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UNANED

miAfeildAnvanuannsnvesuuafienuduaeiug Vigbacilus sp. SK37 sensadiaans
smelinauluannzanududulaieunaslsameg (10-27%) annziifuazldiieendiou omsideaded
gnaludelUsiuniensneriludasy waztsinalulnsiauiun (0.1-2%) msdnwwilnedeadeuuaiise
Virgibacillus sp.  SK37 Tuemsidsadefinisuanvainysnutaniedan nefnuisiniunisgesdaansa
$ruuuuaiiFeRidTinizusulszan 6 logtFU/ml Tueaiisate nessyslinvesansssmelinauiiais
ng Virgibacillus sp. SK37 Tmallaufalasuilansvil-unuauiuaainlasimns

auansalunisadsasssnelinauves Virgbacillus  sp.  SK37 Tufuanizwindouddl
muduiusiumseiguouaiise nansinwuandidiuinmsadsassemelinauveswundideinduls
Heeluanmeziilifoandiau Usuimans 3-methylbutanol, 2-methyl-butanoic acid, 3-(methylthio)-1-
propanol ez phenylethyl alcohol ingudle Virgibacillus sp. SK37 L‘ﬂ%iyfl‘uaﬁﬁ’liLgﬁJ\‘iL%’@ﬁqublﬂﬁ’lEJ
nseexfiludase uenantudamuinans dimethyl disulfide, 3-methyl-1-butanol, pyrazines, 3-mehyl-
butanoic acid, 3-(methylthio)-1-propanol uag phenylethyl alcohol ﬁﬂ%mmﬁuqasﬁmﬁmﬁuﬁmm
Tulasieuiamueluemmsidesde annanisisowandfiiiuin Virgibacillus sp. SK37 asalumudud
Tnifiuraelsde (10-15%) anzdifleendiau luemsideadeiigaulufelusfiuniensnesiludass uay
Gnalulasiouiomaluganiag (0.1-29%) aunsaadisanssevelinauldmanvanesiin feunssiindadu
miﬂizﬂauﬁiﬁﬂ?{uﬁﬁﬂﬁzysiaQmﬁﬂwmzﬁmﬂﬁuiamaﬂﬁwﬂamwmséﬁ FJo1ananlainnisld Virgibacillus
sp. SK37 Hunddslunisuintatensusulssnmamdnundusalundndasivhuald

o o

Addsy : Virgibaciillus sp. SK37 wuadilSenuau anssemelinau dilan
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Abstract

The effect of halotoerant bacterium, Virgibacillus sp. SK37, for flavor compound
formation in different NaCl concentrations (10-27%), aerobic and anaerobic conditions,
protein- or free amino acid-rich media, and total nitrogen content (0.1-2%) was
elucidated. The halotolerant bacterial strain was inoculated with an approximate viable
counts of 6 logCFU/mI in media prepared from either dried anchovy or acid-hydrolyzed
dried anchovy. Volatile flavor compounds produced by the stain were identified by using
gas chromatography-tandem mass spectrometry (GC-MS/MS)

The ability to produce volatile flavor compounds of Virgibacillus sp. SK37
depended upon environmental conditions in relation to its growth. This result revealed
that the formation of volatile flavor compounds by the bacterium was limited under
anaerobic condition. 3-Methyl-butanol, 2-methyl-butanoic acid, 3-(methylthio)-1-
propanol and phenylethyl alcohol were increasingly formed when the strain grew in free
amino acid-rich medium. In addition, dimethyl disulfide, 3-methyl-1-butanol, pyrazines,
3-mehyl-butanoic acid, 3-(methylthio)-1-propanol, and phenylethyl alcohol were
produced concurrently with increasing total nitrogen content in dried anchovy medium.
Virgibacillus sp. SK37, grown in low NaCl concentration (10-15%), aerobic condition,
either protein- or free amino acid-rich media, and a wide range in total nitrogen
concentration (0.1-2%) was able to produce volatile flavor compounds. Some of the
compounds were reported to be odor-active compounds in commercial fish sauces,
implying that the use of the strain as a starter culture in fish sauce fermentation could
improve the flavor of the fish sauce product.

Keywords : Virgibaciillus sp. SK37, halotolerant bacterium, volatile flavor compounds,
fish sauce
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navosr UL iuleReunaslsifianneiifiuarlifioandausenisiaiy ns
\WasuuUasen pH wazn1sadalushiuareswuaiide Virgibacillus sp. SK37
Tuomsiasade anchovy medium (AM) wag fish acid hydrolysate
medium (FH) #ifiusunalulasauiomadiuduosas 0.1 vuilgamgd 35
DALY R ..o eees oo oo eeesee e 41
navasUsinallulmauiimunsonisiasy mswasuulasn pH uasnisadng
TUshuavasuuniise Virgbacillus sp. SK37 Tuenmsidsaie anchovy

a

medium (AM) TifUSInailmidennaslsdidududesas 10 uay 25 Unflgumail
35 perwalded AelEanIEATOONTOU.. oo 42
silnuazdSinaduimsvesassamelinauluemnsideade anchovy

medium (AM) Aifiwundie Virgibacillus sp. SK37 w3gyfinnnandudulafes
aaslse (10-27%) fanneiluaglifeandiau a USunallulnsiausisun
Wutusesay 0.1 ﬂmﬁqquﬁ 35 DIANYALGYE, PH 7o 43
sllauarUSinaduimsvesanssemelinavluonsidsade fish acid

hydrolysate medium (FH) fiuafitse Virgibacillus sp. SK37 Lﬁiyﬁm’m
Wadulmdsunaslse (10-27%) fiannzivazlifloondiou a Usuna
lulnsiuimuadududosay 0.1 Unilgaungfl 35 ssrisaidea, pH

e ettt h bttt teben e a5



#135U5yRA13519 (si0)

A5199

(% v ¢

4.6 ilauazdsunuduninsvesanssemelindulue1msiae st anchovy
medium (AM) 18USunalulasiaunavundutusosas 1 way 2 uavdl
wuafitse Virgibacillus sp. SK37 1asafinnsdudulaneunaslsa (10 uay

25%) NaN1EN08nTLAU UNNQUNON 35 B3 UYALTE, PH 7.
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1.1 anudunuazanudrfgyvasdyim

ianfuedesussdifeylsiomelulssmelne foudasandunuedons fueen
GENK ‘1311JmLﬁuwamﬁmsﬁmmwﬁﬂlﬁmﬂmswamqmﬂé’mmﬂsﬁﬂ (Stolephorus sp.) Hash
fuindeanms sasdu 3 de 1 uazvsinluds@iudfiansniiiAudsyann 1 wes WJunan 12-
18 \iou dvuladtiinia-wnundesilindiainnisnseuiiemidaninvaindafe divan
(Yongsawatdigul, Rodtong, & Raksakulthai, 2007) miwﬁmﬁﬁﬂmﬁuLﬁuqmmmﬂsaumswam
mmwﬁwawizmﬁlmaﬁﬁgaﬁhgqﬁqLﬁamiﬁi’mmsiuﬂszmmmzﬁaaaﬂiﬂﬁmﬂigmm Tuus

aviuaulveuslananlaeafionuay 17-20 faddns (Inen Yy, 2003) Jeyalul 2555

wuInsuanivainglussmaiyarisiudssann 6,000 a1uum (U995 ygy

3 U

7 Uay gnsni
FUNUGISNY,  2555) wardioenbudewmnausenaunnni 60 Useind Laaianisuseind
anfgeuiint nuiludrafou unsiau-Aenau wa. 2556 dudritaranUssmelveday
dndusevay 79 WowSsulisuiuuvanitdnainusemasy (Inesgeeulal, 2556) Ussinelne
i’]’mL“meJizLmﬁwémfmmﬁqaaﬂé’ué’wﬁwmiaﬂ Tl 2554 wuinyadinisdseeanlagussun

[y

1,000 duum (§Fnnsesulat, 2554) wiinlutlagiulsymelnedipadugdiinisdeeentivan

a

vaslanususeimaguisidifny 1wy Yssmadoauy wasilavlud Winsimmnaunimdud
LagNEIELEImaIAn1sdseonaInUszmalne Tusnunisdrinnudaaiunisdeensening
Useina nsgnsrenidvdneguduasuliguinveenaiauazdaaiunismaialiiiaiain
ﬂizmﬁlmmﬂuﬁﬁﬁmwiﬁma (nesgeaulal, 2556) 5ﬂéfmﬁéﬂﬁ'ﬁgﬁamsﬁwu’mixmumsmém
ialsituadis andunu wazasendnualvesitUailne Tngldosdarudmaneimansamis
uazmeluladTrnmadutagiunsiiogesnedifin
QAunIsTinussviumandniandiunumdidy 2 dsenisie (1) desaaelusiuan
Tnduledlniuulng (oligopeptides) n3onsnesiiludasy (free amino acids) way (2) @31
asUsznauiiliindusa (flavor compounds) n1sldqaunsluniswiiminvanfunuammildy
msfanszuaunsmiimiivanldduszuuanntu Tdaunmransusiiaiasiissnineguns

HER anszezaINIIVdn wazanduunsuanls UadenunimidAgyunildlunisndaiivaife



ﬂéuﬁLﬂuﬂmé’ﬂwmzLawwz Tneitaluanssemeldndufiddyluemisninarulngiinein
nsvuIUnITEnTnIG waznIsdatsvesnsnesdly WU leucine waz methionine WazUNIEIL
nnsaatsvestutiu (Yvon & Rijnen, 2001) Uﬁﬁ%mmia%ﬁqmisSLwaiﬁﬂéusuaaLL‘UﬂﬁL‘%amﬂ
nsmerdlulsenausiey 2 UAsemdn Ae UJA81115A130 (elimination  reaction)  uag
UfATemmeriiuu (transamination) AifloulsivatsuiafdumedeufAzeviemsuiu
waznulfunnssiuluuuafigeudavaneiug Suilfenuansaadanssamelinautufuans
WuguewuAise (Smit, Verheul, van Kranenburg, Ayad, Siezen, & Engels, 2000) 1y Tun1s
Unalada (Swiss cheese) wupilselustulafin (probiotic bacteria) @1eWug Bifidobacterium
breve @519815 dimethyl trisulfide, 2-hexanone, 1-octanol, acetic acid, propionic acid, 2-
methylbutanoic acid &% octanoic acid Tuwausfl Pediococcus acidilactici Wanans 1-
octanol, propionic acid, 2-metylbutanoic acid, heptanoic acid W% octanoic acid
(Montoya, Boylson, & Mendonca, 2009)

1

91N neuntdInudnuafiSenulAw (halotolerant  bacterium)  @18Wug
Virgibacillus sp. SK37 éw“mLLEJfﬂ,é’mﬂmwﬁﬂﬁwmﬁmmmmsawﬁmlﬂiaLuaﬁuamﬁaﬂﬁuqa
msfl,éfmmvﬁuéil’umﬁaqaLLazmﬁzmsJWﬂéuW A1UI189UITYUBY Sinsuwan, Rodtong, &
Yongsawatdigul (2008) wag Lopsongphon, Rodtong, & Yongsawatdigul (2013) Wu31@n11e
wndoufiuasuudas 1iud sedusznevomsiasade pH aududulsiounaslsduay
RV finasion1stasguazn1snanlusfiuavesnuaiilsenuiAuana Viribacillus
Yongsawatdigul, Rodtong, & Raksakulthai (2007) nnaedldide Virgibacillus sp. SK37 39uf1U
ouledlusAtuanianisan (alcalase way flavourzyme) anszuaumsuiniivaildnainisms
4 \iou lenanSausidanfidusinanseesiilusiinun (total amino acids) uazUSunaunse
ﬂ@jmﬁﬂﬁmm (total elutamic acids) TndifestuUSinaiinulutihvamesnsidinnduna
Litfosndn 12 Wou mnuveunau (flavor preference) voshdanfiiundndosmniniamma
maﬁ”']LLGimLfJuﬁsJau%’wm;:J%m (panelists) Lopsongphon, Cadwallader, Rodtong, &

6

Yongsawatdigul  (2013) ldszyansszmelinduludivandindndsuuaiiGeansius
Virgibacillus sp. SK37 fimnaduduluieunaslsadosay 15-20 Wuszezinan 3 Weu wu
U3uauans 2-methylpropanal, 2-methylbutanal, 3-methylbutanal, acetic acid, wag 2-
methylpropanic acid Lﬁ'mgﬂﬁﬁu ausiulén Virgibacillus sp. SK37 1JuwuafiSefiddnanin

WenunlglunisuiinunvanlawsnisAnwifeaniizwinasuilasuniassanisassanssewmeala
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naudsnsliifnisAnwenauiuszuy Ssesdnrudiinanaziluganudiladenuaninsaves
wuaiiFenuidslunisndnarssumelinaunazlfidudoyadiniunisdnuiniafy
walulafinmitansnuulsnuaudivesuaiidelimunzausonisuindvarlalueunnan
wenaniunummesuafidslunsiinianfifiueslifioendiausslifinmsAnyandeu Vedtly
szuumaniintaiivimaeendauludminliatinauefututussduaudn lnsuiiom
Aamthagnumnududuvesesndiougs vazfivTinaeendiauazsmunuiostalifiasuin
an9gnvoanensin (Lopetcharat, Choi, Park & Daeschel, 2001) Wuwarilinsiaseyuas
auanansalunsadassaelinduresgduvidenafinnuuanaeiuld feduingUsvasd

(%

HAsfnwnsasanssemglinauues Virgibacillus sp. SK37 anglsianizuinasu

[

YDNIUITY

FIN99)

1.2 InqUszasn
Anw1U99899991M15L 38U DLATANINLINADY Lokn AUTuTWleReuraslsn ¥iin
wagUSunauvesunatlulnsiau uazanngeendlauninanenisiasy nsaselusfluanasenn

AuBNLYaE wag ylawasUsuIn (WaduiusivalsuInggiu) vesanssenglinaunndnan

Virgibacillus sp. SK37

1.3 YaULIANITIVY

Anwmavesanududulyifvunaslsn (10-27%) Usuialulasiau  (0.1-2%) uwnas
Tulasiaufidulusiunavnsneziludase wazanizfiduazlufleandiausanisadey n1s
WasuuUasen pH msasalushiuavdsoonaeuenivad wagssysilanazyTua (Beduiusiv

#150M57U) VosENTIHelINAUNKER N Virgibacillus sp. SK37
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1.4 NSOUKUIAANISIY

AuUsAY AaUsny

AMNEINNSONANESSEWETANAY

yUnanssemelinau

Jeasuiapaude - v
“USuauesanssemelyndu

-anuLtulsunaalsn -
AUFAINITAIUNITHIIEY

sala

Jsun ) . - aa
Usnailulasiou uulalall (waanddia)

wuaslulasiaundulusiusaznsnasily i pH

4
1ZHIN A
annaziInael AMUEINITa IUNTES 19 USSRl

-anmegiannmeazlidennia - .
-NANTIUVDY endoproteinase

1.5 auyRgIunIsIY

s

JavvaniizuindsuiinanerlanuazUsunauasasseme N unuuAR S NULAL AN RS

9

Virgibacillus sp. SK37 wanle

1.6 deuAwy/Deafnigeugians
auduiulniounaslss fe Sevazlnstminvedeiiounaslss (NaCl) Anudud
qmﬁwﬂummmﬁmﬁa anchovy medium (AM) wag fish acid hydrolysate (FH)
Vsinallulnsiay Ae Vsinadlulmsiauitanusluonmsideade AM uas FH asaaialdann
7% Kjeldahl (AOAC Official method 955.04)

waslulasiaundulusiusaznsnoziily Ao 91915188990 AM way FH MwSeuainvan

A o

NEANBULYY LazUangdnNgaenlunsalalnsnaasn Aua1nu
Ao - P a & | o &
an1eNiINIA A am’szmmar;hmammmzﬂaamLﬂnaLLazwiu@jwamamaam
IPYLLIAINITATYVOIMUATIEE Virgibacillus sp. SK37

anmelufiennia Ae  @n1euNAI8819lU anaerobic  jar  WLAg anaerobic  gas

generator
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sinassesnelinay wazUSunuvesarsseivelvndu e slakazUsunuansseala

saaaa

naulnawuaiiise Virgibacillus sp. SK37 Malwaaviilain (variable cells) wayg/vindiulsznau

InwadTiuanaany (disintegrated cells) Tuemsidsnds AM uag FH fianansonsaaalaloeg
FEnsmulasesenuddeiideries GC-MS/MS uansivasiiuildnsnduiug (relative peak
area) NUANTNINTFIU

Sunilelail (wadiiddin Ao wuafiSeiidinnsretuuuemsdeateud

A1 pH Ao A1 pH Y MNIEEUTE AM uaz FH n39Taderses pH meter

AaN33UUDY endoproteinase Av AANTINVBY endoproteinase Mo Virgibacillus sp.
SK37 A5193Fe38N15U89 Sinsuwan, Rodtong, & Yongsawatdigul (2007) Tngldansiad

&1A5129 Suc-Ala-Ala-Pro-Phe-AMC

1.7 Uszlevinaiadnazlasu
JussdanuiiuguildiauinsldwuaiiSenuauaiewug Virgibacillus sp.  SK37

assanssemelinauluniswindiuan
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Ui 2

NUNIUIFIUNIIU

e Hundndasiaossesa Sanuarla ddma-unavdes dndusaanizi way
gaulusonsmesfiludass ndnanmsminUangdniinudutundogessua 20-30% W
naUszanm 12-18 ey TaenszuiumaAsuulamnaeiuasdadvesiaasintuoehs
19 maenszazarnisuddn Tuundl 2 aznanis (1) didan ) nssvaunmsaiansssmely
nauluewnswiin (3) upmuedtuvesnsnexilu UszneumeUufisormifeitelazuaniueddy
vosnsaerilufiddytensasanssanelingu (8) arssemelinduluihlan wae (5) wuaiiSe

Tumsvsinilanuazanneindeusenisadteanssemelindy

2.1 dan

ihandundnsusiomnsinnnuanginfianududundegs [luasugssaoimsi
fimudunavnausaifiiendnval nszuaunmamindvansuduainmsnauseninsUanzsn
(Stolephourus spp.) Usganad 2-3 dduiuindeaynsussana 1 @ PnidiAam LUy
sysumRlud i duuiuszana 12-18 eu ntuduihwesvandiléva (ripening) Ussuas 2-
12 §Uainounsussglunvuziiiedmieseld Tuszninamsvsinlusitua (proteinase) 91
muawazqdunidnusssurigevaarslusiulalidudilnduaz/msensneziily (Siringan,
Raksakulthai, & Yongsawatdigul, 2006) nsaeydludaszanunsaiduasomsdusununiise

