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Research Title: Using of sous-vide process to beef steak ready to cook and beef
mussaman curry production

Faculty: Agro - Industry

ABSTRACT

The objectives of this research were to study production of local Thai beef steak and
mussaman using sous-vide technique. Flank and shank from local Thai beef were used as
raw materials for steak and mussaman. In the case of beef steak, the response surface
methodology with central composite design was applied to determine the experiment at
different conditions ranged from temperature at 55-65 and time at 24-48 hours, while
investigated response were color (L), cotor (@), shear force, cook vield, cooking loss and
water holding capacity. Shear force was an importance for res'ponse factor. The result was
shown that temperature and time affected properties of sous-vide flank beef. The
optimum condition of sous-vide beef steak was found to be temperature of 60°C with
sous vide time of 36 hours. So, the composite desirability was 0.80 point or very good level
and this optimum point gave the predicted values of lightness 0.52, redness -0.26, firmness
5.18 (N), toughness 23.29 (N), cook yield 72.5 %, cooking loss 7.33 % and water holding
capacity 78.54%. The examples from 13 conditions were compared with beef steak from
imported beef and feed beef. It was found that flank from Kampangsan beef had shear
force value with no significantly different from sous-vide beéf steak at 60 °C for 36 hours.
The comparison of physical properties between sous vide beef steak and non sous vide
beef steak different significantly. In test of acceptanc.e evaluation shown that the product
had test of appearance 5.7, color 5.15, flavor 6.15, tenderness 6.35, overall liking /
acceptance 6.15. So all tests in medium like range. - In the case of sous-vide shank beef for
mussaman production, it was found that temperature and time affected weight loss during
sous-vide, cooking loss, lightness and redness of samples with significantly different
(P<0.05). However, temperature and time did not affect greenness of sample (P>0.05).
Using of low temperature to sous-vide shank beef induced high value of lightness. It was
also found that samples after sous-vide using high temperatures of 70 and 80°C had
textural properties differ from in the case of using low temperature. Shank beef after sous-
vide using 80°C for 12 hours had textural properties with not significantly different with
sample prepared using traditional method which was desirablé. In addition, adding of brine

solution to souswvide shank beef affected textural properties viz. chewiness, cohesiveness,



gumminess and firmness of shank beef. Panels were assigned to evaluate the difference
between sous-vide shank mussaman and traditional shank mussaman. It was found that 8
panels can classify some different between samples, while 32 panels cannot classify

difference between samples.

Keywords : local Thai beef, mussaman, sous-vide, steak
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A iSesmenanyusenieavie Gasaulemuiiosaendls Taew lafuiesaenianans
(aau) Wudy (Aswmn, 2539)
o2 wmumaiﬂw%’ﬂunﬁuﬂssﬂﬁmn

Fudruveaiednslaud et Luaw doln ovan euny weunnszeenne was
mmmmmLLUiﬁULﬂumamﬂmwmuam 'Iman'ml,ﬂﬁﬂaLmﬂmmﬂiﬁamamﬂLiJususznmmu
Wialfiuanuyy udnilignegesiadadiieisnns 1 g19 vide ou FEIFBULLLTTUVTeT A
sod nioulateniassinndndy fnnea fndawe 417 vunils Wuwiad Suds Pudu
(Foayn, 2552) mmumumqqm@aLua‘[,ﬂwua:ummLmigﬂamnuﬁmmaamaammmwm 2



A 2.1 uaasdruveailafivnluviain

fis : https://www.wongnai.com/food-tips/how-to-order-steak

2.2.1.1 \iledaudy (Loin)
National Cattlemen’s Beef Association (2013) onsTudeuiiady swazBundi
1) Fiaddeaq (Filet mienon) 58 nuAasass (Tenderloin Steak) (i 2.2 a) Ju
Luaaauiummﬂmﬂﬂmamaaaawﬂwammﬂiumﬂawaq wmmaauummﬂwamwwLﬂumu
ﬂmmuammmﬁlu’lﬂmaaﬂm Fuledslaiudansa wflmum'muu lasiunsnies Wedaisawd
0 drupnndianldviadinesiuuss mumwamwammaw
2) Wwosasull (Swtom Steak) (il 2.2 b) Lﬂumm'amuauaﬂwﬂWiaLuamvw lausn
Suipandumdmennts dewmiuadnios mevmumummimaauimaamaam seilile
duiitivan@n dluuunsnegiley fenthunuaduiuuneg neudungiain mmam‘tmuaum
WNTU
3) ap3Uansl uiedeesadaniy (Strip Loin/ New York Strip Steak) (AWt 2.2 ©)
Lﬂmﬁaﬁagiwdwdaumwﬁaﬁ’u%mﬁw g odui ieminndaud snaduuadnfiane
Lmuﬁwﬁ’mazlﬁﬁwﬁa sinidsWludiouas New York Strip Steak
) #-luy (T-bone / Poterhouse Steak) (mwﬁ 2.2 d} Lﬂugﬁaﬁaué’uuanﬁﬁﬂmmﬂ
U T Luawmwmaaamumaanivﬂmﬂm T funiszuietudndadu Tenderloin ddn
muwuwummuwﬂwm Ao @ Strip Loin  #iluudifin SunirBnathanidaimesanesiend

'
] =

LWiﬂsLﬁaaawﬁﬂﬁﬁlmﬁad'smﬁmﬁuLL@iﬁiNnummﬂIﬂawasmLmait,aﬂa%ua'aum‘du
Tenderloin 1A Strip Loin



G!I &J 1 -7
AN 2.2 naaddleadinaindudu (Loin)
Usznaudie a) lianfisas b) wesase] o) ansUaseil d) #i-luu audeu
Plun : National Cattlemen’s Beef Association (2013)

2.2.1.2 \iladausialug (Chuck)
National Cattlemen’s Beef Association (2013) asunsdautliesialua ey waa (Top

Blade Steak) w3o wwan lasou (Flat lron Steak) (it 2.3) Wiuiedui lnandluuunsnuay

S uuMnsInasduile

At 2.3 uanaioafinangausialug (Chuck)
fiun : National Cattlemen’s Beef Association (2013)
2.2.1.3 iedaulauviuazaslnn (Round)
National Cattlemen’s Beef Association (2013) asueiindau oy 3191 (Top Round
Steak) (il 2.4) WuiileTdraginnuy (Top round) Faanaumdsvesn Weduaginnilu
Weduiieuminmileuuinandedauiilug witean dauaginnazilaunumnnndy



AN 2.4 uanaileainanarulauaiuasasinn (Round)

flan : National Cattlemen’s Beef Association (2013)
2.2.1.4 eduilase (Rib)
National Cattlemen’s Beef Association (2013) a“ﬁmmﬁadau U8 (Rib eye Steak)
(il 2.5) u’fluLﬁaﬁ’qdaué’uLmamﬁamgjﬁ‘uﬁimaﬂﬁuﬁ 6-12 wlan pvestlase fnsnandiudiy
yoedlase Sidnuarnay wuu mAslasnsdenunesie uasiendlasdlugradu Rib Steak

120

AT 2.5 uandibeatfinaindiudlage (Rib eve)
fian : National Cattlemen’s Beef Association (2013)
2.2.1.5 egauituiies (Flank)
National Cattlemen’s Beef Association (2013) BEUWHLﬁadQuﬁuﬁaa w30 unash
(Flank Steak) (n il 2.6) Auioduiuonodsluth fiuemuiliiu 1 i Laifinsegn
Aulngdouanauviosu widthangrsassedladifounsudniluminiterisiiliideden
5’18LLﬂ31.i§J3J’1ﬂ%J Aeuilughe adlfiilefifsavdn

AT 2.6 uanailoaidindliuiusies (Flank)
#1371 - National Cattlemen’s Beef Association (2013)



2.3 msudsguaiin
2.3.1 m‘swﬁnatﬁn
\A3eandin Aa Lmaqﬂia w30 drunauvingfng fflsamAuaznaunroutazawnd W
ﬂaﬂmmﬂmuaamaumﬂuﬂLLmWﬂI’s disletamindudnde fuaviliduloveuiedniseu
fnad mEfLmusam'ﬁmLmLLavaammmwmmﬂmu wizilethlugadnioviethidenarina
genaunun Mlieuruasudanniu Asusin3adunsdiudidsanidnluiuiedn nauny
dhiilwasenly
2.3.1.1 drunaulunisnsingtan
1) indetu uihelhidedniduh awnsothwmaniusea etaeldnmagedures
Fudiednslanuntu
2) LﬂiﬁN‘U’NiﬁL‘UiB’J dwzun thdu maummﬁ Tadann Tavung wasdeaau Wudu
drarldmsiniledninfinuimien amnimnalvrLau‘lmaﬁLuaamaaumamammﬂﬂmu
3) Lﬂiaaﬁiaﬁlwmwmmu Srsfungnen Thiuie disue un Todse wasdes [Wudy
mwuﬂmEJmeUiqmmmmummﬂmuaammmmmu {]aaﬂulzﬂwmLLa.,,immwagJJmuiu
edailvanenun Milvilednifnsanalildun uwam‘lw.uauu
1) Lmaqﬂiwﬂ‘wﬂawau mimLawauu’l,wssu@NN'Nmamﬂwml,awawmawauLawwvm
L aa‘smiu 154 ﬂﬁ“‘mEJE.I Tseuad 1usu mmmamuLme“LiJwamuaamﬂwmmaaaamu uay
iladesunauamveniodn’
2.3.1.2 33nsudnaan
A2 nsmiinauin witeenitiu 4 wuu sl
1) ASMINAILVDINEA?
mumiaaﬂiwuaﬂwmumwmma’; mwuﬂ"rjuﬂumsﬂmmawuﬂmmmmﬂ@mﬂ
aﬂmiﬂWﬂi’ﬂum&umwaﬁumwm Lwa‘[,mwamaumumaumas]smml,uaawilmmmu
2) m‘smuwunmauwaaawuLuaamﬂuﬂumumq
Lﬂuﬂﬁimmmuuaﬂmau’mwmmauwaﬂiuﬂmséw wlsauivosmeaduduie
Taga1fgAIU5oUIINNITES savRoTadudn edn liiesihauuenity sauRva T
vaagaaivmiadiludsmilurestuilelyils
3) mswendaelAsouneLazayUlnsaEn-us
LﬂumimlmaqwmLLavauulw'aﬂnuaﬂwmumuw,mqmaam (mmamauulwsamum
mmmu wWinan nelad 39 1Wudu dranlvanddeduauaziden) viinlasnswonliuuiuves
\edninautnlugns 3ammmﬂamuvl,wsamuszmmLualﬂmnmwmiwﬂmamammmmuwm“
LmaamjﬂaﬂﬁhaﬂavLaamuuumwamumaLLavmmﬂamulmaaﬂm ﬁmmamlwamwuﬂmu
wamﬂmuaamyumfmuLLa::a']m:mmammaumwaqm@awﬁﬂ
2.3.2 3¥asuusguaian
2.3.2.1 wadansulsguaiin
watlansuUssUieauiouiinaieds wu n1sldpnuSauwie (Dry-heat methods),
nsleauSouty (Moist-heat  methods)  wagnaslymImTauULUURANNAIY (Combination



