobacillus sp. 10MK2-2A tay 105B1-2 (WamlusAtos)
Halobacillus sp. 10PL2-1 ey 10BL1-5A wag
Halococcus sp. 10BL2-3 ag 10CL2-2B (WA ALaT5 L)
Halobacillus sp. 10BL2-1 wag Halococcus sp. 10PJ1-58
wanlawla) Halobacillus sp. 10BL1-1S (Wamozluiaa)
uag Halobacillus sp. 10PY2-2 (WamwanAiualaylaila)
nuuaiiensawanfnnundefiuenldsiuau 104
iaimamfi’fﬂaqs[,uaqa Pediococcus, Weissella wag
Lactobacillus WUITWUATILI ENTALANANNULNE D
GRS uﬁ: Pedliococcus spp. Weissella spp. Wew Lactobadillus
spp. 97U 16 aewus dauand@lunisaineens
fudauuaiomenuginnsgiudelsauasyinlifoims
W8 Av Badllus cereus ATCC 96347, Staphylococcus
aureus ATCC 6538', Salmonella abony NCTC6017',
Escherichia coli ATCC 8739" Wa¥ Pseudomonas
aeruginosa ATCC 27853"
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Uanin (pla-ra, fermented fish, salt-fermented
fish) Wuemsiudlesiilesuanudedlunisuslag
ﬁmﬂmmawizLwﬂlmiauﬁy’qmidqaaﬂ Uaniudu
nAnAuTldanmsvtnuatfunde Fae1afinnsiy
$1913 52917 viSed i (Sangindavong et al, 2008)
Tuogfugitygveauiaziosiu suneasanen
Fwriadoum Wuuadwanuaniiidede i
vosUszna dlssrunanuanii 91uau 17 uns 1Ju
9AAIMNIINTEAUTINTAT aruns0daUan
ondmmieluinussina msudavaniudugidaan
Fauauildlunisauens s wndedduacldes
vatiilunssudininaiyuesdunisiiliae
nswinde Tnefigaunidurssiadeamsnadals
nsudnUaddiegd Yayyrviead usialuende
nspvIuMIEnTAnaINgAunInusTITA 910
mmazf’wLamaﬁuaqqmmwﬁﬂuud%amm’mﬂu
Usnaundeilduaysamfveauarsiild (Pumipan
and Inmaung, 2016) saw1fvaavardusasiioed
faruduendnuaifiunnersfuiuey fudiunay
waznssudslunisndn dedemalfiAnanuunneig
Y9904AUTENOULALANUNAINNAEVDIAUNT S
Fdntulusgwinesnsuwsin (Mozzi et al., 2013)
gdunidinulunszurumsminuan$h éun
Halobacterium piscisalsi, Salinivibrio siamensis,
Virgibacillus siamensis, Gracilibacillus thailandensis,
Piscibacillus salipiscarius, Pediococcus halophilus,
Lactobacillus acidipiscis, Weissella thailandensis
(Chamroensaksriet al., 2009, 2010; Tanasupawat et al,,
2000, 2007, 2009, 2010; Yachai et al., 2008) &@1ulugy
WuwuaiiSevdaveuindeurunais (Sesay 3-15)
uazveUNdage (Souaz15-30) AIULUATITENTAKANGAN
nundodunanansawsyldteanniindonas
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Liifinde Tnevhaluuuaiiewanidanunsaasalaly
ansTidindedesas 5 veunnnin (Chaikulsareewath
et al., 2015; Namwong, 2010) @sdiaruauisaly
mswaateulesiidauand@lunsiujizent
a5 afuuazlinandn91nn1smTAT wans 19 fu
st mlumssus saurdaivilienmande
wazvinliiAnlsn §aduminfifizdrodauasunis
nAna1vsfivaenseldnusznisnis (EL Sheikha
and Hu, 2018 81414 Das et al., 2020; Lee et al.,
2009) Tnefisnenunsanwaruannsalunsiiuds
QduvidrolsalaglduuaiiiGensauanin (LAB) fluen
a1 sudnuseianennes AU3 wazkan e
Ul WU Lactobadillus plantarum 307, Lactobacillus
brevis 308, Lactobacillus plantarum/pentosus 358
(Grosu-Tudor and Zamfir, 2013) Lactobacillus
plantarum 86, Weissella cibaria 92 (Patel et al., 2014)
Lactococcus lactis W8 (Mitra et al., 2010)
Lactobacillus citreum GJ7 (Chang et al., 2007) wag
Lactococcus lactis BH5 (Hur et al., 2000) Wuiu
Friuruidedsei g Uszasdiiiodauen
WA ANYIAME NYUTVDILUATLT UV ULNA BUAE

