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ABSTRACT

The comparison of different fermentation process for I-san sausage was demonstrated
in 5 conditions as follow 1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day
3) vacuum 37°C for 3 day 4) incubation 37°C for 2 day with one day hanging at room
temperature and 5) vacuum 37°C for 2 day with one day hanging at room temperature. The
pH value, total acidity percentage, weight loss percentage, lactic acid bacteria,
coliform/Escherichia coli and yeast/mold were analyzed. The results showed that the pH
value declined rapidly from 5.97-5.99 to 4.35-5.16 during fermentation for 3 day in all
methods. The pH reduction corresponded to an increase in total acidity from 0.35-0.38% to
0.73-1.17%. The lowest pH value and the highest total acidity found in |-san sausage
incubation 37°C for 3 days. The weight loss of fermenting I-san sausage generally decrease as
the fermentation time increased. As the fermentation process, I-san sausage hang at room
temperature for 3 day had the greatest weight loss (14.93%) but |-san sausage with
fermentation condition at incubation 37°C for 3 day or vacuum 37°C for 3 day displayed the
lowest weight loss value as 3.94 and 3.22%, respectively. The lactic acid bacteria count at
day 3 increased in all methods with value between 7.31-7.81 log cfu/g on day 3. The highest
population of lactic acid bacteria was found in fermentation condition with 37°C incubation
for 3 days (7.81 log cfu /g). The count of yeast/mold in all methods had no differences
(P>0.05) on day 1-3 of fermentation with value between. 2.85-3.93 log cfu /g. The coliform
decreased on day 1 and displayed low limit of detection. The detection of Escherichia coli
on day 0-3 of fermentation in all methods was no differences (P>0.05) with undetectable

level.

Keywords: Thai fermented pork sausage (I-san sausages), fermentation process
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nsnanuuuifinislddunanvesinduaginmienduwmasmiiveu wuindnsduiiiy
3:1 Winaffian denrsldafueuvesuuailiBonsauaniin wuitwuaiiSonsauandnlddiadilu
P2susnveanisnsinifioadiensananin waglddmdealutienaisesnisadrsnsananin
(lnlsail 336973 waznaiz. 2536)

2.3.4 \n@w (Salt)

Tneundiudaniswantdnsenviinldindeussaia 2.5-3.0 Wesidud unumiidfey
o3nde Astialunisaususnu (preservation) wagdrielunisannlusiuliazaloaanui
sufhfudiunan sy nsazareveslusiuildinwiuildafidanunie (sticky fitm) Tuseu
sunavaails Tundnduriussdnennldindeldunnnin 2.5:3.0 wWedidus wulu talian salamis
Tnoo1aldindeligeiis 8 wWesidus Duudl viydles. 2546)

2.3.5 Waan (Phosphate)

Woanluansusenaunldifuluimdnidemiofngussasd Aotiaiiiuauaiuse

v
= o ™

Tunnsdain (water-binding capacity) inlilelagadeiminarniiulvsazdou edianuy
uazuifstunasdisan@i unummesensaamniidenmnwuesHAnieile Ae

2351 madunudy Inaduiili pH voudefiutunazdrelilusiures
n&itienaned esmnaisealslulofunsnoonnfuduesiu uarlaledu arsoawmailly
Tuguiliie wanlwlsrieawa (pyrophosphate)

2.3.5.2 mafiuarwannsalunisdui Tnevhlndulelusiudaddonseuluana
i ‘WU’J'WLﬂﬁaﬁuENﬂi@éauiﬁ@mauﬁalﬁmuﬁﬁaﬁﬁaimﬁauﬂaaL‘V\Im (sodium phosphate)

2.3.5.3 Winsawf lnsnisvinliluanavesieauiulunivig aunsadunulidli

v
aas

Foauazvoavailuilelvasenn edsdsaninty
2.3.5.4 drliluanaidodninziul Tnensisluanalusiuftazatstldunsiudh
fuvhlsdemieuazdaveuity deuldlundesusiidngen
2.3.5.5 HaeflsiAnsnu Taeviuihiiaaues pH Tegluras pH 6.0 - 6.6 Suilied
Aunsaamuidy Fadunarihlinisldlulasvinaznsaueanaslansiufiuundu (fadni lyeqd.

2556; W38N Aagiguinm uazAnanual asdan. 2560)



nsldansuszneuneamalundnduniieliladiingUszasaniazldduingiudaus

[ [y a

a1susznauneamaiinuandilunmsduingiudelaunussansamasuanasiuluausiinues

9

asuszneunleauinilduazansinidundeglundndusigundeasuseneululasiaudunse-
A1auazduy a1suseneureawnlzdigvasyjisersendinduiiiinainouyalanewainlvd sa
wazndulineiy e naisuseneueamn aunsaviliiinansuseneudiedouiveuyalavyly

’e] G(20) ﬂlﬂma‘mﬂ‘ma 76 ey ﬂau%aqwamﬂm%mm dmsunalnvesarsusenauneannlunis

& [ 1Y wa a [ a v [y
Wung wisiudounanarsusznaurloang daaaudilunsifinduasuseneuladoudy

a 6

auma‘[awmqqléf%q%lﬂﬁmaeiamﬁqLezjasuaqaau‘m FgilvinissuIgenvedansi1agINALUen
ilugneluwavesqaunidideludailifanssusiiiquesgdunidgndsly (noqud $nunas,
2555)

2.3.6 1NAD3WN5LUN (Erythrobate)

v
(% 6 A v & 1

aa Aa v A & = aa = o ! a ] ]
@51‘1/]3LUGW]UEJ§JISU Ao Lﬂa@I‘ﬁL@fJﬂJﬁiiV]iLUG]“U\‘]NNaG\@NaG]ﬂﬂJ‘V]Lu@am'ﬂlfsﬁusﬁﬁﬂlﬁﬂ

gasnsusinwaznisiindunaluiednilisiuananisifnaisiulnseriudaduaisngeliie

aa

uzifedesfunisiiuvadlututiesiulailindn susitdtaane1enningsedimineg (Qsqns
SnwNAs. 2555)
2.3.7 wndslwasn (Nitrate) uaglulasm (Nitrite)
idelumsnuazlulasidielfiindvunnievununs (reddish pink) 3
Snuwmzianizondn e fadeliifnndusaamzdaliuindedust lulasiddiunumu

antioxidant ¥28ann1siinnauiiu (oxidative rancidity) Tun@nAmust wazasursasiedudanisg

a

W3 URTRYAUNSE Ineanizie Clostridium botulinum Fadununafiseiiasgladluaniigls

o A A @ W =~ Aa A ° ) YA c Y W P
91N @U1I0ET 1N TNENUUDUATIHDITIN (Botulisum) a']‘ViTUﬂ']31%Lﬂa@1u1m3muu3Jﬂﬂ33Jﬂ']i

& A

Tg5wiuindeluwnsn szlunsminalagasdunisaiasduduyeduniduielitesunn Fns

WIAIUSEAUS.  2553) dmsuussinalneuinsgiundadungusy (2546) seyinludeululngd
viselnuvadeululnsd (Fwaduludedlulnse) dedliiiu 125 Jadnsuseilaniy wiednl4lu
sUvasnansn (nde: wndelule s ludndiudosay 94: 6) dodliiiiu 2 nfudeiliednd 1 Alansy

mnldiAunmunariilonadssmelaymassnisanaslundndu esanlulasiinnAisagiin

aaa [y

Uafseiunguediu (amines) luitladaiuaznisasuanslulaseniiu (nitrosamine) daduansne
UZL59 (W33l Fagiguinm uaz Andnuel asind. 2560)

2.3.8 nszsiey (Garlic)

LY

mumamamﬂsuﬂaumaumuium&ma 0.2 Wasidua uaﬂuumuaa“ g (allicin)

woules] Tsity Tty Aafudl Ianiud2 nsnezily wistg uavansduy Snuareeia Turiy

'
v

suisdeUszneumeasiaiiussinvaisusenevvesnsaiuzauilduasudn fe daadu dially

' (%
a &

disulphide, dially trisulphide waz allypropyl disulphide $aa3wuduarsdrfnyfifinau ndutu

,_
—_—



Ananujisenveseouleidadiua (allinase) wWasuezadu (allin) Tiidudaddu ausoulazeg

Y

lioasduaasle wansaiaarsluvinlisadduldsuwladly (Fasn As1lee. 2548) a1s9adau

aunsaduginisyinnuveseuleinge) wu ouluidadiadlalas3iug (succinic dehydroge-

nase) wazlnsloanoannflalasiiug (triosephosphate dehydrogenase) @atoulainsaosuiln

a A aeal

Netpatunszuunsmglavessadgdunidnaiy lngldeandiauuinningdunidnasylagly
Idean@iau dmiuieulesiigniitanelagdaddu duninazdl sulthydryl group (SH) a3 Lag
vy SH anansasaunguiuny thiosulfinate lulassas1avesdadduldedssinsy iWunalifanssy

%

A a X L4 o 1 = o W ! § & 1 = [ v d'
Minvulaeteulasigniinane taevy SH faudAysewadiueg1aunn Wesnndudinsedqui
Junzlunisiinduiuvesgaduazd L dudmsunsasyuaueadaie @3ns waddliuszius.,
2553)
2.3.9 dUNENDUS)
g13Usznauvangvilnuaniniloainiindnuiteiu ldauadluansnisniniiiedie
aduayunszuIUNIHARLasNSAYIRVBIHANT M diunanduqlugnsnisnda laun Wn Huas
Wedelidiunauneg nszargmlaegnengs aslunisadalusiu uenanuudsiiglinden fas
a ! ° ad v v o « = [ ! a ' = aa Y v ' ]
fanududuasiiilodudan wsesne wnsesUsesa Wudiuwandnnduviandeuly laud nsediey
wInlng Urinn ldnsenudnvesdseimalunaieyininisiiusanfagnisianlid dwansyae
- a al | A A A 0o Y a o  ea ada o P o I
insavianliludiunan lawn neysa Neilwednagyilindeduandsauang dnnsldansdudang
a a8 o oA % = = ) a & = & ] a
Wneandindu iinsldansdudaesiiatesiunisiasyvessenivuiloulusenitnisuan
09 Y a o ea ady 1= & X o a X A o e L o ed
wsze1iindnsunilsanailiisszasd ndusaniiadulundndue ilunaunanidednin
T luingAvuazansusenaudug Mivadllugnsnisnds wu eislulawsn arsnvaelunisouey

q

91915 LA 09LNe msﬂszﬂa‘uﬁuqﬁLﬁmmﬂﬁaﬂﬁmmaﬁuﬁsﬁmswhumzmumslﬂaiﬂla%a N3
aanelusiiu nsaaneletiunay alneendwndy Taonsvurunisiuaiivialdiinnausa Buain
wulefluiodniuazannisvinvendunid nenandudiiuivannewndeniiisatesiunis
win I gaunnd Arndudinins suiavesussyiast sunoumaveuiednd Duud vinydes.
2546) wSsananldlundnsausildnsenday Usznoudie

2.3.9.1 ¥ana (Sugar)

thmaildadundndusiibedniiioiusavinumiurisanauidush

Wnanfusiilsanfnaundeniuteiliianivesdn dusiiddhmaneadosainnisiinais
watlotenalaumnudeutiosinisaanefvenniolumsnliduluninoenleddedudonis
WSAulaveaunsdla

2.3.9.2 winlnewnivu

Houldlundndaaiilennussan



2.3.9.3 waysa (Monosodiumglntamate)
ua591928fUNaUAIIY99 M THAS T IUNL ARV IS MiNauNa Y

AU (98N5 SNWAS. 2555; WA Areiguinm wazaAndnwal asind. 2560)

2.4 1&ussy
THussqldnsendaudonduldfiazein uis uarannsadosiunsuuteusindsanysn
aeuenls TéMFussatl 2 uwuu (Tadn luendl. 2556)
2.4.1 ld535u%7% (Natural casing)
ld535u7@ muneds ldussaiildandilduasnszinzvesans 1a nsele ung ung

nilgustueu InnuAmunaennTuneuresnIHARSuatLe Ia ldussesssuviililanda

Y

A v & ) = v X vy U S o w vy
WU@@S&LWQQWN%ULLagﬂ?u‘lW%NL°U'hﬂ']EJIuLualﬁﬂi'@ﬂlﬂﬂ']EJiﬂﬂ LLﬁ%u@ﬂﬁ]']ﬂu‘UZJUEJ\‘iﬁ']@J'ﬁﬂW@IWﬂ@I

=2 o 7 L4

Javhlnldsauuudniuiideldegwain (Rmind tasugna. 2560)

2.4.2 1&\Wisw (Artificial casing 38 Synthetic casing)

a o 1

diiey nuneds ldandevuundmihededdlyldussesssumlaouiseanlamdu 4
wialow ldussywaglaa ldussyreaaaunvilnalauaslilduagldussananadn (391 e
weny. 2535; il yainen. 2542)

NS AUSLYR (2536) s1gaudidrunaniunisvialdnsendaiudsenaunie (1)

o ) 1

& o s v 4 X o v & O d' % PN A
Luaa@nLLazlmNueﬁﬂLuaﬁmjm@ﬂLTJUITJ?WUWN@QJJTTWQQLu@ﬂ‘ﬂqﬂﬂigﬂa‘Uﬂﬂﬂﬂiﬂagiﬂuwf\]ﬂ,ﬂuma