U viseansARud s Uas e ssewglinaule (Urbach, 1995) dulasiuazgndasaansniela-

Y

a6 o a

Wa (lipase) ndlawsesdunsdviibiinnsalududasensemelauaslila Wonsaesilugn
sJaEJamEJLiJuLLauI:uLuagwu%ﬁﬂﬁmﬁwmﬁﬁu dvoanainlaannnisgesazhey ud
- = = aaa a™a 3 . . t4
Wnna-snamisaiieninuiseinsieduiniaiuaaisa (Millard reaction) wazassemel
nau W nsafiseweld @a1susenau aldehyde wag ketone WWudy asiiuTunaonszeziainig
g = =~ o2 % o a a (Y ¢ o v @ [ °o v
winautaawmilidamileleie lngndusa (flavor) lundndueniardnduguanuuzdidnlu

nsmruAAMANLarNI1sERNSUTaEUTInAtIUM
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2.2 nszurunsadsanssavieinauluavinsudn

nssuIunsadenauluemsndnindetuet1edng mrnvainnatenszuaunsmaadl
wasuall ndnsaueiuunindundnsasiomsndndusuuildluniseSuienssuiunsadnenau
sa \flesaniinisfinwegnandiening nseurunsadanduiidifyasiianisivdeunlasin
ansTulaase Tostu uaglusau Tnonswasuinauaning (Inalalada) wniuedduresdnse
oy (lipolysis)  wazlusfiu (proteolysis)  faegnvansseimelinduiidAnlundnfosida
(cheese) fam131991 2.1 nszuIvasvasszmelinau wwu mil,ﬂ?{aulwgnm (pyruvate) tJuans
diacetyl, acetoin, acetaldehyde #3on3n9zd@An (acetic acid) Fuduarslindululeidsane
\e (butter) miL‘Ual‘&Jul“Uﬁm‘fJumi methyl ketones, alcohols, lactones La¢ esters Wagn1s
Tnsmeviluduanssedu (precursors) lunisadreansusznaulindu Tnsianiz methionine oz
1531 (aromatic) uaznsnozilufifilasa31auuuia (branched-chain amino acids) aunsagn
LﬂﬁauLﬁu alcohols, aldehydes, acids, esters Lag sulphur

wiwupfisunguasiaandn (lactic acid bacteria) aglianunsoasilusiiualon ue
FEUNUIVIUNSHARNARS U UNUIN I IRLNSAN®I08197 119997191 UNTLUIUNIT LN VB AT
voansnevilunazasandusa Feanunsautaldidu 3 nsguiunisddey fie msdesaanslusiiy

warn1sandunsneziluiidiad n1sdsunsnesiily uaznisaiuny

A15199 2.1 a1sseelvnauluda

WNIUDARY asszmeliindu

nsnozilly 3-methylbutanal isovaleric acid
3-methylbutanol methanethiol
2-methylpropanol dimethylsulphide (DMS)
3-methylbutyate dimethyldissulphide (DMDS)
benzaldehyde dimethyltrisulphide (DMTS)
phenylacetaldehyde skatole
methional

fﬂma diacetyl 2,3-butanedione
propionic acid

gy acetic acid 2-undecalactone
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AN5199 2.1 anssemelinauluda (se)

WINUDATY ssszmelvindy
butyric acid Y-decalactone
butanon hexanal
1-octen-3-one pentanal
butanone 1-octen-3-ol

miﬁuﬂ ethyl butyrate phenylethyl aceate
ethyl hexanoate limonene
ethyl-3-methylbutanoate

fan: fauUaann Smit, Smit, & Engels (2005)

wuAfiBefissuunisgesaaslusiuluomnslinaneduuulng nduisindulndidng
waduazdesaaesoluilunsaeziluiioliiduassdudmiunisiuasunamiauunusan
N8l (secondary catabolic change) ¥u Aagiliudu (deamination) AA1SUBNTLAYTY
(decarboxylation) ns51usriliudu (transamination) AgaYisdu (desulphuration) wANUBRTY

aaa

Y3a15UszNoUslsIAn (W phenylalanine, tyrosine Wag tryptophan) LLazU;]ﬂsm%‘oﬁ’ﬂ%’u
TuwuafiiFendnnsauaninilusiiuanainvatovin 1wy WWsiluafinsaogindauvad
(cell-wall-bound extracellular protease, Prt) wazlUshloandsoanuonizad (extracellular
proteinase) iuihfidesaamelusiunmeuenisadidudlng Werhwulndigiwadudaidui-
wanieluwad (ntracellular peptidase) Vimthiigesaalulndlfduduindaedunie
nsmexdilu 19U intracellular oligoendopeptidase (PepO way PepF) viwthiigesaaneiulng
LﬂuLUU"LVIﬁmEJﬁuJu, general amiopeptidase (PepN, PepC wag PepG), glutamyl
aminopeptidase (PepA), pyrolidone carboxyl peptidase (PCP), leucyl aminopeptidase
(Pepl), propyl-dipeptidyl aminopeptidase (PepX), proline iminopeptidase (Pepl),
aminopeptidase P (PepP), prolinase (PepR), prolindase (PepQ), general dipeptidase
(PepV) wag general tripeptidase (PepT) viwihiigesaanalulndnsinutated (c-terminal)
vouUy-ndldidunsnesiludase anusimerensaeziluvuasdinduansdanmd 2.1 ag

wiulsdeulusingy endopeptidase, aminopeptidase, di-/tri-peptidase &g proline-specific
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peptidases agiienvasiunsuannsnoziludasydediunumduaisisfudmsunisadranausa

Tundsfaa1msvain

Pepl) PepO

prro-Gluel ys-Alu-Gl-Gly-Pm-Leu-Leu-Lew-Pro-iis-Phe-Pro-Phe PepR

pcP N S
Tepl Pro-Phe

myro-Gle-Lys-Ala-Glx-Oly-Pro-dce-los-Leu r’m~'H-s—Phc
Pupy PepC, Peps
Ly* Ala-Gix-Gly-Pro-Len-Leu-Lev I ‘“‘tn,h
PepN

A‘;!GA-UIV-PK‘-Lt(!-'.l")-f.,ﬂl
PepA Pepk

Gl-Cly-Pro-Leu-Lew-Lew e Gly=Pro Lea Lo ben

X
a4 Pepl

Gly-Pro-Leu-Les-Tew

Pra-Lea-Len-Len
PepQ ) l‘ip'l‘. PepL =
C’l_jP:c Lew Leu Ley /

PopV
Leu-Lee
29 2.1 nsgssaansluinalagldsiuataziUuimaann Lactococcus

fan: McSweeney & Sousa (2000)

slefanssuves Prt wazlusieandeonuenwadsiluluv i lddndanedu 9y
wafiBeaziuulndingwadlneriussuunsualesmnesvidesyuvrudansiidiuvioriuead
WU one/two oligopeptide transport systems (Opp, Opt) Wag one/two di-/tri-peptide
transporters (DtpT, DtpP) (Nl 2.2) Imﬂlﬂ'ﬁauﬁﬁmfbﬁﬁ'}ﬂmazmm%ﬁg{'waéﬁavmu
aUpIALMasHAUINNILABINAVDINTADLH LUA NS N YL LATIAS19VBINSABLAlY WU Glu/Gln,
Ser/Thr, Ala/Gly, Lys/Arg/Om, branched chain (lle/Leu/Val) wag azlsun@n (Phe/Tyr/Trp)
Fewadinudlndidirgnislunds wdlndeggndosaasneslumadimeufinanisluead

AauRAnSTigRTingaInsEUINNsgegaanglUsiulagluaTiRe nInevilludase
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Caseins

proteases i

Peptides Amino acids

transport transport extracellular
DGP&"S&SGS* intracellular
== \l NHs
£; 1h davleri
/Central ~ Posymheic ~ Amino acids A amines

\decarboxylases [
- (t-Keto acids '.\ CO;
aminolransféerases ™\

/
— N l'
Dvyt ) nyhr'luc {

enzymes "

".._Vmetabohsm fepzymes /7~
& . ryases

= Arena acids
! de’r\v_a'

mm\'-‘!a‘»-%{ o-Keto acids "™ = Methanethiol — = Sulphur Compounds

% \(\k.‘hyﬂmgrmw \ acyitansferases
dehydro- \ complex lorases
{

) pels eslerases
genases , | decarboxylases N\_ PR

Hydroxy acids - Aldehydes—= Carboxylic acids ™
d@hyffro_f}.“flﬂses

= Thio-esters

|
acyitransterases /
eslerases

Alcohols » Esters

AN 2.2 nsgegaanslUlnelnslusfiataziduimalunan Sausuundntazdnn1sasnaans
semelinauiiddy

fiun: Smit, Smit, & Engels (2005)

wonwiloannsiilusiuduunadlulasiauiion1siasyual nsdesaarslusiuves

wuaniseduneitesiunisainansssvelinaulundndagionsudn lnenduazgnaiiaduain

a

nszvumsmaaiiuaziued lnegdunidnddeviedelusssumaddunumlunisvinanansn

a Aa o

nanLeulydNineItesduNIsas19nauNlanwzianizluems wislansaeziludaszain

nszvIuNsegaatslUTAuLan LuafliSsausadsunsaeziludaszimar i unan Suaann

[
= a s

WANIUBEN (catabolic product) 1o Mstlvtiauazdndiuvainsnosiluwdasvlinsiudsaeiug
SN a A ] 9 a Ao o 1% | & a o ] |
YauAliseinanenuanvuznausanianvasanigls egrelsinulunisndadanuinlul

AuFUNLSTusEnIUS LN SRes Rl udasTLar NTaS19INAUsa wanslwiuinANaIunsaluy

aaa 1

nsgevanelusiulildufiserdesdiintudiian (rate-limiting step) lunalnnisadtsans

¥
= )

sunel¥indu Uiisenfifntuinfignenadutuneunisudeunsnesiluduassemelinaude

uleinselall (enzymatic %38 chemical modification) (McSweeney & Sousa, 2000)
wANIUeATuvesnsnerdluiiliAnarsssimeldndunatsvie ldun weulude

(ammonia) tadiu (amine) 8aflan (aldehyde) Wuva (phenols) Bulpa (indole) uazdanaged

(alcohol) TumauLINVRIANIUDATUTBINIABE NI UAZIALITRIN VUSSR diudy AAnsuan-



18

[

Fatu nsueriiudu Adayisiu uag n1sgesaaiy amino-acid  side-chain Yufiaesde n1s

Wabuasnndiisendunsn (o ety San-nsndla (Oketoacids) waznsnowfily) WWuans
ndusadled Tnsuffsevesouluifosiiua (deaminases) flfiofuduasdiaiu wastugnsine
YoauANIUdTureinsnezilude UfAse1santuresaisdantandudansges nseandindu
nanerfunsn nsnozilufifimgdamesnareifuarsminiinulsesa (methanethiol) wioeyius

DU AININA 2.3

Proteins
l Paglenlyns
[ Amino Acids
i Derarboxslalicr Traspmnation
K' s Degrasions
H CO,
l NH, Y
Amines Amine Acids a-Ketoacids

Oxidarave
Duiimization

CH.SH

~a Scids l
Sulphur Compounds

Aldehydes l

NH, Phenols

Indolo

Oxldation

Aleohols

A9 2.3 DM UVBILANIUBATUYRINSAB ST LY

fian: fauvasann McSweeney & Sousa (2000)

2.3 WANUDATUVDINTABZA LU

2.3.1 Ujiseniliientasfiunisadneansszmeliingu

(1) msadrearsefiv (amine) wazlwin@u (pyrazine) nswWasunsaeziilusie
UfAzeAnfuendiaturinlildiefiu iy tyramine Wag histamine Ssanunsaneainsuly
Auslaala anstoflufiszimelindunuldlundniamida Wy methylamine, ethylamine, n-
propylamine, isopropylamine, n-butylamine, 1-methylpropylamine, n-amylamine, iso-
amylamine,  anteiso-amylamine, n-hexylamine, ethanolamine, dimethylamine,

diethylamine, dipropylamine, wag dibutylamine Llasanliianuduiussenineusuiuues
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nsneiludassuaznisasiaeiu nsinssneuledlulfisenfnsusndiatuisaiunsoasuie
Imangnisaiaedulundndagionsudn wiliaunsaesuienisasiaeiunuuyisgiuag
R8Nl (secondary and tertiary amines)

%mzﬁmsmjaﬂwm%uﬁwﬂu%a LU 2,5-dimethylpyrazine,  2,6-dimethylpyrazine,
ethylpyrazine, 2,3-dimethylpyrzine, ethyl-methylpyrazine, trimethylpyrazine,
tetramethylpyrazine wag ethyltrimethylpyrazine WuitANAINAANTTUVDILUATLTY

(2) MsE3INIALALIUE NITUIUNITERNTLATINABEILTY (oxidative deamination) ¥
ThiAnuesludonazsavi-nsndla dsdavi-nsndlnarunsadsuldiduasngudadledsely
pgalsfnulussnunsidolinuarsngudan-nsnalaumniin esnnuamsiiase ild
8InFBLALA gas chromatography

(3) UfA3emsuesiiiudu (transamination) uazUfAsenamsanas’  (Strecker
reaction) NszUIUMIMTUEzLTWIMAANInexily eanusagnivdsuseluiuasnguda-

Alanldanuisenfansuendiatu (nmi 2.3) vieudisenamsanes (1w 2.4) lagianizly

'
1

dn1egdel pH g9 mimjué’aﬁlaﬁlﬂumﬁsLwalﬁﬂéuﬁﬁwﬁmlummwﬁﬂﬁawﬁmﬁmsﬁmﬂuu
nifnuazihlan widnwuluFuaeadesanansngudailediudeuiuasngusanesedvie
nsaldine venanidelisesuinUsuunsaosiiludasyliiinasenisadrsansldnausasin
Uisenamsnaines fegeasanuizenamnsanes wu phenylacetaldehyde, isobutanal,
3-methylbutanal, wag methional (LUSSuLLUaamwaﬁﬂﬂimazﬁIu Phe, Leu/lle, Val wag Met
AUAIU) acetaldehyde (Wasuwlasnannsaezdlu Thr) benzaldehyde (WABULUAIN9IN
phenyl acetaldehyde), phenol &g p-cresol

1Y

nszvrumMmTuesiiuduiuitnsaduassemelinauiididgluemsniin iosann
asszmelindunaneiafinuluemsuinainnszuaunisnsuesiindudamduans key flavor
compounds  lua11s lnglanizansngudantaniyu methional, 3-methylbutanal, Wway
benzaldehyde  lngUfA3sniuduvesnszuruntsniuesiiudufe Aanssuanioules
aminotransferase uagilssauindulfAzeriimuausnsnd (ate-controlling) Msa¥1sans

a a6 v 1

semglvinduluigerdiuvsd fedanssewmelinduainnssuiunsvmsuesiudu A5 2.2

1 |aaa e A Y a U s
Ufisemaeiiiiuasudan-eziluluasussnaudadlen
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1ol

NH}
R/\r((‘m + “[,)‘\/\HJ\ i e " o
0 R” oM

Amino acid -Ketoglutaric acid Strecker Aldehyde

Val. Lea, [le. Met, Phe

o}

T " >_<)| >\/(l’\“ T/\/‘L H

Phenylacetaldehyde Isobutanal 3-Methylbutanal Mcthional
2-Methvipropanal A-Methylthiopropanat

A 2.4 URASeamsanes (a) kagiegikdndnananuisenamsanas (b)

flan: McSweeney & Sousa (2000)

NS 2.2 arssemelvnduilaannmsiasuainnsneziiluniusann-nsaAlalunssuiunis

NI
n3n nIAALA Danban NINBUN3IY danagea LOALEDS
azally
Ile Ol-keto-3-methyl- | 2-methylbutanal 2-methyl butyric | 2-methyl butanol | -
pentanoic acid acid
Leu Ol-ketoisocaproic 3-methylbutanal 3-methyl butyric | 3-methylbutanol Ethyl-3-
acid 2-methylpropanal | acid 2-methylpropanol | methylbutano
ate
Val Ol-ketoisovaleric 2-methylpropanal 2-methyl 2-methylpropanol | Ethyl
acid propanoic acid isobutaoate
Phe Phenyl pyruvate Benzaldehyde Benzoic acid Phenylmethanol Ethyl
Phenylacetaldehyd | Phenylacetic Phenylethanol benzoate
e acid Phenylethyl
acetate
Trp Indole-3-pyruvate | Indole-3- Indole-3-acetic | - -
acetaldehyde acid
Met Ol-keto Methional Methylthiobutyri | Methionol Ethyl-3-
methylthio Methylthio- c acid Methanethiol methylthio
acetaldehdye propionate
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A15199 2.2 assemelinaunleannn1silaguainnsnes UL ann-NSARLA L UNTZUIUNIS
NIIUBLTLUTU (91)

n59 nsAALA danian NSABUNSE danagea LoELsDS
azdily
butyrate Methylthioace
tate

INETHEN NN aUTENBUNAT19INYUATEN non-enzymatic reaction
w: Smit, Smit, & Engels (2005)

o 3 14

2.3.2 uAMUeATuvasnInariluiidrfnydenisadreanssemelvinau

(1) uAnusATuvaInsnasiilufifivgdaias (sulphun  arsuszneudamesly
wAndnurienmsinlaganglunimsininnisiusuiuasnain methionine Fnnil 2.5 a3
ansusenaudamesfilindufidrdalueimsmsin Téun methanethiol, hydrogen  sulphide,
dimethylsulphide, dimethyldisulphide, dimethyltrisulphide &g carbonyl sulphide @13
maﬁ‘ﬁmaLﬁmmn‘dgjﬁ%miﬂaLaulsdﬁm%mﬂﬂﬁﬁ%mamaﬂma% LU methanethiol LAA3N
Ufisenlaeieulediainuuaiiisy Brevibaacterium linens %see1ainanufizemiandl lag
hydrogen sulphide 31nN15UfN58198nTLaduYee cystine/cysteine (31N@1s reducing agent
Tuszuundn) W U{A3e1U methionine aulaidu methanethiol, S-methylthioacetate 1iin
INWUATILIE Br. linens, 3-methylthiopropanal LinanUHATe MWL IUTUYE methionine
uazntuiuinUfAsedasuendiaty @13 dimethylsulphide WAnaniun1vedduves
wuaiFendurdnnsalusiledin (propionic acid bacteria) Yuzfians dimethyldisulphide wag
methional tinannUizeamsanes wag benzothiazole gilianunsaszyinnisasisluemis

pinle



O
OHlk./\/s\

NH,

Methionine

Transaminase o keto-acld
amino acid
(0]

|
OHl\[(\/ S Chemical
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o)
lyases " HOW
O

2-0x0 butyric acid

Dimethyldisulfide
Dimethyltrisufide

Oxidation
H 3C Z S H

0 atty acids
KMBA Methanethiol
CO: Esterases
Decarboxylase Chemical s

“/\/S\

(0]
3-methyithio propanal

Al 2.5 UFATeN15ABY methionine Wuansuseneudaines
#i117: Smit, Smit, & Engels (2005)

(2) uANIUDATUVBY phenylalanine, tyrosine Wag tryptophan nsaowiily

phenylalanine, tyrosine &g tryptophan faiuddusonisasinauluesmiin 3aves
NFEUIUNITULANIUDATURARIRININT 2.6 WANIUBATUVB tryptophan AzKERATS indole
pyruvate %ﬂﬁﬂ:ﬂﬁﬂLﬁﬂﬂﬁﬁ%&l’]@iamﬂu‘lﬁlﬂu indole lactic acid, indole acetic acid, indole
aldehyde 8y benzaldehyde

WANIUBATNYDY phenylalanine vi1l#Lla phenyl  pyruvate  fawAanssuees
aminotransferase aniuanansaiasuduassnelinay 1wy phenyl lactate waz phenyl
acetate @u phenyl pyruvate anunsowdsuduy benzaldehyde L&y phenyl ethanol Ay
U{A31 nonenzymatic breakdown (Al 2.6b) fssarunisnuasszwelvindulundn S
FafiAnanuaniuedduves phenylalanine 11 phenyl methanol, phenyl propanone,

methylphenyl hydroxyl-acetate, phenyl acetaldehyde McSweeney & Sousa (2000) N&17

N A

11 phenylethanol e134inanUAsemauesiiudu Aasuendiadu niesantu lnaledany

LAY AIRIVe3Ta d3u phenyl acetaldehyde uaz phenyl ethanol finanufAzenansanes
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WANTUOATNYBY tyrosine  Yil9Ald tyramine  wag p-hydroxy-phenylpyruvate 1ag
tyramine LAnnUAsefnisuandiadu (n il 2.6c) wenanil tyrosine  daduansnssiu

dmsu p-cresol Uag phenol U AsEamMIALNGS

"NH,
LI | )
N =0 u (Tryptamine)
A'Tm‘ (l)
10
Indule pyruvate <:E>—«n,—co-um ——s
lkb\'dmgtriu:/ Indolc pyruvaic
) ; n B A Beuculdehyde
I y-CHOH=CO0 / e a~
; I “HO
:‘l Indolc loctate \J Indok sldchyd
N ol
/-ﬂlg—cno H i
i‘; Indoke acctate

+ o enzymatic or decarboxyluse

CE‘S’"‘
NH Skatole

.NN.