cooking methods) #an1svhawinldisnsusznauemisuuuaudauuis Tnglallgtvdeninutiu
Tadudnihanudeulay dvvgn (2552) sSueAEnslaudeudoain mussseldil
1) A58 AansUsznevemnssenisldmiudoulnensideinandduie maliuy
Azunse Feoracdumney, il viseenadensengliuulv UFugamgillagnisnduauues
punsvises L FeudeaninsauSugamailld
2) nseau AemsUssnavesasaniauluieu Snldifuiiiedns nmsevenasuy
mu,ﬂ'squ,aJﬁ‘ﬂwﬁﬁaWnsL‘ﬁaﬂmﬁ’ulﬂﬁmm‘iaﬂﬁfsamm%u n1seulu Conventional Oven
ammmvlmamLauamiﬂa‘umﬂmammﬁmuﬂﬁman
3)  meded Aensmenidiedniuuy Panfry udldlnusedn Tdiiedniadluveniiios
deldAnaimusiiedniimulugmundiuiluussnevemsieisou madessddfuidednd
mwiummﬁ%’uﬂsmmF’ieaﬂﬁaﬁulﬁl,aa
3322 ‘s“mummanmmmaamn
AN ﬂmJimmmmaﬂumﬁmwmmﬂ L']ﬁ’lﬂi‘fﬂumiWWHL@ﬂ“UN@EJﬂUﬂT]MJE]U‘Um
wiazyAAa adinaslinandu MINUFIUIY mmauaviaﬁmmwuaaamaaf] iioaznilen seau
mmaﬂm’lﬂjﬂuammuafmwwamamm Luaqmmuwumuwmuawu ievan wiawleln
mLﬂweawﬂwamwamLsuawmaumwmauuwﬂm imumwaﬂmmammuaimamlﬁm 5 S¥AU
(avnsailaiiiofuneua, 2536) LLamﬂ\ﬁﬂW 2.7 leagdayaain annsaflatiafiunauay (2536)
NANITeILAUNITEN ammuﬁlﬁj uazHaneRAnR 0 T azBundellil
1) antet (Rare) fe m‘zm‘lmLuaaﬂuaEJmnﬂaulﬂm&muammumwﬁvmm 49
mmmama Dumsugeetnegamgann [Hesuuenin3uy Luamu‘Luamaﬂuaa AndudunIas
Luaag
2) aﬂuaamaﬂmuﬂaw (Medium rare) A9 mswﬂmaﬂa,wunaaﬂmﬂumuﬂma Lua
muuanamuﬂuamma manmamu‘iumuaﬁuuw ammuﬁ’tmﬂiwmm 52 periadea islddin
uagiidenuazinielvasenin LUinﬂU‘lﬂuﬁlu%ﬂﬂ
) gnurunaN (Medlum) fg msm‘lwammumuﬂam 15 Lffa Luam\mmamﬂuam
Lﬂuamuw loseuq e Hudvheasunusiiiy eduueniuitsaem Ydeavdoth
L‘LJEJ%JET‘U?J‘WE]BU amwnuﬂwivmm 57 DaFLaLTed
a) aﬂmuﬂmamaﬂmm (Medium well) Luamuuam%Uu?ﬂﬁmmamm L,Lmuamu

o

Iuﬁluaﬂmawwm ML EGILETRN mﬂmmawaamamalﬂmﬂ ammuﬁlﬁuﬂﬁumm 66 B9FN
\waldes
5) anunn (Well done) @@ miwﬂmuaaﬂanﬂ T,ﬂaluummamaaaa adaudug

mmaamm ma%uwuamau‘mmum ammuﬁ’twiumm 71 ?J\‘!Fi'lL‘ﬁﬁL‘EﬁElﬂ
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gniiey (Rare)
gl 49 BaralTes

Qﬂﬁaﬂﬁdqr]ﬂ'luﬂma (Medium rare)
goumall 52 ssmiwaiTes

gnurunan (Medium)
gl 57 aerLalTYa

gnuiunanadisgnann (Medium well)
gl 66 DL

anunn (Well done)
9ol 71 sriaie

SUR 2.7 nansssduanugnoeadeatin
fian: http://th.openrice.com/th/bangkok

2.4 miuﬂﬁﬂuauu

%ammmﬂeﬁm Thai Food to The World (2016) Ifuanseazdaniefuizaiuie e
TngAuvan "Lﬂu,ﬂ ot mmﬂumuauu nzil LLﬁ”Lﬂimmﬂ 'me annsgay lunseanu auLY
Lﬁumu drunauduq eud Sl frdae view $rpra thuan thuzany Tneduneunisvin Buann
éaaauwammmnuﬂﬂwau mnuui‘uaﬂmuwauwammﬂwawLaamﬂaummmnumuu Tudau
gpaiiotaiu wwuLumqmmmmiﬂauﬂﬁuﬂﬁmmﬂummmuma lalWgou aummmﬂaﬂ
w3 dlddmdnunadtasiu muma vou suwe 18a4 Tunseau wazgnnszanu iledunaniindu
“ou LLa”aﬂ mﬂiﬁamammaw ¥1uan warthuvenaden deunisdiuiongd silifendnads
Vsl dasiuile damAwndavuinis Aelindenu 187.33 ueae3 Hlusiu 6.7 nu ladu 12.09
0 mdTulewse 12,93 ndu leewns 1.6 n3u waaldey 22.46 fadnsy uazmdn 1.06 dadniu

foutin@Ia81e 100 nSu

25 msfusnediedafluanmayine

mafvsnwluanmaeynia naneds nsusTgnandasiivoganeligyainalasnisien
amanelunvuziasvianmelundnsiosiesniy LLﬁuluilﬂ'ﬁWUﬂ’]“lﬁ,ﬂ q Wrluunuil Feiilihn
ANLANAIIs AT uelulasneuanvue | dunaldainnsnaindirein1yusuIIy
yfimaoudd (flexible form) wsamﬁaum‘aaam‘nuuﬂivmmmmiﬂ (semi-right form) lag
1mmﬂﬁuam%mmwﬁfﬂwamnm%"l,vraaﬂ’mimammwmﬂmLi’J'mmwaﬂﬂaﬁuvaamaﬂaaﬂuﬂmaau
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LﬁEJQmﬂwwmaawﬁﬁﬁ’m%a'}miﬁgudauL'aawé’umﬁ Lsﬂmmiaﬁi’ﬂLhuﬂi‘mqﬂixmﬁﬁaanlﬁl.ﬂu 6
UsznsdnAey fie %aaw%aﬁmﬁ’umiLﬁﬂﬂﬁﬁ%mmmummi grasvzatasiunisiasyiulnves
Weydundsilummmuesmsidendeqainimemns vrasdamimamelavesiiy mvaamaﬂamu
maasiulauaynsiinlivemuoy uuas ienadaegluams nswdunseniiednd uas
msteafiunsdesunsauossaniue
msmmnmmamﬂmmLuaam’ﬂuam’wammmﬂL‘dumsmmaamammamaé{’miﬁmumi
mJ'z'iﬂImaﬂﬁummﬁa’LuiﬂLmuammmﬂmﬂsmalﬂmimmmaansmuiumi%ﬂmﬁﬁﬁmﬁm
a'1mﬁaaﬂammsaﬁmmmmmmﬂmwmamﬂm@%lauﬁhamsw'i'saammm*ml,uua@j fuRann
woT KA Tt aawliﬂmummmaqaaﬂm@uwaﬁmaaaa’lumm;mmmaﬂﬁwum%mﬁaamw
Savazl fiinsannnefiiuaswanaiiniioussyius (food grade) amnsadasfiunsturiu
gasonedmalfoandiauanaieuenliannsafurdimdaluluussgiueils villdasnsadnong
msiushwiedniuasndnsusiluntty egrlsinuiodnitussgneliannzdaainiauas
mmﬂmmmwnmrmm'«malmn@m'mmﬂuaqLﬂzjaaaumwlummmimmﬂ (Anaerobic
pathogen) vieueqaunisTinusiogamgiivn uasmnitulduszezainueaiinisas ALYDNNT

InaBuoennandudiold (wita, 2554)

2.6 ﬂ'lisl%'miﬁ'mn'mﬁsgLﬁ‘lﬂﬂ%&L%aqﬁuw?ﬂuwamﬁmﬁLﬁaﬁmi
2.6.1 @slefisunanan (Sodium lactate)