LY dl'

$19n18 Dnvislia nwaisiiladua eanlUsAuardunududeu dulusiululelnadudadud

wndhuilednianluilvanddglunsildnsen (2) nsnleduluimmiliiAna iy duduas

[
adaa

Tisawd sauviwibildnseniiddau (3) 119 10uwnasrsveulaeliqdunid uwidesddanlunis

£
o

gouaanesIuidlinuAIn1emns (@) wimaduiainsveud miugdunid (5) naysa iWuunas

¢ W I
Qv v A A [

Tilulnsiau (6) 1nde AszLien Lazninly denaneniseongnddudateduqluliia3gyuisiu
wupfiFeuania (7) lunsawarlule sy frglidtundnsn dewinnssiudvedhilelnaduds
Huanslialamuluidesulussneanlesfunnsmainlulasiidu nitrosomyoslobin Faiiauns
diolaumufeuasiudsudu nitrosohemochrome Fafufnnsonwugunfutsenu Sniduds
nswsgivlnuaade clostridium botulinum wagnanialsalunsega enterobacteriacaea
nanes wazansadudensituvesleiuls (8) slucono-delta-lactone (GdL) lunsvinldnsen

'
a 6a

Wisdniiuasludunaume Wieandnsinsiindevesqdunsdnuuideunn tnsanizlugiausn
YaIn15vEln @ity GdL daaaudidanaiiiesainile GdL dudaduinludiunanazyinli
n3A gluconic Y1l pH vesdIuNaNABYanad laglivinliiloduiaids Wesainn1sanaswes pH

Wilouumsiiunsndus 1wy nsauanin nsaundn unu



10

a aa v ¢ [ ! 3 = aq @ o v
AfIA ATRITUG wazanvan walnyad (2551) Anwnsussawagisnisiiusnwld
= s  aa =2 a = N a A a &
nsondaluignisnasnaunisfinwinisdsundamianil nean wagadidne ManTuly
FEIINMSAUSnwGaadue nMsfnynavetanmngiiviesrenisinuinwldnsendaiu wuin nald
a 174 = < Ia [ = [ d'
nsendanu uarldnsendaruneanulaliinu 1 u ilesandnvaenmamenmildsuidasldunn
lngldnsendarunlalawussudvsunsnsaiinduain 0.36 wWesigud (aguinin) 1Uu 0.62
f < (3 (% CY 1 4 LY a a6 1 a a
Wosigud ndainnisndinly 8 Ju waznugdunidnelsalumaiuemisynelinlasanie C
. A a a 1% a (% ¢ 1% 1 a N oA ¥ a
perfringens NudnansiuvanAslundndine sniu S.aureus linuydunsdnnelsaluldnsendanu
doussyldnsendauldguudarsislineamgivieaduian 12-24 Falus ielildnsendaunde
P = Y = A g da X 0 9 v a N 6ol a Ao
nsabrdanuUIeluseAunils WeswnanuseIninTuagyiduvsgnlsauswdadduiu
ANRIAZIINNIANYNAVRIRUNAT ¢ eerwaiduaronisinuinwildnsendaiu nuin awise
nusneldnsendaiu wavldnsandarunealaliiiy 14 waz 28 Ju laefiusuiunsa 0.39
Wesiud uay 14 1Wosidud muady

= ¢

2.5 gaunsgnwulundndualdnsandsau

q'
dunididunuandrdglunisninldnsendaruieliiinnsauanina (actic acid
fermentaion) Tne lactic acid bacteria fiflegnusssuei sesFeaainnsananiin (actic acid)
wuafideasstulutimsnvesnsudn iRnainidelundu Lactobacillus uag Pediococcus Tduf
Lactobacillus plantarum d3u3aunsglugisssegnas Aewuansiselungy Lactobacillus \Wu
Lactobacillus plantarum Wwag Lactobacillus brevis %QLLU@%L%EJLMéWﬁﬁUMUWMﬁWﬁ@iuﬂﬁiﬁﬁﬂ
(mmgmwamﬁmsﬁﬁqu%u. 2546; Phalakornkule and Tanasupawat. 2006; Wanangkarn et al.
2014) IuizLLiﬂ‘Uaﬂﬂﬁi%ﬁﬂWUL%a Pedijococcus cerevisiae ﬁL%%@iﬁaﬁqmﬂqﬁ 37-45 83Fn

%

walleda pH oglugis 4.5-5.6 nian1sninszegneunliesninagludanindsifaineinid inlw

a A

Pdun3dadrensafisty amieqgdunidfivunsaldlidvia et snsiaaeuide
Lactobacillus sp. 1 lusiasiisl pH Uszanas 5 wiashnind mntuedsdosas 51-74 wWodidus
(Usehiug Amvuedli wazAme. 2555)

uaﬂmnﬁié’ﬁswmumimwwuL?}ua Salmonella sp., Listeria monocytogenes uag
Staphylococcus aureus luwvuuuasldnsendau (Chokesajjawatee et al. 2009,
Visessanguan et al. 2006) Tnelanzoged e Staphylococcus aureus Judeiinudendely
104 anunsoadasiviinuanudeussnuiluemisluseninanisadydvle (auuy fianauds.
2550) Tuvagigiudemnunvesunnsgiunandaiguyu (2546) Anuninldnsendaunonsim

laiwude Salmonella sp. wag Staphylococcus aureus


http://www.foodnetworksolution.com/wiki/word/0782/lactic-acid-bacteria-%E0%B9%81%E0%B8%9A%E0%B8%84%E0%B8%97%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%81%E0%B8%A3%E0%B8%94%E0%B9%81%E0%B8%A5%E0%B8%81%E0%B8%95%E0%B8%B4%E0%B8%81
http://www.foodnetworksolution.com/wiki/word/1539/lactic-acid-%E0%B8%81%E0%B8%A3%E0%B8%94%E0%B9%81%E0%B8%A5%E0%B8%84%E0%B8%95%E0%B8%B4%E0%B8%81
http://www.foodnetworksolution.com/wiki/word/1271/lactobacillus-%E0%B9%81%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%82%E0%B8%97%E0%B8%9A%E0%B8%B2%E0%B8%8B%E0%B8%B4%E0%B8%A5%E0%B8%A5%E0%B8%B1%E0%B8%AA
http://www.foodnetworksolution.com/wiki/word/1987/pediococcus
http://www.foodnetworksolution.com/wiki/word/1271/lactobacillus-%E0%B9%81%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%82%E0%B8%97%E0%B8%9A%E0%B8%B2%E0%B8%8B%E0%B8%B4%E0%B8%A5%E0%B8%A5%E0%B8%B1%E0%B8%AA
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2.6 nIzuUNITAINLUEnIInUTE?
Tunszuiunsudnuvuntagldnsendanuinainfanssuresluafilsouaninlauszosusn
yosnvdnaziiuuafisansauanfiniinduegisiadalasenizaeiuiiadansalinuaziasgla
N d' s} A A 4 ¥ ! 1 . . 1 .
Aluaniigluiionnianieiionniailsy lawn NaU homofermentative cocci VU Pediococus
cerevisiae, P. pentosaceus kay P. acidilactici \i ulnlUw3Souiu heterofermentative
lactobacilli leun Lactobacillus bravis Way Lactobacillus plantarum Lﬁaﬁgauw%'sjl,ﬁﬂmwﬁﬂ
agyililllondnilAn pH anas aunsadudnisasyiaznisienvesalesvesqiunsdnalsala
(13 UseAngeasna. 2545; A fiaraudi. 2560) Tud w.e. 2556 ALy fiaraudi s189udny
& . & | o N A a 1
\WWo Lactobacillus curvatus Tubnudlatidelusenitenisndn wuaisouaninlungy
homofermentative lactobacilli agldurnanglaailasuiunsauaniin virldarrudunsealu
NISHARLUUNLINTY (A1 pH ANaa) YugLAEIUNgY Pediococus sp. BmunIalataziasydas
luszezdl A1 pH A1N31-4.5 Anasinliieydunsdnslsauieyila wu Coliform, £.coli kae
1 1 =
salmonella spp. Wannsanuannzanudunsawazaelluign
TunszuaunsndnidouuaisonsaLanfniazdinalital pH anas Vi liilonandua
wWasuluilssanlushiunnszneu bmansafinsa nisiindusseaievesasusenaululasly
lulelnadu (nitrosomyoglobin) (Cleveland et al. 2001) usnantdsdaevinliinnistesaans

Tgiu (lipolysis) fiunuanarun1svinlitAnAAUTINRILUATIFENTALAARAUINAT AIUITONENENT

v & _a A6 a A A a PO I & X a ae a A
EJ‘UEJQ?!@U‘W?EJGUU@@‘UI@EJ?{']TVINﬁGllﬂuaa?qmﬂjqﬂﬂa@ﬂﬂﬁ]@@ﬂ'ﬁ‘UULU@uﬁﬂa\iL%@Qﬁumiﬂ%u@@uq

q

MlaifisUsyasd 1y Lactobacillus sake ansNsaNana1THUALNESLaTY sakacin A tiedsg1qdun3d
folsa (AUWY Maraudi. 2556) wenaintidarsfudsnairadasuwuaiisouandaligniunldedi
nisrndumsnanemnminvesyedwasdaivanssinluiivesnisouenemnsgadunaiiain

N158519n3ABUNSY LAUANSALARRALAYEERRNTINIAAT pH anas LagnNsa319d158UEaunsy

q

A 1 s s aa a a aa 4 a < a
U 1wu lelasiauideseanlan lnosdiia wasuuanesladu (AAUA VUDU DNUA LAY DAAT

[

wndTand. 2555) Kelly et al. (1996) 814lne guaon Twudug (2545) 91gauiinadnsieiiveanl
VlmAnn1sARINIAUIaYA WeduRauanantudllunuimlunisdudsdoqdunsdytindunly

HBIN1TINAE

¥ ¥
¢ A v &

Vangpikul and Kansandee (2014) s1891ui1lunsniinuandusiilodninuiiuvedng
iy wiua Enseniuien fndunarsarifezUdeunuasmuanimuaaingiu anmegnisuu s
Hadudug Faasinaseduilnadeiumaiauindnsuslidaunnasiiuaninusslonddouilna
wnflgamsiimsuiuuy mslénddeuuaiizensauaninlunszuiunmsndaununsliuuaiise
nsauandndiflegluingiunaresdusznoudus Tuanwsssuua Famuunfdlensasinaeuidely

q

nanAaualevdnagnuilie P. cerevisiae, L. plantarum, L. brevis wag L. leichannii \Judaulvey

v

Swetwiwathana et al. (2003) fAnwin1sldgaunidnlalumiaedisliunuiinnulasadess
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nsusinanaziAuldlauudu wuaiisunsawanfnftneltesdiuni1susnwruuuAny town
Lactobacillus sp. waz Pediococcus sp. Fansaasananuglailundnaoluninisivowdndun

dy % 1 35 a [ ¢ o v . = < = Ada I
Wondnlusnauseina ueniuunaniuedaly Micrococcus Fauduwuaii UV]?@’]‘U%ULVI?MLUUIU

Insedinavilidvoandn S uniaAUAINUEITY

2.7 wnsgunaasusiyusy - ldnsendau esgiundndusiyuyu. 2546)
Joamurunvadnansunlansendaiuiinad
2.7.1 unteny

o ¥

1) ldnsendanu vunedl nannaevinainilieny iuny 11gn Ugesanisiasess
8 sesnALAzaLUlng WU dnanse 1nde nseisnun nInlne gndnd naulviliiiud wan
~ v = Y a A A a Y o & ' ) ~ 9 =g
il ussluldnuviseldviindunuilaald daluvieu Adliluiiazeinuazurisauie uay
Rosvivianneusulseniu
2.7.2 AanwaEfinedn1s

¥ a

1) anwaenaly - luprgusussgiieany sesllsunsuneatu waslivuinlng Aeq

Y

v a o | g Y ° ANa o ™
Ny llﬂ'ﬁﬂiz'ﬂ']EJG]'JSU@\Tﬁ'JUﬂigﬂ@UVI&L‘U@EJ']Qa@J']LﬁlI@ HUNILIYU lﬂJQﬂGU']ﬂ

Ao aa a

2) & - AplaNANIUSSSUTIAVDIAIUUTENDUN LY

'
ada a C I

3) nAUTA - fesiindusafinmusssuATARIIN N IR LAy e sduUsEno U 3
saUSomeIng UsiAannavusuiliiisUsvasd Wy ndusu nauwmiiy
1) dnwmniile - dosjunayliidu
5) dswlantaey - seslinvdsuvanlasuiililddulsynoudild wu duny vu
&0 fu m918 n9am Sudu viedsufgaandnd
6) nqaeuuems
6.1) vul¥d@nnviia
6.2) wniimsliingdetuamslildldnuriaasUinaismunds delud
6.3) loaeululnsduselnuna@oululngd Eruanduludeslulngd) doely
\iu 125 fadnsusieilansy viedldluguveswansn (nfe: indelulns ludadiuievas 94: 6)
#odlalAu 2 nduseiliodns 1 Alansa
6.9) veawnluzUvatluly- lo- uaglndveandelufeuviselnung Weu agrdla
athandadesuiy Ehuandu P,O, nvlealodasianun) doslaiiiu 3000 dadnduserlansa
6.5) Tsaudeslitdesnin Sevas 12 nsvmidnledudesliiiu Sevay 30 Tny
vhwein
7) msusTy - Wussaldnsendanulunvurussaiiazenn wi ainldiSousos uas

anunsadesiunisuudeuaindsandsnnneuenla



8) Tusiu - fadliitfesninfesas 12 Tnethnin
9) lastu - FadliAudoray 30 Taetwiin
2.7.3 9aunsY
1) Salmonella spp. feshinuludiogng 25 nfu
2) Staphylococcus aureus Aadliinuludiogng 0.1 nfu
3) Escherichia coli Ingi31dufiou (MPN) fostiesnin 3 Aefiedns 1 n3u