(b) Phenylalanine
& —u«
‘HO

=0
/ Bencaldehyde
-0 =000

/ . Phenyl pyruvate \ H,CH,08
CHI= CHOB- I Y '

—

-

Y ATase

Phenyl lactute i
H3=COO0 Phenylethanol
Phenyl acetae
(c) I)mslle AT '
}_(“ el H() N2t O=CO0Y
4 p-OH-Pheny! pyruvite
tBU A
@”‘ i R non-enzymatic
~ 4 " o ddlriu\uhn
on : N 0
HO / W —CH~NH, | (j 0 (j p-Cresol
. ‘Hi~ CHOR -C(KY

p<OH-Pheny ) lactate tir—coo (Bﬂ
p-OH-Phenyl acelale  pOH Phenyl aldehyde

i 2.6 AwnueATuae tryptophan (a), phenylalanine (b), tyrosine (<)

fan: McSweeney & Sousa (2000)
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(3) uanuaiTuvainsaaziiluniilasedrawuuie (branched-chain amino acids) 3¢
SUAUAINAINTIUVRY aminotransferase  Naunsaldeunsnesilu landndusifoaisngy

[ =Y a [ . . . . A I
darn-nseAleulunTTUINNITNSIWBLILUTY Lag leucine, isoleucine kag valine azwlasuidu

Ol-ketoisocaproate, O-keto-f-methyl-valerate Waz Ol-ketoisovalerate AUAINU WAZANT
semelinauiiddnyuaniianisnd 2.2 feg1anisaats leucine Wioadsanssemelinduuans
Fanwdl 2.7 aziuldinuizendansuendiatulaetoulusl ai-keto acid decarboxylase yilwile
asngudanled Tuvuriufazeneendindulasieules aldehyde dehydrogenase vililédnsn

duvisy wavufnsensantulaetoulasl alcohol dehydrogenase vinlwildansngudanesed

(a)
NH;
(8}
Leucine OH
ketoghutarate
TA
‘ glutamate
NAD+ NADH co2 NADH NAD+
& b4 i { w
/‘\/Sro“ ——— OH T | - e —— )\/\
) HaDH I DC NS0 ADH OH
0
o-hydroxy a-ketoisocaproic acid 3-methylbutanal 3-methylbutanol
1socaproic acid
CoA X
NAD+ i NAD:
KaDH AIDH |
NADH | #~ NADH
y co2 !
CoA '
. . =3 o
Cellular biosynthesis - -------- /\/J\S,COA == )\) i
Isocaproyl-CoA Isovaleric acid

Al 2.7
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(b)
i OH
Ho)\;/Y 0PN
NH; NH,
Leucine Valine
Transaminase et e Transaminase a-keto aed
amino acid amino acid
9 OH
H O/H(Y o ¢\()\
- 0
KICA KIVA

Decarboxylase Decarboxylase

S CO+COH,0 N— cO,
Y 7~
(0] o
3-Methylbutanal 2-Methylpropanal

i 2.7 Uinse1nsaane leucine (a) warUfnsen non-enzymatic reaction Fdedos (b)
TA = transaminase, HaDH = hydroxyl acid dehydrogenase, DC = keto acid decarboxylase,
ADH = alcohol dehydrogenase, AIDH = aldehyde dehydrogenase ¢ KaDH = keto acid
dehydrogenase

#i117: Smit, Smit, & Engels (2005)

2.4 ssszwieldnaulutuan

arsszwelinauluihuariinaisuiavisdailed Alau nsadund tommes yau
arsUsenaviiismlulasiauuazdaules ansusznoudadiladnuluthlandu acetaldehyde,
propanal, 2-methylpropanal, 2-methylbutanal, 3-methylbutanal tay benzaldehyde il
anuddnysenausavenianiesanifunguan suszneufifian odor threshold 1 (Peralta,
Shimoda, & Osajima, 1997) Fukami, Ishiyama, Yaguramaki, Masuzawa, Nabeta, Endo, et
al. (2002) ﬁamudﬁﬂﬁuﬁﬁflﬁzﬂuﬁmmﬁa fishy wag sweaty 27n@15 2-methylpropanal, 2-
methylbutanal, 2-etylpyridine wav dimethy! trisulfide vaugiinsalutufissmeldfiddnyie 2-
methylpropanoic acid S'Béﬂﬁﬂ?{uia cheesy wag stinky (Shimoda, Peralta, & Osajima, 1996;
Jiang, Zeng, & Zhu, 2011) uaﬂmﬂﬁ?u Wichaphon, Thongthai, Assavanig, & Lertsiri (2011)
wuheiaassamelinaulisuunseiuamuamivaild Tnsthuannsnassenuans volatile

organic acids (acetic acid, propanoic acid, 2-methylpropanoic acid, butanoic acid wag 3-
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methylbutanoic acid) wag dimethyl trisulfide U3unougs Turnefhinvanunsandiflounsnuans
2-ethyl furan, 3-hydroxy-2-butanone, 2-pentenol, 2,6-dimethyl pyrazine &g 6-methyl-5-
hepten-2-one  saturiiauazUsinaanssemelinauinuludaniinudidaliansdy
audnunziifuendnuaivonihuausansfiseduannmvemansustldfe n1sliaaunis
n&delunsntnirvarsuidudesaivassanelinduiiddpdulununadnuuzianzues

Y1van asseglinaunansiranuluinuainanisannsnen 2.3

2.5 wuaiiFelunsudnivauazanazuandoudenisadreassamelinay
Tusewirsnmsvinivamuiuafidevanuatsaeiug Wy nduerfievoudy
(halophilc  archaeon) lawA Halobacterium salinarum, Halococcus saccharolyticus
(Tanasupawat, Namwong, Kudo, & Itoh, 2009), Halobacterium sp. (Akolkar, Durai, & Desai,
2010), Natrinema ¢ari (Tapingkae et al, 2008) ﬂaq'mwﬂﬁtﬁﬁuamﬁm{fm (extremely
halophilic bacteria) loun Lentibacillus halophilus (Tanasupawat, Pakdeeto, Namwong,
Thawai, Kudo, & Itoh, 2006) ﬂﬁjﬂLLUﬂﬁﬁ%@ULﬁﬁJUWﬂﬁN (moderately halophilic bacteria)
lawn Halobacillus thailandensis (Chaiyanan, Chiyanan, Maugel, Hug, Robb, & Colwell,
1999), Halobacillus sp. (Namwong, Hiraga, Takada, Tsunemi, Tanasupawat, & Oda, 2006),
Filobacillus sp. (Hiraga, Nishikata, Namwong, Tanasupawat, Takada, & Oda, 2005),
Virgibacillus sp. (Chuon, Shiomoto, Koyanagi, Sasaki, Michihata, Chan, et al., 2013) ﬂa::u
LWUATISENARNSALANANYOULAY (halophilic lactic acid bacteria) laun Tetragenococcus
halophilus (Fukui, Yoshida, Shozen, Funatsu, Takano, Oikawa, et al., 2012) ngukuAIlL3e
ﬁbaiﬂvl,éfl,l,fi Staphylococus spp. (Fukami, Ishiyama, Yaguramaki, Masuzawa, Nabeta, Endo,
et al,, 2002), Bacillus licheniformis (Toyokawa, Takahara, Reungsang, Fukuta, Hachimine,
Tachibana, et al,, 2010), B. subtilis (Uchida, Kondo, Yamashita, Tanaka, Tran, Nagano, et
al., 2004) G?faLwﬂﬁL%‘EJLwimsjﬂ’uﬁﬁmmmmmﬁLLmﬂﬁmﬁ’uﬁ”’qmiLﬁﬁg nanlUsAwA bawla wag
a%ﬁqmﬁzL%ﬂiﬁﬂéﬂ%ﬂﬂzmmLﬁm%’uiszjlﬁamaaliﬁqq Uchida, OU, Chen, Yuan, Zhang,
Chen, Funatsu, et al. (2005) wuinndndeln3 (Koj) 2y T. Halophilus wiauSinainsn
duvduaznsmeiiluiliisavd 1Wu nsausaundn (aspartic acid) nsangmndia (glutamic acid)
avaniiu (alanine) war 218U (valine) ansusznevlinaulaun woniuea silanediol, pyrazine,

phenol uaz nsavlesiianuysunagaluamvdndenanie douchi Maseuain Aspersillus
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oryzae (Kasankala, Xiong, & Chen, 2011) Yol 1-propanol, 2-methylpropanal &g
benzaldehyde Fuduanslvinausalutaimamsdmusimgatudeldndndoaneius 7.
Halophilus (Udomsil, Rodtong, Tanasupawat, & Yongsawatdigul, 2010) YoNULBIINAT
wAnansssmelinaufituddisenuiuuefieaeiug S xlosus Mduaduiaannsoan
USinauansiilinausadilifisuszasd wu 2-ethylpyrimidine, dimethyl trisulfide, dimethyl
disulfide wag butanoic acid 19 (Fukami, Funatsu, Kawasaki, & Watabe, 2004) TGN TR

a

aunasansalflumandniafiendnanssumelindunieanansilinduldfisUszasdluns
wiintdanle
nMsUSuABuanzLIndeuvieatsemnsinasevinuarUsunuanssemelinaud
wuplSendnld Rijnen, Yvon, van Kranenburg, Courtin, Verheul, Chambellon, et al. (2003)
WUIINISLANANT OL-ketoglutarate AnsaiumsadsanssuieUssinndaies (methanethiol,
dimethylsuphide (DMS) way dimethyldisulphide (DMDS)), aldehydes Waz alcohols Tu
wuAiiSoanewus Lactococcus lactis TILA6 Uszanas 4.6-35 widleiSeuiisuiudiegng
ruAy (Alsifn) n15uiue 53ty (arginine) luomadisnideiitudnlng (actose) Ysinmddn
WUN19d5719815 3-methylbutanal wag 3-methalbutanol qa%ﬂu L. lactis ML3 (Brandsma,
van de Kraats, Abee, Zwietering, & Meijer, 2012) mﬂ%lwﬂﬁﬁﬂawﬁua: L. lactis subsp.
cremoris SK110 uwag L. lactis subsp. lactis B1155 $2aulun1sunda (ripening) Wuans
hydrogen sulfide Wag methannethiol Lﬁmg\‘i"ﬁmﬁlam%uLﬁauﬁuﬁﬁa*&hﬂm%} L. lactis subsp.
cremoris SK110 Lﬁwmaﬁuﬁ:lﬁm (Ayad, Verheul, Wouters, & Smit, 2000) Virgibacillus sp.
SK37 (GenBank/NCBI no. DQ910840) LunuaiiFelungumuidu Aauenldlufoudl 1 vesns
winawezddnenmldidunddelunssuiumsnsiniivan Tne  Virgibacillus sp. SK37
awnsondnlusiuaiiiionssugsiiaududuindegedadunudnvasiid Aylunisldvin
Yan (Sinsuwan, Rodtong, & Yongsawatdigul, 2007) LLa3?1’%/’1\‘1?{’1’533Lﬂﬂiﬁﬂguﬁﬁ’lﬁﬁﬂu
Ylanlmdlensiniuanfieududundedesas 15-20 (Lopsongphon, Cadwallader, Rodtong,
& Yongsawatdigul, 2013) %QﬂﬁizwﬁmLLazU%mmmiizma“lﬁmt?iuﬁLwﬂﬁﬁamamvlﬁmmia
FoulpdlidladiinsaduanssemelvinduvesuuafiBenufuaewus Virgibacillus sp. SK37
Ieiegnadoaudt suaviluganuirnudiladsunummihiivesuuadiSenuduuasiaunnisly

wuRTEENUANEug Virgibacillus sp. SK37 leagnaiiusz@vanm



AN5199 2.3 asseelinauluivan

Compounds Odor References

Acid

acetic acid sour, cheesy Lapsongphon et al. (2015), Wichaphon et
al. (2011), Giri et al. (2010), Shimoda et al.
(1996)

propanoic acid cheesy, fecal Lapsongphon et al. (2015), Wichaphon et
al. (2011), Shimoda et al. (1996)

2-methylpropanoic acid cheesy, Swiss cheese Lapsongphon et al. (2015), Wichaphon et
al. (2011), Shimoda et al. (1996)

butanoic acid cheesy Lapsongphon et al. (2015), Wichaphon et

al. (2011), Giri et al. (2010), Fukami et al.
(2002), Peralta et al. (1996), Shimoda et al.
(1996), Pham et al. (2008)

3-methylbutanoic acid cheesy, sweaty Lapsongphon et al. (2015), Wichaphon et
al. (2011), Giri et al. (2010), Fukami et al.
(2002), Peralta et al. (1996), Shimoda et al.
(1996), Pham et al. (2008)

2-methyl butanoic acid cheesy Giri et al. (2010)

2-phenylacetic acid rosy, plastic Lapsongphon et al. (2015)

3-phenylpropionic acid rosy Lapsongphon et al. (2015)

4-methylpentanoic acid cheesy Wichaphon et al. (2011), Peralta et al.

(1996)

pentanoic acid cheesy, sweaty Peralta et al. (1996), Pham et al. (2008)

heptanoic acid cheesy, sweaty, dirty socks Pham et al. (2008)

capronic acid rancid Fukami et al. (2002)

Aldehyde

2-methylpropanal malty, dark chocolate, nutty, meaty, Lapsongphon et al. (2015), Giri et al.
sweaty (2010), Fukami et al. (2002), Shimoda et

al. (1996)

8¢



A15199 2.3 assemelynauludiuan (se)

Compounds Odor References

2-methylbutanal malty, dark chocolate, nutty, meaty, Lapsongphon et al. (2015), Wichaphon et

sweaty, boiled rice-like ordour al. (2011), Giri et al. (2010), Fukami et al.
(2002), Shimoda et al. (1996)

3-methylbutanal malty, dark chocolate, nutty, meaty, Lapsongphon et al. (2015), Giri et al.
sweaty (2010), Shimoda et al. (1996)

phenylacetaldehyde rosy, plastic Lapsongphon et al. (2015)

(2)-4-heptenal crabby, stale, fishy Lapsongphon et al. (2015)

(E)-2-nonenal stale, hay Lapsongphon et al. (2015)

acetaldehyde pungent, sweet Lapsongphon et al. (2015)

2,4-Nonadienal(EZ) rancid Giri et al. (2010)

benzaldehyde
Ketones
1-octen-3-one
(2)-1,5-octadien-3-one
(E)-B-damascenone
2-pentanone
2-propanone
3-hydroxy-2-butanone
6-methyl-5-hepten-2-one
2-butanone
2,3-butanedione

4-ethyl-6-hepten-3-one
acetophenone
Alcohol

2-phenylethanol
1-butanol
2-butanol
2-propanol

almond, burnt sugar, sweet

mushroom
metallic

floral, apple sauce
fruity

sweet 0

fatty

boiledrice

caramel
fishy
cheesy

wine-like, rosy
cheesy
flowery

Pham et al. (2008)

Lapsongphon et al. (2015)
Lapsongphon et al. (2015)
Lapsongphon et al. (2015)
Fukami et al. (2002)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Giri et al. (2010)

Fukami et al. (2002)
Fukami et al. (2002)

Lapsongphon et al. (2015)
Fukami et al. (2002)
Wichaphon et al. (2011)
Wichaphon et al. (2011)

6C



AN5199 2.3 a1ssemelinavluiiuan (me)

Compounds

Odor

References

2-pentenol

3-pentanol

n-propanol

n-butanol

n-pentanol
2-methyl-1-propanol
2-methyl-1-butanol
3-methyl-1-butanol
1-octen-3-ol

ethanol

1-penten-3-ol
4-methyl-1-hexanol
cyclopentanol
2-ethyl-1-hexanol
benzeneethanol

Ester

Ethyl acetate
Ethyl-2-methyl butanoate
Ethyl isobutyrate
Ethyl-3-methyl butanoate
Aromatic compound
Phenol

Furans
4-hydroxy-2,5-dimethyl-3(2H)-furanone
4-hydroxy-2-ethyl-5-methyl-3(2H)-furanone

4-hydroxy-5-ethyl-2-methyl-3(2H)-furanone
3-hydroxy-4,5-dimethyl-2(5H)-furanone

rusty

flowery

flowery

rancid, burnt
earthy odour

sweaty
sweaty
floral, perfume
floral, perfume

fruity
caramel
fruity
fruity

sweet, cotton candy
burnt sugar
burnt sugar

burnt sugar
curry, spicy

Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Giri et al. (2010), Fukami et al. (2002)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Wichaphon et al. (2011)
Fukami et al. (2002)
Fukami et al. (2002)
Pham et al. (2008)
Pham et al. (2008)

Wichaphon et al. (2011), Giri et al. (2010)
Giri et al. (2010)
Giri et al. (2010)
Giri et al. (2010)

Wichaphon et al. (2011), Pham et al.
(2008)

Lapsongphon et al. (2015)
Lapsongphon et al. (2015)

Lapsongphon et al. (2015)
Lapsongphon et al. (2015)

0¢



AN5199 2.3 a1ssemelinavluinlan (me)

Compounds

Odor

References

2-ethyl furan

2-methyl furan
5-ethyldihydro-2-(3H)-furanone
Nitrogen-containingcompounds
trimethylamine

3,6-dimethyl-2-ethylpyrazine
2-acetyl-1-pyrroline
2-acetyl-2-thiazoline
0-aminoacetophenone
indole

skatole
2-ethylpyridine
2,3-butanedione
pyridine
ethylpyrazine
2,6-dimethyl pyrazine

2-methylpyridine

2-ethyl-6(or 5)-methyl-pyrazine
2-methyl-5-(1-methylethyl)pyrazine
benzonitrile
Sulfur-containingcompounds
2-methyl-(3-methyldithio)furan

dimethyl sulfide

coffee-likeodour
ethereal
herb, green, incense

roten fish, ammoniacal

roasted potato
popcorn

popcorn

musky, grape, stale
fecal

fecal

Fishy

buttery

rancid

sweaty

Boiled rice odour, sweet

sweaty
rancid
sweaty
rancid
thiamin, meaty

corn

Wichaphon et al. (2011)
Wichaphon et al. (2011)
Pham et al. (2008)

Wichaphon et al. (2011), Giri et al. (2010),
Fukami et al. (2002), Shimoda et al.
(1996), Pham et al. (2008)
Lapsongphon et al. (2015)
Lapsongphon et al. (2015)
Lapsongphon et al. (2015)
Lapsongphon et al. (2015)
Lapsongphon et al. (2015)
Lapsongphon et al. (2015)

Fukami et al. (2002).