Fundsluienveinsauanrniildainsssued  insannisvdntenaniniidvuay
$rilne Tenvasdvueunaadoutnewis adretndeu lalufid fndudeuq azandldluenuea
wazh Taieunamnainilldfundn fasiiiedni8aUSDA-Food  Safety and Inspection
Service (USDA-FSIS) fidarwualldluszsiu 1.5:3.0 N3l #ie dmtindednd 100 n3u viieluifu
4.8 Wedius sodmiiniledn’ ﬁamauﬁ’ﬁsﬁqalumaé?us"?aL%ﬂ@éﬂ%tﬂ%ﬁ%iﬁrialﬁl,ﬁﬂiiﬂ Fadl
UITYs189Uvee Meng ‘and  Genigeorgis - (1994) Pldanslufounanpaiuadundndu
dledmiannszurunagiamudn annsatigvsasuasfusensiinda Clostridium botulinum
Ioeeadivszd@nsnim

2.6.2 @15busu (nisin)

ansaguduununiisledu (bacteriocin)  fikdnannuuaiiSensaudndin (lactic  acid
pacteria) Tuingideounems Ussian ansiulde (preservative) pongMetudinaiaTes
ﬂauwsamﬂummmmmmma (microbial  spoilage)  wazyaunsdnalsa (pathogen)
flanuasaiien pH Wunia nuseanuieuldigs LLavaﬂaJastrﬂmaLaulfﬁmaaa‘[mmuiuwmmu
2MNTVOIUY WY mﬂus&ummiﬂwmaauaﬂummﬂwmaﬂivmm wiu Tundndaeiun (dairy
product) Tmmawwimmamnmmuwm (fermented milk) 8 15USUNIA (acidified food) U8
ufs wazemsnsedes 34 Paik et al. (2006) ‘Léﬂﬁﬁm'ﬂumu’i,uﬂmﬂmﬂmwamﬂmwuaLm‘waﬂiq
SAMBNTEUIUNITYIN WU fremzasnisiasyiulaventoqaunid lud 60 Fu dlaifiu
Srwlifgamgiinisiiu 4 ssenealded
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27 msUszdiunseendumwssamiudavaskandaidada s
nsUssiiiunseensurdndnst (Huisnsiondefuslnansedmaaeudulunisusediu Tl

awm‘mmi'ﬁﬁ'ﬂlﬂEJ"E%’%"WN%mmamﬂwawﬁadﬁf&gam‘saam%’wﬁﬂﬁm%m%ﬂﬂ%umaum'i

GlaUﬁuEN’UE]\‘iuiéﬁs}%ﬁﬂ8{51‘NLﬁaﬁ'liﬂqjﬂ'lﬁmiﬂxﬁéuﬁﬂﬂLLﬁSﬁ’]@JW‘iﬂﬁﬂlﬂﬂ‘iaﬂEgﬂﬁﬁLﬁE]‘Wl‘a)ayJa

dwsuldlufanssurnqléitu madnwnmamudndue nsuuusmansdoe mavauInEn e

Tl nsUszliudnenimssmsnane 1usu

2.7.1 Fnsvasdeaunissauiurtanimagauguilag

2.7.1.1 nsnegaunl1uYay (Preference tests)

Hunnsidensetsiiveuniiviedatiaisensunin Wugduuvwesnsvadgeunasnns
AOUAUBIVBINUILAA (consumer  response) Fefomnussuifisuseninetaogasiaud 2
fegnetuly uazdnuznsldauinagldfununsmuauaunmmionisuiulsiamnIw
INATATINAR el
2.7.1.2 n1snagaun1sEaniu (edrels/ualuu) (Acceptance tests)

Junsmedeuniseausu vienmsnaaeuszauaunelavawuslan awnsovitlanansq
suwuv Weldmnsaufivdnwazgusion LLmIﬁUﬁ?ulmeLaﬁﬁJﬂﬁ]ﬂiULLUU“HG]HE]UW?E]MﬂUﬁLﬂa
MAUATEAUAIUTOU 1YY amammwa’la hedonic scale) ama'ﬁaaam (smiley scale) dwnanan
(just-about-right scale) WHludu Feuideuns Jang and Lee (2003) lﬂwwmwamﬂmwuamwa
Ugssadensyuaunsegin lnednuaanimwnsussamanda: Ioanainszéiu nine-point hedonic
scale  lumsuseiiiududnumediuaing & nausauazidaduda wui mm‘[m‘lmmwamu
NaﬁﬂELW]LU’E]Lﬂ’]‘lﬂﬁﬂ‘iﬂ'ﬁﬁﬂ’?&lﬂ‘iuu’luﬂ’ﬁsﬁ?ﬂll"lﬂﬂ’]'] SRRt wamﬂmwaﬂwmuﬂmﬂgwmayma
amawuu way Fandos et al. (2005) "LmﬂﬂwmmaﬂwmummﬁyamamaﬁuaamaﬂmLwauau
alasdenszuiunsgia i ‘wmamsmu 0 Julae ’lmammmvm seven-point hedonic scale le Tn®
Ussiiughudnuasiivsng nawiu sampnasiiioduda Tnesmusliazuuuiingy 4 uansd
wandostlaifuiivonsu wuinilevaginiidgamai 90 swrmwadea Llifuflseniuresduilnn
iesanszivazuuumLYaUiingl qumall 65 esrutadea (Und, 2557)

2.7.2 dnuitlunsuszdiy

Wigyw gy (2550) “Léﬂﬁ%’auaLﬁ'mﬁuamuﬁiumiﬂimﬁu sweazSentail
2.7.2.1 msusziiuluiesufjidinns

‘wawg‘umm‘aﬂivmumwivmwamammwmaaiuuawwmamawﬁmamwLaﬂww
’memfsmsﬂivmuma‘diwmmama aontunisAnuviean tuidedeg Jansuszidivly
vramJgummiuummmmmumiLmﬁaumama USunauiege nanlumsusediuldnndn wedl
mamnmiuwaqwﬂmmuwﬂmLaaﬂmﬂmuﬂﬂm{]wma meva'su’lmmmﬂiuLuumumunauum%
LLavweumNamﬂm%waawuﬂmuma’l,umw Ts991u aandumsane vesanuiitu Jeliazaan
mmugfuﬂﬂﬂwﬂﬂwsaﬂauLﬂmmsﬂumimumq
2.7.2.2 nmsuszdivluguduszifiunasyuyy

ﬂuaﬂiymuﬂmwwuLﬂuamuwuauuﬁﬂviafﬁumiﬂiuLmumﬁaamu duagnsusu
1M Isenann nMsUsudiunsseusuluguduszifiunanguyuiinatinisnisrainvaisuay
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Huunasruvesuilaadmnedddun qudniedn ssassndud Tsaiou a Tuad Tsausa
aluas gudommavieanduidugiiifuslaadmneyimegdudwaumnn
2.7.2.3 msﬂiwtﬁumwau%’uﬁu’%lmﬁﬁw

miﬂi%uumi&auwNuﬂ,mwmu viadinanuduaiiliaunsanmusuansle q’Lu
msussidiula smL'aumamaLLavquaaummaﬂﬂ‘mwﬂsvLuu miﬂiumumiaamuwuﬂmw
mummqﬂismﬂLwaﬂwmumwmawmmaaamu%aguiIﬂﬂwumamamquImai’mu.as
Sneamane uenantudansausadiulsganiamlunahonunieldaninnsldasa 9 ua
nsusy mmvuaﬂﬂgﬂim‘uawmlmwmaaﬂwmvmaﬂiza'mauwmmmammmmalunmﬁ
AUANNTUTY N5IEW uagiSmaussiiundnineivosdusziliu uaﬂmnu‘uwsuLuusaawmicﬂm
mammmummmmﬁﬁuumswa\mamﬂmsﬁlﬂaﬂmsJ muum‘aﬁmuumuﬂﬂwmummmmumi
Ussiliundnsueilugrsgavinevesnisiannin S wIoNARAUNINNTHARTZAULNTDY
annImEnfusiannnsiRuIgRIIoN INAUINTINITA NG osandedldudndaeidy
UsunasnnnitUsediuluiesfUanisvaslugudussisiunan syuu (Weywriay, 2550)

2.8 Fnsiuiiianeuduas (Response Surface Methodology, RSM)
ﬁ‘ﬁmiﬁuﬁ'gmauaumLﬂuﬂmmmw‘%aé’umumqLsmﬂfﬁmﬁlp’w’%mﬁawamauauawaaﬁmﬂs

(Response) aﬂa'i'mLﬂuﬁaﬂ"uuﬁummwimmuu madananauldununmasuhi (Contour
Plot) “Lum‘;m‘swaaummauwuﬁmmmLuhma q fiala wawlmﬂammmmvmam NIDANY
fimungas (Optimization) Anpnudsmatuldileinsanteefavlamardundon q fu
TagardosidennseiHulazeoniuUnMsnandiiviingay nslesIzirin1sonnpe uazain
waun AT TnsununIwaAsuyas 1usunsu (Series) GuamawﬁaﬂmwemumwLLuuauLLav
asTidenadasiuszsurastadeiaeuly LHLANARUTTIvaIsLUVaRnAdeITUaLN TN DT
as719aaule WU Mound-shaped, Stationary ridge, Rising ridge, Saddle TnouHuAMADUTSA
asrafuununn 3 87 1Sendn Surface Plot (ayins, 2552)
2.8.1 N1TUNUNITNAADIEMTU RSM

AN5LEBNINUHUATITNAABIEINIU  RSM %uaeiﬁ'u%’aﬁwﬁ’msha 9 sinvaauuusandiioz
@entd wasvtinuaefiwusnng 9 mmumuﬂﬂuwmau‘uaqmiwmmammaﬂﬁmg mammu
TINUHUNITIAGBILUU Central Composite Design (CCD) tHun1sneasd ccp fauvingnd
‘ssmunmwaaﬁmaLwalw'izmmmﬂuﬂmmmaawaqmsw@aa&mmawmmmuﬁmmmam.mu
foA1 O s‘fiamwvﬁmmﬁaulﬂmm‘]"lmuégwLﬁa’[,ﬁﬁ'wmaaaLfluéﬁsv(aiaﬁ’u (Orthogonal) ashalﬁﬁ
mu"lumwgummﬂvmwumm o ﬂauu,mmmmiwmaawwmma'm Tuunenssifl o = 1 G
av'ﬂmmaamwmammwmmuaauumavmusuaqaﬂmﬂﬂ 2° unlAnaiSea, Design LL‘U“U‘uﬁluL‘iEJﬂ’J’l
Face-Centered Central Composite Design mﬁ]umu’J’l’ilWu’JuS“ﬂUGLuLLma“‘Tjﬁ]ﬁlm“uaEJafﬂ,U Ex
%maammmumamqa&muamamﬂm‘twﬂimammnmLLaum‘L’umaiumamaau (aying,
2549)
2.8.2 msmﬁww?aﬁuﬁﬁwm”ﬂu (Optimization) Iagld Desirability function