4) faduazs1faatiosnii 10 laladsefage 1 NSy
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http://www.foodnetworksolution.com/wiki/word/1978/micro-organism-%E0%B8%88%E0%B8%B8%E0%B8%A5%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://www.foodnetworksolution.com/wiki/word/1123/salmonella-%E0%B8%8B%E0%B8%B2%E0%B8%A5%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%A5%E0%B8%A5%E0%B8%B2
http://www.foodnetworksolution.com/wiki/word/1197/staphylococcus-aureus-%E0%B8%AA%E0%B8%95%E0%B8%B2%E0%B8%9F%E0%B8%B4%E0%B9%82%E0%B8%A5%E0%B8%84%E0%B9%87%E0%B8%AD%E0%B8%81%E0%B8%84%E0%B8%B1%E0%B8%AA-%E0%B8%AD%E0%B8%AD%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://www.foodnetworksolution.com/wiki/word/1125/escherichia-coli-e-coli
http://www.foodnetworksolution.com/wiki/word/1318/most-probable-number-mpn
http://www.foodnetworksolution.com/wiki/word/0555/yeast-%E0%B8%A2%E0%B8%B5%E0%B8%AA%E0%B8%95%E0%B9%8C
http://www.foodnetworksolution.com/wiki/word/0831/mold-%E0%B8%A3%E0%B8%B2
http://www.foodnetworksolution.com/wiki/word/1801/colony-%E0%B9%82%E0%B8%84%E0%B9%82%E0%B8%A5%E0%B8%99%E0%B8%B5

UNN 3

A5ATUNITIVY
3.1 1nsiasade uwaza1siad
1) Agar (Criterion, USA)
2) Chromocult (Merck, Germany)
3) Malt extract (Merck, Germany)
4) MRS broth (Merck, Germany)
5) CaCO, (Merck, Germany)
6) Kovac’s indole reagent (Merck, Germany)
7) NaCl 85 % (Merck, Germany)
3.2 ¥a9 - gUnsal uazinTasila
1) indesuaiiie (Biro medel 346-3, USA)
2) m:auam%au (Binder, Model FD 115, Germany)
3) insesdaianey (Tanita model 1144, Tanita Corporation, Japan)
1) 1p3eaarinaziden (Sartorius, Basic, Germany)
5) éL%L%@LLUU Laminar Flow (Dwyer model merk Il, USA)
6) & 'mwww’??aﬁgﬁw’%é (WTB Binder model BD, Germany)
7) éaum%‘lauﬁ’; (Hot-air oven, Memmert model CM500, Germany)

8) nifedlsmusudmsuange (Hirayama model HVE 50, Japan)
9) EJ'NmUqumMQtﬁ (Water Bath, Memmert, Germany)

10) Lﬂ%amaumsazmﬂwaammaaa (Vortex Mixer KMC-1300V, Korea)

11) wSeafvulng (Stomacher Bag Mixer 400 model VW, France)
12) lulasea (Toshiba model ER-G8C, Thailand)

13) in3osTrndveaiie (Hunterlab Mini Scan EZ)

14) w509 Homogenizer (Ultra tarrax, Germany)

DRGECY Centrifuge (Beckman Coulter model Avanti J-E, USA)

16) \30eTAAT N3A-A1 (Mettler Toledo medel SG-2, Switzerland)

17) QegayeyInAvia PE

18) wn3asuiiniaugunsaidu o Mdulu
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3.3 NISASEUAIBY1INANN I LaNTaNDEU

v
a A

9 o ¢ | = = a % = aa o

TogAuillodninavdiunandus Aldlunisudnldnsendaiuniuisnisdauwlasues
IR LATHENA UWagNITAAT Arelirsinn. (2555) Inedldiunauvansiannsned 3.1 fe Lieans
1 v Y k4 [ a g" o g vee g" a o <
dwaglnniovay 50 Suansiosay 35 (Ingau Leansuazlvdunldfny) Fearnusenasiuuda
a5 1R annAsuesuns 2) wasdnansevay 15 (1avenusdnsdns duwng) Faduneunswinld

[
v v v

nsendaudidiutuneudwioluilneiidognsuasiiuudsansuuanetu wanfumansn ndouns
T fuuds nausfunyfudnanunlidfuduedossduuduinmadlmdiu ussgdiunay
asluldansdniduviou lne@nw3snsndnldnsendau uazudsnismaasseandu 5 ngunis
yiaaos fail

1) wvndigamgiivies Wunan 3 fu

2) Uniigamafl 37 ssmuwadval Junan 3 Yu

3) UITYReEINIAkazUNTIgaM)l 37 ssauwaltua (luaan 3 Ju

a

4) Unigamgfl 37 asenwaidua Wunan 2 Ju wazuiuioamaiivies Wuan 1 u

9 Y

5) UIIIFUYINIALarUNToungl 37 esAnwaded Wual 2 Tu wazuuiud

gaungiiviod Wunan 1 3u leefnwinszuiunismdnldnsendausenmuantinieiiunienin il

9 Y

wastinIw Wuszesnan 0, 1, 2 waz 3 Ju lnedlsivavidennadl

M19199 3.1 gasmswanldnsendanu 4 Alansu

QAU Y (n3)
avlnnuy 2,000
Tuny 1,400
138N 600
ANUER 60
Nogna (K7) 12
83lnstue i
drmnansie 20
WY 4l 10
nszLien 200
winln 16

a [

7 : FanUasaInsin 1esugna wagnssaing Aisiguimn (2555)

9
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1. Apszvinaantanisiiunienin laun
- Ad (CIE L*a*b*)
dusegnamdnfudldnsendaiunduniamaaesay 3 Ju u1iaAddeszuu CE
(L*a*b*) $ae3eeInd Hunterlab Mini Scan EZ 4000L (Hunter Lab Inc, Reston, VA, USA) &
LAazAI9819MAa0392111N15TAAT 3 90 wazuaninalluan L* (Lightness), a* (Redness), b*

(Yellowness) ¥N15IAAT 3 AS9 LazUuiinug 3 90

- A1Auaatd (Chroma) A189A1Y89E (Hue angle)
N15ILATIENRAIAINEALE (Chroma) A193F19849d (Hue angle) m1u3sn19AIUIa
910 Saricoban et al. (2010) lagunAn L* (Lightness), a* (Redness) lag b* (Yellowness) A9
n15¥nsae1ASeaTna Colorimeter Mini Scan EZ 4000L (Hunter Lab Inc, Reston, VA, USA)
thanlddmiudianmeaianuanla (Chroma) (1) kag Hue angle (2) 1ngn3 fail
Chroma =@%pb? (1)
Hue angle = tan (b*/a*) (2)

¥
= o o/ 1

- Amsgeydeinutnszndamaiiuinen (Weight loss, %)
nsgadedviinseritnssuIumIvinuemansustldnsondarugneuaandy
Yovarvasidaznauiiesg Inededmindedmansueldnsansaudeuwfuinsndutmin
Gy (A) wazdamiingevinevesnssuiunsuiin (8) anaisnisves Nakao et al. (1991) s
Sufinua 3 91 Anavndedifuinisgydedmiinsenininiuinuldanngnaselui
Fmsgaydetnin (Gosaz) = (A-B) x 100
A

- dndnunziilodusialagsan (Texture Profile Analysis, TPA)

nsUssiiudnvazidedudalnesinvewan Suaildnsondau Texture Profile
Analysis (TPA) #281A389 Instron model 1011 (Calibration Laboratory, USA) Tagvinn1sduld
nsendauilagyinisUssdudunimssnssuen dnldnsendaiuuunn 1xIx1 Wwufns 10
10 Fu vi1ns¥aA1Fieg19d8IRITALUUNA (compression) TLALEUHILALS NaTs 155
wudlns Imanwadnldlunisindr 500 Sadu Taefvuanisind1vessetisazgnnnadiiiiy
svegneionay 40 Y9I WFII0E19 usaziogemaaesazynsTnd 10 ads Tufindraanu
wda (hardness, N) A1Aasuileandneens (gumminess, N) Apuenlunsaes (chewiness,

Nmm) AauEang (springiness, ratio) kagANIsNIEAITU (cohesiveness, ratio)
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2. Ansenauandanisinwad laun
- Aanudunsn-ane (pH)
nsTnataudunsa-ae wnandualdnsondanu a1u3sn15v09A0AC
(198D neldmlnsufivasuundnsasildnsondaulnenseneriosinan pH frewr3es pH meter

(Mettler Toledo model SG-2, Switzerland) ¥MN1539AT 3 ASY wagUuiinKg 3 91

- AsuNuNIANIRUA (Total acidity)

lnsdusiegrwaniuatdnsendauivinismindunaii o, 1, 2 uaz 3 u v

o

AsTINnTnAE19as 2 nsu Tdauindudsuins 20 fadans unlutumeiniasaoludluwes

'
a

(Untra tarrax model T25 digital, Germany) mﬂﬁ’uﬁﬂﬂmmmsmé’wm%af‘]um%"m (Jouan,
CR3i, France) in11313150U 4,000 Seurodunil 1fiuiar 15wt dhlunsedldsenszanunses
wos 1 ldvangnauy vuin 125 fadans drdruladildulninsndae 0.1 N NaOH Tngmnen
a1sazansfuennduaslisiiegiay 3-5 nua A1usARLUasan Friedrich. (2001) Lagu1un
AU N SATMUAINNENNNS

Wesdudnsananun = N x V x 90.01 x 100

1000 x WIRUNVDIFIBEN
N = AunduYeIEsazaenInsgny 0.1 N NaOH

V = US1nsvesansasasiinggiu 0.1 N NaOH Nl

- A1A74TU (Moisture content)
A15IPAIANNTUVRINEN A ldnTandaulastndlag1eldnsandatudadutu
anqUsnnm 2.7£0.05 n5u ldaslunievsgaintuiniseinsiiunsquaiiinisinaloiniosin

ANTU (Analyzer, Hobart, USA) ¥nn1siasiest 3 91 wasUuiinnannla

3. ApTEAENTANIEIUTININ LA
- wuAitsENSALAARN
A5293AT T LT BLUATISENSALARRNTAEAEN57181989990 AOAC (2006) Tnetin
fognanandasildnsendanusiuiu 25:0.01 n$u demadavaondieldluansazansindslaioy
Aaolss Aty 0.85 Wasldud Usuns 225 fadans Wisetslufiniandes Stomacher
Hunan 60 3undt agldansaranefitanudiudy 1:10 anduienssedilasesunnudoas
fmngan (1:100, 1:1000, 1:10000 wag 1:100000 ud) 1Hlilastiungeansazateiionns 0.1
fi0d8ns uardisadluarumizdefifonns MRS Agar isvduaruniaansay 2 61 MHuviufgy

AUNBLNTNNIUNITUNTBUAIUU spread plate technique NIRINUIDINITUAIATIAIUNIZLYD
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dlUvafignmgdl 30 ssrwadea 1Wuan 48 Falus neldanigilufionnia antutudiuay
lalalinfiusiiadla (clear zone) 50U9lAlatl $189MUNATIUIUTBLUATITENTALAARNLANIZAIU

[

izTefifisuauseing 30 — 300 Taladl wiedu log cfu/s
- BaAuazsn

n3293ATINEas wazs1laedSnsiiensdeann AOAC (2005) Tnairdiegis
wAnAnaildnsendanusiuau 25+0.01 nfu fewmadavasndoldluasazarandelfounaslse
ALYy 0.85 Wesidus Usuns 225 Saddns Wsedeluiidasiades Stomacher Wurian
60 3unt avldansazareiiinududuy 1:10 anntutdearsiedlildsyfuauioaned
winzau (1:100, 1:1000, 1:10000 wag 1:100000 tUus) Iolulastiungaaisazaieienns 1
fadans sreadluaiumnideiitlonmis Malt agar Aunsakanin 80 Wasdus Usunsauas
15-20 fiadanslagia Pour plate technique iszdumINEBatAE 2 91 ﬁﬁiﬂﬁmﬁqmmﬁ 26

perwalded Wunan 3-5 Y4 9NTUTUT U UdaRLaZ I SI8UNATIUILTARLASTT LWL

WL IUIUSENING 30-300 lalativiaedu log cfu/s

- Coliform wag E.coli
A5299LA5IE e Coliform wag £ coli Ineldenmisiasaide Chromocult agar
Tne33n157i819899n AOAC (2006) lagtiisetanans maildnsondaIusiuiy 25+0.01n5 fe
wmaiavasndeldluaisavaroindolsidounaslss aududu 0.85 Wosdud Usuns 225
fiaddns dadetslufneades Stomacher Wuian 60 3undt azldansazaneiidaududu
1:10 9L atesag19llE sy duAIILE e 1aR M gay (1:100, 1:1000, 1:10000 Wag