=

wuafiFensauaninnuindoainvair weltidu
wvnslunsdadengdunigifinnuannsalunis
wanoulusililunszuiumsviinuarauauTilunis
dudndunidnolen wasifierluldluntsiamn
‘VhLS??aL?@Jﬁuﬁm%’w%’uﬂqqLLazﬁ’wmﬂizmums

niinuarisield
¢ ad
gUnInUAZIdNIT

MINUAIBEIN NIFIATIAANN LAZNINTITUY
NUIUYAUNTE

duieg19daridIuiu 42 479819 910
lssuna 9meUansi 13 518 8neasing)

FanTYateuin urvinisTanaudunsa-nng

(Seven Compact pH/ion meter 5220, Mettler Toledo)
TaU3unande (NaCl) Areisnisinmsauuuuens
AIBANTALAILNINTTIY 0.1M AgNO;, Tneldins oq
Tmnsndalul@ (Titrator Excellence T5, Mettler
Toledo) warasiatfunuATiSovouLndonuagieda
Spread plate technique a3UUB1%1T Halobacterium
medium agar (JCM No. 377) (Chamroensaksri et
al, 2009) Usideflgamnd 37°%. un 7 $u nnifush

A1sAsAtUIIUILlAlall (CFU/nSY)

ATSHEN N15ITUUNVTAUUATLS BLAZAITNAGDU
UssBnsnmnsdudeuuaiiSenalsa
ATUNUUATIS BT UNADAAWUAIINTD
293 Chamroensaksri et al. (2009) A287335 Spread
plate technique UuB1154T9 JCM No. 377 (NaCl
100 n3% Casamino acid 5 N34 Yeast extract 5 N3
Sodium glutamic 1 n54 KClL 2 n5u Trisodium
citrate 3 N¥U MgSO,.7H,O 20 n3u FeCl,.4H,0
0.362 n3u MnCl,.4H,0 0.0362 n3u Agar 20 N3y
wag Distilled water 1,000 1a. wazusu pH 7.2)
yinsuwd e gungd 37°0. utu 7 Yy Fenifiv
Taladidofunnanetusiinisdnuinmuandinig
dug1uInegn assinetuazduad Wy U1 N9
JnSueilvegan dlalail n1sAndunsy wagnls
a51qouladiuanniiagd (Catalase) @1un1suen
LWUATTLS UNTALANANNULNE 8VIR1UTT N1TUD
Tanasupawat et al. (2000) Inen15ufA0819Ua"31
Tdlusmsan MRS Usidedt 30°%. uiu 48 vyl uae
dindndildunviinig Streak plate UUDIMITUT S
fauas (MRS fiusznaudig CaCO, 0.5%) fiszdiu
It unde 5 uay 7% Undedt 0%, uiu 3-5 Su
Gond ot iinisaddleulaseu Taladludne
Auautivende lnslaniznisairaufaainnglag
Msseyfinnudunsn—ang 4.4 uaz 9.6 inde 5 uaz
7% Tupsivian MRS (Axelsson, 1998; Collins et al.,
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1993; Dicks et al., 1995) \iusnwlalailif saves
Houstazulinluasazanendivesen 10% fgaunnd -
40 913 -50°%.
npgeuUszavsamnstuduuaiidenelsa
Tnoinsouansuiuassld ouuafiisonsauanin
nundefinenlduiazedndrenisidsadevuenms
Luﬁﬂummwwﬁaﬁqmmﬁ 30%. 1Juanuu 2 Ju
andunned saddudiindsidudy 0.85% (w/v)
vfwmiﬂﬁ’ummq'uﬁuaﬂL%yaiﬁ’m"lﬁ’u (ODgpo=0.5)
ﬁ’aam‘%‘@ﬁmmmi@mﬂamtm (Spectrophotometer
3U Specord210 plus) fnpansazaneiteUsinm 5%
adluem 59187 MRS YNl 30°%. wiu 5 Su niadeu
nsadensaveadelngyinnisiaAaudunsa—ang
warnageunsiud wuafiSenelsauazyinliems
WILduA 878 N1SNAdeauLUU Kirby-Bauer disk
diffusion (Hudzicki, 2009) Tnunszarwlaoniie
(Paper discs; Whatman™ Grade AA, & 6 1., CAT
no. 2017-006) FuasluemsiHIunITei T oud
(Cultured medium) Wanu1M9 U119 U U
Bacillus cereus ATCC 9634, Staphylococcus aureus
ATCC 6538", Escherichia coli ATCC 8739", Pseudomonas
aeruginosa ATCC 27853" (ATCC, American Type
Cultures Collection) wag Salmonella abony
NCTC6017" (National Collection of Type Cultures
(NCTQ), England) ﬁgﬂm?ﬁﬂ”idauuuamﬁ Nutrient
agar udhlUvufigamgd 30°. uu 3 Yu vinis