Lapsongphon et al. (2015)

Fukami et al. (2002)

Fukami et al. (2002)

Wichaphon et al. (2011), Fukami et al.
(2002), Pham et al. (2008)

Fukami et al. (2002)

Fukami et al. (2002)

Fukami et al. (2002)

Fukami et al. (2002)

Lapsongphon et al. (2015), Giri et al.
(2010)
Lapsongphon et al. (2015), Peralta et al.

(1996), Peralta et al. (1996), Shimoda et al.

(1996)

1¢



A15199 2.3 anssemelnauludivan (i)

Compounds

Odor

References

dimethyl disulfide

dimethyl trisulfide

3-(methylthio) propanal

3-(methylthio) propanol
methanethiol
thiobismethane

rotten, sulfurous, cabbage, sweaty,
fishy

cooked potato, meaty

cooked potato
rotten, sulfurous, cabbage
pungent

Wichaphon et al. (2011), Peralta et al.
(1996), Shimoda et al. (1996)
Lapsongphon et al. (2015), Wichaphon et
al. (2011), Giri et al. (2010),Fukami et al.
(2002), Peralta et al. (1996), Peralta et al.

(1996), Shimoda et al. (1996), Pham et al.

(2008)
Lapsongphon et al. (2015), Wichaphon et

al. (2011), Giri et al. (2010), Fukami et al.

(2002), Peralta et al. (1996)
Lapsongphon et al. (2015)
Lapsongphon et al. (2015)
Pham et al. (2008)
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unil 3

A5andunisIY

NSAIUNTIRERERI NG 3.1 Tpewseudenunfiseanesiug  Virsibacillus  sp.

SK37 Inladeusans wavwsuuduaaiiesiivadluomsidsuta anchovy medium (AM) wag

fish acid hydrolysate medium (FM) fiw3euls wazvuneldantizsngg

o & a I
LN@L%@LLU@WLiBa’]UW‘Uﬁq

Virgibacillus sp. SK37 a3Qa1useagiainIiualal a9

P57930 pH N3RSV AanssuvedlusAlua wazansszmelinauioassvu

tﬂy a a
LYBLUANLIY

12 £ 1
21MN5HRLNTD AM Ay FH

v

wuaviiFelaTeyluoImsiaeate AM way FH

0 @N1ILHNE

v

v

AN pH

yiakarUsunua1ssEmelindy

NM3193ALATIENAIL5 drop plate

ATIEHRELAT09 GC-MS/MS

A4

A9n55ULUSALUAILATIEVALANTAIAUAWATIEN

Suc-Ala-Ala-Pro-Phe-AMC

‘:I o a a v
AN 3.1 AMTAUUNTIVY

' AM e 91915889%0 anchovy medium waz FM @e fish acid hydrolysate medium

3.1 W3BAANUATIEY wuATieaeug Virgibacillus sp. SK37 dauenlaannnszuiunisvsin

van wazlavegeudnunmlunisiasy nsasrenaunazlusiiuanannzlanonaaslsaiiutu

qméﬁ (Sinsuwan, Rodtong, & Yongsawatdigul, 2007; Lopsongphon, Cadwallader, Rodtong,

& Yongsawatdigul, 2013) FeuAusnuiunaaiuiiogdunidvosunninetaomalulades-
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w3 thideuuaiiisansitusfnandadluommadsndowal Y medium (1% yeast extract,
0.3% trisodium citrate, 0.2% potassium chloride, 2.5% magnesium sulfate) ﬁ@m‘[mﬁam
aaslsiiduduiosas 10 Unilgamad 35 ssrwaldoa lwehfinmi3azey 100 rpm unan 1
Tu ﬁﬂﬁL%jaU%?leﬁ‘ﬁ’JﬁlLVIﬂﬁﬂ cross streak UNeWINTWi trypticase soy agar (TSA) viulasiiey
naolsrdutuiosay 10 Unflgamadl 35 ssmwaidea Wunan 1 Yu

wagudute (noculum) thleladifenfiasyuuemsuds TSA sreaduemnsidoade

wiad Y medium Ufigamail 35 ssriwaidea wehiianuiEiseu 100 rpm Wunan 1 3u ui
sreadluomsdsaterianululiinasiesas 2 Unflanmsdieriudunan 2 fu mnude
nudeuvaiiGesmemsarmelnfounaelsdiduduiosar 085 Irldrpandueduuas 0.2
Absorbance unit (A.U.) légudedmsunsinusely (it 3.1)
3.2 W3BNA20E1  ssnUaingAnualislaginUaingdnan (Stolephorus spp.) YILAIAIY
WU (freeze dry) UAULINBUNIALATIOUHIUAZLNTIVWIA 140 mesh LHTEUBIMNT
Ao9do anchovy medium (AM) fwdsuaindannsdnuauks wazewnsiasade fish acid
hydrolysate (FH) fiw3auanuaingsindessensa wieuusua pH sudifviundieasazane
Tofelansonled (sodium hydroxide) UssgoMsABstioUTins 9.8 fadansadlunivuzain
WAIVSINANVNAFUHIUALENA1N 3.6 WWURAT ANEY 3.5 LURANAS #lvUaonideil 121
ssrwalua WWunan 15 und (nmdl 3.1)

MntueneRudeUsinms 0.2 dadamsadiy AM wie FH lmeflanmznisadysed (1)
mududulaiieunaslsrfosas 10 15 20 25 way 27 AiUSunalulnseuiommadosas 0.1, pH
7, LLazﬂuﬁqmmﬁ 35 asAwaed LWuan 10 Yudwmsuanuduiuladsunaslsnsasas 10-
20 wamlunan 15 Sudwisvaududuluieunaslsedosay 25-27 Tuannziill (aerobic
condition) wazlsifieandiau (anaerobic condition) war (2) Vsinailulasiaurimundesas 0.1
1 uay 2 Alenudidulsiounaslsnsosas 10 wio 25, pH 7 LLazUuﬁqmugﬁ 35 89A1
walea Wunar 10 Judwsuanudutulafeunaslsnsosay 10 uazidunan 15 Judwmsu
arududulaieunaslsasesas 25 luannefiteondiau

Slensuszovnanmady  dnwaduuaiiGeuazazneuainemsidsadedenisiiu
wiBel 10,000xg gamndl 4 esmwaldea 1unar 20 il Mntanfvansazandnlaiie
Baszvavneduasianssulusiuansaly Mo 1AIUANIS BRI UMBE1aMARDY

gnIudLansazanelufeuraalsaliuTusosay 0.85 WNUAUIBLUATISY (NN 3.1)
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Matimsidesdeluanieiioandaurasliludnze vaugnluaneiliioandiauly

(%
P

aruzdsaieluaniizlseandiay (anaerobic jar) 7 AnaeroGen NswW3ELeMNSIABNTe FH
Ingvinnsgesuannginuauisluansazanensalalasnaesn (hydrochloric acid) WudU 6 Uos-
uea wadludnsdw 1 : 9 flgumgdl 110 esmwadoa Wunan 24 dalas MnTunseiae
N3¥MI¥NTes Whatman wes 1 wazuSuar pH Tidunarsieluneulansnles viuise
WNMITERAUA LagiaszUsunanaslsaaieds Volhard’s method

3.3 m’mi'ﬂmsm'%zyﬁuaaL%’al,mﬂﬁﬁﬂ wuAfiSefiidiansiatiudemadia drop plate (Hoben
& Somasegaran, 1982) Ingnunsieg1eusuing 0.02 Naaans fiszAunsisoansfivnyauauy
pnsiaBatouds TSA Miiuledeunselsfidudusosas 10 uastuiigamgd 35 ssmeaidya
3.4 a573AAIMEY A1 pH esesdende AM war FH founasndinisiasyuesuniise
mmijﬂﬁmm%m pH meter (Mettler-Toledo MP220, Schwerzenbach, Switzerland)

3.5 as2dananssulusALua f1e38n15909 Sinsuwan, Rodtong, & Yongsawatdigul (2007)
Tneldansiedudansed  Suc-Ala-Ala-Pro-Phe-AMC  thansazansdnlavinufennisanain
Aunssuvedlusig (USinasuiisensiu 1 fadans) fivsznevde 1 lulasluansvosansdiaiu
fuAs1e9A, 200 Haaluansues Tris—HCL (pH 8), way 30 Jadluaisvesuaaifaunaslsa (calcium
chloride) Unilgamgdli 60 ssrwwalia Wunan 15 wiil ntungauAsedemsazansii
Usenoume 30% butanol, 35% methanol way 35% ‘131‘171|‘1J'§1m”|ﬂ168u (deionized water)
USias 1.5 fiaddns InAmigesisaieus (fluorescence) finnuemindunisnszdu 380 wlu
HATHAZANNETIARLAENAIL 460 Ulns MReAanssy (unit activity) Ao U3 AMC
fignudeeUaeaitudaszidudu 1 lulaslua$deundi

3.6 Ansgnguuuunsnezlily (amino acid profile) luuainzAnuauis Aae38n115 AOAC
official method 994.12, 988.15 (2000) 7ALAFILNAEIT gas chromatography-mass
spectrometry (GC-MS)

3.7 Swsziviunalulnsounaiun (total nitrogen content) #me3d Kieldahl (AOAC
Official Method 955.04)

38 Anseiansszsunelindudie3 headspace solid-phase microextraction (SPME)
32UAU gas chromatography-tandem mass spectrophotometer (GC-MS/MS) 11678814
U31nms 5 08303 1 cyclohexanol Tilmnudidiugarine 1 ppm Faduasinpsgiunielu

(internal standard) wagleifsnpaslsnanuganeiutusosas 27 nsenivliouasUsunnans
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senelindueios GCMS/MS Taevinisatnanssywelindusieds headspace solid-phase
microextraction (SPME) ydhegrslitmnufeuiioamagil 60 ssrmwaidea unan 10 wit uay
@m%’umiismdﬁﬂéuéj’admua%ﬁﬁ@ Divinylbenzene/Carboxen/  Polydimethylsiloxane
stable flex (Supelco, Bellefonate, PA) fiflanamun 50/30 lailasiuns WWunan 30 wiit aandy
wenansszelindunasiinseiiieedes GC-MS/MS il capillary column %ia DB-Wax
polyethylene glycol (60m x 0.25mm x 0.25um, Agilent Technologies, Redwood, CA) uag

1A304157999 quadrupole mass detector @UMANNITUENANTANTIUIIN 28 §a 200 BIFN-

wadya Asnsnaifiutuvesgugil 10 °CU/min anasuvesunamsszmelinduldanndsny
MsnseduBlannsey (electron ionization, EN # 70 eV msszyvdaansszveliindulag
LU%EJULﬁEJU“ZQJ’a%a retention time Wag mass spectral data ﬁi@’fﬁ’ugmsﬁaga National Institute
of Standards (NIST data) Wags1891uARYll Kovats index vesansuiaswin USunauduivg
(peak area relative) vesasszwmelnaufuanSouiisuiuildfrvesansyiinduafuans
1nsgiunely  (cyclohexanol)  TenumUSinaduinglagihaindsvesiinuduinsves
fhetriinszy (FiRudeuuniize) FnauaneadsvesUiinaduinsfogismuny

3.9 AAszianesdn viinismaans 3 9 laefaufsiuindeyansyaieuuund (normal
distribution) 39319uKUNTITBWUUENENYTH] (completely randomized design: CRD) 1teya
AldlUAnTgiauuUsuTn (ANOVA) uaziUSsuiisunuuanisuesaindslagds Duncan’s

New Multiple Range Test (DMRT)



37

uni 4

NAN15IY

4.1 n1sAnwrdadefifinadenisiaiayuaznisadralusiluandseanatsusnivad
(extracellular proteinase) ¥@4 Virgibacillus sp. SK37
nMsiezisdauarUsinamesnseesiluludainsdnusie (feunseIeuemsiasade)
wunsaexdly lysine VsinaunniianAndudosas 26.12 vesUlmnansnezdluivun luvned
leucine, phenylalanine, histidine, glutamic acid Wag tyrosine nuluvSunaAnduiesay
10.39, 9.55, 9.20, 8.60 WAy 7.32 AWEIFU (A15199 4.1) niusdlgAnuntladeifinasenis

WwigaznsaslusAluandanneuanaaues Virgibacillus sp. SK37 wWuil

A15199 4.1 sianazUsunnveansnosdlululaingdnwis

Amino acids mg/100g %
Alanine 1,455 3.0
Arginine €300 0.01

Aspartic acid 1,884 3.8
Cystine <5.00 0.01

Glutamic acid 4,216 8.6
Glycine 1,332 2.7
Histidine 4512 9.2

Hydroxylysine <5.00 0.01

Hydroxyproline 59.43 0.1
Isoleucine 2,953 6.0
Leucine 5,093 10.4
Lysine 12,808 26.1
Methionine 1,146 2.3

Phenylalanine 4,684 9.6
Proline 1,269 2.6
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A15199 4.1 vianazUsunuveansneslululaingdnwi (so)

Amino acids mg/100g %
Serine 416.60 0.9
Threonine 597.05 1.2
Tryptophan 809.12 1.7
Tyrosine 3,588 7.3
Valine 2,201 4.5
Total amino acids 49,038 100

4.1 NARBNISLISEY

YSunawuanisendddasudulunndiegiaweanisfinyidussunn 6 logCFU/mL a1nua
= ' v v = = ° 1% a N YR .. .

nsAnwInUd Anudntulshunaslsninarinlin1sasyvesuATisaewus Virgibacillus
sp. SK37 anas (P < 0.05) (m1519% 4.2) Ieeluaniizniesndiaulusimisideauds AM d1uu
wuATLS8NdFInanasan 7.76 logCFU/ml  fimnuitudulaiiounaslsa 10% wde 3.37
logCFu/ml Aimnududulaifvunanlsa 27% wuneanulusinisideaids FH AduiuluaiiEe
anasaIn 7.35 logCFU/mL @e 3.63 logCFu/ml wanainilatnnan1snaasdanalainan pH 9
LTUTANUENRUSAUNTIRS QBILUATLSY

HAN1IANYINUTT wuaTieaewug Virgibacillus sp. SK37 wa3gyluannieniloandiau
AnInantazdlidenndiau (m15199 4.2) Tneriniiansanainnisasglusimisideads AM u
Aanudutulgifsunaslsd 10% snuinduiuwuafisenddinluan1ieidoandiaugeni
annefldfieandiauuszaia 2 logCFU/ml Tuaaginuaiuuanmgeg19unlueinisiae e
FH 9INUAMULANANYBITIUIULUATIBNRTInUSZ 8 5 logCFU/mL

& = i Ao a =1 & A a & !

wena1nil Nan1sAnwINUINlUANIETdeeNTLAN 91vTABTe AM NHlUSAUTULRAY
Lulpsiaundndaaiunisasyueswuaiiseansiug Virgibacillus sp. SK37 laalndiAesivams
\Heae FH Ninsmeziiludasviluuvadlulasiaunan (15197 4.2) uamnfansantuaniizilal
floonTau FaduannefinisiasyveswuaiiSenuihnaneiug Virgibacillus sp. SK37 Lifidn 9z
=1 1 c’l’ dy 1 a a a a [ v 6 . . .
Wiulidnemnsiaestio AM a1ansaduasunisias e uAfi s anuLANaeug Virgibacillus sp.