1:100000 \Jusiw) lolulastiungaaisazaieiens 0.1 Taddns wazdrsasluaiumiziend

a1 1

9115 Chomocult agar 15¢AUAINRBINAE 2 91 THuviawmagUaninaeuiunsei@eua

. Aa v Y ° & ° oA a a
spread plate technique IR 1MAsHAIAIDIUNIZTD UaldunTigaumgll 37 esrwaiTua

Y
14
1 )

Huan 24 $laa Teladiifdvuwuansindu Coliform Bacteria dhulalafdhaiiunansindu
o £ coli $1891uras 119 Total Coliform Bacteria lan zaiuinizidefiis uinsening 30-
300 Tplatimedu log cfu/s Mniunageuiieduduindude £ coli lagvinisdulaladdog
1hidu Weasluemsidsade Tryptophan Broth Usliflguvgfl 37 esrwaidea 1Hunan 24
Falug nduifnansavaty Kovac $1uu 0.2-0.3 faddns d1lsiua + ssUsngauasiidiuuunes

Tryptophan Broth



19

3.4 M3AATzidoyaneaia
ImmwumumsmaaqLLUUdmuﬁaﬂamysai (Randomized Complete Block Design,
RCBD) wagliasngviA1mnuulsusiuvedeyalagly Analysis of Variance (ANOVA) JiAs1¢11A214
Lane19vesA1adelaeds Duncan’s New Multiple Range Test (OMRT) Taeldlusunsy

ABNTIMBTHSIFU SAS (Statistical Analysis Systems Institute, 1998)



una 4
NaN1578

4.1 N15IATIZHAUNTATNLASAIULAL]
4.1.1 Aranudunsa-ane (pH)

A5ANHIAIANUTUNTA-AN9YBINTZUUNIS TN LA NSO N DA uALaNeA1eiY 5 35 1)

a

wuIugaungivies 1Wwnan 3 Ju 2) vuiigumngll 37 ssrwaidear Juiian 3 u 3) U559

guaniFkasUnNaamal 37 ssewaided WWuian 3 u 4) Yuilgaumgll 37 ssrwaidva 1y

81 2 Ju uazuviuigamgivies 1Wunan 13U uay 5) ussgegaaIniawasUuioungll 37

9

sarwadea Wuan 2 Tu wazwviufigamgivies Wuman 19w nudn Aenudunsn-ang o
Tui 0 vownnszvIumMsndnldnsendaulilanuunnsineiued1lidudAynieadia (P>0.05) &
AU 5.97, 5.98,5.96, 5.99 Lag 5.98 auddiu ngnenasnszurunsvdnldnsendanu 3

Fu wuidn nsgvaumsuiintdnsendanuuuuiiunaamgiivieatdunan 3 Ju faranudunsa-ang

a

asan (5.16) TuvzinszuIuNISUINg 2, 3, 4 waz 5 darmnuidunsa-AsanadkasianlndLAes

Y q

v
| 1 a %

Fu (ladunneng) Weduaaniswsin fie 4.35, .47, 4.48 uay 4.56 (P>0.05) wagnssurunisusinld

q

nsendaunuuUNNguugll 37 asrwaided WWwad 3 fu dAenudunse-aeian (4.35)

LAASFIANTIN 4.1

4.1.2 AUSHIUNTANIUA (%)

ASANIANUSUIUNTANINUAVDINTSUIUNTNINLENTDND A UNANF1IAUY 5 35 1)

=

wuIufigaungivies lWuan 3 Tu 2) Uniigamnd 37 ssAmiwaldual Juiian 3 Ju 3) ussggs

guaniFkazunonmal 37 ssengailed WWuian 3 Tu 4) Uniiguugll 37 ssrwaidua 1y

LY = a v [d o oA a
L3810 2 U AT LTIUNDUNHUDY Wual 194 bag 5) Uii‘ﬂqi}ﬂﬂiy}i‘g?ﬂ’]ﬂLLﬁSUlWIQﬁJﬂQiJ 37

9

o |

ssmwadod 1Wuan 2 Ju uasuauiioamgivies duan 1w wudn euSunansavisiund
USunaunsaiindiumusgegiiainisndn wag o Ui 0 vesmnnssuiuntsvdnldnsandaiulid
AULANAIAUNIADA (P >0.05) ANLVITIAU 0.35, 0.36, 0.35, 0.36 WAz 0.38% MIUA1IHU LA

Ui 3 9panszuIunsustng 3, 4 way 5 AAWN1AU 1.00, 0.96 kay 0.91% m1uaisu (P >0.05)

al

Tngnszurunsndnuuuuvungaugdneudunat 3 Tu frdige fe 0.73% waznszuiuns

9 Y
a

wiinldnsendauuuuiniaaumgll 37 ssrwadva Wunan 3 Ju TAUsuunsngegn (1.17%)

Y

LARNIRINITIN 4.2
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nsanaswasanudunsa-aadunauiainnandnilaainnseutunisurinldnsen
da1u Ao NINBUYIY NIALAARA LarnNINEzTRN elWAnnIALankia (Komperda et al. 2004;
Bozkurt and Bayram. 2006; Saithong et al. 2010) H4AAMNFAUNSININLUATISEUANANTIEDE

Tngdv Ao 917 Faduaslulawmsananlunsideudulnsim (pyruvate) uagnsauanin Ineld

9 Y

wulgduanmndlalnsdiua (Lactate Dehydrogenase) (A19WS AUSIURA. 2536) @anAdndnu
[ % 1 Y % = a0 [~ 1
nawad Usedaasinug wazany (2552) wuinssuiunisvdnldnsendanuiaianudunsn-ang
ana198g1990tloaluiuN 0, 1 way 2 ANWIAU 595 493 way 4.67 ANUAIAU LAY
Tosukhowong et al. (2011) nanalundasusiuvuiiaininudunsa-asanasagluiun 3 ves
A15MITNIANNIAU 4.50 wardUSuIuNIANINUALALNTURIN 0.58 1TU 1.59% uananiln1sAnen
¥84 Jindaprasert et al. (2014) fina1131Anudunsa-astundndualdnsondaiuanasain
4.81 WU 4.22 wazdaanAaInulSUINIANINUANIALTUBE1959m652910 0.16 1 DU 0.79%

AMendeszeznIsuiln 48 92lus lasnisanasvesaadutdunsastavinlmlesidudnsaiudu

'
a A U a o

WosaniinnisasiensaanniuaiseanannUulauuniuinasu vinlria1A 1 dunIns1ednas

q
a 6

Useun 4.4-4.5 duavinliidegdunidnelsauiavila W Coliform, E.coli, S.aureus was
Salmonella spp. laf@1ursanuannzaulunsawazmeluluian (@uamnt Saudug. 2545;

Chokesajjawatee et al. 2009; Holck et al. 2017; Loypimai et al. 2017) wae Phalakornkule

o

and Tanasupawat (2007) s189uildnsenuindannudunsasi (pH<a.6) @ansadudsnis

a 6

WIyUlnvesgdaunsdnalsa 1¥u Salmonella spp., Listeria monocytogenes, Clostridium

botulinum wag Staphylococcus aureus

4.1.3 And (L*, a*uas b*)

ANSANWIAIAYDINTEUIUNIININLENTONDAUNLANAIIAY 53T 1) hvIUN

< = <

gaungivies lWunan 3 Ju 2) yuiigaumadl 37 asenwaidea, Tuian 3 U 3) U55909gae)n1e

U L]

a d’

wavuufgungl 37 esmnea@ea Wuan 3 U ) Uufeamgll 37 ssrwaided Wunan 2 Ju

wazuuiigumgiivies wWunan 19u uag 5) vssequuaIMALaUNTIgumgdl 37 ssrniwafya
Hunan 2 $u wazuviuiigumgiivies WWunan 154 uansdisned 4.3 wudi mauadng (L9
yoenszurumsninldnsondauwuunnuiigamgiivieadunan 3 fu anasiniud 0 (62.80 1Ju
46.20) dhunszurumaninlénsendanistuiimanuaiannniuasdunlinduugniu Tne
Fuil 2 veannszuaumsvsinlaifieauandaiuegeiitudfanseda (P>0.05) lnsTuil 3 veq
nszvruMInind 3 fdanuainsgedign (L = 54.93) uenaninuinszuaumsndind 4 uas 5
fAranuainelnalAssiu (L*= 51.73 uag 48.99) @annassiyu Loypimai et al. (2017) nanainld

NTENDANUMESUIITNILANAINUEINANRINNNTZHLLIANITNIIN
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Aduas (%) wudnszuaunisvdnldnsendaiuwuuuviuiiguvgiviendunan 3 Tu

Y
¥

fiAngavuaniusus (2.10 1y 9.15) daunszuiuniswiing 2 uas 3 TAdwasroutnsnsiinaen
o o A A oyy = ] D= =
szezlanmiin danseuiunisvdnd 4 uag 5 Weihldnsendanuliuviudamwalvirdunsgedu

(@*= 6.39 ey 9.63) Fananisnaasadululufimmafeiiunssisanuresauwy Aanaudi way

LY

a A vy a Aa o = a v , o
JAUN ‘V!ll@l. (2558) ‘Vlﬂa']'3'3']1?1ﬂs@ﬂ@a']u‘mllﬂsz‘UTUﬂ'ﬁ‘VillﬂLLUULL%?HWQWWQQJV@\TLUTALU@W 43U

HAALAIANAINADATLYLLIANNITVIN

1A a 1A I v

AEmaea (b*) nuimnnszuunsuindadmvassanawmasnseeziainismin lag

=

Fuil 3 veanszurunIMind 1 uaz 5 SAdimdesgefian @anlndlAsadu) Wiy 18.81 uaz
18.31 (P>0.05) HANIINAADIRINAIIARAADINUNUITEVOIALLY TiaraudR wag deaul Vud.
(2558) fildmoauinddmissanainasnszognainisvin lagnszvaunsnsinlénsendauuuy
wuitgamaivieniiuna ¢ $u (16.05 1 13.88) wazmsnsinuuuusseqsaayainaiduna 4
Fu (11.91 10y 6.50) lunquaruauitlisinisiduniauanfauazaisuuavailedy uonani
Phromraksa et al. (2005) wag Akcan et al. (2017) wu31 fadxaieesldnsondauiiAanas

| A = A J 14 d‘
AIUAELLANLLACAAADIABUYINANN



A1519% 4.1 ArAudunsa-answasldnsandanuninszuiunisvainfuanaiaiy (Mean = SD)

nszuaunsuinldnsendany il 0 Fuii 1 Fudl 2 Fuii 3

wuTigaumgiivies Wuian 3 fu 597+0.05**"  583+0.18*"  555:0.18°"  5.16+0.29°"
Unilgaumadl 37 sseniwaidea 1uan 3 Sy 5.98+0.04"  5.66x0.16>"  4.68+0.03°®  4.35:+0.12%°
VTR0 Akaz TRl 37 ssmiwalda Wuan 3 Ju 596+0.05%"  574+022°"  4.77+0.10°  4.47+0.11°"
Unitgaumdl 37 sseniwaidea Wunan 2 fu wazuviuiionmaiivies 1uiaan 1 fu 599+0.05"  573+0.12°  4.73:0.07%°  4.48+0.09"°
UsTIQE ALz UNTigMaT 37 ssmiwalded [uan 2 Yu uazuviuiigamgivies WA 13U 598+0.04%  578+0.15°  4.79:0.04°°  4.56x0.05°

Y

" A9 + @ uunInggIuTeiieg 199U 3 SUNITHER

abcd &2, = N o

FdnwsnkansiuiuluLusulaNLANa199E 8t ARy NNERs (P>0.05)

°o W

A8 o nwskenaen Ul LLLIAITALLANANRE TN ANISEDRA (P>0.05)

o

74



AN5199 4.2 ANUSUNUNSANIUATRILENTBN DA UNTINSLUIUNITUINALANAI9TY (Mean + SD)

nszuIunsuinldnsondanu Fuil 0 Fuii 1 Fuil 2 Fuil 3

wnuiiguvniivies wunan 3 fu 0.35£0.06”""  0.51x0.04°® 0.62+0.08™°  0.73+0.02°°
Unitgaumndl 37 ssrniwaidea 1uinan 3 u 0.36+0.05*  0.59+0.07"  0.87+0.09""  1.17+0.12*"
VTN ALz UNTIguvAll 37 ssrwaldea e 3 Tu 0.35£0.04%  0.64+0.07%" 0.82+0.02>"  1.00+0.11*"
Unilgaumadl 37 sseniwaidea 1uian 2 fu uazuniuiigamgiivies Wuan 1 4y 0.36+0.02°%  0.60+0.10™  0.84+0.05**  0.96+0.05>"°
Uiiﬁ;mqiyzgwmﬂLLazUuﬁqmmﬁ 37 asrwaded Juan 2 Tu LLazLLmuﬁqmmﬁﬁm Wuan 19y 0.38+0.11%" 0.60+0.07""  0.81x0.06*"  0.91+0.04>"

Y

" fie = dnudenuunnTgIuYeiIeg 19T 1WIY 3 TUNITHER

abcd 22 .:4' o

fdnwsnuansiuiuluLusudamuLand et @Ry neEns (P>0.05)