@1 Desirability Sadusranuiiswelavoswdnsious annsormuinuendudiu 9 vienas
AMaUANDY (Response) laeAn Desirability mammaymmauauamumﬂﬂmLm 0 81 1 A
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1NA3§1U84 Desirability Aduiusfiuszaiuauiiinela uazamunInvesransiae uanefnisian

2.1

a15197t 2.1 3AsgIuYesAn Desirability AduiusAuszauaufisnelauazaunmusandndus

Standard estimates Desires

Quality of product

1.00 Excellent

1.00-0.80 Very good

0.80-0.63 Gooed

0.63-0.37 Satisfactory

0.37-0.20 Bad

0.20-0.00 Very bad

The ultimate in satisfaction or
quality and improvement beyond
this point have no appreciable value
Acceptable and excellent.
Represent unusual  quality, or
Performance, well beyond anything
commercially available

Acceptable and good, represent an
improvement . over the best
commercially quality, the latter
having the value of 0.63
Acceptable  but = poor = quality
is acceptable to the
specification limits, but
improvement is desired
Unacceptable. Materials = of  this
quality would lead of failure of
the project.

Completely unacceptable

flan : Lazic (2004)

2.9 uIeNNeITa9

Jose way Antonio (2012) "Lc#’fﬁwmﬁﬂmﬂﬂﬁ'ﬁ’aﬁﬁwasﬁamw%mﬁaw laglduiumyluru
ﬂiwmumimmmammu 60 uas 80 pFEATd SragaTILANANIAUT 5 way 12 dlus uaz
ﬂ’]iU’i‘iﬂﬁﬂLLmﬂﬁNﬂU‘iuW}’NU‘i‘i‘-ﬂﬁﬁum’]ﬂﬁmm“‘lﬂﬂ‘ﬂﬁmfg’m’lﬂ nTulERnIsAnYINIg

L‘Uaauu:uaa wumuawwmumimmummnmmﬂmuuawaﬂm‘samLaamwunléﬂ,uivmLc;m
dunin (P=0.054) LLavaﬁumwmm'} (P<0.001) maawﬁl‘ﬁqmmu 60 DIFANIATYE WANIAN

ANHEINNLAZATATY L‘U‘NﬁLLﬂQN’]ﬂﬂﬁﬁ

#inassau (2551) lﬁﬂﬂﬂzﬂwqmﬂ'ﬁ'ﬁmuﬂﬂmuﬂmaauwamm%mmua‘lﬂiuwmmqmumuﬂi

Fawan9idenudn f§Tuuse mul,ua'lﬂLLaywamﬂmmmmua‘iﬂﬂiwmmmwm SRR
SuUsEmunniigaldun lwaiuiingusen TavdulngiSudsemuiithuilodu fuwnlifunns
wlneluswaawiiy iWelaidsldliulssuilundadasiazlasuamienlunisiudssmuann



15
ﬁaﬂ TaasinuanUsenouammsUssIaMLAg Sesadsnfe AsumlsznauamsUTsangls Jeym
finude Welmfimuimilen qummsummmua’lﬂimaLaaa 1.4 Alansusadun1 wse Uiz
73 Alansusov ummﬁlumwaaw LIRS Fafiouslnaluniidou Iﬂammaamuwmmawa
Iumiﬁﬁammam anuiiteUsyinae nandn dnwnensteieladiulngidunsteuuudauiy
fanlansuy mumwawamﬂmmmmudﬂLLUULLmﬁma’LuUﬁﬁmmmvavmﬂmﬂmwwmmu,um
Alansu

Paik et al (2006) lFnwnavesmsldludulunisfiusnywanfusidonmaugsahe

AIFUIUNTTYIN Iﬂaﬁaaéwqﬁﬁﬂmﬂisﬂauﬁqawamﬁmw‘lﬁemmﬁﬂsaiaﬁiﬁaﬁasmdu%u 100

fadnsu LLaV”LaJ“Laa'ﬁ"Lusuu mavmwammm 4 uay 25 aspealdied fuaIRy LUunm 60 Tu
WU "LumamqwamnzuﬁmwlulﬁlaaﬁlwuuauLﬂwammu 25 perwalEyd WuMSRLTuTes
Snudegaunidldesusudn dadawaiianas Tuvaigfinanfausinldansiuduldwunis
\WSaiulsreadeguniduasadlinisundas

Juneja (2006) léAnwiRgIRuMsTzasmssaAUlnTas Clostridium perfingens Towldans
Taifeauuanan lunisydandndusientivin Tngnsiiudasaiulameunanian fiseduiosas 0
L5, 3 uay 4.8 Tumamﬂm%ﬂﬂwmuawmlﬂmuﬂ5~U';umﬁmwagumu 71 eALwALTYd
wdssntuhunfvudiBuiigumgl 3 szdU fie 4, 9 uay 25 peETALEEE AUAIIU WU N3
Pulufeuanwviosay 1.5 wasfiufigumgil 25 osrnwadd mwa’lmﬂmmimaumuimﬂuama
|dyrananasis 29 dalus dunsidleieunananiesas 3.0 wie 4.8 qum‘wgu 19 a4dn
wades Wuszozian 48 Falug "Lz.iwumnﬁﬁg@uimmﬁ?aﬁmﬁu

Fandos et al. (2005) W@dnumnanlasadoneiugdunsduasaunwmelsgamauiavos
Uaugaueuiiiunszuiunsyin ngaumpiiuazszuzataiufe 65 aamuﬁawaa U 5 UM
90 parwalTed Ul 10 Uil way 90 espwalded w15 W Lﬂmﬂmwammu 2 uag 10
aargaldea Wunal 45 U nan1Ineaaswudn wﬂﬁmmsmﬂaaﬂmwuﬂmsaify,%wuafqauma
Staphylococcus — aureus, - Bacillus  cereus, _Clostridium perfringens way  Listeria
monocytogenes uazm3giaUaiuvanauinamall 90 ssrmiwalded w1y 15 uit Wlsydnsam
Ftaanazanunsabaorgnisiivlsannada 4s fu edhdlsisnuluanngisnannmadssidiuganm
nalszamduiaasiaziuuniseeniutieaninganisnaaesiiliguugil 65 IANTALTUE 819
dlosmnmsldanuioussdugeuazszeziiaiuiy fnavinilUsAuiansIEeEN NS TINYR LN
msnnaznauluserineanisiiausou LuaiﬁnmﬂmauawmﬂmuaamaLmu,avu,w o Jud
gONFUTDINUILAA

Hilda (2002) Imﬂmenwa%amianﬂwmauammwlﬁfﬂumiLmﬁﬂwammeﬂmmwum
mﬂﬂﬂiﬂﬂi‘dﬂﬁ“U’DUHﬁﬁnﬂ mam‘iLﬂaauLLana&ﬂﬁmmaaumaLLavﬂmmwmaﬂ'ﬁvamauwa
ivmwmimwamwﬂu 3 uay 8 serwaldea Wussezan 5 dUat nannsaneIWUIN NSy
iﬂmwamwm 3 aenwaldua annsnanuSinagdunsdlundndndlafniiguwgl 8 o
\walged 1%ﬂmﬂmﬂmwamnmwammm 3 peFwaLdya WNUMIITSYUaRaUnIIUssLay
anunsadinengnisiiusnynandueilaUssunu 4-5 duai vildSunseensunennulsEan
SuanasnszeziiaInsinusne
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Meng uag Genigeorgis (1994) lFnumavasnisidanslufenuarnnuazgamginmanulu
mstudade Clostridium botulinum ﬁawmiﬂLﬁmsfu"luan'1:13a;guufyﬂmmzijﬂizmums@%ﬂ
Tneldanslodounanand 3 szaufie 0 Wesidud 2.4 Wesdud uas 4.8 Lﬂa%w‘éuﬁ wazLiud
aangdl 4, 8, 12, uaz 30 asrisalded AuaIey TunBndnsishatan 3 vie Ae ot aﬂlﬂ
sazUanuganeu Wi e hnasiielifdulefsuuananusunn 4.8 wWesidud uagifiud
am‘w.ﬂu 4 %38 8 aammawaa %um&imimﬂ(ﬂmﬂmw 90 Tu m“awammﬂﬂaﬁwwulm du
ﬂmmauau%umamimwaumﬂ Feiumadulufsnuamevlulinaiiuinnd 2.4 wWasidus
LLaaLﬂqumwQumﬂfm 12 asmwaidea luurasndndm 9z maaummiwwlﬁml,avammamﬁ
Wushwlauiunai

Mass et al. (1989) la@nwnavaanisidsemuanududuvesasigifsuwanevlunisiia
answweade Clostridium  botulinum - lundnfasfilissgia Tnethlinundailusd laeld
szRuAUdLTureaslufouaaenSovay 2, 2.5, 3 WAy 3.5 QWﬂﬁuﬁWMWUii%aaQﬂq
Ay INA Tﬁaamwﬂmﬁmw 71 asAgadud LLauamamwmmmeuum 1 dlus arndfuth
mamqmmwa@umm 7 aqmlfdamaa Fewuiimslalaineusananiissfuaanduduiosas 2
way 2.5 anunseliuld 4.5 Su uasiiseduanuidudutenas 3.0 uaz 3.5 autsadudansivld

agaiiuszans A muaza L saAulaUsEaNe 7-8 U Luamenmumamamuaummﬁmﬂﬂ@Lw&m
33
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uni 3
gunsaluazdsns