SK37 la@nInevnsiaeantie FH
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NansITENUI feududuveslafiounaslss 25% nsifiutuvesUSinalulnsiay
Heunluemnsideade AM Lifinaduasunisasyvesuuailiieanewug Virsibacillus sp. SK37
(715747 4.3) Imamm‘%igsuaqLwﬂ‘ﬁL’%ﬂﬁﬂ'%mmluimwuﬂgwmﬁ 0.1, 1 way 2% Trlaianeng
fue > 005 wiluannefienududuvedaionlaaolsd 10% wuimsifistuves3unn
luimwuﬁy’mmmﬁmaﬁiamiw%mmaaLLUﬂﬁﬁ&Jawﬁuﬁ: Virgibacillus sp.  SK37 (P < 0.05)

wenINUUIINHANTIIMAaeLTenY NuIYeuMgll 30 uar 40 sargalsalinasenIsIaTey

v
v A=

903 Virgibacillus sp. SK37 \ieaidnies n153dedifwujadinuiionmgll 35 ssmiwaides

4.2 nasanisas1susfluanatennnlgusnYas

nsadelushiuandisannieuenead veawuaiise Virgbacillus  sp.  SK37 §
anuduiusiunsasey e dunaldinfisiuiueadifidin >7 logCFU/ml azanunsansiadn
Aanssuves  TWsRwandieannieuenaadld (919l 4.2 waz 4.3) Feanneiinsranuianssy
volUsRua-ndeanneuengadie annsiifoandioy wasanududureseioyaaslsis

(10-15%) wuaillSenuANaieiug Virgibacillus sp.  SK37 linunisad1slushiuanasenn

meuenwadldnannzilifoondinunazaududuveslufonnaslsrgs (>20%)

wonaninanisinwdmudn Buadulaseuiinaannisnsadclusiuadindsesn
ABUDNIYAAURILUATILTY Virgibacillus sp. SK37 (P < 0.05) ﬁﬂﬁﬂ?ﬂﬂ%@ﬂl@ﬂLLUﬂﬁL%EJLﬁ%JQﬂ%u
(P < 0.05) (A51971 4.3)

4.2 msanwelauazUSunaduinsvasanssemelinaufindnann Virgibacillus sp. SK37
ansAnuTianazUnadivdvesmsssvelinduindnannuuaiiSonuduaoiug
Virgibacillus sp. SK37 luamsiasade AM waz FH wuiianssemelinaudinsaanusuunls
Ju 5 nquédndry leiwn alcohols, aldehyde, acids, sulfur-containing compounds Wag
nitrogen-containing compounds vazflasszmelindungs ketone wuldluuTunaidnifos

a1

duans phenol 1A ordor threshold ga31n (Giri, Osako, Okamoto, & Ohshima, 2010) 34

'
o w 1 a

gnalufiunumdrAgsienausaludiual (19199 4.4, 4.5, 4.6)
Hansasziasseirelindauiinanannuuafisenuanaenug Virgibacillus sp. SK37
lugmsideante AM w annegndeandiau Anululsunags Gunldnsvdusivg >10) fe 2,5-

dimethyl-pyrazine, benzaldehyde Lag phenylethyl alcohol Iﬂamimmﬁﬁuuﬂﬁuaﬂ
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Uhinuaadlerududulufounasladfgeiu (msed 4.0) Tusnefiluanmeilifesndiouny
anssvmelinavlusinasuasiiiios 4 wfauidu fo 2-methylpyrazine, cyclohexanone,
1-cyclohexyl-1-butanone waz phenol Feswuianz a Anuudulaieunaslss 109% Wiy
(1571971 4.6)

namsiasedassevelinauluensdsnte FH luannsfidesndiau nuanssume
Iﬁﬂéu‘ﬁﬁ’]ﬁiyﬁa 3-methyl-1-butanol, 2,5-dimethyl-pyrazine, benzaldehyde, 2-
methlbutanoic acid, 3-(methylthio)-1-propanol uag phenylethyl alcohol (M157471 4.5)
Wusafuemsiasade AM Ae luanneiilifioendiaunuassemelinaululsnamuasd
iws 2 sl Ae benzaldehyde way phenol (A15797 4.5)

Vsinadlulnsuiamusluemsideade AM luannsifloondwuiinasesiauazusuna
yosanssemelyinauiindnlnonuafiSonunaeius Viribacillus sp. SK37 wuinanssemeli
nauddfitusinanfistudloduanududululasuiomnluemsideads fe dimethyl
disulfide, 3-methyl-1-butanol, pyrazines, 3-methylbutanoic acid, 3-(methylthio)-1-

propanol kag phenylethyl alcohol (157971 4.6)



M990 4.2 wavesAuutulsfvuraslsaianzNduazlideendiausenisiasy mMsdsuwtasen pH laznsaslusaluaues

wumiltse Virgibacillus sp. SK37 Tuomsiasade anchovy medium (AM) wag fish acid hydrolysate medium (FH) fi3una

Tulasiunmunduduiosas 0.1 Uniigamgil 35 asevaided

Condition NaCl (%) Anchovy medium (AM) Fish acid hydrolysate medium (FH)
pH logCFU/mlI Proteinase pH logCFU/mi Proteinase
production production
(mU/ml) (mU/ml)
Aerobic 10 8.24 + 0.09° 7.76 +0.01° 0.35 +0.07° 8.01 + 0.01° 7.35 +0.09° 0.14 +0.02
15 8.27 +0.18° 7.70 £ 0.02° 0.16 +0.02° 7.99 +0.07° 6.30+0.13" nd
20 7.03+0.38" 6.04 +0.88" nd 7.58 +0.28° 6.47 +0.49" nd
25 6.70 + 0.06" 3.43+0.02° nd 7.14 + 0.06° 3.36 +0.09° nd
27 6.74 +0.01° 3.37+0.23° nd 7.16 +0.09° 3.63+0.09° nd
Anaerobic 10 6.86 +0.03 5.62 +0.35" nd 7.16 +0.01° 242 +0.17 nd
15 6.76 +0.13 456 + 0.08° nd 7.08 +0.01° 2.44 +0.10 nd
20 6.86+0.01 3.76 +0.75%° nd 6.82 + 0.01° 2.89 +0.98 nd
25 6.89 + 0.15 3.30 + 0.06° nd 6.80 + 0.05° 3.30 + 0.06 nd
27 6.77 £0.18 3.54 +0.02° nd 7.24 +0.01* 3.39 +0.07 nd

Average of initial pH of AM and FH media was 6.78 + 0.13 and 7.05 + 0.20, respectively.
Average of initial bacterial count was 5.73 £ 0.41 logCFU/ml.
Incubation time of sample containing 10-20 and 25-27% NaCl was 10 and 15 days, respectively.

Means =+ standard deviation

Different superscript letters in a column indicate significant differences (P < 0.05).

nd means not detected.

17



A1919% 4.3 wavesUSinalulaaunmunnenisiatey nsldsullasan pH waznsasslushtuaveswuaditge Virgibacillus sp. SK37 Tu

913488948 anchovy medium (AM) NiivSunadaisunaslsaduduiovas 10 way 25 Uuiloamall 35 asmwadva neldaniiend

29NTLAU
Total nitrogen 10% NaCl 25% NaCl
(%) pH logCFU/mi Proteinase pH logCFU/mlI Proteinase
production production
(mU/ml) (mU/ml)
0.1 8.22+0.10 7.29+0.12° 0.25 +0.01° 6.71 £ 0.01° 3.62+0.06 nd
1 8.19+£0.04 7.66 +0.22%° 0.08 +0.01° 6.45 £ 0.01° 3.78£0.07 nd
2 8.05+0.04 8.03 +0.13° 0.05 + 0.03" 6.56 + 0.01° 3.63+0.22 nd

Average of initial pH was 6.60 = 0.12.
Average of initial bacterial count was 5.20 £ 0.72 logCFU/ml.

Incubation time of sample containing 10 and 25% NaCl was 10 and 15 days, respectively.

Means * standard deviation

Different superscript letters in a column indicate significant differences (P < 0.05).

nd means not detected.

4y



A15197 4.4 silanarUsunaduimsvesanssemelindulue msiasadie anchovy medium (AM) Aifluuaiilse Virgibacillus sp. SK37
WinAuntuleReunaalsn (10-27%) Manisiivaylifioandiau a USunalulasauimvaadudusosay 0.1 Uuigamall 35 a3

walded, pH 7

Relative peak area°
RE | RI° Compound Aerobic condition Anaerobic
condition
10% | 15% | 20% | 25% | 27% 10%
Alcohols
1153 | 1149 | 1-Butanol nd nd nd 0.118 | 0.055 nd
1215 | 1206 | 3-Methyl-1-butanol 1.718 nd 19.996 | 0.263 | 0.194 nd
1350 | 1353 | 1-Hexanol 0.178 nd 1.025 nd nd nd
1484 | 1484 | 2-Ethyl-1-hexanol (1-Hexanol) 0.531 nd nd nd nd nd
1555 | 1565 | 1-Octanol 0.949 nd nd nd nd nd
1877 | 1872 | Benzyl alcohol nd 0.851 nd nd | 0.300 nd
1910 | 1903 | Phenylethyl alcohol 10.812 | 9.710 3.824 | 0.052 | 0.220 nd
Aldehydes
1382 | 1388 | Nonanal 9.970 | 0.405 nd nd nd nd
1514 | 1515 | Benzaldehyde 90.388 | 163.131 | 1.986 | 0.175 | 0.843 nd
Acids
1540 | 1531 | Propanoic acid 1.608 nd nd nd nd nd
1570 | 1581 | 2-Methyl-propanoic acid 4.432 nd nd nd nd nd
1676 | 1680 | 3-Methyl-butanoic acid nd nd 1.078 nd nd nd
1859 | 1849 | Hexanoic acid nd nd nd nd | 0.124 nd
Sulpur-containing compound
1593 | 1593 | 1-(Methylthio)-3-pentanone 1 0437 | nd | nd [ nd | nd | nd
Nitrogen-containing compounds
1265 | 1263 | 2-Methyl-pyrazine 7.345 3.856 nd nd nd 0.227
1321 | 1323 | 2,5-Dimethyl-pyrazine 84.977 | 57.484 | 1.895 nd | 0.720 nd
1385 | 1388 | 2-Ethyl-5-methyl-pyrazine 8.382 | 3.374 nd nd nd nd
1458 | 1455 | 2-Ethyl-3,5-dimethyl-pyrazine nd 0.381 nd nd nd nd

ev




a4

A19197 4.4 vilauazUTunuduivsvesassewslinaulue1misideate anchovy medium (AM) Nflwuaiiisy Virgibacillus sp. SK37
WA tuleieunaslsn (10-27%) Hanneiuaylifisondiau o YSunadulasiunmuaduduiosas 0.1 Uufigamail 35 a3

wawed. pH 7 (s)

| | Relative peak area®
RI? | RI° Compound Aerobic condition Anaerobic
condition

10% 15% 20% | 25% | 10% 10%

1473 | 1464 | 2-Methyl-5-propylpyrazine 0.863 | 0.525 nd nd nd nd

Ester

1702 | 1695 | Cyclohexyl hexanoate | nd | nd | nd [ nd |0487]| nd

Ketones

1283 | 1282 | Cyclohexanone nd nd nd 1.045 | 0.077 0.040

1982 | 1984 | 1-Cyclohexyl-1-butanone 0.377 nd 0.421 nd | 0.456 0.221

Furans

1453 | 1447 | 2-Furancarboxaldehyde (Furfural) nd nd nd 0.327 | 0.499 nd

1656 | 1659 | 2-Furanmethanol nd nd 0.048 nd | 1.383 nd

Other

1997 | 1996 | Phenol | 0743 | nd | 0502 | nd |1.420 | 0.442

®Retention indicates calculated for DB-Wax column using n-alkanes as standards.

"Retention indicates for DB-Wax column were reported on web databases http://www.odour.org.uk/Iriindex.html or
http://webbook.nist.gov/

“Values represent the relative area under peak area of any compounds against that of internal standard (cyclohexanol)
nd, not detected or the difference in relative peak area between sample and blank was zero.

2%




A15199 4.5 wilalazUsunauduimsvesarssewlindulusmsideade fish acid hydrolysate medium (FH) fiiuadiise Virgibacillus
sp. SK37 wsgyimnudutulsifeunaslse (10-27%) Naniziuaslifioandau o YSinalulasinunmunduduiosas 0.1 uilgaumgll

35 peANwaLyd, pH 7

Relative peak area’
RI RI Compound Aerobic condition Anaerobic condition
10% | 15% | 20% 10% |  15%
Alcohols
1160 | 1149 | 1-Butanol nd nd 0.576 nd nd
1214 | 1206 | 3-Methyl-1-butanol 56.018 211.628 128.371 nd nd
1350 | 1353 | 1-Hexanol nd nd 3.097 nd nd
1554 | 1565 | 1-Octanol 0.652 nd nd nd nd
1877 | 1872 | Benzyl alcohol nd 4.339 2.433 1.584 nd
1911 | 1903 | Phenylethyl alcohol 92.938 106.947 nd nd nd
Aldehydes
1381 | 1388 | Nonanal nd 0.565 nd nd nd
1514 | 1515 | Benzaldehyde 14.071 190.958 nd 0.689 0.298
Acids
1570 | 1581 | 2-Methyl-propanoic acid 0.827 nd nd nd nd
1671 | 1666 | 2-Methyl-butanoic acid 5.829 2.691 0.690 nd nd
Sulpur-containing compound
1716 | 1715 [ 3-(Methylthio)-1-propanol | 2438 | 4108 | 2305 | nd | nd
Nitrogen-containing compounds
1265 | 1263 | 2-Methyl-pyrazine 4.265 6.360 0.906 nd nd
1320 | 1323 | 2,5-Dimethyl-pyrazine 64.773 88.708 17.661 nd nd
1343 | 1335 | 2,3-Dimethyl-pyrazine 0.757 nd nd nd nd
Ketone

1284 | 1282 | Cyclohexanone | nd | nd | 0409 | nd | nd

SY




A15719% 4.5 vilauazUSunauduivsesanssemglinauluemsifeade fish acid hydrolysate medium (FH) fuua7ise Virgibacillus
sp. SK37 W@suianuiiutuluifeanaslsn (10-27%) Nanneiuazlifinon@iau s Usunalulasiauiauaduduiovas 0.1 Uuiigamad

35 pIALYALTYE, pH 7 (M)

| | Relative peak area"
R | RI° | Compound Aerobic condition Anaerobic condition
| | 10% | 15% | 20% 10% |  15%
Others
1961 | 1961 | Benzothiazole 0.671 0.690 7.610 nd nd
1997 | 1996 | Phenol nd 1.222 0.371 0.320 0.140

®Retention indicates calculated for DB-Wax column using n-alkanes as standards.

"Retention indicates for DB-Wax column were reported on web databases http://www.odour.org.uk/Iriindex.html or
http://webbook.nist.gov/

“Values represent the relative area under peak area of any compounds against that of internal standard (cyclohexanol)
nd, not detected or the difference in relative peak area between sample and blank was zero

v



A15197 4.6 viauazUSunuduinsvesasseinglrnauluemsideade anchovy medium (AM) AfiUSunalulnsiauiauaudusos
av 1 way 2 wasiuuailsy Virgibacillus sp. SK37 Wigiianudutulafeunaslsd (10 uag 25%) Nanignieandiau Uuigamgil 35

D9ANYAYd, pH 7

Relative peak area°
RI? RIP Compounds 10% NaCl 25% NaCl
1%TN | 2% TN [ 1% TN | 2% TN

Alcohols

1213 1206 | 3-Methyl-1-butanol 37.466 112.299 nd nd

1349 1353 | 1-Hexanol nd 1.213 nd nd

1553 1565 | 1-Octanol nd 8.987 nd nd

1910 1903 | Phenylethyl alcohol 117.857 122.607 nd 0.587
Aldehydes

1282 1287 | Octanal nd 1.368 nd nd

1379 1388 | Nonanal nd 1.856 nd nd

1514 1515 | Benzaldehyde 2.784 nd nd nd
Acids

1569 1581 | 2-Methyl-propanoic acid 18.003 16.323 nd nd

1666 1680 | 3-Methyl-butanoic acid 90.005 94.407 0.540 0.409

1859 1849 | Hexanoic acid nd nd 0.730 nd
Sulpur-containing compounds

1067 1065 | Dimethyl disulfide nd 3.179 nd nd

1593 1593 | 1-(Methylthio)-3-pentanone nd nd 0.040 nd

1716 1715 | 3-(Methylthio)-1-propanol nd 5.156 nd nd
Nitrogen-containing compounds

1264 1263 | 2-Methyl-pyrazine nd 0.750 nd nd

1319 1323 | 2,5-Dimethyl-pyrazine 42.202 29.769 0.068 nd

1325 1319 | 2,6-Dimethyl-pyrazine nd 2127 nd nd

1384 1388 | 2-Ethyl-5-methyl-pyrazine 7.833 7.847 0.062 nd

1439 1455 | 3-Ethyl-2,5-dimethyl-pyrazine 17.294 72.660 nd nd

1457 1455 | 2-Ethyl-3,5-dimethyl-pyrazine 7.781 17.228 nd nd

LY




a

A15199 4.6 vilauarUSinaudurinsvesansseimglinaulueimisideste anchovy medium (AM) AiUSunalulasiaunavuadutusovas

'
a

1 uag 2 uaglluuaiiisy Virgibacillus sp. SK37 @3gyiimnududulaiisunaslsn (10 wag 25%) anneiidesndiau Yunaumgl 35

9ALaLded, pH 7 (7p)

Relative peak area®
RI? RIP Compounds 10% NaCl 25% NaCl
1% TN 2% TN 1% TN | 2% TN

1472 1464 | 2-Methyl-5-propylpyrazine 3.800 7.326 nd nd

1510 1497 | 3,5-Diethyl-2-methyl-pyrazine nd 4571 nd nd
Ketones

1149 1153 | 2,3-Heptanedione nd 7.262 nd nd

1283 1282 | Cyclohexanone nd nd nd 0.392

1593 1599 | 2-Undecanone nd 2.204 nd nd
Furans

1453 1447 | 2-Furancarboxaldehyde 3.252 nd nd 0.550

1656 1659 | 2-Furanmethanol nd nd 1.182 0.322
Other

1997 [ 1996 [ Phenol | nd | nd [ 0404 [ 0404

®Retention indicates calculated for DB-Wax column using n-alkanes as standards.

PRetention indicates for DB-Wax column were reported on web databases http://www.odour.org.uk/Iriindex.html or http://webbook.nist.gov/
“Values represent the relative area under peak area of any compounds against that of internal standard (cyclohexanol)

nd, not detected or the result of subtraction was negative.