N v

ABC fdnwinuansenuiululgsdlinuLana e 1site @Ay nsEda (P>0.05)
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A15199 4.3 And (L%,

a* wag b*) YaeldnsondauninssuIuNISUINNLANANY (Mean + SD)

A1ANEINY Lightness (L¥)

nsrvIumandnldnsendau il 0 Fudi 1 Fudl 2 Fudl 3
wuTigaumgiivies Wuian 3 fu 62.80£0.30*""  47.25:0.05°%  47.02+0.83°°  46.62+0.38""
Unitgaumadl 37 sseniwaidea 1uan 3 fu 60.82+0.21°°  5537x047°"  51.95:0.75°"  50.64+0.11%C
UsTIRAIMALazUNTIguMAT 37 eamwaldea 1uan 3 Yu 60.56£0.20*"  55.43+0.30""  52.56+0.03”"  54.93+0.37%"
Unilgaumgil 37 esmiwaidua 1unan 2 Yu uazuvudigamgivies Wunan 1 54 60.60£0.29™  54.94+0.95°"  52.50+0.08~"  51.73x0.09°"
UsTeR ALz UNTIguvaTl 37 samwalded [Wunan 2 Yu uazwiuionvigiivies Wunat 1 fu 60.45:021°% 5468015 52.63:0.16%  48.99+0.16%°
A1AWAY Redness (a*)
nszvIummdnldnsendau it 0 Fudl 1 udt 2 il 3
wnuiiguvniivies wunan 3 fu 2.10+0.15%° 7.80+0.59>" 7.72+0.37°" 9.15+0.21%
Unilgaumndl 37 ssrniwaidea 1uinan 3 u 2.3240.15%%% © 4.64+0.46°° 5.79+0.30°°  6.65+0.15%"
UsIIRAIMALazUNTIguMaT 37 eamiwaldea Wunan 3 u 2.00+0.325%® 4.06+0.43>° 3.98+0.46°C  5.19+0.21°C
Unitgaumadl 37 ssenwaidea Wunan 2 fu wasuvuiioamagilivies 1uan 1 fu 2.70+0.18" 4.46+0.63>° 6.50+0.50%° 6.39+0.78%°
UsTIQ ALz UNTigMaT 37 ssmiwalded 1uian 2 Yu uaviviuiigumgivies unan 1 u - 245+035%° 4.68+0.25%8 7.38+0.35™" 9.63+0.15"

v Y

ab,cd

AB,CD,E

Ao + EhuuumLuummﬁmmaqmamqmmu 3 JUMITHER

LY

VEGA

[

yn9Ena (P>0.05)
@@ (P>0.05)

maﬂwi‘wLLmﬂmmuﬂﬂuumuauummLLmﬂmqam

v o w

G]']’e]m&ﬁ‘v]LLG]ﬂG]'NﬂuﬂuI‘HLLu'NN@JﬂTlMLLG]ﬂG]NE]EJ’N ga1meuNI
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AN519% 4.3 (719) AE (L*, a* way b*) vadldnsandanuninssuiunsraniwnnaneiy (Mean + SD)

ANdmand Yellowness (b*)

nsvuunsuiinidnsendanuy uit 0 Fuii 1 it 2 il 3
wufigaumgiivies Wunan 3 fu 11.89+0.71°M  17.34+0.61°"  17.20£0.10°"  18.81+0.58""
Unilgaumndl 37 ssrniwaidea 1uinan 3 u 11.95+0.70°" 13.83x0.21*°  12.39+0.36"*  10.97+0.42°°
USSR ALz UNTiguvall 37 samwaldua 1uan 3 Yu 11.20+0.96% 12.54+0.68°°  12.03+0.84°°C  13.84+0.39*
| 12:13+0.10°* 132.80+0.19°%  12.86+0.08"°  15.68+0.68"°

Uuiigaumadl 37 esrnwaidea Wuian 2 Tu wazuiuiigumaiivies {uian 1 3u
al 11.35+1.03""

UTSIEINALazUNNgMgE 37 ssmwaidua [Wuian 2 Tu uazuriuigumaiivies {Wuian 1 u

11.39+0.37°°

12.14+0.62°5

18.31+0.15*"

" fo + dundeauunInggIureiieg 991U 3 JUNITHER

2be frgnwsnuanssiuululueuiamuLana1e g9 ltedAynIeEns (P>0.05)
ABCD ghgnwsnuanansiuiululuissauianeieg19ids @Ry isans (P>0.05)

9¢
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4.1.4 apnuanlavasd (Chroma) wazA129A1989d (Hue angle)
ANSANEIAIANUANTEYDIE LATANBIFNUD9E VBINTLUIUNSUINLENTBNDA1UN

waneeiy 538 1) wwauiigamgivies 1uiian 3 Ju 2) Unilgaumail 37 ssewadva Wuaa 3

'
A

Ju 3) vssIgeEaaINAkAzULTIgang T 37 esrwaidea WJuian 3 Ju 4) yuiigumgll 37 e

99 ¥ 3

wadea Wunan 2 Ju wavuiuiigaugives lWunan 13U uay 5) Uss99anINIAkas N

9

gl 37 e waided [Wuan 2 Ju waswuiuiigungivies lWuan 1 Ju wud Apuanta

9 Y

=] a1 [

fiananasmuszeznainiswsin taesufl 0 vesnszuauntsudniievindu 2.38, 2.27, 2.17, 2.12
waz 2.16 AudIsu (P>0.05) wazSudl 3 vesnszuarunisndnilanindu 1.44, 1.29, 1.64, 1.57
way 1.38 AUaRU Im8msmumwﬁﬂlﬁﬂiaﬂ’émuLLUUUﬁa;qaqﬁgtgﬁmﬂLLasﬂu‘ﬁqmmﬁ 37
ssmwaloa \unan 3 u fdgean (1.69) wazidevldnsendauluuviudunan 1 5u ves
nszurumsudnd 4 uay 5 vliiannuanlavesdiisdy (P>0.05) fladlndifsaiu (1.57 uas
1.38) HANISNAABIAONAGEIRUNTSANYIU8S Bowser et al. (2014) fina1aidlesseznisiiusng
wuduinlildnsenideunsilimuanlaanamusyesnansifiudnyiuarasnadeiunsanem
09 5111 n Ty (2559) finarrinlusdndasurumdewiansvanseansfukidiaiauanla
AARIRNTEELLIANNISHNN

dauA199AReE (Hue angle) WUl ynaszuIumvdinldnsendanuliAianamniy

szoznannismiin laefud 0 vesnszurunmsmsinlifinuunndnetunisadd (P>0.05) fid1eg
Tutng 77.45-79.91 wagudl 3 veenssvaun1susnia1mafy 64.08, 58.70, 69.45, 67.91 uaz
62.25 puawiy Tagnszuaunsusinldnsendauluuussgnegna MLz Uugumgil 37 e
wadea Wunan 3 Ju feiesmueidgaan (69.45) uandanissdl 4.4 aeandesiunisinuives
Bowser et al. (2014) finamitaiesaivesdasldnsonilounsfaanasmaeaszosiainiaiu
Snwilnefyuoglurag 57-64 Felnudvesldnsondounzidsunvasandmdondudduung
wenaNil Loypimai et al. (2017) ndairl&nsendauiiasusidiidiesavesdanasaiy

srewlIaInsnin aneglugag 45-60

4.1.5 Andnwasileduialagsau (Texture profile analysis, TPA)
msAnunAdnvaieduialnesiuvensruiumsuinldnsendauiiunnaneiy 5
3 1) uwuiigamniivies Wunan 3 Yu 2) Unflgungdl 37 ssmnealdea Wuna 3 Yu 3) ussege
ngzgfmwml,azﬁuﬁqmmﬁ 37 ssAnwalBoa Wuan 3 Tu ) ﬂmﬁqmmﬁ 37 seAwalfea (Ju
G

LY d' a v [ U oA a
L3817 2 U RS LUTUNGEUNUTD Wuan 114 hay 5) UIIYN igﬂmml,azquzwgu 37 83A"

>

o 1

a ] ) ~ P Y] & | < a
walea Wual 2 T wazuviuiigamgiivies 1Wwian 1 i wudi A1uuds (Hardness) a0
WILTUAUTEOEIaINSUEN DAy 11.44, 9.73, 14.01, 16.17 wag 16.03 anuaisu hidaiy

o w a

upnE1AuegTTYdAENSEdA (P>0.05)
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A1IAUAINTOIUNTNEFINU (Cohesiveness) BaannnszuIun1sudnldnsendanu

o =

fApaf (P>0.05) fAwiniu 0.43, 0.50, 0.43, 0.49 kag 0.47 ANNAIAU tngnsEuIuMsusntd@nsen

=

SauuuuUnionmgll 37 asewaldua WWuan 3 Ju denasgn (0.50)

9 Y

I =

ArAum e un1iniesns (Gumminess) nnssuaunisuiinldnsendaudian
dutunusregamansiniidin e tuil 0 veannszuaumandnAnumdenduniviosis
Lufiauuanatsiueg1sitedagnieaia (P>0.05) Awvindu 2.86, 2.44, 2.75, 2.59 Lag 2.91
iy udiflesvezinansvsinfiunuduhldaadu Tnetufl 3 sesmnnszuiumandinldnsen
Sau (P>0.05) dAvinfu 4.84, 4.95. 6.08, 7.79, uay 7.44 sudsu Tnedanisvainldnsensaud
4 way 5 Tarmnuwmilsndunniviosnsgsiign windu 7.79 uas 7.44 suddy
firasiinaon

A
szoviansvinlaeTud 3 veen1smwsin dawindu 0.56, 0.63, 0.50, 0.55 wag 0.55 AUSIFU
(P>0.05)

A1AUEANEU (Springiness) Ya4nszUIUNITMLNENTENBAULARYTT
0.

adada |1

A1PueINTUNISIALY (Chewiness) vaennnssuIunsuiinldnsandauuiazIsian
Winguauszeziamsdniiidlaeun 3 davindu 4.84, 4.95, 6.08, 7.78 Uay 7.43 AUa16Y

(P>0.05) LAAANIA15197 4.5

4.1.6 ANsgyideuIminszrdtensuIunITuEin (weight loss, %)

v
a o £

nsfnwAInIsagdsdIminsninnssuIun mdnreInsyuIun1sudnldnsen
Banuiuanm1ai 538 1) wnufigamgivies uan 3 Ju 2) Uungumgll 37 ssrwaidua (Ju

Y

a1 3 U 3) USIIRRANINIALaEUNNRMNNl 37 ssaneailea [Wulian 3 Tu 4) Unilgumadl 37
IS) < [ = a Y < [ !
samwalgya Wwial 2 Ju uazuviungumgiivies iWuad 13U uag 5) UIIREUYINALAZU
- a =~ = ) o~ av < o o =
Mgaun il 37 sar@aidea LUua 2 Ju wazkvIunaumnines LUuIa1 1 Ju Uanwiannsed 4.6
WU ANsgedsdaminseninansruIunsudnuenseuunsvdnldnsendaunuuweiun
gaungivenduiian 3 Tu dwaesiwudnisgeydetaninuiniian de 8.20, 11.28 uag 14.93%
mudIau luiui 1, 2 wae 3 lnensvuaunisvdinldnsendanuuuuuniiounnll 37 asrnwalya
Junan 3 Ju uagnszurunismdnldnsendauuuuussageginiAwazunfigungll 37 8
waded Wuan 3 Ju Ianisgydeuintnssninnssuiuniswiintesiign Ao 3.94 uay 3.22%
(P>0.05) luvaugNnszurunsunding 4 uag 5 dansaqdetimdnsenitanssuiunsvdniiuiy
diedhldnsenluuviu TAwiiu 8.38 uag 11.90% wazdanlndlAssiunszuiunimdnldnsen
I = a v < [ A " v [ ! v LY
dauluuLIugauiivienduian 3 Tu IAwiiu 14.93% NNRanImeaesfenadaenndeiu
HANINARDIYBY Visessanguan et al. (2005) N1841U Lileszazian susiniiudy wuuinig
goyidetnunniy Fansagideunluseninanszuiunmdndawvauiainnsaanglusiu agnis

= a ! CY = [ 1 Y] 1 & PN [ =
Eji‘gLﬁEJﬁ.ﬂ’]‘W“(J’eNI‘UiG]uI‘NLL‘Viu%Ji%‘VI’J’Nﬂi%U’JUﬂ’]i‘VIQJﬂ %ﬁﬂalﬂ@\iﬂa’l’lﬂﬂ‘luL‘Uu‘VILLuGUW PIDI
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Weadestunsidsunlasusununse wazA1audunsa-aAne wag Visessanguan et al. (2004)
o & ' Ao o i 1 a & = 1 Y v &
euiAmaulunsa-asisninadenisgevaasvedlusiuluiedsliaunsoguinliladuna

ylmingusenundulsuiamnn

4.1.7 AMANTY

ASANBIAIANNTUYBINTEUIUNNSNENLANTBNDA1LALANA1AY AU 5 3T 1) kU

Ngaunnfivies 1Wuan 3 Ju 2) Uniiguugll 37 esrwaidea WWunan 3 Ju 3) UsTggedyInea

wavUnigamnll 37 esAngaidoa WWuiian 3 Tu 4) yufigamgll 37 esengai@ea WWuian 2 Ty

Y

= a v [ LY oA a IS
AT LVIUNDUNHUDN Wukaan 124 wag 5) Uii‘ﬂqi}\‘iﬁiyﬁﬂﬂ?ﬁLLﬁSUNVIQWMQN 37 DAY A