JuinNan1seuduie

nsnadaudszanSannsadraeules
nageun1sas1souledlusiied Lwanfiua
lawa uaverluaa veadouuniiSeseundenisia
999 Chamroensaksri et al. (2009) 1agLns 8ua1S
wviuaseLd suuATiSevoundofiuenldurazyin
AIBNGD 0.85% UarUTuaugulviyingu (OD=0.5)
dwansavaneideitldasluemnsias JCM No. 377

Unilgamadl 37°0. w7 Yu Pntuthnseaaendo
PUILFURIAUENAT 6 1N, T UAITATAIBLTD
WOUNIAY UAZINTIUUUDIM ST IadouuRazailn
(Audunsn-nng 7.2) Usznaunay Casein agar
(JCM No.377 agar #ild Skim milk 1% Wiy Casamino
acid) Starch agar (JCM No.377 agar + Soluble
starch 10%) Tween 80 agar (JCM No.377 agar +
Tween 80 2%) way Gelatin agar JCM No.377 agar
7ild elatin 10% wnu Casamino acid) vienaaey
msasseuleilusies ozluaa lawa wazaandiua
ANNENTU UaLd o7t 37°%. uu 5 Tu Jufinnns
Wasuwlasiiniu nedeiiad seuluilsiiea
sniinloulasoulalad Tuvasiiouledorluaaay
Anlsuladienaaaudsaisavarslelofu toulvd
lawavziinnznoutu wazulediaaifiuaziin
Toulaonenaisazas Trichloroacetic acid 10%

UShaifiangnaulusaus) lalall
HaN13IBUAZIANTAl

N5AATIERAMATNLAZINUIURAUNTE luUanEn
1NAsEUAIg19Ua11nTsUYaI
wagg]IndmLgduI 13 318 (Factory/Vendor A-M)
Tuguneassner Saniadoum saumdusiuay 42
f19819 wagtunvinnisasiataaumdunsa-ana
warUsunande wuindaianudunsn-ane (pH)
1IN 4.57-7.13 (5.20+0.62) wazdUSu1Lnae
FENIN 9.2-24.5% (15.9+3.8) IngduSuauniegs
Tndidsstutadriingaly ¢ vonda lunadaiy
nouvw taun aringnssnil vuesane uATHUN WAy
gnauAs lnadAulT Ut uuIlna e 24.53%
(Suriyanont and Chancharoonpong, 2018) lagan
Audunsn-a1svesUansraulng) (86.4%) e
#1171 5.5 danuuaiiFeriouanuindanogseming
3.3x10° - 2.1x10% CFU/n$u (Table 1) AULANATY
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yesUTIandefinudeusnivieainiadofiunain
nsldansiumnsnafuudy wuirdnaawasitase
lunsmuaumsnde nglusieves Factory A (11.0-
24.5%) way Factory B (11.5-22.6%) Wu311A21%