8b
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unil 5

A3UNAN3I8 2AUTIUHEA LazUalauauuL

5.1 n1sAnwrUadenlinananisiasyuwaznisadralusfiuanuasaanaisuanigas

(extracellular proteinase) %auwaﬁﬁwu;ﬁumaﬁuéj Virgibacillus sp. SK37

NnimguszasdvesnIdeyadufnuntadeiinaseatrsanssavelinauluuuaiiSeny
fanesiug Virgibacillus sp. SK37 dapnuanansalunsaiisansssmelinaueadianuduius
funisiasguazauausalunsuanTushuaindiesnaieuenwad eselunuiduneu
%11 Lapsongphon, Cadwallader, Rodtong, & Yongsawatdigul (2013) la@nwiaauainisalu
msaisanssumelinduvesnuafiionuduanoiug Viribacillus sp. SK37 luszuunisnsin
dhuansesiu laboratory scale Tuannymsminlivassie Annududulaiounaslss 15 wa
20% szEzaInEniin 90 Yu unasuiilddsaviieunnuanunsalunsaimsszmelinauly
anTensuineusIsHA o antizanUSnaluieunaslsd (reduced salt) Aifinsudstuvie
duasUNITRTYTENINAUTIRUATISEnaInTATeaIeNug lussuun1Ivdn Jedsalivedndnlu

1

A1 UtEdIANaINIsalunisasisatssevrelndulanigf vl UATIS sNULALA 8 WU S

]

asy o o A

Virgibacillus sp. SK37 Usenauniulunsfingissuunsmdnanusssugnadvedninisaanisnivay
Vnallmiieunaslssludinveanan (drained liquid) meluszuumin iosanysunaniilélu
nmsaraeledeunaslinegnieluiivan vilvwidiaulaweunaslsaluuSunaliviniu Ay
Wuduredlgifsunaslsnluresnailussuuminagiiailndlfssiu

Tuenideiteinuningsy msadslushandoonmeueniaad wazauauselu
nsafanssemelinduvesnuaiiGenuduansiug Viribacillus sp. SK37 lussutemmaiass
Fovaeade Tadenlduanedndadutngiundnlunisuantinl ansdeufuemaisade
dieliiannznsasglndifestuaniznisminausssund nswieuvainednuis 1
wanfu wasluieumaslsilulsunaiisiun (10-27%) Bonemmsdeateviaiiin anchovy
medium (AM) Tagfuuaanadudululnsiousiemn (total nitrogen content, TN) luaims
Foaded 0.1, 1 way 2% adurildannnanisisoidesdu (preliminary results) wuin Ay

Wudululasiaunmualuomsideatisf 0.1% Tuowisiaeadis AM uAvunsauRansasey
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warn1sas1elusAiuanieusniwadues Virgibacillus sp. SK37 uag@dl 2% TN 1JuuSunud
TnatRssiunsudnivanlusyegisunu

X aw & v ' ! A a a
UDNITAUITNNANTITIIVYULUBDINUY 'W‘U'J']LLWﬁQIUIﬁﬁLQUVI@giugﬂiﬂifﬂuamLaﬁ]aﬂqw

LY
'

I a 1

535UA (denatured proteins) wazlushungnegesaans (hydrolyzed proteins) danon15iaTey

Y

[ v 6

uaymsalUsiiuaneueniwadueaLuaiSenudnansiug Virgibacillus sp. SK37 senaiina
femnuaLnsalunsassEnssamelindy udseisunienvainzdnutdossansalanse-
Aaa3n (hydrochloric  acid) iegesaaslilusiulutansdnuiavasuiunsneziludase
(free amino acids) Ywseduommsiasatesedinswuierfvemsiasats AM Son
9N3¥IRLN fish acid hydrolysate medium (FH) Foduunadlulasiauidnulunuddondd
39l 2 sUwuuiinalulsiausiiude suluulUsAu (protein form) wazgunuunsnesily
dase (free amino acid form)

MeAeszsiauazusunansaesiluludainsfnui (115199 4.1) wandliiduinlan
NSANWITINUSUN lysine, leucine, phenylalanine, histidine, glutamic acid, tyrosine, Wag
isoleucine g3 Antdudosaz 26.1, 10.4, 9.6, 9.2, 8.6, 7.3 uaz 6.0 aua1siu MnIeuiisuiu
siiauazUSnansnoziluluivamsinnisnisi (commercial fish sauce) AldUarnzdnidu
Sngiu nuiwieuazTunansesdluinulusSmnagsezdwidaantainsdn ausisaures
Yongsawatdigul, Rodtong, & Raksakulthai (2007) wu11 glutamic acid, lysine, aspartic acid,
glycine ua¥ threonine Tuidamsimnensdnilantesay 205, 103, 11.0, 62 uag 5.1
auddu Tnensaeziiluyin elutamic acid, aspartic acid wae threonine Smduansusznavil
Tvisau1@ (taste-active components) Iuﬁjf”lﬂa’l (Park, Watanabe, Endoh, Watanabe, & Abe,
2002) FensnozdlutsarnedadnuldluiiugeluivarfiduwuafiFonuduaeiug
Virgibacillus ~ sp.  SK37 wazmimindanduszezinan 4 Wewwuiieaiu (Yongsawatdigul,
Rodtong, & Raksakulthai, 2007) ﬁaﬁmmqﬁﬁuﬁmLLazﬂ%mmmmzﬁiﬂuﬂmmzﬁnLLawfwﬂm
winmemsiiiauuendneiy Wesannsiesssivinuezdinansaesiluluivandunis
Wpseanstugureavatainnisuin (drained liquid) 3adunasinvesnsnesiludase/wllng
flazaneglushaingdn waznsneziludasz/dlndiignuanydesesnuiainlaseas 1sldsiu
osUanziinanfanssnlushuanisludiuaies (endogenous proteinase) waz/wiolusaiu
annuuaiiselussuunmamin Tuvagfinissenuadinssilulainednuiazuansdunaly

Tnuuimualuglazatewazliazaleun (soluble and insoluble nitrogen) gty Feuandly
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FuimianaruBinansneriluluomadsade AM (919 4.1) Falallgansluguuuy (form) 4
wuATiSanuaNaeiug Virgibacillus sp. SK37 anunsanluldlunisinsynioadvansseimeli
naulgviud

TuragiinanmshngisiauazUinnaunsnesiluluvainzdnuiafnas (s1ef 4.1)
wagvieuviauazdadiunsneyilufiuuaiiSenufuaeug Vigibacillus sp. SK37 @1nsa
lililunsesyrdeasiassamvelinauldluemsidsade FH Swaunsaldlaiud desann
oMTaENTe FH wisunnlainesinuiefiiiunstdesaanailunsnosiludassuds aeaslsh
mudndunsnesiluusazedaluomsidesde FH onaflanuaainndeusinuanisins el
asedt 4.1 16 ilesssluszninenisgeslainzfnuisiensnlensenassn slutamine uwax
asparagine ©19LAURA3871 deamination ety glutamic acid uwag aspartic acid Mmu&a1U
1A59a519%04 threonine wag serine lladesnnelaanenisgesmense (geydeussunn 5-

10%) wagnsinuf)iseean@induves methionine (Pickering & Newton, 1990)

5.1.1 HafaN13LITLY
nsAnvnavesUsinaleieunaslsd annieiiduarldfionnie wazeievesemsides
Ls??a@iamsl,aﬁzyﬁuaqLwﬂﬁﬁwmﬁumaﬁuﬁj Virgibacillus sp. SK37 (mimﬁ 4.2) Tuenidedauil
Indenldvauiuinanning (diameter 3.6 cm, height 3.5 cm) WlomaniiafuRadudaniu
pendaueteTmsiisateuasinualannsiiflonneie anasiinaisindoiuardsvinud
Aoadelugimede lurneilannedlifonniafe annzfdsadely anaerobic jar luging
e Tatlilemununsduiatussriagaduuafifenazansosluomadsadeliisan g
warlsifieendauluseiuiiviiu Swandomnseiwasmnsdssdeluannyiidesnday
Ha9INNTANYINUIIANUTNTUlYRsuaaelsalnainlinSIaS Yo UATIL BN ULAN
ya al a

anewug Virgibacillus sp. SK37 anas (P < 0.05) (A137971 4.2) Tesuuaii3eiasalsffigniiay

q

Wuduliieunaslsa 10% wagnisiasyaranasmunsiiniuveluifeunaslss eg1glshiniu

A a dada A

fananuunupiseniTInnsyavlansunaslsidudugs (25-27%) Ussaa ~3 logCFU/ml Wa
fananuansinuasvesuuadiFovuidy (halotolerant bacteria) GsUnfuuafi3enuiAsas
Wildlugnanududuluieunaslsdfinine (1-33%) viseraasaldaniedliilodou-
Aaalsanle (Siddikee, Chauhan, Anandham, Han, & Sa, 2010) Sinsuwan, Rodtong, &
Yongsawatdigul (2008b) s18a1u3 b UATI ENUANEIBWUS Virgibacillus sp. SK33 Fauduane

I s

WWSNLNALABIA Virgibacillus sp. SK37 wunsiisuvedwadndaninainduiulalaiisusiu

]
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(~4.8 logCFU/ml) Watmzideadeluanisiiesndiaunaslafeunaslsn 0-15% luvued
AUTNTULELAEN (20-25%) Asnutgaanidiauainuiulaladainindruiulalalisuiu Jua
fanandenndssiunainulusuiIdell Yongsawatdigul, Rodtong, & Raksakulthai (2007)

WUINsSYTesLUAT ENUANENBWUG Virgibacillus sp. SK37 lunsuinuniuaiazanadain

$runlaladiSudiu (~5 loeCFU/mU) wdauszuna ~3 logCFU/ml ileruszezinainisndinly
4 o

Nan1sAN®INUIT wupdliSenuAnanewug Virgibacillus  sp.  SK37 W3gluaneid
gendiauldfninanneilifioondiau (P < 0.05) (15199 4.2) \esanuuaiiBeanansaasyld
fisluannediduaylaifioandiou Fedneglungu facultative anaerobes Fsdufiwgildinisiaiy
vosnuATonudnanewug Viribacillus sp. SK37 Tumsuiintuanaewulduinuinafiani
yoamsnn Fsdunaldannisaigluewnaisaie FH w anneiifoandiau AWNUANUYUVDY
pnsiABatouinaRminnnIUTnud UL T

uenanikan1sinyinui enadiende AM duadunsiyvesuaiiGenuiuae

v 6

WU Virgibacillus sp. SK37 launnnitenmisiaedide FH (115199 4.2) unaslulasiaulueinng

]

[ (%
a =)

Aeade AM dndvgeglusulusiuvesuaingdin JaduanneifieuidssiuaniozFusfunismin
i Tuariiomnsidsade FH waslulnsaufonsaeriludassiigesaansnnvainysn gl
anmzadefutisinevesmsndnivan wansliiiuiwumeansldlsslenianuunaiiSeny-
Auanewus Virgibacillus sp. SK37 Tumsuiintivan enafinnsanldlutiaiuduveaniswiin
dosniduannesfiuuafideaiaguazerafiunuvmlunisudnlduinndd ﬁqﬁa%mumﬁﬁ&ﬁ@
Ierluemsdsndeiilusiuduunadulnsau eraileswin Virgbacillus  sp.  SK37 1fu
wuafiienuduanewuiiddnennlunisndalusfiuanslusfuandsoonnsuaniead
(Sinsuwan, Rodtong, & Yongsawatdigul, 2007) wazlusiuanduusnuinveneas (cell-
bound proteinase) (Sinsuwan, Rodtong, & Yongsawatdigul, 2012) @IUNANITIALUDI
Lapsongphon, Cadwallader, Rodtong, & Yongsawatdigul (2013) wua1 Virgibacillus sp. SK37
funumlumsgesaanelusiulusswinsmsndninan a arududulsdounaslss 15% 16
Tugae 30 Suusnvesnsvidn wimendaniunmsgesaaelsiuasintuetedig
NNHaMIRTUeILUATIT AN ETiug Virgibacillus sp. SK37 (i34l 4.2) uditn

(% s

AUNAIINITATYVDILUATILIBTAUFUNUSAUNTNLTUVDIAT pH  TaelilonI2anudIuIu
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N a ada

wuediFeufiutu agnue pH fingaty lususdimnlinunsfisluresinuuuediFeidsie
fin pH mendenisunaglndidissiuin pH Bufuretemsdsnde uandiifiuiuuaiiGoans
Wug Virgibacillus sp. SK37 aghana1suseanadluseninanisiasy 819ns1swraemsaIu
Tngfluemsdeadene Tusiuvtensnesiludase WowuailSedosamelusivasnanaswm-
uelayl (metabolite) win ammonia vilsiA1 pH Lﬁmﬁumumm%cﬁqﬁu

5.1.2 Hasan158319lUSAUANEIBaNAEUBNYAR

nsAnwwaveslSinaluiounaslss  annsitiuegliiionnd warvdavesomsiass
derenmsasialushiuandseanneusnisadvesuuadiSevuiuaeiug Viribacillus sp. SK37
(3197 4.2) I8 denldansdiudunsivifie Suc-Ala-Ala-Pro-Phe-AMC 1iiesansiesiseves
Sinsuwan, Rodtong, & Yongsawatdigul (2007) wuiilUshiuandsesnnieuensad
Virgibacillus sp. SK37 fmnusimzianzasiuansiesudansizd Suc-Ala-Ala-Pro-Phe-AMC
Sadulsh-  waidmundiendeiu subtilisin (subtilisin-like) wazansaefuadintinuls
sefanssuvedUsRdnnn s ulssaniUsAuBsUszanas 100 Wi (Sinsuwan, Rodtone,
& Yongsawatdigul, 2008a) 3anzausenisasaaiaianssulusialunised

NaRINNNSANYINUIT MsiiiuTuvesluisunaslsaiinaannisadraddsfuandienn
AeusnwadvesLuAfiiuaewug Viribacillus  sp.  SK37 (151971 4.2) iJuilirdanadn
arannsalunsasiusiuandeanneusnwadvenuaiiedinnuduiusfunisesy e

v 6 a

ANudUNUSAUaNNENTleanTaumas bitleandau Tae luan1ieNilsenBauninUsuialawne

a

ﬂaaiiﬁs‘i’wzwumaa‘%zy,uazmmmiﬂiaLuaga AOARRDINUTIBIUTBY Sinsuwan, Rodtong, &
Yongsawatdigul (2008b) wWu3uwuafiisenuLAnaeiug Virgibacillus sp. SK33 1a3eyuazasng
Tushiuandseanmeusniwadldanianiienududulnfonnaslsd 5% uasiuasnuazainelusi-
\waIzanasmunsiuTuvednieunaslsaluemsiaeate sausiluannzilidernia uwl
Usunadleifenmaslsdagsn (10%) Aezlinuianssuvedlusfiuandseannieueniead e1asdu
NSNS TeLUATIGEanaY o anmeiilifienne
Foduananleanneiiduarlifionnaiinaseasslusiuandoonnieuenieadves
wuaiFeanewus Virgibacillus sp. SK37 laganngitlifeendiauiuanneilimngauiunis

L3 Yuazas N UTALUANAIDDNALUDNLYAAUDILUATILTY 1NNANITIVBAINE1ITI01995U8E

a3 wiglamsvdninvandsdissegnansndniiuiundwdndueie v svdnuiindus insie
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Uiinaludeunasldguuazanngilifeandinu/missendiauuimatiosludmiinivanua
PraonsasgyLazannsasulusAuaussluansslusenIenTmin

MARANTITeNUI wuadiBenuinaeus Virgibacillus sp. SK37 a¥alusluands
penneuenwaslusIMmsasLde AM 1gRniensdede FH (1519l 4.2) Funaldanly
osiasate FH Mleuieunaslsiidudu 10% nusnauwadfiitinlndideaiuomsiasade
AM  windunuinanfanssulusiuasningings sl 4.2) uandifiuiinsaeziludasely
ansiasadeiinalunisanauanansalunisadrslusiiuaveanuniie Viribacillus sp. SK37

a

a9 Kumar & Takagi (1999) naninisduaszshieuludlugdunidentananilomeidoandoly
omsitlunaslulpsiauiiumusledite Wy nsnezily seileraiosan global transcriptional
resulator CodY Fanuludlunves Virgibacillus sp. SK37 aefisneeaiuin Cody wgnNIzAulaY
ﬂimazﬁiuﬁimqa%ﬂ@ﬁ'a (branced-chain amino acid) lawn isoleucine, leucine, Wag valine
Tuemadeade iliegluzuiuu active CodY fnadudamsdnnses permease fivimiindivin
nsneriiluunsyiadngwad wazdudinsdanseilsiaiingoonmeusnwadaeuuaiise
(Belitsky, 2015; Barbieri, Voigt, Albrecht, Hecker, Albertini, Soeneshein, et al.,, 2015,
Barbieri, Albertini, Ferrari, Sonenshein, & Belitsky, 2016) ﬁ’ﬂﬁ?u GlummngsNL%}a FH ﬁﬁ
U311 isoleucine, leucine, wag valine 39913AHANTEAUNTNTUYDY CodY YBLUATILTENY
Auane-wus Virgibacillus sp. SK37 uazéiudansuanlushiuals

5.1.3 navasusunalulnsiay

MnuanTIAaesinwi (1397l 4.2) anneitlifleendiauuazermsidsaio FH Sdlign
FendnwsielunsfnuravesUsunalulasiaudenisiUeuutaen pH n1siaey wagnsada
TWshiuafivdsoonnieuenivad LﬁaqmmﬂuamwﬁlﬁdqLa%:umﬁLﬁ]’%z‘gLLazmia%’NMiaLuawé’q
DONNIYUDNIYARUBILUATIGE Virgibacillus sp. SK37

HaN1TANEINUIT USunalulasiaudlinadauasunisiasyveanuaiitse Virgibacillus  sp.
sk37 luswnsidssdie AM (P < 0.05) (A151971 4.3) donARDe31891UYEe Sinsuwan, Jangchud,
Rodtong, Roytrakul, & Yongsawatdigul (2015) wuanmsiiuangdnuiadudiuuszneuly
omsiissdeinatensiasyveunilse Virbacillus sp. SK37 Mietu (P < 0.05) usiile
nraiatanssuveslUsAluaivasoennisusnisadvesiuniiemuAnaiewius Virsibacillus sp.
SK37 nduniidanas Wevsinallulasisuvesemsidsadowiuty (P < 0.05) (An5197t 4.3)

A0AARDINUNAIIBUDY Lapsongphon, Rodtong, & Yongsawatdigul (2013) WU
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UTuaunndast (yeast sludge) Tuemsiaeaid (0.5-5%) fnalunisiiuszesiian lag phase
a a [ v 6 . . . di{ (% 5 a v dy Y @ 1

YBUATLIENUANAI8WUS Virgibacillus  sp.  SK37 T fatiu a1nnan153deluansliiiugi

Ysunalulesiauluemsidsuidelinanonisiasyuaznisas e lushiluanasesnnguenigadves

wuATSEanewus Virgibacillus sp. SK37

5.2 MsanevdavazUSunaduninsvesaissavelindufindnainuuaiiTenuiananenug

Virgibacillus sp. SK37

5.2.1 msnaAnanssewelvindulunqudanesed

L3

nMsfnwriauaziunuduinsvesassemelinauindnanuuaiienuAuaeiug
Virgibacillus sp. SK37 Tuommsiaeade AM was FH fivsunadulasioududu 0.1% o Ay
dudulmieunanlsdineg (10-27%) wuih emnsiaeade AM luaneiidesndiaunuansszme
Tvindulunga alcohols Uinausnnilgaia phenylethyl alcohol TneuSinmanasmumsifisiy

vasrnUnduvedlaifsunaslss (15199 4.4) wanslsiiiuiinisasne phenylethyl alcohol &

o
] 1

ANUANITUSIUNISIATYYDIRUATIS BaN U Virsibacillus sp. SK37 uanainiganuinluainis
Lgaﬂl,%a FH  #ifleendiaunuusunanisasg phenylethyl alcohol qaﬂdwmmﬂgmﬁa AM
Uszanas 9 wh (m31991 4.5) enaiendesiunsneziludasy L-phenylalanine duduasmas
(Etschmann, Bluemke, Sell, & Schrader, 2002) ﬁwuﬂ%mmqﬂummﬂgﬂaﬁa FH §518979791
phenylethyl alcohol 18uansuszneulsindu (aroma compounds) fiddaludaindes (Lee &
Shibamoto, 2000) TWn&u rose-like odor %ﬂLﬂUﬂ?ﬂluﬁﬁﬂﬁ'@Iu Korean soy sauce (Steinhaus,
& Schieberle, 2007) Giri, Osako, Okamoto, & Ohshima (2010) 51891V phenylethyl
alcohol luthuanlneldnuawnau honey, rose, lilac, spicy wazdien threshold fe 564.2 g/t