U a 4

[ LY A a v [ LY [ = ! ! & o A
WukIan 23U HASLVIUNDEUNNUVIBY Wuan 174 waneiannsned 4.7 wuii aranuduluiui 0

I

YaannszUIunIIndntdnsendatuatnaifiesiu (P>0.05) danvindu 50.10, 50.27, 49.89, 50.57

[
A =

WAL 50.59 ANUAIRY WALLBSTELLIAINISNINUI LT UV TAIANLTULANaRa R8N TUIUNTAIIN b
nseNdanuuwuuLI g iviealuban 3 Tu da1nnuiumian (33.48) dlnalAssiunseuiuns
wing 4 way 5 dewiniv 38.82 wag 47.39 lnenszuiunisudnldnsendauwuuuniioumngll 37
asrngaldea Wuaan 3 Ju uaznszuiunsudnldnsendauluuussgeagyInIAkasuNd

gaundl 37 samwaidea 1Wuan 3 Ju fif1ANLaande 53.36 waz 52.99 (P>0.05) denndes

9 Y

U =

fun1sAnwvesiadng lweqal (2556) lavihnsuiinldnsendaunldldvyuagldasaaiaulaeviinig

'
a

WINANTITUUVER (UTTIQIFYYINIA) WagyiIn1svsiniuuRLie nudianuduresldnsendaiueyd
50%



A15199 4.4 Apuanlavesd (Chroma) wagAeer1vesd (Hue angle) vadld@nsendaiufiinszuiunisminiuansneny (Mean + SD)

ANAUARLEVDE (Chroma)

nsrvIumminldnsendanu Fuii 0 Fuii 1 Fuii 2 Fuii 3

wuTigaumgiivies Wuian 3 fu 2.38+0,05*""  1.49+0.03%° 1.50£0.03”*  1.44+0.01°¢
Unilgaumadl 37 sseniwaidea 1uan 3 Sy 2.27+0.09*°  1.74+0.08”" 1.47£0.06°  1.29+0.01°
UII90ARY apmmawwamm:u 37 perwaided Wuan 3 T 2.17+0.05%¢ 1.76+0.14°" 1.75+0.07°*  1.64+0.05°"
Unitgaumndl 37 sseniaidea Wunan 2 fu wazuniuiionmaiivies 1uian 1 4u 2.12+0.07°¢ 1.79+0.10°" 1.41£0.05%®  1.57+0.06°°
UsTI0sEANM ARz UNTIgamgd 37 ssmiwaldua Wunan 2 Ju uazwiuionmgiivies Wuan 14U 21620067 1.57+0.04°° 1.29+0.07%¢  1.38+0.00°°

A193A1799E (Hue angle)

nsrvIumandnldnsendau Fuit 0 Fudi 1 Fuii 2 Fudl 3

wuTigaumgiivies Wuian 3 fu 79.91£0.45"%  65.37£0.74°°  65.84+0.93"°  64.08+0.24°
Unilgaumadl 37 sseniwaidea 1uan 3 Sy 79.01£0.96*°  71.50£1.60°"  64.94+1.76°®  58.70+0.48"
UsTIRAIMALasUNTIguMAT 37 eamiwaldea 1unan 3 u 77.92+0.60°%  71.97x2.71°%  71.72+1.14°"  69.45+1.13°"
Uniigaumgil 37 sarmiwaidea 1unan 2 Yu wazuviufigaumaiivied Wuna 1 % 77.45+0.77°%  72.16+2.36"  63.20+1.74"®  67.91+1.56°°
USSR ALz UNTiguvall 37 ssmwaldea Wunan 2 YU uasuwiuigumgivies Wunan 14y 77.86+0.69°C  67.56+1.10°°  58.56+2.62%C  62.25+0.16°

Ao + muwmLuummmu‘uaqﬁaaéwﬁmu 3 JUNSHER

ab,cd &

ABCDE

f9nyIN Lmﬂmmuﬂﬂuuu’mauumm WANAISOLINT]

FoNYTY LL£°']ﬂ(ﬂ’]\?ﬂﬂﬂiﬂﬂLLﬂ’J@ﬂﬁJﬂ’ﬂNLLG]ﬂG]’NE]EJ’N

o

U

o

Uy

o

ydrAgneada (P>0.05)

@

dAyneadia (P>0.05)

0¢



a v & o o o ~ Aa o i o
M19190 4.5 ﬂqaﬂ‘iﬂmgLuaaﬂmﬁi@ﬂi’)mﬂ@ﬂlﬁﬂi@ﬂ@aqu‘ﬂuﬂigUUUﬂqiﬁuﬂ‘V]LLWﬂWWQﬂu (Mean + SD)

ANALLDe (Hardness, N)

nszvIumvdnldnsendau Fudt 1 Fudl 2 i 3

wuiigamgiivies ihunan 3 fu 9.23+0.19°* 9.69+0.32° 11.44£0.22%"
Unilgaumadl 37 sseniwaidea 1uan 3 Sy 6.95+0.70*" 8.46+0.11*" 9.73+2.45*"
UsIYRAIMALasUNTIguMAT 37 eamiwaldea 1unan 3 fu 7.39+0.17°4 9.36+1.58"" 14.01+0.47%
Unilgaumgil 37 earmiwaidea 1unan 2 Yu waguaufigamaiivies 1uan 15 6.80+0.15*" 7.09+0.07*° 16.17+1.33*
UsTIR ALz UNTigMaT 37 ssmwaldea Wuan 2 Yu uazuviuiigumnivies Wunan 1 u - 6.78:0.17% 8.52+1.13%° 16.03+0.82*"

AINSkNEANY (Cohesiveness, ratio)

nszvIummdnldnsendau Fuil 1 $uil 2 Fui 3

wuiigamgiivies ihunan 3 fu 0.31+0.05"%" 0.38:£0.05" 0.43+0.02*
Unilgaumndl 37 ssrniwaidea 1uinan 3 fu 0.35+0.01°® 0.55:+0.08*" 0.50£0.09*"
VTR0 AkazUNTIgamgd 37 ssmiwaldea Wuan 3 Ju 0.37:£0.01>° 0.51+0.07*% 0.43+0.06™"
Unitgaumndl 37 sseniwaidea 1unan 2 Yu uazuniuiigamnivies iWunan 1 fu 0.39+0.01*" 0.47+0.09*° 0.47+0.03*"°
USSR ALz UNTigumall 37 ssmwaldua Wunan 2 fu uaziwiuiigumaiivies Wuna 1 4y 0.39+0.05%% 0.47+0.07*° 0.45+0.04*"°

T
] =

A9 + dAUELUNINATTINYDIFIRENTIUIU 3 FURITHER

abc ¥ = o

AonwsnwanaanuiulukuINR UL ANULANANBE I TEdAUN19EDRA (P>0.05)

<

+

a v

ABC ghdnwsnuansenuiululngsdinuLana e 1sitedAgnisada (P>0.05)

1e



AN519% 4.5 (@) A

[

dl

& o o o = Aa o A W
‘UmgLu@allNai@ﬂﬁ@mm@ﬂlaﬂi@ﬂ@a']ummﬂiSUQUH']iViiJﬂVlLLWﬂG]'Nﬂu (Mean + SD)

ANANUTeTUN1IYTe79 (Gumminess, N)

nszvIummdnldnsendau Fudl 1 it 2 Fudt 3

wnuiiguvniivies wunan 3 fu 2.86+0.47°M 3.53+0.39"" 4.84+0.16*"
Unitgaumndl 37 ssrniwaidea 1uinan 3 u 2.44+0.21%" 4.65+0.68*" 4.95+1.71%
Uiiﬁ;qdqﬁgzg’m’mLLazﬂuﬁqquﬁ 37 perwaided Wunan 3 5u 2.75+0.06™ 4.83+0.90°" 6.08+1.09%"
Unilgaumndl 37 sseniwaidea 1unan 2 Yu uasunuiigamniivies Wunan 1 fu 2.59+0.06™" 3.36+0.53*" 7.79+0.58""
UsTI0sEAIM ARz UNTIgamgl 37 ssmiwaldua Wunan 2 fu uazuviufienmgiivies Wunan 1 fu - 2.9140.48> 4.07+0.98™ 7.4420.62°"

AIANEAEY (Springiness, ratio)

nsrvIumandnldnsendau Fuil 1 Fuil 2 Fuii 3

wuTigaumgiivies Wuian 3 fu 0.38+0.05”° 0.41+0.03"" 0.56+0.11%"
Unilgaumgil 37 eamiwaidua 1unan 3 fu 0.44+0.01°%® 0.63+0.08*" 0.63+0.14>"
USR0S AkazUNTIgamMgl 37 ssmiwaldea Wunan 3 Ju 0.44+0.01°° 0.59+0.08>" 0.50+0.11%"
Unitgaumndl 37 sseniwaidea 1unan 2 Yu uazuniuiigumgiivie Wuan 1 3u 0.43+0.03"*® 0.55:+0.09* 0.55+0.01*"
USSR ALz UNTiguvall 37 ssmwaldua Wunan 2 fu uaswwiuiiguvgivies unan 14U 0.48+0.04% 0.56+0.09*" 0.55+0.08>"

" f9 + dueauunInggIureiieg 199U 3 JUNTHER

a o

2P gagnwsnuanaiuiuluLusuiiauLana1eglitsdAyIsans (P>0.05)

o

A8 ghenwsiwmnansiuiulusuinsiiaulensnsegsitediAy eans (P>0.05)
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[

o | ! X o o o = Aa o A W
157497 4.5 (79) AN ﬂ‘l‘f}ﬂdgLu@allNai@ﬂiamm@ﬂlaﬂi@ﬂ@a']ummﬂiSU'JUf‘I'ﬁ‘ViiJﬂVlLLWﬂG]'Nﬂu (Mean + SD)

ArANEINtuNSLALL (Chewiness, Nmm)

nsrvIumandnldnsendau Fudi 1 Fuil 2 Fuil 3

wuTigaumgiivies Wuian 3 fu 2.86+0.47°M 3.53+0.39"" 4.84+0.17*"
Unilgaumadl 37 sseniwaidea 1uan 3 Sy 2.44+0.21%" 4.63+0.69*" 4.95+1.70*"
UsTIRAIMALasUNTIguMAT 37 armiwaldea 1unan 3 3y 2.69+0.02°% 4.82:+0.90™ 6.08+1.07*"
Uniigaumgil 37 earmiwaidua 1unan 2 Yu wagurufigamaiivies 1uan 1 % 2.57+0.09*" 3.37+0.53*" 7.78+0.56™"
UsTIQa ALz UNTiguMaT 37 samwaldea Wuan 2 Yu uaviviuiiguvndvies Wunan 1 fu - 2.87:043° 4.05+0.98°°° 7.43+0.64*"

" fio + A leuuuNINTIINTeIBE 191U 3 SUNITHER

a o

2P gagnusnuanssiuiulutusudauLana19eg19lts @Ay NIeEns (P>0.05)

°

A8 genwsiwmnansiuiulusuinsiiaulenansegsided Ay neans (P>0.05)

e¢



o ! o o Y] i o o = Aa o A W
M19190 4.6 V’nﬂ'ﬁ'sﬁiyLaEJ‘U']‘VFUﬂiS‘Vi'J']\TﬂiSU']Uﬂ']TW@Jﬂm@ﬁlaﬂi@ﬂ@aqu‘vmﬂig‘U’J‘Uﬂ'ﬁ‘WNﬂ‘VlLLG]ﬂG]']Qﬂu (Mean + SD)

nszvIummdnldnsendau Fudl 1 $uil 2 fuil 3
wnuiiguvniivies wunan 3 fu 8.20£0.97°M 11.28+0.41°" 14.93+0.51°"
Unilgaumndl 37 ssrniwaidea 1uinan 3 fu 0.50+0.13%° 1.81+1.00°" 3.94+0.14%°
UsIIRAIMALazUNTIguMAT 37 eamiwaldea Wuan 3 Yu 1.09+0.53°° 3.15+0.84*° 3.22+0.23%°
Unitgaumdl 37 sseniwaidea Wunan 2 fu wazuviuiionmaiivies 1uiian 1 fu 0.71+0.16>% 1.15+0.26>° 8.38+1.61*
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wnuiiguvniivies wunan 3 fu 50.10+0.78""%"  48.83+0.50°°  45.11x0.62°°  33.48+0.49°¢
Unitgaumndl 37 ssrniwaidea 1uinan 3 u 50.27+0.08°  51.42+0.41°" 52.16+0.27*"  53.36x0.87*"
VTR0 ALz UNTiguvAll 37 ssriealdea lulaan 3 Tu 49.89+0.82"°  51.08+0.16"" 52.04+0.81™"  52.99+0.48>"

Unitgaumdl 37 sseniwaidea Wunan 2 fu wavuvuilonmaiivies 1uiaan 1 fu 50.57+0.08*°  51.67+0.21*"  52.36x0.71*"  38.82+1.05°*C

UssIQuagnIAkazUNinamgl 37 esrnueaided Wuna 2 Ju wasuviuigamglvied Junan 15w 50.79+0.30°°  51.50+0.56™"  52.66+0.74"  47.39+1.01°°