3.1 MsfAneIsmssdaafinidendouueiiiiunszuiumsyi
3.1.1 MSHSEUINGAY

U']Luaiﬂwul,uaaaquiuua Flank) snanslwazann mmmumlwuuaauawammwuma
souilonen suillelifininuvun 25 wulwes Anundne 6.5 WwuRwng LagALen 10
RS Taefithoin 200-250 n¥u antuindionviesenatainlauagifuutifuiigumadl 4
sarnads w15 wit ilesennsanansazansladienuannvlusuneusaly
312 nswisuasazanelefeunanan (inde)

nseuendnuuin 20 mt gaansavanelnidenuanmva iy Savas 3 (w/w) (Mass,
1989) vmm’mmaq‘Lﬂ’Lumaa’mmammaulmmnwa 3.1.1 Iﬂﬂ%’]ﬂﬁﬁﬂu%ﬂﬁ@ﬁﬁlumaﬂ‘iuﬂ,.l’m.!‘iaf_l
az 10 ﬂaqumumua (w/w) (Mass, 1989) IﬂaaﬂmLmual,uauaﬂammww % LLa..,aﬂm 2 eu
snfuthdeivatiduiianmaf 4 esnwadea wiu 2 Falus Welhiiindensyardaduile
atsaiLae

AT 3.1 suntensanansazansluiuusanan (inae)
#in (FakUasann Mass, 1989)

3.1.3 NSLA3URIUTITH

w3endunauUssaadn Liun winlned wndudUim wavoulng Tyaun3an 1
muwaummmuﬂimﬁuammmmw 3.1 PntiLieadniiiunsinansazanelafunanian
wdrthuweniunslsesaaianlaglddnsndau Wosensusesa Wutdel  udniluussgluge
goyanA NeungnIzUIUNIIYIa

1ADA4A90
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P> ] o & I3
M1919% 3.1 LLﬁﬂﬂﬁ’]UNﬁlJI‘I.Jﬂ'ﬁWﬁJﬂLUE]ﬁLﬁﬂ

AU Usinas (Govazsiovmiiniile)
Wsnlyeaunaziden 2
wsnvuuUsm 2
naveulug) 2
Tsausdan 2

fiun: (FauUasan Karen, 2013)

3.1.4 msﬁnmamqsﬁmmsaﬂuﬂ'ismum'iﬁg%ﬂLﬁaalﬁn
3.1.4.1 m‘sﬁwuﬂamqwmwmaﬂuniw'Jumseﬁﬂ
ﬂﬂwnamawwmmvauiuﬂiumummﬂLu@achm Tneldinpinfiuinnevaues (Response
surface methodology: RSM) 279ukUN15VAaadwuUy Central composite design (CCD) 3 1 Tng
Anwnaveswuus 2 Uede Ae anmalilunisgda 55 - 65 ewnieailua wagnailun1syin 24 -
48 313 (§AnUasan Baldwin, 2012) wARIFIR1IET 3.2 Ui‘iﬁ]ﬁaasmﬁm%ulﬁmﬂ%'a 34.1.3
adluge Laminate low density polyethylene (LLDPE) mﬂuumlﬂﬂﬂwmammmﬂ inlUlw
mmmu’lumam‘saummmimmmammumva haenafiu andurliSutuilaeaiuny
gamaiiliifu 3 sariwawied Wy 2 Falag ﬁ}ﬁﬂ‘uu‘u“lLuaaLﬂﬂﬂN'lUﬂ‘iﬁU’Juﬂ’l‘iﬁ’mlﬂ’JLﬂ‘i’]%‘Vi
amunwluduneudaly

A15797 3.2 aneildlunsudntioafindaenssuiunisyin

Al gomaiilun1sgin walunmsyin
GNRGRIGEER) (#Ta19)
il 55 24
2 55 36
2 o3 48
a4 60 24
5 60 36
6 60 36
7 60 36
8 60 36
2 60 36
10 60 a8
11 65 24
12 65 36

65 a8

—
W
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3,1.4.2 N1ATIVERUANNN
MIATIERRaENTRnIaNgAN fail
1) 1ad
Mansing Imawuaamnsﬁawueaﬂlﬂu 3 dau Tnevrnadulendunie Tfumma
qwmuawumamﬂuumwmmﬁumLuaamﬂ LLava'mm LLammamimTu‘aww CIELAB (L, a)
msinusiazyan1maaes 3 1 TuiinudmanadeuazandsLuusnnsgu
2) aAAnuyl ¢ne Wamer-Bratzler blade
ﬂ'nﬁﬂ{-*huﬁaLﬁam‘f’iuamﬁ'}ﬂmmmmLﬁaaLﬁﬂsgf’m FELA3as Texture analyzer Lagld
Warner-Bratzler blade m1A8n15ue9 Wattanachant et al. (2005) laan1siivum Cross-head
speed 2 mm/s 19 5-Kg load cell waamﬂuuwuguaamﬂmm"lwmum 1.0x2.0x0.5 Ls&ummm K
mMsfasunuvnswsndulonduile usdas YANITNARDIIA 5 41 antuiinudamaadeuazan
Weauunesgu
3) mﬂsmmwawam (ﬂﬂLLﬂa\‘ﬁ]’lﬂ Bethany et al,, 2012)
mmmwa‘uadmwumuaﬂuLLavumuﬂLuaammm m’mammau
% Cook yield = (W, / W,) x 100 (1)
W, = ﬁmﬁﬂﬁaaémﬁamﬁﬂﬁﬂ (Weight of sous-vide sample, g)
W, = Shvingetnadonu (Weisht of raw sample, ¢)
a) i’mmmmmm‘l,um'ﬁé:mfﬁ (awUasan Zheng, 1998)
%ﬂﬁﬂwﬁﬂﬁaaﬂmﬁ'amﬁﬂ@ﬂ 5 3 Yragranduaziden womenssay
n599 WS 4 U 2 Y ﬂﬁﬂﬁuﬁﬂﬁaasmmﬁaﬂuwaaﬂwum‘%%ﬁ wanldaslulsines il
uASTAE 71 9,000 58U WM 10 W wamwm 4 parLwalged muwuﬂmamwamumma
u'fLUmm’;mmmmmiﬂumaaum anugns IngrinisnaaosudazganIsnaaed 3 41 aatufin
W mAedsuazANEULIATEI
% WHC. = Wio— (Wi — We) / Wie X 100 2)
Wee = Sinsedreteudiumios (Weight of the before swing, ©)
Wy, = 51wﬁﬂﬁfaasiwwé’a{']ut,ﬁm (Weight of the final swing, ¢)
5) qmﬁaaavamﬁaumuﬂ (Fauwladann Young and Lyon, 1997)
mﬁmuﬂmaamuaamﬂm@ﬂaumiwﬂwaﬂ mﬂﬁummamxﬂﬂlwmw
Zoulagmsils aumamwﬂﬁmﬂwﬁmua Wi 70 eerEaLgea waqmﬂuwamwuﬂmamwaa
Tauseu LLaUmmmNa‘ﬂlm Auges lagvnisnaasIusiazyAn1INnaes 3 7 antufinudam

ﬂ']LQﬁ‘c’JLLﬁSﬂWLUENLU‘HlJ'W]‘iﬁ’]u

9% Cooking loss = (W, - W, / W) x 100 (3)
W, = thutindhetsneunsyiilvian (Weight of the before cooking, g)

W, = dmitindegrandainlign (Weight of the after cooking, g)
2.1.4.3 ANSIATIZARNAVDINITUIENEAMUISEY