WHNF19U89US U NE B SENINIFag19R U o by
n137tAs e luuTuugafe 13.5 uag 11.1%

AUAIAY

Table 1 Chemical properties and total halophilic bacterial cell counts of pla-ra

Source Code Number Chemical properties Halophilic bacterial counts
of samples of samples pH NaCl (%) (CFU/g)
Factory A SB 6 4.60-5.36 11.0-24.5 1.0x10° - 1.4x10°
Factory B MK 7 4.59-5.71 11.5-22.6 3.3x10° - 2.0x10’
Factory C N 3 4.66-6.57 12.7-18.6 4.7x10° - 2.1x108
Factory D PL 4 4.83-5.27 15.6-18.5 2.5x10° - 2.1x10’
Factory E PB 2 5.54-7.13 11.9-12.9 2.3x10° - 1.6x10’
Factory F cL 2 4.57-4.60 11.9-12.6 3.1x10° - 2.2x10’
Factory G BL 2 5.03-5.07 20.3-22.1 1.5x10° - 1.7x10’
Factory H PJ 3 4.93-5.32 14.7-22.1 2.7x10° - 2.4x10’
Factory | SC 3 4.66-6.57 17.2-19.5 1.1x10" - 1.5x10’
Factory J PY 4 4.65-4.89 12.6-16.5 1.4x10" - 1.7x10°
Factory K SS 2 5.16-5.62 18.6-23.1 2.4x10° - 2.1x10’
Vendor L JP 2 5.13-7.03 12.7-17.2 3.4x10° - 2.4x10"
Vendor M CD 2 4.77-5.00 9.2-10.3 3.6x10° - 3.4x10’

Total 42 4.57-7.13 9.2-24.5 3.3x10° - 2.1x108

AT5UEN IUUNTLAUUAN LI BULAZAITNAGOU
UsvansamnnstiusesuuaiiSenelsa
nniswenuuan s elulaist wuand
wuaili3eveundesiuaunimue 181 leluan wad
AR IUNTUUINLATLATUAY TALSEIFIUUULA 87
waze laladianvaznauyy vausey duil Tduas
UIATiLAne9iY Wy dasuvuinlng (Fisure 1D)
wunnans (Figure 1A) vunaLan (Figure 1B) Wagde1n
Afvurauandfsiu (Figure 10) daulug3Usisuis
WINNI13U3 198N A3y lueIMIMaI UL BINIs
a1 (Aerobe) a¥1voulesiupnaaiiionnaaudae

a15azany H,0, 3% waalinuia endamaudinig
Fuguineuazdauaiianunsoutuueiidegou
indooonidu 2 ngu Ao nguil 1 figusrawisdnegly
ana Halobacillus (Namwong et al., 2006) WagNgyl
7l 2 fisusrenandnegluana Halococcus (Namwong
et al., 2007)
drunvaiiZensawanfinnuindeiidauenls
wanuaisiuay 104 lolaan Andunsuuan luladis
ulgiuannied JanvazuanA1iUNIIAIUTLIN
nsdneaas wardvedlaladl Wy 919U nauyy

1939yl uOIMSIMAILUY Facultative anaerobe #1013
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as19laulasous laladuuermsudenauuas MRS
7ifl NaCl 5% anunsarasalisuazasnansauanin
laaendn NaCl 7% lagdunalaandisernisiin
Teulafiunnsinaiu (Fisure 1E and 1F) wuwaddnlng)
Jugusenauunnndnuis anansawvseaniu 3 nau
Ao ﬂq':u‘?f 1 Homofermentative LAB ﬁﬁgﬂiwﬂam
Roffudiwad (Tetrad) llanunseade CO, ntana
nglea W3glefidnmnudunsa-ans 4.4 usliiiady

 a l o va
ne ’]ﬂ']'HJLﬁuﬂ’iﬂ—ﬂ’N 9.6 91 YA MUANUANII

é’mgm%wmuaz%amﬁf:mmia%’mai’wuuaagﬂuaqa
Pediococcus (Axelsson, 1998; Collins et al., 1993)
ﬂﬁjuﬁ 2 Heterofermentative LAB U319na asuia
a$adlon (Sime) T3 ayfidraudunsa-aa 9.6
%’ﬂaeﬂuaqa Weissella (Collins et al., 1993; Tanasupawat
et al., 2000) LLasﬂa;uﬁl 3 Homofermentative LAB
sU1aunis ldadrauda ldanansaeiyiidinndy

nsn-A13 9.6 Inagluana Lactobacillus (Tanasupawat
et al., 2000)