Y

] =

" fie = dudenuunnTgIuYeiIeg 19U 3 JUNTIHER

o

2be frgnwsnuanssiuiulutueuiamuLang1eg19ited Ay neEas (P>0.05)
Un9ana (P>0.05)

o w

ABC & = v w & a ' | Ao
T m?@ﬂ‘lﬂ?ﬂLLG\ﬂWWQﬂuﬂuﬁLuLLuqmﬂﬂﬂqqﬂJLLWﬂG\’N@’U’NNuBa’]

G¢



36

4.2 MIAATIENATUAUNTE
4.2.1 IUIULUANLIBLAARN

ASANWITIUIUKLUATIS I WAARNYDINTEUIUNSHINEENTBNDAUARANANTUAY 5

g [

3B 1) uruigaungiivies Wunan 3 Ju 2) Uuiigamgll 37 ssmwaided Wuan 3 Ju 3) U399

a

deyanALazUnNaungll 37 esewaidea Wuad 3 Tu 4) Yuileungll 37 esenwaidua 1Uu
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Y

U A a v ) U I a a
L3817 2 U LAS LY IUNG NN U Wunan 11U hay 5) VIR iyﬂmml,azqum%qu 37 83A1

U o

wadea Wwnan 2 Ju wazwviufigungiivies 1Wunia 13U uansdinis1ei 4.8 wudn S1uau

wuaiSeuanfaluiui 0 veannssviunsvdnldnsendauiidiuiuiuafiseuananliunnsneiu

(P>0.05) 98519 4.16-4.28 log cfu/g antuiinssusiiatn uly o Juil 1 989nszuIunsuin

Y

LLamﬂﬁLﬁu'jwﬁﬁ’m'guLwﬂﬁL%EJLLaﬂﬁﬂLﬁuqaﬁﬁuaﬂﬂaium%a 9E13teY 2 log cfu/g TunszuIunIg
winuiasds wazAeeqiishsnisifindiamasainiud 2 vesmswin uagluiud 3 Srusuwuaiise
wanfindAlnaiAestiulunnnszuiunisudn (7.31-7.81 log cfu/g ) Taunszuunisndnldnsondau
wuuUNTigaumgll 37 esrmiwaldea iunan 3 fu TS uuuuaiifouaaingsan 7.81 log cfu/g Tag
NanInAaeIhdenndasiurnavesmaiunsa-sefianadussuinanssuiunsun (msnedt 4.1)
WavaenAdeaiu Sriphochanart and Skolpap. (2011) ind133 lundn sueildnsendauisiuay
wupTiSouaniaiiutuausyesaainisnsinain 0-60 $alus (4.40 u 8.45 log cfu/e) Tneialy
aflmwﬁﬂumwﬁmmﬂﬁﬁaLLaﬂaﬂﬂi’uﬁwmméwé’mﬁamsxmumwﬁm iornnsananiniiadn
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wurugungivies Wuan 3 Ju 2) vugumngll 37 esrgaded Lwaan 3 u 3) usIge

Y

auanIFkazUnioamall 37 ssrwaided WWuian 3 u 4) ungungll 37 ssrwaidua 1y

a
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Re
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unndldnsendanuivinlmAnnszusumaninlaensussggeaaIne nuandn fe Saduazsn

youlasluaneNileandiau (Haf fvivsuns. 2558)
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2.3 uUlaanesy wasdlata (Coliform and E. coli)
MsAnwInuulaanesutasdlalavainssuIunsutinldnsandauianenenu 5
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A15197 4.8 IuuuaissLarfinuesldnsendaiuiinszurunisudnuanseiu (log cfu/e) (Mean + SD)
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A15197 4.9 Tudanuazsvesldnsendaiundnseurunsudniunnanenu (log cfu/g) (Mean + SD)
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The comparison of different fermentation process for [-san sausage was demonstrated in 5
conditions as follow 1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3)
vacuum 37°C for 3 day 4) incubation 37°C for 2 day with one day hanging at room temperature
and 5) vacuum 37°C for 2 day with one day hanging at room temperature. The pH value, total
acidity percentage, weight loss percentage, lactic acid bacteria, coliform/Escherichia coli and
yeast/mold were analyzed. The results showed that the pH value declined rapidly from 5.97-
5.99 to 4.35-5.16 during fermentation for 3 day in all methods. The pH reduction corresponded
to an increase in total acidity from 0.35-0.38% to 0.73-1.17%. The lowest pH value and the
highest total acidity found in I-san sausage incubation 37°C for 3 days. The weight loss of
fermenting I-san sausage generally decrease as the fermentation time increased. As the
fermentation process, [-san sausage hang at room temperature for 3 day had the greatest weight
loss (14.93%) but I-san sausage with fermentation condition at incubation 37°C for 3 day or
vacuum 37°C for 3 day displayed the lowest weight loss value as 3.94 and 3.22%, respectively.
The lactic acid bacteria count at day 3 increased in all methods with value between 7.31-7.81
log cfu/g on day 3. The highest population of lactic acid bacteria was found in fermentation
condition with 37°C incubation for 3 days (7.81 log cfu /g). The count of yeast/mold in all
methods had no differences (P>0.05) on day 1-3 of fermentation. The coliform decreased on
day 1 and displayed low limit of detection. The detection of Escherichia coli on day 0-3 of
fermentation in all methods was no differences (P>0.05) with undetectable level.
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Introduction

[-san sausage or Sai krok Prew (Traditional, Thai fermented meat-rice
sausages) is a very popular meat product in Thailand (Vatanyoopaisarn et al.,
2011; Sriphochanart and Skolpap, 2011). I-san sausage is usually made of pork
50%, pork lard 30%, cooked rice 20% and food additives, mixed well and
stuffed tightly in edible casing. It is fermented in room temperature at normally
30°C for 2-3 daysand cooked before eating (Phromraksa et al, 2004;
Phalakornkule and Tanasupawat, 2006). In Thailand, most of the production is
in the household itself (Phromraksa et al., 2004; Sriphochanart et al., 2011).
Generally, the fermentation process of Thai fermented sausages with rice as
food ingredient induce lactic acid bacteria which helps to control pathogen as it
may come from raw materials (Azam et al., 2017). The most important
microorganisms during the spontaneous fermentation are lactic acid bacteria
such as Lactobacillus plantarum and Pediococcus cerevisiae with have been
shown to become the dominant microorganisms (Malti and Amarouch, 2008;
Rantsiou and Cocolin, 2008; Axelsson et al., 2012; Vangpikul and Kansandee,
2014; Tamang et al., 2016). Unfortunately, the conventional process of Thai
fermentation sausage production has difficulties with unstable product quality
and health risks on pathogenic disease (Sriphochanart and Skolpap, 2011). The
occurrence of pathogen such as Staphylococcus aureus, Salmonella spp.,
Escherichia coli O157:H7, Clostridium botulinum and Listeria monocytogenes
were found in fermented pork sausage (Visessanguan et al, 2006;
Chokesajjawatee et al, 2009; Yorik and Giiner, 2017). The bacterium, S.
aureus, a salt-and nitrite-tolerant microorganism, is also able to grow under
anaerobic conditions and produce toxins (Gonzalez-Fandos et al., 1999; Hui et
al., 2004; Schelin ef al., 2011; Holck et al., 2017). Therefore, a novel process of
sausage fermentation has been developed in I-san sausage. There are several
ways for I-san sausage production. Especially, in fermentation stage such as
hanging at room temperature, vacuum and incubation process (Phalakornkule
and Tanasupawat, 2006). However, some manufacturers were experiencing
problems in producing of process, or quality in consistent taste, contamination
and mold growth surface on I-san sausage during fermented (Holck et al.,
2017).

The purpose of this study was to compare different methods during I-
san sausage fermentation for better product acceptable both in quality and
safety.
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Materials and Methods
Formulations and processing in I-sausage

The preparation procedures used to make I-san sausage are described in
Phromraksa et al., (2004) and Vatanyoopaisarn et al., (2011) with slight
modification.  Freshly-manufactured I-san sausages, prepared using
conventional techniques by mixing (46.27%) (w/w) of minced lean pork,
(32.39%) (w/w) of minced pork lard and (13.88%) (w/w) of steamed rice with
4.63% (w/w) of finely chopped garlic, 0.38% (w/w) of pepper powder, 0.46%
(w/w) of sugar, 0.09% (w/w)of sodium erythrobate, 0.23% (w/w) of
monosodium glutamate, 0.28% (w/w) of trisodium polyphosphate, 0.93%
(w/w) of sodium nitrate and 0.46% (w/w) of salt. The mixture was then stuffed
into 2.5 cm diameter natural casing and tied with thread. Each piece of fresh
sausages was of 3 cm in length. Fresh sausages were fermented 1) hang at room
temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day 4)
incubation 37°C for 2 day with one day hanging at room temperature and 5)
vacuum 37°C for 2 day with one day hanging at room temperature. Samples
were taken at day 0, 1, 2 and 3 for chemical, physical and microbial analysis.

Physical and chemical analysis

pH
Direct pH measurement was taken using a standard pH meter Mettler
Toledo 320 (Mettler Toledo, Greifensee, Switzerland)

Total acidity

Total acidity of I-san sausage was determined according to the method of
(Friedrich, 2001). 2 g of samples were homogenized with 20 ml distilled water.
The homogenate was centrifuged at 4000g for 5 min. The supernatant was
filtered through filter paper (Whatman No. 1). The filtrate was titrated with
standardised 0.1N  Sodiumhydroxide (NaOH) (Sigma, Germany) with
Phenolph- thalein (Sigma, Germany) as the indicator.

Weight loss
Weight loss was determined as described by Nakao et al., (1991). I-san
sausage with casing was accurately weighed before fermentation. During
fermentation process, I-san sausage was taken and then reweighed. Difference
in weight of [-san sausage before (A) and after (B) fermentation was referred to
as weight loss.
Weight loss (%) = (A-B) X 100/ A
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Microbial analysis

Twenty-five grams of each I-san sausage sample was aseptically transferred
to a sterile plastic bag containing 225 ml of 0.85% sodium chloride (NaCl)
(Merck, Germany) for 1 min and homogenized in a stomacher bag mixer (400
model VW, France) to get the 10" dilutions. Then, 1 ml of these 10™ dilutions
was pipetted into a test tube containing 9 ml of 0.85% sodium chloride to get a
107 dilution. This step was repeated to get 10>, 10™ and 10” dilutions.
Appropriate dilutions were used for microbial enumeration. The following
media and incubation conditions were used: lactic acid bacteria was determined
by the spread plate method 0.1 ml of each dilution was counted on MRS agar
(Merck, Germany) containing 0.5% calcium carbonate (CaCO;3) (Merck,
Germany) and then bacteria were anaerobically incubated at 30°C for 24-48 h.
While coliform/Escherichia coli were counted on Chromocult agar (Merck,
Germany) incubation at 37°C for 24-48 h. This was done according to the
method presented by AOAC (2006). For determination of yeast/mold, method
of AOAC (2005) was followed. 1 ml of dilution was poured plate which
contained malt agar (Merck, Germany) pH 3.5 and incubation at 26 C for 3-5
days. Colonies froming units (CFU) between 30-300 colonies were selected
from each plate. Select the plate with counts forming. Microbial colonies were
counted and expressed as log;o cfu/g meat sample.

Statistical analyses

All experiments in this study was carried out by Randomized Complete
Block Design. Mean values were compared by the Duncan's multiple range test.
Statistical analysis was performed using SAS software (SAS Institute Inc., Cary,
N.C)).

Results and Discussion
PH and total acidity (%)

Changes in pH and total acidity of I-san sausage during the fermentation
by comparison five fermentation processes 1) Hang at room temperature for 3
day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day 4) incubation 37°C
for 2 day with one day hanging at room temperature and 5) vacuum 37°C for 2
day with one day hanging at room temperature were determined. The initial pH
of I-san sausage was 5.97, 5.98, 5.96, 5.99 and 5.98, respectively at day 0
(P>0.05). The decrease in pH could be mainly due to the production of acid
such as lactic acid of the lactic acid bacteria present in the I-san sausage. A
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rapid decrease in pH was observed in fermentation method 2, 3 and 4, while pH
value of I-san sausage fermentation process by hanging at room temperature
was not much decline after hanging for 3 day. The lowest pH value of I-san
sausage at day 3 found in fermentation by incubation 37°C for 3 day (4.35).
However, It was not different (P>0.05) with fermentation process 3, 4 and 5
which showed pH value 4.47, 4.48 and 4.56, respectively. However, It was
observed that pH value in I-san sausage of fermentation process 2, 3, 4 and 5
were significent lower than pH value in sausage which fermented by process 1
(hang at room temperature for 3 day). The data show in table 1.

For total acidity value of [-san sausage, after fermentation for 2-3 day, the
lowest pH value of I-san sausage was corresponding to the highest total acidity
in I-san sausage. The lowest pH value and the highest of total acidity was
displayed in I-san sausage fermentation by incubation 37°C for 3 day 3. The
total acidity in I-san sausage at the first day of all methods, was not significant
different (P>0.05) as shown 0.35, 0.36, 0.35, 0.36 and 0.38%, respectively. The
total acidity of all process increased after 2-3 day fermentation. The highest
total acidity at 3 day fermentation was observed in fermentation process 2
(1.17%) different form after fermentation process (P>0.05) which showed value
at 0.73, 1.00, 0.96 and 0.91% for process 1, 3, 4 and 5, respectively. The data
show in table 2.