1452 n5fiuiiinmeuauss (Response Surface Methodology) lunsesnuuun1snaaes

wuy Central Composite Design ilonivapuauduRuSvesiaulsag 9 (response) fiaula
TnguandduukunIMABUYIs (contour plot) LLawLuawmimﬂ%wau’Lammuumau 9 Ay
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mmmﬁwma"ﬁwumﬁ’mﬁaﬂquﬁwam (model) EuaqamavﬁmmsauﬁamaqamwnﬁLLammﬁ
Tdlun1seiala mmmm‘imm 5 ﬂﬂmmﬂuaﬂma (Central point of design) (0, 0) @314
LLuumaawamaqmLLUiaaasvm 2 Adunsvnassde gumaliuaziian AeamAWluAIUAN 9
maamaamnmm Tagldauniswedluiiua (potynomial model) muwuy Lazic (2004) 1dus
9318 Tngdinsneadnfildie 3 'Jﬁmaqaaawuaawaﬂ (the least square method) ieUszanaen
yasmsfimasana 9 InefledduildiFenin fitted response function
Slo v AernnsviuneAvesiauys (response) WA Arauadng (L) Aannaduduns
(@) Aeuyy YSunawendn arwannsalunmsduiuaznsgaydeiminnddiemuieu dau
X1 Ao temperature level kag X2 A8 time level, B, #® constant value, B, uay B, Avlinear
terms, BH, Bzz A quadratic terms, and Blz f@ interaction term. Design-Expert 7.0.0 (Stat-
Ease, Inc, MN, 2005) lddwsu fit the model, @519 contour plots WarIAsIZYAT
desirability LﬁawﬂaﬂwqxﬁmmsaﬂumiwﬁmLﬁaalﬁﬂﬁ@
3.15 m‘mJ‘%'ﬂuLﬁauqzumwmﬂmammﬁaalﬁn@ﬂGiai,ﬁaiﬂequl,l,aﬂﬂﬁwﬁ'l
tiedraieanannidelawidn Anfleaindiuduluainyssvmeeanside Ussine
AN3FOLNINT (AIUNTENTI NN TVDIUTEINAENIZaLLENT (USDA) LLavLuaaLmnIﬂﬁuu’LuUivmﬂ
Tne Ao Weadnddulunardinluthanlaguiunauay LLﬂvLuaﬂLmﬂﬁ’J‘LﬂUU’JQ’lﬂIﬂ‘UUIWUEJ’N
A smmmimiﬂalmuamummLﬂia‘umammamummamamwn‘uLuaamﬂﬂmﬂwlmmnmim
anMsfivnyaunan mimmmaLaauwLLammmmumauuaamn Tngagshudoasinldiloun
1.0x2.0x0.5 LHuRbIng u'u.l’l’mﬂ’aal,ﬂ'ﬁm Texture anaLyzer Tl Wamer—BratzLer blade sy
38n15U849 Wattanachant et al (2005) finsiaaniaTos TAXT plus et} Cross-head speed 2
mm/s Wwag 5-Kg load cell mﬂ’mmmmquwﬂna%au‘iaﬂafluLua Lmauﬁmmimaamm 5 4
antuiinudnALeaskarAdBULINATE I
3.1.6 ﬂ’]'iL‘lJ%E]UWIEJUﬂmﬂ’IW?.IE]ﬂﬁLﬂﬂmﬂ‘!/lw’luLLE!“’INN’IW‘I%U"MWI‘W’JW
mal@amwn:uLl,aw'iuavnmwmmuaaﬂumimmmaamﬂmuwuwmﬁ Anldanan1izan
98 3.1. 4Iﬂamml,ﬂiwm&mﬂuLuaamﬂlﬂwumaﬂwaﬂmﬂmum vuns e laethundiu
st AnsEilet S suBuR A N NIB AN
3.1.6.1 mimﬁﬂmmm‘u
LmemLuaamﬂmﬂmlmmmsﬂmaaﬂam'ngmmuaml,msmﬂmua afinfidl
ﬂ”lﬂ?imﬁ‘gﬁﬁuaﬁﬂﬂu’]maa Fuitlofvdruiuiosiuseannsusauss tanrunssuisnisg
Tude 3.4.4.2 sold
3.1.6.2 nssudinnstnsainiide
nssEmstheadinidogin
Finsenpndddluiuse mindunznen 5 nfu seaugamall 60 ssmgaidea (Aaudag
910 Suriaatmaja et al, 2013) mﬂﬁ?uﬁ']Lﬁaalﬁﬂ@maﬁﬂwﬂﬁﬁﬁﬁwmaﬁa*uéhu T¥szeznangng
Usganad 1wl
nssAEnstadniferlilitinunssuiumsyin
Fensenzendldlvuiunans iminfusznen 5 ndu Bradnidioaste aasgeldinlunay
L?jai'ma‘mwn“ﬁlaﬂmwmLﬁa'l,ﬁﬁqmmgﬁqdﬁa 70 esriaided (Fayde, 2539) Tendurinly



21

3.1.63 n1sasreseUNImMEnwiatsuifisuainidefiinuuazliiunszuumsyin
1) Jnd
Wn3ing Iﬂaﬁ%ﬁamﬁﬂﬁ%ﬁuaamﬁu 3 dhy Tnevurnadulendnnile
Tindnmuluwunidavenioadn wagsu uansnanisinluszuu CIELAB L, a,b)
insinusiazyanInaass 3 g1 aatufinudamanadouarAndenuuinnsgu
2) msUszdiudnuneiioduia ¢eis Texture profile analysis (TPA) (Li, 2006)
mﬁmﬁ%ﬁ'@ﬁ’mﬁmmLﬁai’aﬁaam%aq Texture analyzer lagl3s Texture
profile analysis (TPA) FmsAaAvaAIas TAXT Plus (FanAnuan) mmuwul,uaamﬂmmiw
WA 1.5 aﬂmﬁnwumum Iﬂ&m'mﬁ'mm:uLmeﬂmeau‘Laﬂmmua WABEYANISNAGDYIN 5
4 tufinudimendsuasandsnuunasgu
3.1.7 ﬁnmmiﬂau%’umaﬂizmmé’uﬁﬁﬂaamﬁmﬁaﬁﬂ
ﬂ'wLﬁ@ﬁﬁﬂﬁﬂfﬁﬂiﬁﬁﬂﬂamuwm'ﬁﬂaﬁfmﬁmm“aﬂu% 3.1.4 Ynsnegeumshiauly
JULUU Home Use Test 'Iﬂ&mﬁﬂLuaamﬂmwmamlﬂﬂﬁmm 200 n¥uluussgdnsiganane
uﬂwu'NLLaumﬁwwmmummimmu 20 ¥y Fefveseundndusiazsemaaaun MUY
Use muwaﬁmﬂmLLu.umLLavaﬁm'ﬁLL‘UﬁULuaamﬂmﬂ LLav‘L'Mﬂ LL‘L&‘HLL‘U‘U&ElUﬂ’}’uJWQWE]sL“\WlﬂJWE]
wAndwel IneussiliuannwneUssamduiashudnuzdsng & nAusa ANNYANLAZNNTEBNTY
Taes7u fedSnsliaziuuAIMUgaULUY 7-Point hedonic scale

3.2 msﬁn’ﬂﬁ%’miwamﬁaﬁmﬁaﬁmunswmmﬁ@m
3.2.1 MAATEUINYAY
erldduielanudion drues Finswieniegimeanladann Jang et al ( (2006) ) Tae 1o
Iﬂaﬂmiﬂmmﬂumam‘mﬂulumu 5 aammamaa 5 w7 Liledsdenuarduiousanain
'wmwu ntuentulvaziat Juiasiden anipgaulilavuinnnunul 3.8 LuRlung
(1.51) iluusselugegaanme dawilddignszuaunsyia
3.2.2 msﬁnmaquﬁ'mmzﬁﬂumi‘wﬁﬂLﬁadauﬂaﬂﬁwns:mumiﬁm
vieimseuldlude 3.2.1 mﬁmﬁ’ﬂmﬁﬁm%auﬁ nnhideuvssluanneaainia
nnuiluurluiriasnuaugamall nnssuigamail 6070 uae 80 asrLuadid uazianly
mMvstn 6 12 uas 18 49lue (Fauuasain Douglas, 2010; Myhrvold, 2011) st luylisu
Iﬂsjmwamwﬂm 3 papwalded Uy 2 Falu LLaq,m‘ummmu 4 asplwalges (Armstrong and
Meilveen, 2000; Meng and Genigeogis, 1994) laan1iy m#ﬂumﬁﬁzj’mmaumma WEiRd
swaa%ﬁmmmmmaﬁ 3.3 thietnsluing Snvasideduda miamLaamwumummﬂmimﬂ
LLaviaaaumﬁamLaaumuﬂ mm‘sﬂﬂLaaﬂam';vwmmwaﬂumim@Luauaqma ngiUSauiiay
ﬂ‘uLuaumw,mi'ﬁﬂiﬂﬂ'mnﬁmm:u (mu‘wmmam WU 12 94)
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a91efl 3.3 anmeghldlunsgiailietssane

gouil (esrnivadea) e (@l
55 24
55 36
55 a8
70 12
70 18
70 24
80 6
80 9
80 12

3.2.3 msfnedaunauvesilunflunsuinidedoautesyia
‘Li’]ﬁﬂ'l’.]8ﬁkﬁﬂ']$ﬁ3ﬂﬂﬂ’l‘iﬁ%ﬂmﬁ‘mﬂ%8 3.2.2 1naadeinlusy Fsildunaes lofeulasin
Svlaawn (STPP) siatitnds (NaCl solution) 3 sesu léiln n1sLAN STPP0.25% NaCl 0.70%
(w/v) ANSHAY STPP 0.25% NaCl 1.20% Wasuifiusunsalalatnnsanansavaetlusd
(ﬁmﬂawm Vaudagna et al;, 2008) w&nNdnanseay ganenlusiuds 793 1 wu ntuiuilely
Fauhwiin ussgluanwaganea HelsT 4 C U 6 Y LwalwmlmueaumumlﬂiuLua AauNNS
lugin mmamalﬂama LLavmianLasJumumuaqmﬂmimm uay ﬁaaa“miamaau’muﬂ

3.2.4 MIATIZAAUNN
1) faanuutiuie $ae Warmner-Bratzler blade
ns¥arnusadeuiiuansenrraniuvenieafingia deleses Texture analyzer Tngld
Warner-Bratzler blade m3385n15989 Wattanachant et al (2005) Tnen1snmua Cross-head
speed 2 mm/s 14 5-Kg load cell waamﬂuuwmuaamnmﬂiwmm@ 1.0x2.0x0.5 wummm v
ﬂ’mmmmmw’mmauaﬂaﬂamLua wsiagyANIsNAaBIn 5 $1 antuiinudmnAaisuasen
\JenuunasgIu
2) Sodnwomioduda Tneis texture profile analysis
Ms¥ndnwaziioduia Tneisns texture profile analysis Tnel#iedesindnunziiioduia (TAXT Plus,
England) Tnensdnsiagnazunn 1xixl an’ PABNI5989 AUA 10 5189UAT Chewiness A7

Cohesiveness A1 Gumminess kagA1 Springiness
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3) Ind
yAsing Iﬂ&lu%uaamﬂmmmaamﬂu 3 g Tnguenadulondnie ’L‘ﬁmacﬂa
mam‘uawumamﬂmmmmmmaqmaamﬂ LLavmum LLﬁﬂGNﬁﬂ’]'ﬁ’JﬂIu‘iuUU CIELAB (L, @)
mMsTnusasyan1Iveaed 3 i anTuiinudmaedswarandeauunnTg
a) "’;’ﬂﬁﬁaaaggmtﬁaﬁmﬁﬂLﬁaﬂmnn‘ixmumi@g%
Fajminmetadeadfinginnounasudwinnszuiunmsgin wazduniesasns
EJEUUL’?i‘c’J‘Ij'mﬁﬂLﬁmmﬂﬂ%U’mﬂ’liﬁﬂﬂ auaNn1I 1)
% weight loss durlng sous-vide = Wy sy — W,y / W) x 100 (4)
Wy sy = mmuﬂmamaﬂaumwm (Weight of the before sous-vie, g)