Figure 1

Differential colony characteristics of halophilic bacteria grown on JCM No.377 agar after

incubation at 37°C for 7 days (A-D) and halotolerant lactic acid bacteria grown on modified

MRS agar + 5% NaCl (E) and 7% NaCl (F) after incubation at 30°C for 5 days

v

UONAINLTI@IUITOAALEBNLUATILSUATA
wandnnuindefidlssansamlumsduduwundide
nelsakazyhlromsuindeladiuiu 16 lolwan Tu
A1UUTEANT AINVBINITAT WATANUILUATILSY
JUT9u9Ie (Aadunsn-ang 4.15-4.16) fuualiiy
TumsudnnsalsludiinaiigniuuaiiFegusanay
(rundunsa-ang 4.60-6.39) (Table 2) 99nA5ANEN
AuautRlunssusauuad Fenelsauassitlorms
e wud%%amjm Pedidiocuccus spp., Lactobacillus

spp. way Weissella spp. @14150NaAA158 U4

wupisenalsakavyliemisidde atewug
119557 (T=type strain) M@ Bacillus cereus ATCC
9634", Staphylococcus aureus ATCC 6538", Salmonella
abony NCTC6017', Escherichia coli ATCC 8739"
wag Pseudomonas aeruginosa ATCC 27853 La
Wosndn 9 uy. veudurrAudnatsveslyula (Clear
zone) 1NN T5 U (Hudzicki, 2009) (Table 2) R
danAdoIiUNIIBIIUNIsHARa1sS U suaTiSe
nelsaraswuaiil enuind e wulueiniswin

(Sumitha et al., 2018)
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Table 2 Morphology, biochemistry and antimicrobial activity of selected halotolerant

lactic acid bacteria

Strains Shape o pH Inhibition effect®
= [ = = 2 " E
on <t [} N~ 8 L0 o
S 2 39 2 0 N o 5 R 2
o v o O \© g O 35 _ ©
= S8 38 S ¥y ¥
R O = S U ° E YOE
U] n < v < v =2 a < w <
Pediococcus sp.
CD2-2 cocdi (tetrad) - 5.53 +
CL1-1B Cocdi (tetrad) - 5.39
CL1-1C cocdi (tetrad) - 5.04
V1-2M cocdi (tetrad) - 4.63
JV1-1S cocqi (tetrad) - a77
JV1-1B cocdi (tetrad) - 4.76 +
JV1-4B cocdi (tetrad) - 6.39 +
JV2-1 cocdi (tetrad) - 5.27
PL2-3A cocdi (tetrad) - 4.95 +
Weissella sp.
CD2-1B cocci + 4.60 +
CD2-1BS COCCi + 4.60 +
Lactobacillus sp.
SB3-1B rods - 4.16 +
SB3-2B rods - 4.16 +
SB3-5B rods - 4.17 +
SB3-1S rods - 4.16 +
SB3-2S rods - 4.15

2(-) negative; (+) positive reaction; ° (-) absence of clear zone; (+) resistant visible clear zone (<9 mm diameter) data from

Hudzicki, (2009); T=type strain
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Uszansnmnisadiaeoules

PnMsRd@eun1sadeulsivesiuaiilsy
gounde nuhiuuaiiSeriniunsdnidenitanunse
wameulwilliga 10 lolwan (Table 3) lusuauild
anuannsalunsadneulesifisefuuiunana-g
1 9 lelgian Usznaumenuafiisegusiaume 7
arenug Lawn Halobacillus sp. 10MK2-2A wag
10SB1-2 (WanlUsALea) Halobacillus sp. 10PL2-1
ag 10BL1-5A (WA nLIaf Lua) Halobacillus sp.
10BL2-1 (W@ wlatla) Halobacillus sp. 10BL1-1S
(nAnozlulaa) wag Halobacillus sp. 10PY2-2 (W&
wardluauarlala) wazuuaniiSegusenay 2
aneug loun Halococcus sp. 10BL2-3 waw 10CL2-28B
(WamLaanALud) @24 Halococcus sp. 10PJ1-5B
anuisandanlalalaluseauldanios (Das et al.,
2019; Gaonkar and Furtado, 2020)