1-butanol wuluuSnadesiinrunduduluiieunaslsigs (m51ad 4.4) 1-butanol 1y
mﬂﬁﬂ?{ugu (fragrant, solvent, pungent odor) Fansranulu fish miso, vhvan uay soy
sauce (Giri, Osako, Okamoto, & Ohshima, 2010) wagwuluthdafifuuuediFearsioug
Staphylococcus sp. (Udomsil, Rodtong, Tanasupawat, & Yongsawatdigul, 2015) uaﬂmﬂﬁ
é’fﬂm’;ﬁ]wﬂuﬁwaﬁﬁmﬂﬂé’awmﬂsﬁﬂﬁlﬁuLLUﬂﬁL’%amaﬁué Tetragenococcus halophilus
Huszezina 6 ey fudléingmdusius (Tu cyclohexanol) iy aglugas 0.027-0.029
(Udomsil, Rodtong, Choi, Hua, & Yongsawatdigul, 2011) %QG?WﬂdﬁU%mwmﬁMinwuiu

nsAnwil nalnnsasie 1-butanol Menaududulsheunaslsnas 919NeITaeiURINTINVRY
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oulgdivasnunfisuateiiug Virgibacillus sp. SK37 ﬁﬁ’mmiéﬁﬁmmLﬁifu%’uiezﬂ,aamaaliﬁqa
LAog14lsARINUNUIMYDY 1-butanol Aendusavesinvatenaiiliuinin ilesainen odor
threshold ﬁﬁawﬁwqq (Michihata, Yano, & Enomoto, 2002) Giri, Osako, Okamoto, &
Ohshima (2010) $1891UAY odor threshold W84 1-butanol A 459.2 pg/l

1-octanol wag 1-hexanol Wuiummil,?;}au%a AM uag FH TudSunatey (mswﬁ 4.4)
§451997u91 1-octanol uaz 1-hexanol wuluthvamiesnsdualudsinasi Ssansnsaesds
ﬂ?ilu herbaceous, fatty, green W@y geen, grassy, fatty, leafy ANAa1eU (Giri, Osako,
Okamoto, & Ohshima, 2010) wiiluuaTiSenuANaIeWUg Virgibacillus sp. SK37 fidnaan
wanansszmelvnaulungy alcohols 1 usunumuesanssemelyinaulungy alcohols fons
pousulaesn (overall acceptance) luwansasivandsldfisnenuiividnrieealifinase
ﬂéuﬁﬂﬂmaéwﬁﬁaﬁﬁ% losdnainmsfnenuine odor threshold wesansszinelinay

=

ﬂ@jmﬁ ﬂ'%ﬁausﬂjﬂﬂq& (Michihata, Yano, & Enomoto, 2002)
wenniranITITenuISunansnesiludass (emnsideante FH) (m319d 4.5) uas
Vsinailulpsiouianusluemsideade (115197 4.6) finasenisads 3-methyl butanol Tned
518471477 3-methyl butanol Anannsildsuntamesnsaeziily leucine %qﬁumséﬁy'aé’u
(precursor) la8ASEUIUATT transamination pathway lananSugiAe a-keto isocaproic acid
Induiavasuntacreldidu  3-methyl  butanal wag 3-methyl-butanol TagUAzen
decarboxytion wag reduction ANa1RU IAgRINTTUVRILUATILSY (Smit, Engels, & Smit, 2009)
agalsiaunalnniseadne 3-methyl butanol luwuafiSenuauaneiug Virgibacillus sp. SK37
galufinsfnwunnew uidulvguldiuuefiSenuduanaiug Virgibacillus sp. SK37 fveulesl
lungy intracellular exoproteinase fanunsavanuasensnesiily leucine Thdudaszenn
Tasaafrauulng (peptide) I wardissuunsnualesmnesuiossuurudansnezily leucine 7
LﬂuﬁaizmauaﬂLezjaétfﬁ"]gimsf[,uL%aélﬁaLﬁmm33%’1\‘1?1'1333mﬂﬁﬂ?{uﬁmmﬂéf Giri, Osako,
Okamoto, & Ohshima (2010) 57847431 3-methyl butanol daduansusznaulsinaudid Aty
(primary oder-active compounds) Tuthuan Tnelidnuwasnau racid, pungent, balsamic Wag
Huansiifien odor threshold o1 (4.0 pg/)

5.2.2 mandaasseielvindulungudaslan

arsszwelindulungudadladdnluarsniinnuddglundndusdionnisiosninen

s

odor threshold ﬁﬁh&‘l"’l (Giri, Osako, Okamoto, & Ohshima, 2010) WUATLSENULALEIETUS

]
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Virgibacillus sp. SK37 w@nas benzaldehyde ldlutiunagelagiamgiinnududulafen
Aaplsn 10 way 15% (miwﬁ 4.4 way 4.5) benzaldehyde Juansusynau aromatic A51897U
Fwuluuanfuuuaiidoaneiusg Tetragenococcus halophitus TuuFunmgs fseamuinans
benzaldehyde Lﬁﬂ%ﬁ]’lﬂﬂﬁﬁ%&l’lﬁL%iﬂLﬂa% (strecker  degradation) ¥®nTABElU
phenylalanine  (Udomsil, Rodtong, Tanasupawat, & Yongsawatdigul, 2010) @13
benzaldehyde #iA" threshold A 750.9 pg/l TWndu bitter almond, woody, burnt (Giri,
Osako, Okamoto, & Ohshima, 2010) Giri, Osako, Okamoto, & Ohshima (2010) 1897431
hannsandidiosasny benzaldehyde luuSinadigeniniivanwily Groot & de Bont (1998)
JEUIMUATISEANN0MER benzaldehyde 91nnsaagdilu phenylalanine lavainuane3fumna-
Uean Iny Lactobacillus plantarum anunsowdeuy phenylalanine u phyenylpyruvic acid
TneAanssuves aminotransferase  wdsaniusalasusedy benzaldehyde lalagaisu
M@ller, Hinrichsen, & Andersen (1998) Wudﬂuﬁwﬂﬂmﬁa (cured meat) wuassesnely
ndu benzaldehyde l#a1nAanssuvesadunislagld phenylalanine uansiadiu (precursor)
Andersen & Hinrichsen (1995) ﬁz‘qﬁﬁ benzaldehyde %3y almond like odor luiupe
WIIUNUIMYD9ENT benzaldehyde Iuﬂéusmaﬂfmmé’qlaiﬁmsﬁzqasm%’mLam NAINATIVY
ﬁLLa@ﬁﬁLﬁudwLLUﬂﬁﬁamuLﬁmwﬁuﬁ: Virgibacillus sp. SK37 @111508351981% benzaldehyde
1§ Fedandnanssumelinauiin (desirable flavor) Tuoms waunaslulasiouil@ulusiuuas
nnezilludass

uammiwaﬁﬁsmaﬁua‘: Virgibacillus sp. SK37 aunsawdn nonanal léfiAanudy
Gulwfenaaslsden (10-15%) (113797 4.4, 4.5) Giri, Osako, Okamoto, & Ohshima (2010)
51903 mu nonanal Tuihuan Tne nonanal 1¥naudnuaie ereen, tallow, fatty, lavender

waxdlen threshold fde 1.1 e/l

5.2.3 Mananansseimelvinaulungunse
wuaiSEuALaeug Virgibacillus sp. SK37 awnsananansszmelinaulungy acids
R 2-methyl-propanoic acid, 3-methy-butanoic acid, lLag 2-methyl-butanoic acid TAenns
adeanssmmelindudiinanaznuUiinugaivluowmsidende FH (Wisuiilguivemisides
Wo AM) (119199 4.5) wagduunalulnsauivunaadu (115199 4.6) wandbiiuinuiunn
as a =y Y v = & L ' a D ]
nsnerilludasevionnuiduduvedusiuluamsifeateiinanenisnanarsswmelvindulunagy

acids f4na11 1aeds1891u97 2-methyl-propanoic  acid, 3-methy-butanoic acid  way 2-
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methyl-butanoic acid Ananansaasuie valine, leucine wag isoleucine Mua19U Loedas
wyusladsinany (transient  metabolite) @9 2-methylpropanal, 3-methylbutanal/2-
methylpropanal wag 2-methylbutanal ANEGU ﬁLﬁﬂUﬁﬁ%m oxidation  ¥n15LUABY
aldehyde vJu acids (Smit, Smit, & Engels, 2005; Smit, Engels, & Smit, 2009) Lﬁaqmﬂmi
szmelvindungy aldehyde gnivdsuifungudaneseduionsaldite (McSweeney & Sousa,
20000 Fsorafumgnaiunaledslinuarssemelinaulungy aldehyde  danann
Lapsongphon, Cadwallader, Rodtong, & Yongsawatdigul (2013) sreuimsnsninai
rududulgieunaslsd 15-20% sewuaiisuananug Virgibacillus sp. SK37 \lwan 3
WO WUaNT 2-methylpropanal, 3-methylbutanal Wag 2-methylbutanal U'%mmﬁmqa%mﬁla
Wiguiguiufeg1eniuny 151897991 2-methylpropanal,  3-methylbutanal — uag 2-
methylbutanal Huansiilindu meaty, malty, dark chocolate Tuﬁﬂﬂmuasﬁﬁmmﬁ?ﬁ@@ia
A ”ﬂwmzé’mﬂ?{uslufmm (Peralta, Shimoda, & Osajima, 1996; Fukami, Ishiyama,
Yaguramaki, Masuzawa, Nabeta, Endo, et al.,, 2002; Lapsongphon, Cadwallader, Rodtong,
& Yongsawatdigul, 2013) {19910 TFn odor threshold ¢ (Uszanas 0.15-1.5 pg/V)  (Giri,
Osako, Okamoto, & Ohshima, 2010) Lapsongphon, Cadwallader, Rodtong, &
Yongsawatdigul (2013) uag Lapsongphon, Yongsawatdigul, & Cadwallader (2015) sgyin 2-
methyl-propanoic acid a2 3-methy-butanoic acid Tnau chessy/Swiss cheese gy
chessy/sweaty augdiu Smduansuszneuiiliindu (odor-active compounds) Tuthuanlae
MMTATIERAIEWATA aroma extract dilution analysis (AEDA)  Shimoda, Peralta, &
Osajima, (1996) Wua1 2-methyl-propanoic acid Lﬂuaﬂiﬁ’lﬁigmﬁﬂéu cheesy way stinging
odor Tuthuan Tnefiansanarnusinauasan odor threshold luausit Giri, Osako, Okamoto,
& Ohshima (2010) 57891131 2-methyl-butanoic acid Saduansussnaufilindu (odor-active

s

%; 1 [y Y a Y @ 1 a a <3 o
compounds)  luthUandunu laglvindu cheesy  wandliiuduuafisenuiAnalsnug
Virgibacillus sp. SK37 ffnaanndnanssewmelinaumduansusenaunlindu (odor-active
compounds) TuinualalaeanganeniioandiausasUsinalulnsaunmung

2o o Xy 4 o e p
UBNINUTINUAT propanoic acid Tuemsideade AM iautudulefeunaslse

10% (1135199 4.4) @0AAABINUIIBIIUVOY Lapsongphon, Cadwallader, Rodtong, &
Yongsawatdigul (2013) wulnuuaiiiienuanaewug Virgibacillus sp.  SK37 @1unsanan

propanoic acid 19 @sans propanoic acid datuansusznaunliniu (odor-active
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compounds) Iuﬁ’lﬂaﬂﬂﬂﬂ’l'ﬁmi’wﬁﬁ’;ﬁlmﬂﬁﬂ aroma extract dilution analysis (AEDA) lag
propanoic acid Tinau chessy/sweaty Lapsongphon, Yongsawatdigul, & Cadwallader
(2015) 5¥Yi1@15 propanoic acid Juanslindu cheesy/fecal dmluanswdn (predominant
odorants) Tuthdamenisén Wichaphon, Thongthai, Assavanig, & Lertsiri (2011) 518411477
propanoic acid Tﬁ@mé’ﬂwmzﬂémaﬂﬁmm Juiindanadn propanoic acid linuluaniied
laifpan@au mmﬁaﬂmmwﬂﬁﬁaLﬁzylﬁlﬁﬁﬁﬁmwﬁaﬂén ADAAABINUIILIIUYDY Sanceda,
Suzuki, & Kurata, (2001) nuiUsunanseluaneilifloandiauanainussegiainismsin

e udUSinunsaiig@umuszezansminivanluanngndesndiay

5.2.4 mawdnasszselyinaulunguasysyneuiifidames

Han1sAn¥INUIY Usenaulungy sulfur-containing compounds wuluemsidsadod
fiusinalulasiududu 2% wazlufounaslss 10% fe dimethyl disulfide (1157971 4.6) @13
dimethyl disulfide 819LAnaINNSEUIUNNTEATY (catabolism) Yesnsmezdluviin methionine
Tn8NsEUIUNIT transamination  FIN52UIUNTT demethiolation 489 methionine  ¥lvile
methanethiol 91ntuaziAnnseendndunaneidu dimethyl sulfide, dimethyl disulfide wag
dimethyl trisulfide (Bonnarme, Psoni, & Spinnler, 2000) ansUszneudamaswmantanduans
Afidnennliindu (potent odorants) 1ilesa1ndien odor threshold i (Devos, Patte, Roualt,
Laffort, & Gemert, 1995) Giri, Osako, Okamoto, & Ohshima (2010) $1891UA1 odor
threshold w84 dimethyl disulfide fio 1.1 pg/l Tnedsisauinduarsusznoulinau fecal
note %ﬂLﬂUﬂausamajﬁwizmﬂﬁluﬁ’lﬂa’l (Fukami, Funatsu, Kawasaki, & Watabe, 2004) Giri,
Osako, Okamoto, & Ohshima (2010) 51897431 dimethyl disulfide 5ﬂwmzﬂ3u cooked
cabbage, onion NKaNsANYLTLAdLARIUATIS eNUANaETiUS Virgibacillus sp. SK37
a Anududulaiiounaslsaai (10%) aunsandn dimethyl  disulfide léanizanisiid
Usinalulasiauianungs 2%) winiu desanluewnsidsate AM fusmailulasioududy
0.1% (mi'mﬁ 4.4) waz 1% (mswqﬁl 4.6) lawu dimethyl disulfide LLamsLﬁLﬁudfmmﬁigﬁﬁ
LLaziJ'%mmluImwwzwmqﬂummngwL%yaﬁmadqLa%mmsa%’wﬂimau dimethyl disulfide
YOIMUATISY Virgibacillus sp. SK37 aghalsfnuladnunisade dimethyl disulfide fia
utulefennaslsnas (25%)

3-(methylthio)-1-propanol wuluemsiieade FH (5197 4.5) uazemsideaie

AM AidSunalulasiauianundudu 2% (151991 4.6) Song, Jeong, & Baik (2015) 518947471 3-
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(methylthiol)-1-propanol wulu Korean soy sauce Tngliinau potato, grassy YUz Giri,
Osako, Okamoto, & Ohshima (2010) $18971U71 3-(methylthio)-1-propanol TWndu raw
potato, garlic, vegetable &A1 odor threshold ﬂ'ausﬁ’quﬁ (856.1 pg/l) Lapsongphon,
Cadwallader, Rodtong, & Yongsawatdigul (2013) wuinuupfiisenuduaneiug Virgibacillus
sp.  SK37 @1w1sauan 3-(methylthiol-1-propanol &l Auiduduleisunaslss 15% g
Turaeiimnududulunieunaslsd 20% linvaisiandrn Inedien odor threshold #a 250

pue/ke
5.2.5 msndnarsszwelinaulunguansusznaunilulngiau

2,5-dimethyl-pyrazine L‘ﬁumi‘ﬁlwuiuﬂgmmmﬂ‘ﬁlqmiumju nitrogen-containing
compounds Taenuannluemisiasadeo AM way FH finnudadulsiiounaslss 10-15%
(A15797 4.4, 4.5) LarUSinauansananilousinalulnsausvaaiieiy (M15197 4.6) @558
1ﬁﬂ§|‘uﬂfjm nitrogen-containing compounds ‘1'71'?1%’]\‘11@8LLUﬂﬁL%EmuLﬁmmEJﬁué Virgibacillus
sp.  SK37 leuA 2-methyl-pyrazine,  2-ethyl-5-methyl-pyrazine,  2-ethyl-3,5-dimethy!-
pyrazine, 2-methyl-5-propylpyrazine, 2,3-dimethyl-pyrazine, 2,6-dimethyl-pyrazine, 3-
ethyl-2,5-dimethyl-pyrazine W& 3,5-diethyl-2-methyl-pyrazine Giri, Osako, Okamoto, &
Ohshima (2010) 5184747113 2,3-dimethyl-pyrazine Tinau green nutty, coffee, caramel
odors  luvnzd 2,6-dimethyl-pyrazine TWindu roasted nuts, fried potato Tutihdan wa
msfinwwansliiuinuuaiiSenuanaienug Virgibacillus sp. SK37 aunsaasisansiszimeli
nauid pyrazine loluuSunaunn eghslsfinnu Giri, Osako, Okamoto, & Ohshima (2010) Wuin
a3 2,3-dimethyl-pyrazine tJuansfifidn odor threshold g9 (2225.3 pg/l) Feenalifiunum
ddnyranndnuaznauluivalaesiy wudeinsdnulag omission study wuiansngu
pyrazine 8 3,6-dimethyl-2-ethyl-pyrazine finasaniseaxsulaesiutios feaainan odor-
activity  value  (OVA)  %89@135 3,6-dimethyl-2-ethyl-pyrazine fifnen (Lapsongphon,
Yongsawatdigul, & Cadwallader, 2015)
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9MNSABITD anchovy medium (AM) wag fish acid hydrolysate medium (FH) i
anudutulnfounaslsdgauaghifioondiauiinasionisannisiase msnanlusAuandssen
ueniwad uagn1saiamsssmelvinduvenuaiienuAnaneius Viribacillus sp.  SK37
Tuvariivsinalulnsauimunluemsdonte AM Snaduasunisiese uwidudnisraniusi
\UANA BN UDNITA]

navasuduiulafeunaslsdwazanneiituazlifioandiaudenisadsanssenele
ndu nuhuuafiFeannsandnviauazUinanssassemelvinduldgeiianudutulufeunas-
Tsisin o an1mefifiennie Imsa’mzmsiﬁn?iuﬁwuﬂ%mmgﬂﬁm 2,5-dimethyl-pyrazine,
benzaldehyde, phenylethyl alcohol, 3-methyl-1-butanol, 2-methlbutanoic acid, uag 3-
(methylthio)-1-propanol Tuvariinglianzamnududulufounaslsdgauazlsifenniea Tl
wuasszmelinauiiuuaiiioaunsaadsld Tnenuitemsidends AM wurilauazUsua
asassemelinduganiomnadende FH UTinalulasiuiomeluemadsndeiinade
giauazUSunamesasszmelinauiindaldlaenuin dimethyl disulfide, 3-methyl-1-butanol,
pyrazines, 3-methylbutanoic acid, 3-(methylthio)-1-propanol Wag phenylethyl alcohol i
Vinandndudiodinenududululsawimmeluomsdoate it

Fofunaannsidetiuandiifiuin annzuinden Wsinaluiounaslss anziiiuaz

a

Lifloondiau vievesunadlulasau wazUSualulasiauismun) duadonisiasy NMsuaalush

EN

lWaNSIeNUINYAs Wazn1sasieansseimelinduvssnuaiise TagnuaiisenulANagwus

]

Virgibacillus sp. SK37 fifnanwlunisuanansseimelinaundagluivanla
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wuRTEenuANaeug Virgibacillus sp. SK37 Snannwlunmsnanviinansszimelingu

o o A

argaanuludivaimisnisale lagn1siasey nsndalusfluanatesnuonigas wagnis
asanssewmelinduresuaiiSenuldaduanenilofeunaslsne (10-15%) wazamsides
Wonilunadlusiuas asiudsanaduuuimianisdssyndlduuaiiise Virgibacillus sp. SK37 Tu

o 3 o = ¢ o - o o v & 1%
nsvdniivan w aneidlofeunaslsasii ieanszeziainsndniivanlvduauazle

NARAUNUIUaNUSLN Ul R EUaARAIAY



63

UIFIUIUNIY

nesgooulatl (2556) “huarlnerialavnueiu”(eoulatd) fufuiudl 4 waainmeu 2557 910
http://www.thairath.co.th/content/383495

fnen yaiin (2003) “dran (fish sauce)” (poulat]) Aufiuiuil 4 waadnieu 2557 9n
http://www.ist.cmu.ac.th/riseat/nl/2003/06/04.php

U903 yayy, war evsgil duusisng (2555) . iamwé’ﬂﬁﬁ%maauﬁwaﬂwsJicjmmg’luiﬂ
N, I5a15NSUANYAE@RNSUSNNS, 60, 6-8.