W, sy = mwuﬂmamwmmi@m (Weight of the after sous-vide, g)

v
= o

5) Jnrfeeavgaudetnin (AALUasann Young and Lyon, 1997)
%ﬂf’]ﬁuﬂmaaawLuaammmﬂﬂaumwﬂwaﬂ ﬁmﬂﬁfuﬁwﬁ?aejwlﬂiﬁmm
Zaulnensils wuammﬁmalmmua WU 70 serntalgee waamﬂuumumunm@mwm
Imm’nmau LLawmmmwavaﬂ AKEns Lagriin1InaaeduAaYANTNAaeT 3 g1 anTufinudan
Aadsuaradsauuann gy
9% Cooking loss = (W, — W, / Wg) x 100 (5)
W, = thvidnsaetisneunsilian (Weight of the before cooking, @)

W, = ﬁﬂwﬁﬂﬁaaé’lwﬁdﬁﬂﬁ% (Weight of the after cooking, g)

3.2.5 NM5N9LRUANITNARRY
miwam?mmmvau"ﬁumﬁmﬂﬂimaumﬂ 2 Uage lawn amﬁnwlﬁ?ﬂumswm 3 S¥AU WAy
szgznalaluntsyei 3 sEfu M9LRLNSYAaBIWUY CRD LLawm‘sﬂﬂ‘mmumamaauﬂmu"lmmwm

v
=1

Luamuuaﬂmm Arsveaadd 1 U998 3 SEaAU NHUMIaAaauy CRD

3.2.6 ﬁnmmiﬂamumqUsuawamaﬂuaquaumuamﬂ

mmauawm frnunsfadenanglunisudnainde 3.2.3 uag 3.2.4 mmamuauumasm
TnefiisnsuanuansianIni 3.2 Ima’hjawﬂaaumlﬂmmu 40 YN NAFBUAUUANAINYDY
ﬂaﬁmﬁaﬁmﬁmmmﬁaﬁmu wazlairunsTUILNITYIN TnguszifiugunnmeUsgamduianu
anwazUsng & ndusa mnuyuuaznstensulaeTin Ansigilaenisld Triangle test gnaaou 40
AU
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UNN 4

NANISYIAADILAZIATA!

4.1 wamsﬁﬂwﬁ%mmammﬁnLﬁaw%auﬂiaﬁshun'a'umumi@g’i@
4.1.1 Nawmammmammwumaﬂmmwmaﬁmn

AN L‘W WA ’l’]‘”V]L‘W%J']“?iﬁJTNﬂ’ﬁ?I'ZI@ Luaa Wnle L‘V’LﬂUF’]WUVIN']ﬂE]‘U GITN
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(Response

Surface Methodology) IUHﬁaaﬂLL‘UUﬂ']i%’lﬂﬁa\‘iiﬂHI‘UﬂW’iT’IWaENLLUU Central Composite

Design efnwravesannyasyiafisamglivaziaifisei dnasornmedng (L) ARy

L*‘ﬁluﬁum (a®) ey Usinmmandn asgeydetmmimddliaiuiou uazanuaansalunis

Surh Lﬁaﬂwamsmaa@ﬁlﬁm"’aLm%ﬁmmLLiJiiJs'aumaﬂ’J’auaLﬁaﬂmimmaﬁumammﬁuaz

L’]ﬁﬂuﬂ’]’isﬁ’e}ﬂLuaﬂLWﬂWﬂJ@]@ﬂﬂmﬂUﬂuﬂﬂ 1@]&16&?1@@@%]']5’]\‘]% 4.1

AN5199 4.1 #anid ATITRATIANLUTUTIUY PIARBUALDIYDIUR8

p — value

Source Prob=F

Df L Tenderness Cooking loss WHC
Model 5 0.0001" <0.0001" <0.0001" <0.0001"
A-temp 1 0.0016 0.0219 <0.0001" <0.0001"
B-time I <0.0001 0.0049" 0.0012° <0.0001"
AB 1 0.0050 0.0019° 3 :
A’ 1 0.1240 <0.0001" - -
B’ 1 0.0415 0.0018" - -
Lack of fit 3 0.0514 0.4897 0.5978 0.74
R’ - 095 0.96 0.94 0.98

WINeMe  *Significant at P<0.05

NS . -
not significant

1) mwﬁuwuﬁmadacumml,a“naﬂumimﬂmmaﬂmmww aamaamn

‘-lﬂﬂﬂ'li’]t.ﬂ‘i”l“"ﬁﬂ?']llLL‘U'?UTJU‘U@Q‘UE]MEWﬂﬂ (W]TNV] 4.1) WUQW‘U@N@ﬁI@NﬂWW@UﬁHBQ’U@G
aun1s - (model) fia  AmuEIy (L9 mmmuu ﬂ’liﬂ{ULE’fEJU']WUﬂWﬁQIWﬂ')’WQJ‘SE]u Lhew

mmmmidumsaum Fanusaiuenals Luaamﬂimmavmmauauam lack of fit il
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unnenanuegralidedfeynisata (P»10.05) LasiiAduUseavianisesung (Coefficient, RY) v84
AmaUaUBIeg iUy 0.94-0.98 wansiemnuiululdasthaunisanmsedt 4.2 aunisindeees
(Quadratic model) Lwammamﬂmuauwuﬁﬂmamvlﬂmt,avnmﬁlsé’ﬂuﬂﬁmcvmmamaﬂmmw
LuaaLmﬂT,cﬂam'iLUaauuﬂaaﬁuaammauauaamwavLaaﬂmu

A15797 4.2 aunsNyusnNMSsNUNRInaUAUDIUadLAazUae

Dependent Equation quadratic models R’
values
L -85.5424.127(X,)+1.012(X,)-0.020(X X,)-0.026(X,) +6.448(X,)’ 0.95

Toughness  1363.220-46.647(X )+2.21006)-0.082(X, X,}+0.417(X ) +0.042(X,)"  0.96
WHC 145.954-1.050(X,)-0.146(X,) 0.98

Cooking loss  63.365-0.867(X)-0.134(X.) 0.94

X, Ao guvigii (@A uvaimod)

X, fle szoznan (3 1u9)

2) AIAUETINN (L¥)

wm'}amwﬂmLLaunm‘lumimmaqmamammmm'}qammuamﬂﬁymaamm (P<0.05) (M54
4.1) Imaiwawnmmimmmu 48 Al uuu*ﬂummmmmmmwmuaaNuuamﬂmmaam
(P<0.05) mamaunmvaunmau {ms'w'w 4.3) Lumf\ﬂﬂﬂ’]’ﬂ"iﬁ"ﬂ”ﬂﬁ’ﬂﬂﬂ’]‘iLL‘Uﬁ‘U‘Vlu'lu‘Uu
daalilusiuiansdeanmsssuifuaziinnissaudiudutoureserslanaialinlusiuuas
YulelvZaarlusiu TdmamlmAnauainngzaesiiutu (Christensen et al, 2011 and
Nikmaram et al., 2011) %aﬂuuﬂﬁum’tﬁmmmadwLﬁ'uqaﬁu
3) AMA214UN (Tenderness)

wummﬂﬁuammmmvEsvL:;mi'mﬂumwamammmu:mu@NLu@amﬂmmammuamﬂmma
adm (P<0.05) (miww 4.1) ﬂaammu 60 pargalTea 36 Flus wundAusaiouanas Yzl
msydenamgll 65 evwnwalTa  TuyAYINLIa" mmmuumuﬂumwmwu (15197 4.3)
Luaamﬂmﬂmmwmauqamuiuammmu milusaululelnusainnisgaideaninessueid
Lﬁaalﬁﬂﬁﬁﬁm’m%ﬁduasLL“?N%U (Cross et al, 1986)

4) anuaEnsatunsguiin (Water holding capacity)
wmﬂmﬂmamwﬂmayivavL’Ja’mqNamamﬁummmiumiamuwaqmaamﬂamamuaamm
vsana (P<0.05) mLﬂm’lum’mm 4.1 Iﬂama’i,%mmwa& Ao 65 sermwaLdea luynagdana
aqmamammmmﬁa’mm'ﬁaumaﬂaa sl 43)  dwamandlodlednildsuaudeu
ImaamwmiﬂsmﬂuLuamﬂmwmmmmLauiaﬂmmua Wltorivszvinadulonduiiouas
‘m“u6]Luawama’mmau‘[mlm%uamaa LLasumwmmmﬂL:‘jaLﬁmqquﬁqaﬁwﬁqLﬂummﬁmaa

ﬂ’liﬁjﬁp}ﬁﬂ‘& awannsalumsdininanas (Offer and Trinick, 1983) uagiiU3namaninanas
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5) n1sgayidetimiinudanasliainudeu (Cooking loss)
mimLuaaLmﬂmmnmmmiaguLaauwuﬂwaaﬂ’ﬁ’l,wﬂ'nmauiﬂmﬁﬂ'ﬁuwuamwmﬂ,ﬂﬂma
Fuilowiniu 70 esniwadua wuinsldgamgiiuasiiatlunisgiasiu aawamammsawma
Srmddsanudoussitedfameain (P<0.05) fuandumanedl a1 sisdnavems

gguvl,ﬁaﬁ‘{mﬁfﬂawmﬂﬁaﬁaa%u@@ﬁuﬂ%mmwawﬁmLLa3mmmmimiuﬂ13qmu’ﬂmmazmaEm
vondloaisinginlnumseiniigumgiigefe 65 esnwaidea luyntisnan mmsgapdethmin
ngensiirnudewsanfedoray 084 waziinsligumgiisnde 55 ewriwadea viilidins
gadoimiinudslfenuieugeaniefeovay 12.44 muujuwammﬂmﬂm'ﬂmauﬂuLuaiﬂ'ﬁmu
JadeanmeTsu® wﬂwmmmsamLaammﬂimaaﬁwaﬂﬂﬁmu wazaraannsalunsdu
yoslUsiuanas (Vaudagna et al, 2002) (137471 4.3)