1588898915011 15UsELaANIUSAU
asTulense wazlufufiiaainfanssuvosieules
1uﬂ53mumwﬁﬂdqNasia@mmwé’hul,ﬁaé’uﬁa nau
wazsavfivesland eulediierdeddunssuiu
msmiTniiuvasfinanansusznaufionanuluiavan
flddutngAvdaduresnisiai uiondalag
9Aun3giaialuuar$ 99n51897uves Thongthai
et al. (1990) 813U Namwong (2010) Wu31 15%
voseuluTusauainulunsuaninainen
Aanssuveveuledlussuvgesemsvesvaniag
85% 1191n9AuN3E FafunisdauenyAunIdnd
Anuarusalunisuanouledlafazaaglunis
WAILINITOBNLUUNTEUIUNITHA M LAYN1TUN
dunidusavsunldlunmandaanuasndnd s

I Tmintlndue ANUsEENSNINLINBIUU

Table 3 Morphology and enzyme production of selected halophilic bacteria

Strains Shape Enzyme activity
Protease Gelatinase Lipase Amylase
Halobacillus sp. 10BL1-5A rods + ++ - -
Halobacillus sp. 10BL1-1S rods + - - ++
Halobacillus sp. 10BL2-1 rods - - ++ -
Halobacillus sp. 10MK2-2A rods +++ - - -
Halobacillus sp. 10PL2-1 rods + +++ - -
Halobacillus sp. 10PY2-2 rods + ++ ++ -
Halobacillus sp. 10SB1-2 rods ++ - - -
Halococcus sp. 10BL2-3 cocci + +++ - -
Halococcus sp. 10CL2-2B cocci : ++ + -
Halococcus sp. 10PJ1-5B cocci - - i B,

(-) negative; (+) low activity (within 1 cm diameter zone); (++) moderate activity (within 2 cm diameter zone);

(+++) high activity (larger than 2 cm diameter zone)

57



5ANTIVYLALANFTUITINTNEAT 38(3): 50-61

#3UNan133Y

wunflSeveundenaumiinulilssnuland
waz Ivingyats1 Fmdadeuimn danegseniig
3.3x10° - 2.1x10° CFU/n3u darmuidunsa—eng
581719 4.57-7.13 wazdUsunanaossning 9.2-
24.5% wuaisevaulndodiulng nuusiuns
u1nn313Us9nan luvaed uuadiSensauanin
NUNFDNUTFUTNNANNINNTT WUATITEYOULNGD
sUT1uvsaansandaauluilusitealas lawn
Halobacillus sp. 10MK2-2A way 10SB1-2 toulesl
WwandLud taun Halobacillus sp. 10PL2-1, 10BL1-5A
wag 10PY2-2 woulwailawa lawn Halobacillus sp.
10BL2-1 wag 10PY2-2 waznasiouluiozluaa laun
Halobacillus sp. 10BL1-15 d2uid suuaiii3evey
wnaejuTnaundatoululiaafiualad laun
Halococcus sp. 10BL2-3 wag 10CL2-2B WuATILTY
geundowaniannsathuliduradosudulunis
HanUani1TniuLuAiensaLanAnnundalungy
Pediococcus spp., Lactobacillus spp. Was Weissella
spp. SﬁqﬁqmauﬁﬁiuﬂWimﬁmﬂiﬂLLaﬂﬁmLazaﬁ”N
ansdudauvediSoaneiusinnsgiunelse uasyili
pwnsiidela

AnRNssuUsZNIA

VeYaUAMANNUITILAT ALY UMY
ufgTunsiney Aatuayunuideanaulssanm
Ruseld veveununguanulsznaunsHanlani
Sunoassne1 Smindoum uasidmiihiiansisuae
Fadaduurmmnvinu Alianueyiaszsidoyauas

fogralardndunsurinnsidelumsedl

LONE15D19D9

Axelsson, L. 1998. Lactic Acid Bacteria:
Classification and Physiology. pp. 1-72.
In Salminen, S. and A. von Wright (eds.).
Lactic Acid Bacteria: Microbiology and
Function Aspects. New York: Marcel
Dekker, Inc.