Hanniseaulatl (2554) “Unstunsdeumia “usanmalaygn” ir3esUssranadngaiilne”
(eaulanl) AufLTuR 4 WeAINBY 2557 971
http://www.manager.co.th/Daily/ViewNews.aspx?NewsID=9540000063910

Akolkar, A.V., Durai, D., & Desai, A.J. (2009). Halobacterium sp. SP1(1) as a starter culture
for accelerating fish sauce fermentation. Journal of Applied Microbiology, 109, 44-
53.

Andersen, H.J., & Hinrichsen, L.L. (1995). Changes in curing agents, microbial counts and
volatile compounds during processing of green bacon using two different
production technologies. Journal of the Science of Food and Agriculture, 68,
a77-487.

Ayad, EH.E., Verheul, A, Wouters, J.T.M., & Smit, G. (2000). Application of wild starter
cultures for flavour development in pilot plant cheese making. International
Dairy Journal, 10, 169-179.

Barbieri, G., Albertini, A.M., Ferrari, E., Sonenshein, A.L., & Belitsky, B.R. (2016). Interplay of
CodY and ScoC in the regulation of major extracellular protease genes of Bacillus
subtilis. Journal of Bacteriology, 198, 907-920.

Barbieri, G., Voist, B., Albrecht, D., Hecker, M., Albertini, A.M., Soeneshein, A., Ferari, E., &
Belitsky, B.R., (2015). CodY regulates expression of the Bacillus subtilis
extracellular proteases Vpr and Mpr, Journal of Bacteriology, 197, 1423-1432.

Belitsky, B.R., (2015). Role of branched-chain amino acid transport in Bacillus subtilis
CodY activity. Journal of Bacteriology, 197, 1330-1338.



64

Brandsma, J.B., van de Kraats, I., Abee, T., Zwietering, M.H., & Meijer, W.C. (2012). Arginine
metabolism in sugar deprived Lactococcus lactis enhances survival and cellular
activity, while supporting flavour production. Food Microbiology, 29, 27-32.

Chaiyanan, S., Chiyanan, S., Maugel, T., Hug, A., Robb, F.T., & Colwell, R.R. (1999).
Polyphasic taxonomy of a novel Halobacillus, Halobacillus thailandensis sp.
nov., isolated from fish sauce. Systematic and Applied Microbiology, 22, 360-365.

Chuon, M.R., Shiomoto, M., Koyanagi, T., Sasaki, T., Michihata, T., Chan, S., Mao, S., &
Enomoto, T. (2013). Microbial and chemical properties of Cambodian tranditional
fermented fish products. Journal of the Science of Food and Agriculture, 94,
1124-1131.

Bonnarme, P., Psoni, L., & Spinnler, .HE. (2000). Diversity of L-methionine catabolism
pathways in cheese-ripening bacteria. Applied and Environmental Microbiology,
66, 5514-5517.

Devos, M., Patte, F., Roualt, J., Laffort, P., & Gemert, L.J. (1995). Standardized human
olfactory thresholds. J. Odor Res. Eng., 26, 27— 47.

Etschmann, M., Bluemke, W., Sell, D., & Schrader, J. (2002). Biotechnological production
of 2-phenylethanol. Applied Microbiology and Biotechnology, 59, 1-8.

Fukami, K., Ishiyama, S., Yaguramaki, H., Masuzawa, T., Nabeta, Y., Endo, K., & Shimoda,
M. (2002). Identification of distinctive volatile compounds in fish sauce. Journal of
Agricultural and Food Chemistry, 50, 5412-5416.

Fukami, K., Funatsu, Y., Kawasaki, K., & Watabe, S. (2004). Improvement of fish-sauce
odor by treatment with bacteria isolated from the fish-sauce mush (moromi)
made from frigate mackerel. Journal of Food Science, 69, FMSA45-FMS49.

Fukui, Y., Yoshida, M., Shozen, K.-l., Funatsu, Y., Takano, T., Oikawa, H., Yano, Y., &
Satomi, M. (2012). Bacterial communities in fish sauce mash using culture-
dependent and -independent methods. Journal of General and Applied
Microbiology, 58, 273-281.

Giri, A., Osako, K., Okamoto, A., & Ohshima, T. (2010). Olfactometric characterization of

aroma active compounds in fermented fish paste in comparison with fish sauce,



65

fermented soy paste and sauce product. Food Research International, 43, 1027-
1040.

Groot, M.N.N., & de Bont, JAM. (1998). Conversion of phenylalanine to benzaldehyde
initiated by an aminotransferase in Lactobacillus plantarum, Applied and
Environmental Microbiology, 64, 3009-3013.

Hiraga, K., Nishikata, Y., Namwong, S., Tanasupawat, S., Takada, K., & Oda, K. (2005).
Purification and characterization of serine proteinase from a halophilic bacterium,
Filobacillus sp. RF2-5. Bioscience, Biotechnology, and Biochemistry, 69, 38-44.

Hoben, H. J. & Somasegaran, P. (1982). Comparison of the pour, spread, and drop plate
methods for enumeration of rhizobium spp. in inoculants made from
presterilized peat. Applied and Environmental Microbiology, 44, 1246-1247.

Kasankal, L., Xiong, Y.L, & Chen, J. (2012). Enzymatic activity and flavor compound
production in fermented silver carp fish paste inoculated with douche starter
culture. Journal of Agricultural and Food Chemistry, 60, 226-233.

Kumar, C.G., & Takagi, H. (1999). Microbial alkaline proteases: from a bioindustrial
viewpoint. Biotechnology Advances, 17, 561-594.

Lapsongphon, N., Cadwallader, K. R., Rodtong, S., & Yongsawatdigul, J. (2013).
Characterization of protein hydrolysis and odor-active compounds of fish sauce
inoculated with Virgibacillus sp. SK37 under reduced salt content. . Journal of
Agricultural and Food Chemistry, 61, 6604-6613.

Lapsongphon, N., Rodtong, S., & Yongsawatdigul, J. (2013). Spent brewery yeast sludge as
a single nitrogen sources for fibrinolytic enzyme production of Virgibacillus sp.
SK37. Food Science and Biotechnology, 22, 71-78.

Lapsongphon, N., Yongsawatdigul, J., & Cadwallader, K. R. (2015). Identification and
characterization of the aroma-impact components of Thai fish sauce. Journal of
Agricultural and Food Chemistry, 63, 2628-2638.

Lee, K.G., & Shibamoto, T. (2000). Antioxidant properties of aroma compounds isolated
from soybeans and mung beans. Journal of Agricultural and Food Chemistry, 48,

4290-4293



66

Lopetcharat, K., Choi, Y.J, Park, JW., & Daeschel, M.A. (2001). Fish sauce products and
manufacturing: A review. Food Reviews International, 17, 65-88.

McSweeney, P.L.H. & Sousa, M. J. (2000). Biochemical pathways for the production of
flavor compounds in cheese during ripening: A review. Lait, 80, 293-324.

Michihata, T., Yano, T., & Enomoto, T. (2002). Volatile compounds of headspace gas in
the Japanese fish sauce ishiru. Bioscience, Biotechnology, and Biochemistry, 66,
2251-2255.

M@ller, JK.S., Hinrichsen, L.L., & Andersen, H.J. (1998). Formation of amino acid (L-
leucine and L-phenylalanine) derived volatile flavour compounds by Moraxella
phenylpyruvica and Staphylococcus xylosus in cured meat model systems.
International Journal of Food Microbiology, 42, 101-117.

Montaya, D., Boylston, T.D.,, & Mendonca, A. (2009). Preliminary screening of
Bifidobacteria spp. and Pediococcus acidilactici in a Swiss cheese curd slurry
model system: Impact on micriobial viability and flavor characteristics.
International Dairy Journal, 19, 605-611.

Namwong, S., Hiraga, K., Takada, K., Tsunemi, M., Tanasupawat, S., & Oda, K. (2006). A
halophilic serine proteinase from Halobacillus sp. SR5-3 isolated from fish sauce:
purification and characterization. Bioscience, Biotechnology, and Biochemistry, 70,
1395-1401.

Park, J.N, Watanabe, T., Endoh, Kl, Watanabe, K, & Abe, H. (2002). Taste active
components in a Vietnamese fish sauce. Fisheries Science

Peralta, RR, Shimoda, M. & Osajima, Y. (1996). Further identification of volatile
compounds in fish sauce. Journal of Agricultural and Food Chemistry, 44, 3606-
3610.

Peralta,R.R., Shimoda, M., & Osajima, Y. (1997). Comparison of headspace volatiles of
Philippine fish sauce. Food Science and Technology International, 3, 49-52.

Pham et al. (2008). Characterization of Fish Sauce Aroma-Impact Compounds Using GC-
MS, SPME-Osme-GCO, and Stevens' Power Law Exponents. J. Food Sci. 73, 268-
274.



67

Pickering, M.V., & Newton, P. (1990). Amino acid hydrolysis: old problems, new solutions.
LC-GC, 8, 778-780.

Rijnen, L., Yvon, M., van Kranenburg, R., Courtin, P., Verheul, A., Chambellon, E., & Smit,
G. (2003). Lactococcal aminotransferases AraT and BcaT are key enzymes for the
formation of aroma compounds from amino acids in cheese. International Dairy
Journal, 13, 805-812.

Sanceda, N.G., Suzuki, E., & Kurata, T. (2001). Development of normal and branched
chain volatile fatty acids during the fermentation process in the manufacture of
fish sauce. Journal of the Science of Food and Agriculture, 81, 1013-1018.

Shimoda, M., Peralta, R, & Osajima, Y. (1996). Headspace gas analysis of fish sauce.
Journal of Agricultural and Food Chemistry, 44, 3601-3605.

Siddikee, M.A., Chauhan, P.S., Anandham, R., Han, G.-H., & Sa, T. (2010). Isolation,
characterization, and use for plant growth promotion under salt stress, of ACC
deaminase-producing halotolerant bacteria derived from coastal soil. Journal of
Microbiology and Biotechnology, 20, 1577-1584.

Sinsuwan, S., Rodtong, S., & Yongsawatdigul, J. (2007). NaCl-activated extracellular
proteinase from Virgibacillus sp. SK37 isolated from fish sauce fermentation.
Journal of Food Science, 72, C264-C269.

Sinsuwan, S., Rodtong, S., & Yongsawatdigul, J. (2008a). Characterization of Ca2+—activated
cell-bound proteinase from Virgibacillus sp. SK33 isolated from fish sauce
fermentation. LWT-Food Science and Technology, 41, 2166-2174.

Sinsuwan, S., Rodtong, S., & Yongsawatdigul, J. (2008b). Production and characterization
of NaCl-activated proteinases from Virgibacillus sp. SK33 isolated from fish sauce
fermentation. Process Biochemistry, 43, 185-192.

Sinsuwan, S., Rodtong, S., & Yongsawatdigul, J. (2012). Hydrolytic activity of Virgibacillus
sp. SK37, a starter culture of fish sauce fermentation, and its cell-bound

proteinases. World Journal of Microbiology and Biotechnology, 28, 2651-2659.



68

Siringan, P., Raksakulthai, N., & Yongsawatdigul, J. (2006). Autolytic activity and
biochemical characteristics of endogeneous proteinases in Indian anchovy
(Stolephorus indicus). Food Chemistry, 98, 678-684.

Sinsuwan, S., Jangchud, A., Rodtong, S., Roytrakul, S., Yongsawatdigul, J. (2015). Statistical
optimization of the production of NaCl-tolerant proteases by a moderate
halophile, Virgibacillus sp. SK37. Food Technology and Biotechnology, 53, 136-
145.

Smit, B.A., Engels, W.J.M., & Smit, G. (2009). Branched chain aldehydes: production and
breakdown pathways and relevance for flavour in foods. Applied microbiology
and biotechnology, 81, 987-999.

Smit, G., Smit, B.A., & Engels, W.J.M. (2005). Flavour formation by lactic acid bacteria and
biochemical flavour profiling of cheese products. FEMS Microbiology Reviews, 29,
591-610.

Smit, G., Verheul, A, van Kranenburg, R., Ayad, E., Siezen, R., & Engels, W. (2000). Cheese
flavour development by enzymatic conversions of peptides and amino acids.
Food Research International, 33, 153-160.

Song, Y.-R., Jeong, D.-Y., & Baik, S.-H. (2015). Monitoring of yeast communities and volatile
flavor changes during traditional Korean soy sauce fermentation. Journal of Food
Science, 80, M2005-M2014.

Steinhaus, P. & Schieberle, P. (2007). Characterization of the key aromacompounds in soy
sauce using approaches of molecular sensory science. Journal of Agricultural and
Food Chemistry, 55, 6262-6269

Tanasupawat, S., Namwong, S., Kudo, T., & Itoh, T. (2009). Identification of halophilic
bacteria from fish sauce (nam-pla) in Thailand. Journal of Culture Collections, 6,
69-75.

Tanasupawat, S., Pakdeeto, A., Namwong, S., Thawai, C., Kudo, T., and Itoh, T. (2006).
Lantibacillus halophilus sp. nov., from fish sauce in Thailand. International

Journal of Systematic and Evolutionary Microbiology, 56, 1859-1863.



69

Tapingkae, W., Tanasupawat, S., Itoh, T., Parkin, K.L., Benjakul, S., Visessanguan, W., &
Valyasevi, R. (2008). Natrinema g¢ari sp. nov., a halophilic archaeon isolated from
fish sauce in Thailand. International Journal of Systematic and Evolutionary
Microbiology, 58, 2378-2383.

Toyokawa, Y., Takahara, H., Reungsang, A., Fukuta, M., Hachimine, Y., Tachibana, S., &
Yasuda, M. (2010). Purification and characterization of a halotolerant serine
proteinase from thermotolerant Bacillus licheniformis RKK-04 isolated from Thai
fish sauce. Applied Microbiology and Biotechnology, 86, 1867-1875.

Uchida, H., Kondo, D., Yamashita, S., Tanaka, T., Tran, L.H., Nagano, H., & Uwajima, T.
(2004). Purification and properties of a protease produced by Bacillus subtilis CN2
isolated from a Vietnamese fish sauce. World Journal of Microbiology and
Biotechnology, 20, 579-582.

Uchida, M., OU, J., Chen, B.-I,, Yuan, C.-H., Zhang, X.-H., Chen, S.-S., Funatsu, Y., Kawasaki,
K.-l., Satomi, M., & Fukuda, Y. (2005). Effect of soy sauce koji and lactic acid
bacteria on fermentation of fish sauce from freshwater silver carp
Hypophthalmichtyls molitrix. Fisheries Science, 71, 422-430.

Udomsil, N., Rodtong, S., Tanasupawat, S., & Yongsawatdigul, J. (2010). Proteinase-
producing halophilic lactic acid bacteria isolated from fish sauce fermentation
and their ability to produce volatile compounds. International Journal of Food
Microbiology, 141, 186-194.

Udomsil, N., Rodtong, S., Tanasupawat, S., & Yongsawatdigul, J. (2015). Improvement of
fish sauce quality by strain CMC5-3-1: A novel species of Staphylococcus sp.
Journal of Food Science, 80, M2015-M2022.

Udomsil, N., Rodtong, S., Choi, Y.J., Hua, Y., & Yongsawatdigul, J. (2011). Use of
Tetragenococcus halophilus as a starter culture for flavor improvement in fish
sauce fermentation. Journal of Agricultural and Food Chemistry, 59, 8401-8408.

Urbach, G. (1995). Contribution of lactic acid bacteria to flavour compound formation in

dairy products. International Dairy Journal, 5, 877-903.



70

Wichaphon, J., Thongthai, C., Assavanig, A., & Lertsiri, S. (2011). Volatile aroma
components of Thai fish sauce in relation to product categorization. Flavour and
Fragrance Journal. 27, 149-156.

Yongsawatdigul, J., Rodtong, S., & Raksakulthai, N. (2007). Acceleration of Thai fish sauce
fermentation using proteinases and bacterial starter culture. Journal of Food
Science, 72, M382-M390.

Yvon, M., & Rijnen, L. (2001). Cheese flavor formation by amino acid catabolism.

International Dairy Journal, 11, 185-201.