The results were in agreement with the literature that pH values of
fermented sausages decreased sharply at the first 3 days of fermentation
(Bozkurt and Bayram, 2006; Baka et al., 2011). The decrease in pH values of
the fermented sausages correspond to the production of organic acids such as
lactic acid and acetic acid by lactic acid bacteria (Komperda et al., 2004;
Bozkurt and Bayram, 2006; Saithong et al., 2010). The pH fall could be related
to an accumulation of organic acids, mainly lactic, present in this type of
sausages as a result of carbohydrate breakdown during fermentation (Baka et
al., 2011; Zaho et al., 2011; Esmaeilzaden et al., 2013). Lactobacilli are the
major producers of lactic acid responsible for the decrease in pH and the
increase in acidity during the fermentation (Valyasevi et al., 2002; Thongruck
et al., 2017). The pH of the sausage should be lowered to 4.6 after
fermentation, there by preventing the growth of other microbes, particularly
foodborne  bacterial  pathogens  such as  Staphylococcus  aureus
(Chokesajjawatee et al., 2009; Holck et al., 2017; Loypimai et al., 2017). A pH
change pattern, which consisted of a rapid decrease at first, followed by a
steady or slow decrease, and then finally a rise during the processing and
storage time, was observed in a Spanish dry-cured sausage (Gonzalez-
Ferndndez et al., 2006)
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Table 1. Change in pH value of I-san sausage during fermentation

Fermentat*ion pH value
process Day 0 Day 1 Day 2 Day 3
1 5.97+0.05*>"  5.83+0.18%* 5.55+0.18"" 5.16+0.29%*
2 5.98+0.04** 5.66+0.16"* 4.68+0.03%8 4.35+0.12%8
3 5.96+0.05** 5.74+0.22>4 4.77+0.10%8 4.47+0.11%8
4 5.99+0.05>* 5.73+0.12>4 4.73+0.07°8 4.48+0.09%"
5 5.98+0.04** 5.78+0.15* 4.79+0.04°8 4.56+0.05%2

1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day

4) incubation 37°C for 2 day with one day hanging at room temperature and 5) vacuum 37°C
for 2 day with one day hanging at room temperature.
“Mean values and standard deviations obtained from three independent experiments.
¥ Different letters in the same row are significantly different (P<0.05).
" Different letters within a column significant difference (P<0.05).

Table 2. Change in total acidity of I-san sausage during fermentation

Fermentation Total acidity (% as lactic acid)
Byopess Day 0 Day 1 Day 2 Day 3
1 0.35+0.065>"%F 0.51£0.04°" 0.62+0.08™8 0.73+0.02*C
2 0.36+0.05%* 0.59+0.07°* 0.87+0.09°* 1.1740.12%4
3 0.35+0.04%* 0.64+0.07%* 0.82+0.02°4 1.00+£0.11%8
4 0.36:+0.025* 0.60:£0.10°* 0.84+0.05* 0.96+0.05%E
5 0.38+0.11%* 0.60:£0.07°* 0.81+0.06** 0.9140.04%B

1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day
4) incubation 37°C for 2 day with one day hanging at room temperature and 5) vacuum 37°C
for 2 day with one day hanging at room temperature.

*Mean values and standard deviations obtained from three independent experiments.
¥ Different letters in the same row are significantly different (P<0.05).
" Different letters within a column significant difference (P<0.05).

Weight loss (%)

The results in table 3 showed that the average weight loss (%) in I-san
sausage by comparison five fermentation processes 1) Hang at room
temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day 4)
incubation 37°C for 2 day with one day hanging at room temperature and 5)
vacuum 37°C for 2 day with one day hanging at room temperature were
determined. Weight of fermented sausage generally decreases as the
fermentation time increased. The highest % weight loss in fermentation process
1 for 8.20, 11.28 and 14.53 after hanging day 1, 2 and 3, respectively. The
lowest % weight loss was fermented in process 2 and 3 (3.94 and 3.22) which
was not different significant (P>0.05), when compared to process 1, 4 and 5
(14.93, 8.38 and 11.90%).
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Similar results had been reported by Visessanguan et al., (2006). The
result showed that the lowest % weight loss were fermentation process by
incubation at 30°C for 84 h (3.14%) of Thai fermented pork sausage (Nham).
Weight loss in meat products is mainly associated with loss in water and water-
holding capacity (WHC) of meat. Increasing amounts of released and
expressible water are possibly responsible for an increase in weight loss
(Visessanguan et al., 2004). Denaturation of sarcoplasmic proteins contributes
to the decrease water-binding capacity of pork myofibrils (Wilson and Laack,
1999; De Luca et al.,, 2016). Released water is generally refer to as the water
retained in the casing and at the surface (Visessanguan et al., 2015). In contrast,
expressible water is the water remaining in the sample which can be released
when pressure is applied (Funami et al., 1998; Visessanguan et al., 2015). An
increase in expressible and released water presumably caused by denaturation
of proteins during fermentation (Visessanguan et al, 2004; Sirlken et al.,
2009).

Table 3. Change in weight loss of I-san sausage during fermentation

Fermentation Weight loss (%)
process Day 1 Day 2 Day 3
1 8.20:£0.975A 15+ 11.2840.41°" 14.93+£0.51%%
2 0.50+0.13%8 1.81x1.00°2 3.9440.14%P
3 1.09+0.53%8 3.15+0.84*F 3.2240.23%P
4 0.71+0.16°8 1.15£0.26"2 8.38+1.61*C
5 1.52+0.13%8 2.50+0.62%8 11.90+0.28%E

1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day
4) incubation 37°C for 2 day with one day hanging at room temperature and 5) vacuum 37°C
for 2 day with one day hanging at room temperature.

*Mean values and standard deviations obtained from three independent experiments.
¥ Different letters in the same row are significantly different (P<0.05).
" Different letters within a column significant difference (P<0.05).

Microbiological analysis

The microbiological analysis in I-san sausage during the fermentation by
comparison five fermentation processes 1) Hang at room temperature for 3 day
2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day 4) incubation 37°C for 2
day with one day hanging at room temperature and 5) vacuum 37°C for 2 day
with one day hanging at room temperature were determined.
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Lactic acid bacteria

Number of lactic acid bacteria increased during fermentation process 1-3
day. The initial number of lactic acid bacteria in I-san sausage of all
fermentation process 1-5 were not significant different (P>0.05) as 4.22, 4.28,
4.17, 4.28 and 4.60 log cfu/g, respectively. The shorter fermentation period, the
highest of number of lactic acid bacteria was observed. It was found that the
lowest number of lactic acid bacteria displayed in I-san sausage with
fermentation process 1 with significant difference when compare to process 2-
5. The highest number of lactic acid bacteria after 3 day fermentation period
demonstrated in I-san sausage with fermentation process 2 (7.81 log cfu/g).
However, it was not significant different (P>0.05) when compared to process 3,
4 and 5 (7.66, 7.65 and 7.59 log cfu/g).

The microbiological changes during fermentation as a result of the
combined effects of lowering the pH, resulting in high populations of lactic
acid bacteria (Jatupornpipat and Keatikumjorn, 2007; Simion ef al., 2014; Yim
et al., 2015). The lactic acid bacteria constituted the major microflora of the
sausages (7.7-8.5 log cfu/g). Because of the good adaptation to the meat
condition and their faster growth rates which displayed during fermentation
(Zdolec et al., 2008; Zaho et al., 2011). During this spontaneous fermentation,
lactic acid bacteria such as lactobacilli and pediococci have been shown to
become the dominant microorganisms (Malti and Amarouch, 2008).

Table 4. Number of lactic acid bacterial in I-san sausages during fermentation

Fermentation Lactic acid bacterial (log cfu/g)
process’ Day 0 Day | Day 2 Day 3
1 4.22+0.59~8F 5 70+0.58>4 6.70+0.31*" 7.31+0.35%F
2 4.28+0.63%" 6.91+0.12>* 7.53+0.19** 7.81+0.38**
3 4.17+0.50%4 6.36+0.96"* 7.1240.47*8 7.66+0.51*AP
4 4.18+0.51°* 6.83+0.59"* 7.22+0.39™4  7.654+0.53*48
5 4.16+0.48" 6.47+1.10°* 7.40+0.69** 7.59+0.45%A8

*1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day
4) incubation 37°C for 2 day with one day hanging at room temperature and 5) vacuum 37°C
for 2 day with one day hanging at room temperature.

*Mean values and standard deviations obtained from three independent experiments.

¥ Different letters in the same row are significantly different (P<0.05).

" Different letters within a column significant difference (P<0.05).

Yeast/mold, Coliform and Escherichia coli

Number of yeast/mold and coliform in [-san sausage were not significant
differences (P>0.05) in all methods. However, the coliform was not found in all
methods after 2 day fermentation process. In addition, in this study Escherichia
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coli displayed lower limit of detection in I-san sausage. The data show in table
5,6and 7.

This indicated that vacuum packaging decreased mold growth but did not
completely inhibit during I-san sausage storage. Mold increase was probably
due to the fact that they consumed residual oxygen in vacuum packaging
(Phromraksa et al., 2004). The fermentation process by vacuum 37°C for 3 day
show the reduction of yeast/mold growth to 2.85 log cfu/g at day 3. Similar
results have been reported by other researchers Casaburi et al., (2007) who
considered acidification to be the main cause of yeast/mold inhibition in dry
fermented sausages. The pH drop below 4.5, which was well above the
tolerance level of many yeast/mold (Malti and Amarouch, 2008).

The domination of lactic acid bacteria and the inhibition of gram negative
bacteria in fermented sausages during fermentation are necessary for successful
production of fermented sausages (Baka et al., 2011; Esmaecilzadeh et al.,
2013). Enterobacteriaceae and gram negative bacteria, in general, are
considered as undesirable microflora in fermented sausages (Esmaeilzadeh et
al., 2013). These reduction of Enterobacteriaceae are probably due to the rapid
reduction of pH, acid production. The results are consistent with Roig-Sagués
et al., (1999) who reported that the enterobacteria counts in Spanish sausages
(fuet) decreased steadily during ripening and were undetectable after ripening
for 12 days. Although growth of pathogenic Escherichia coli during initial
phases of fermented sausage production can occur, combinations of low pH and
high total acidity an inhibit growth of Escherichia coli at the end of
fermentation (Holck et al., 2017).

Table 5. Number of yeast/mold in I-san sausages during fermentation.

Fermentation Yeast/Mold (log cfu/g)
process Day 0 Day 1 Day 2 Day 3
1 3.05+0.41°% T84 3.45+0.61™4 3.88+0.80* 3.93+0.81%*
2 3.03+0.49%* 3.84+1.10%* 4.05+1.22%4 4.15+0.96**
3 3.01£0.51%* 3.28+1.82%A 3.31+1.55%* 2.85+1.48%A
4 3.04+0.49%* 3.40+1.31%* 3.74+0.60** 3.4341.29%4
5 2.95+0.57*4 3.14+0.68%* 3.51+1.00%* 2.98+0.67%4

*1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day
4) incubation 37°C for 2 day with one day hanging at room temperature and 5) vacuum 37°C
for 2 day with one day hanging at room temperature.
*Mean values and standard deviations obtained from three independent experiments.
¥ Different letters in the same row are significantly different (P<0.05).
" Different letters within a column significant difference (P<0.05).
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Table 6. Number of coliform in I-san sausages during fermentation

Fermentat*ion Coliform

process Day 0 Day 1 Day 2 Day 3
(log cfu/g) (log cfu/g) (cfu/g) (cfu/g)

1 3.40+0.77™> 2.55+0.09 <1¥ <1

2 3.33+0.66 2.90+0.94 <1 <1

3 3.31+0.63 2.254+0.66 <1 <1

4 3.34+0.72 3.24+1.14 <1 <1

5 3.42+0.84 2.38+0.56 <1 <1

*1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day
4) incubation 37°C for 2 day with one day hanging at room temperature and 5) vacuum 37°C
for 2 day with one day hanging at room temperature.

*Mean values and standard deviations obtained from three independent experiments.

" Different letters in the same column and row are significantly different.

¥ <10 cfu/g.

Table 7. Number of Escherichia coli in I-san sausages during fermentation.

Fermentation Escherichia coli (cfu/g)
process’ Day 0 Day 1 Day 2 Day 3
1 <t* <1 <1 <1
2 <1 | <1 <1
3 <1 <1 <1 <1
4 <1 <1 <1 <1
5 <1 <1 <1 <1

*1) Hang at room temperature for 3 day 2) incubation 37°C for 3 day 3) vacuum 37°C for 3 day
4) incubation 37°C for 2 day with one day hanging at room temperature and 5) vacuum 37°C
for 2 day with one day hanging at room temperature.

¥ <10 cfu/g.

Conclusion

Present study was to compare different methods during I-san sausage
fermentation for better product acceptable both in quality and safety. There method
were analysed including the pH value, total acidity percentage, weight loss percentage,
lactic acid bacteria, coliform/Escherichia coli and yeast/mold. It was found that the
fermentation process by incubation 37°C for 3 day and vacuum 37°C for 3 day gave
the good quality I-san sausage, because of its shorter fermentation period. With these
preliminary results, it is possible to apply both optimal condition fermentation process
of [-san sausage for small entrepreneurs and industrials.
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