Chaikulsareewath, A., C. Chooprom and A. Mana.
2015. Screening of protease producing
halophilic bacteria from fermented fish
(pla-ra). J. Food Technol SU. 10(1): 1-8.
[in Thai]

Chamroensaksri, N., S. Tanasupawat,
A. Akaracharanya, W. Visessanguan and
T. Kudo. 2009. Salinivibrio siamensis sp.
nov., from fermented fish (pla-ra)
in Thailand. Int. J. Syst. Evol. Microbiol.
59: 880-885.

Chamroensaksri, N., S. Tanasupawat,
A. Akaracharanya, W. Visessanguan,
T. Kudo and T. Itoh. 2010.
Gracilibacillus thailandensis sp. nov.,
from fermented fish (pla-ra) in Thailand.
Int. J. Syst. Evol. Microbiol. 60: 944-948.

Chang, J.Y., H.J. Lee and H.C. Chang. 2007.
Identification of the agent from
Lactobacillus plantarum KFRI464
that enhances bacteriocin production
by Leuconostoc citreum GJ7. J. Appl.
Microbiol. 103: 2504-2515.

58



Journal of Agri. Research & Extension 38(3): 50-61

Collins, M.D., J. Samelis, J. Metaxopoulos and
S. Wallbanks. 1993. Taxonomic studies
on some leuconostoc-like organisms
from fermented sausages: description
of a new genus Weissella for the
Leuconostoc paramesenteriodes group
of species. J. Appl. Bacteriol.

75: 595-603.

Das, D., I. Kalra, K. Mani, B.B. Salgaonkar and
J.M. Braganca. 2019. Characterization
of extremely halophilic archaeal isolates
from Indian salt pans and their screening
for production of hydrolytic enzymes.
Environ. Sustainability 2: 227-239.

Das, O., S.H. Kumar and B.B. Nayak. 2020.
Relative abundance of halophilic
archaea and bacteria in diverse
salt-fermented fish products.

LWT-Food Sci. Technol. 117: 1-7.

Dicks, L.M.T., F. Dellaglio and M.D. Collins. 1995.
Proposal to reclassify Leuconostoc oenos
as Oenococcus oeni [Corrig.] gen. nov.
Int. J. Syst. Bacteriol. 45: 395-397.

El Sheikha, A.F. and D.-M. Hu. 2018. Molecular
techniques reveal more secrets of
fermented foods. Crit. Rev. Food Sci.
Nutr. 60(1): 1-22. [Online]. Available
https://doi.org/10.1080/10408398.2018.1
506906 (9 May 2020).

Gaonkar, S.K. and I.J. Furtado. 2020.
Characterization of extracellular
protease from the Haloarcheon
Halococcus sp. strain GUGFAWS-3
(MF425611). Curr. Microbiol.

77(6): 1024-1034.

Grosu-Tudor, S.S. and M. Zamfir. 2013.
Functional properties of LAB isolated
from Romanian fermented vegetables.
Food Biotechnol. 27(3): 235-248.
[Online]. Available https://doi.org/
10.1080/08905436.2013.811082
(29 March 2021).

Hudzicki, J. 2009. Kirby-Bauer Disk Diffusion
Susceptibility Test Protocol. American
Society for Microbiology. 23 p.

Hur, JW., HH. Hyun, Y.R. Pyun, T.S. Kim, I.H. Yeo
and H.D. Paik. 2000. Identification and
partial characterization of lacticin BH5,
a bacteriocin produced by Lactococcus
lactis BH5 isolated from kimchi.

J. Food Prot. 63(12): 1707-1712.

Lee, JK, D.W. Jung, Y.J. Kim, S.K. Cha, M.K. Lee,
B.H. Ahn, N.S. Kwak and S.W. Oh. 2009.
Growth inhibitory effect of fermented
kimchi on food-borne pathogens.

Food Sci. Biotechnol. 18(1): 12-17.

Mitra, S., P.K. Chakrabartty and S.R. Biswas.
2010. Potential production and
preservation of dahi by Lactococcus
lactis W8, a nisin-producing strain.
LWT-Food Sci. Technol. 43(2): 337-342.

Mozzi, F., M.E. Ortiz, J. Bleckwedel, L. De Vuyst
and M. Pescuma. 2013. Metabolomics
as a tool for the comprehensive
understanding of fermented and
functional foods with lactic acid
bacteria. Food Res. Int. 54: 1152-1161.

59


https://doi.org/10.1080/10408398.2018.1506906
https://doi.org/10.1080/10408398.2018.1506906

5ANTIVYLALANFTUITINTNEAT 38(3): 50-61

Namwong, S., K. Hiraga, K. Takada,
S. Tanasupawat and K. Oda. 2006.
A halophilic serine proteinase from
Halobacillus spp. SR5-3 isolated from
fish sauce: purification and
characterization. Biosci. Biotechnol.
Biochem. 70(6): 1395-1401.

Namwonsg, S., S. Tanasupawat, W. Visessanguan,
T. Kudo and T. Itoh. 2007. Halococcus

thailandensis sp. nov., from fish sauce

in Thailand. Int. J. Syst. Evol. Microbiol.

57: 2199-2203.

Namwong, S. 2010. Halophilic bacteria
potential for development of Thai fish
sauce industry. J. Sci. Technol. MSU.
29(4): 470-477. [in Thai]

Patel, A., J.B. Prajapati, O. Holst and A. Ljungh.
2014. Determining probiotic potential
of exopolysaccharide producing LAB
isolated from vegetables and traditional
Indian fermented food products.

Food Biosci. 5: 27-33.

Pumipan, T. and U. Inmaung. 2016. Hygiene
of Thai traditional fermented fish
production in One District, Khon Kaen
province. KKU. Res. J. (GS). 16(2): 75-85.
[in Thail

Sangjindavong, M., P. Chuapoehuk,

J. Runglerdkriangkrai, W. Klaypradit and
D. Vareevanich. 2008. Fermented fish
product (pla-ra) from marine fish and
preservation. Kasetsart J. (Nat. Sci.).
42: 129-136.

Sumitha, D., D. Preetha and J.C. Daniel. 2018.
Functional properties of halophilic
bacteria isolated from fermented foods.
Indian J. Appl. Microbiol. 21(1): 37-45.

Suriyanont, A. and C. Chancharoonpong. 2018.
Making process and factors associating
to properties of fermented fish (pla-ra)
in some parts of upper Northeast area
of Thailand. Burapha Sci. J.

23(1): 566-578. [in Thai]

Tanasupawat, S., O. Shida, S. Okada and
K. Komagata. 2000. Lactobacillus
acidipiscis sp. nov. and Weissella
thailandensis sp. nov., isolated from
fermented fish in Thailand. Int. J. Syst.
Evol. Microbiol. 50: 1479-1485.

Tanasupawat, S., S. Namwong, T. Kudo and
T. Itoh. 2007. Piscibacillus salipiscarius
gen. nov., sp. nov., a moderately
halophilic bacterium from fermented
fish (pla-ra) in Thailand. Int. J. Syst.
Evol. Microbiol. 57: 1413-1417.

Tanasupawat, S. 2009. Thai lactic acid bacteria:
diversity and applications. SWU. Sci. J.
25(1): 1-13.

Tanasupawat, S., N. Chamroensaksri, T. Kudo
and T. Itoh. 2010. Identification of
moderately halophilic bacteria from Thai
fermented fish (pla-ra) and proposal
of Virgibacillus siamensis sp. nov.

J. Gen. Appl. Microbiol. 56: 369-379.

60



Journal of Agri. Research & Extension 38(3): 50-61

Thongthai, C., W. Panbanggred, C. Khoprasert

and S. Dhaveetiyanond. 1990. Protease
Activity in the Traditional Process of Fish
Sauce Fermentation. pp 61-65. In
Reilly, P.J.A., RW.H. Parry and L.E. Bariles
(eds.). Post-Harvest Technology,
Preservation and Quality of Fish

in Southeast Asia. Manila: Echanis Press.

Yachai, M., S. Tanasupawat, T. ltoh, S. Benjakul,

W. Visessanguanand and R. Valyasevi.
2008. Halobacterium piscisalsi sp. nov.,
from fermented fish (pla-ra) in Thailand.
Int. J. Syst. Evol. Microbiol.

58: 2136-2140.

61