AN5197l 4.3 nanudnvazmInIEATRAaLaaLANg

Temperature Time L Tenderness WHC Cooking loss

Q) (hurs) N) (%%) (%)

55 24 63.4840.43 28.38+4.09 84.67+0.81 12.44+0.6
55 36 65.8120.30 32590 1 82.73:+0.52 11.9942.04
g9 48 70.32£1.08 45.9444.33 81.31+0.32 8.47+1.94
60 24 66.5510.17 28.2343.80 79.49+0.23 1.§8+2.22
60 36 68.3+0.53 26.38+5.03 77.2040.58 7.54£1.61
60 36 68.43+0.36 224671979 78.15+0.62 7.73£1.98
60 36 68+0.76 22,90+2:78 77.8£1.67 6.4340.61
60 36 67.5840.48 20.8945.78 Bol 342405 5.48+1.23
60 36 67.88+0.28 21.9448.93 78.66£1.23 6.33+0.71
60 48 71.23£0.29 33.32+2.43 75.08+2.13 4.02+0.43
65 24 67.75+0.29 42.62+7.63 73.57+1.82 3.17+0.57
65 36 67.81+£0.26 38.2144.12 72.86+1.16 2.88+0.69
65 48 73.59+0.24 40.36+4.65 70.37+0.42 0.84+0.29

1 & 1 <
AnRaY = ff'n“UﬂﬂUuil'lﬂSﬁ'lu (n=39)

4.1.2 ﬂ']iVl‘TU’]EJﬂﬂﬂ’J:ﬂ‘VILﬁﬂﬁuﬂﬁﬂuﬂ‘ﬁ&lﬁﬂL‘U’e]ﬂl,ﬁﬂ“ﬁ'}ﬂ
mﬂ'ﬁmﬂuﬂwummmamuaﬂumiaaﬂLmumwmaaamTiamﬂnauawlﬂmmmUmw

SUEUREASHY Tunsnea mumm‘mmm aamfaswmmgaﬂunﬁwam LuaﬁLWﬂ‘g’Jﬂ Inglgnisiansnn
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91nA1  Desirability %&Lﬁuﬁqﬁ%’uﬁmmmﬁmumﬁwa\mmé'ﬂwmwr?w"sLLU‘ammﬁﬁmmﬂﬁ L°n'u
g9an) shan videaylutasiidmun (Derringer and Suich, 1980) Slefwuntiesmpevausia
Nammﬂammmavnmﬁ‘l‘ﬁumimmuaatm mmﬁﬂmmaamuvmmmmﬂumwammaamﬂ
1§ Sawanslunnsnadl 4.4

15199 4.4 miﬁﬁmaamqsﬁmmsaﬂumwémmﬁmﬁasﬁm

Response Optimization of sous-vide condition
Variable Goal Lower Upper weight Predicted response  Desirability
L Minimize ~ 63.48  72.23 1 68.15 0.46
Tenderness  Minimize  20.89  45.94 1 2346 0.89
WHC Maximize  70.77  84.67 1 77.64 0.49
Cooking loss ~ Minimize 0.84 12.44 1 6.51 0.51

Solution:Temperare 60°C. Time 36 hrs

Composite desirability = 0.81

Nes1eT 4.4 u,amNamw‘hmaam”s:ﬁﬁmmzauiumseg%aLﬁaﬁLﬁﬂ Tagnmsmviualinan
e (L% fadaadesminmenueindienufuiusiudun fahannuanyinilofidde
nfeddutededdiiduslnndendelundndnsennsileraniludegidalunisuilon  (Savell
et al., 1989; Forbes et al, 1974) Tne Jeremiah et al. (1972) lﬁiwaqwu’i’} s?u‘%Imeiaau%’U
deniiiadunindehddnans uanmﬂumﬂuﬂlwmmmuu mmmaﬂ Luaamﬂmamm%mm
Christensen et aL (2011) wm'1Lua’rmw'mmﬂ%mwmeuwamvmu 55-60 B9ANTALTYE L‘LJE)’J’J
%vummummnfuu (Bouton, & Harris, 1981) mwusﬂ,wm'mawm'sﬂlumiaum egean
iesnuansdeninunda m'lmmmuamwmmﬂsmgmmLuaam (Offer et al., 1989) fAvualit
mmiamLaauwuﬂivmwmﬂwmmsau RN LWiWu’J’WJE]ﬂJaMﬂ’J’WQJE‘i@@ﬂaadﬂu NI
MNUALIVDIATNDUAUD aﬂuﬂiﬂﬂﬂuﬂﬂﬁ]ﬂﬁia"m&‘ﬂL‘WILI’]uﬂuﬂ@ﬂaﬂ’l’luﬂﬁ“ﬂ’mmaﬁmﬂ g
wauamﬂmiaLﬂiwuﬂ@ﬂ%’lﬂiLm‘iammwamavwwnaﬂumw’mLuaamﬂuﬂﬁmmmmwmaq
mﬂa'nu,a'mamuwm']ﬂﬁ’L?ﬁﬂmmaummwmJ 60 BaFwalTa szuzan 36 Talus Ineftane
m'immuaamnuum composite desirability Wwinfiu 0.81 ﬁ]ﬂ’l’]l,ﬂuﬂ”LLuUWﬂEﬂU‘Eﬁ’NLﬂm%Wﬂu’]ﬂ
AgseMing 1.00-0.80 (Lazic, 2004) uagilAn desirability vesAIAIwEdNg (L¥) AN A3
afuLaau’mumﬂaﬁwmwmauuaummmmstﬂ,um'iaum aglutae 0.46 fs 0.89 wazvnuIENa
Luammmmmmmmmw (L*) WU 68.15 mmmummnn 23.46 §F ANENITOLUANS
ammmnu 77.64 LLa'vm‘iamLaaumuﬂwaﬂwmﬂmaummu 6.15

] '
=

1) Aanududuas @) wuihnmsyiadeadniigamgiinn 55 ssrwalded uagszusia 24

U
k73

b 1 o A o <& o & A A | o =
$lue dwalvidetienudviunainty  uwidlelinsldaamgiinigavieyinlussesnaiumily

U
)

fhanan 48 Falus dwalideadindwnliumsanaswedienundudung (@) grdiluddgnis
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A8@ (P<0.05) (157197 4.5) Aanraadnuauidevead Sikes (2014) “Lé\'ﬁﬂmii’ﬂﬁ']ﬁ‘uml,ﬁaatﬁﬂ 1ne
eadniianenuluiunanas Lmalfdam‘vmmum 60-76 a9AwaLTuE LLa::Luaquazwmmm
80 asALTALTLE m’LmuaaLmﬂumaLmeﬂaml,a.vmauaﬂwmuﬂﬁmgLﬂuammamﬂmu

asefl 4.5 Aaudnwazmsmeneeieaiingie

Temperature (C) Time (hrs) a Cook vield (%)
55 24 13.78+0.53° 78.10+0.42°
55 36 12.3320.22% 77.16+0.88°
55 48 10.6440.54" 74.99+0.59°
60 24 12494018 73.7240.44°
60 36 11.940.43 71.9040.76°
60 36 11.5840.24* 71.56+£0.81°
60 36 113220.34™ 72.07+0.88°
60 36 11.17::0.80% 71:92+0.88°
60 36 11.420.84™ 71.98+0.61°
60 48 9.4640.40° 66.9040.71°
65 24 10.0140.84° 61.20£0.65"
65 36 9.3840.93" 60.78::0.64°
65 48 8.13£0.94 58.90£0.74°

* auade = anudsannnasg u @=39)

b PO - Py ol W o 2 o L /SR, s, ;
weda MmmamniAdnyInnumenu luuuaas Trmnanuseiidiagnaana (P£0.05)

2) Ysuaumanan  (Yield) ‘WU':i']ﬂ’lﬂ%'aﬂmﬂﬁﬁw%amw‘ima.:flmwammé’uwﬁ'ﬁﬁﬁﬂ%mm

U
=

Nawamaaamﬂasaaau 78.10 (mi'm‘w 4.5) LLﬁ”ﬂﬂi%?ﬂ@mWﬂuﬂﬂﬁﬂﬂ@ 65 aerLgaldeE TRUTuIN
Namammamﬂaﬁaaa“ 58.9 smmwmNummmm'1ﬂﬂ’lﬂwmwmaﬂuﬂiymum'ﬁmxﬂ yllusau
luialw‘uiammmmﬁtaaamwuammm (Pearce et al., 2011) uﬂmuaammmaaﬂmLLavm’lm
Yveinvesomsanas dleldanuseuuas Suavnaﬂ,um'ﬁ mamaaﬂmnmu R IVRETR
NAR SR aNAIRLANNIDULAZ T mmmwmu (Wituteerasan, 1998)

4.1.3 m‘suﬁaumEmﬂmmwwmmamwmaamnmmamaiﬂmuu.aniﬂmLﬂzn

snmsed 4.6 wansipmuvendeaiinaniielaundn faidleaiindruduluain
UszinAooanside Usemeavigamsn LLa“LuaamﬂIﬂw‘Luﬂ'summ"lma #io ileadinduduluuas
drlutnanlaAgunNunILaAY LLazLuaamﬂmuiummﬂiﬂﬂqulwumam TaguIungI9EeUNIg
ﬁmmmﬁmﬂ%suﬁwﬁ’uLﬁamﬁﬂﬁmﬁlﬁf\nﬂmiﬁmwamqsﬁmmwm
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M1919% 4.6 Ausudauvandoainainiadnduazlayuy

Conditions Tenderness
(N)

delminiesmas@edaniuly 16.78+1.12°
o lai wihavigenindiudulu 11.30+1.04°
iéﬂiﬂ%;‘iérﬁ%m%!ﬂud”suﬁuiu 13.09=1.21°
f,‘ﬁyﬁ'iﬂ%guﬁum auaruaruling 23.15+1.02°
o Tagu Twuensdiaau i 22.69+1.68°
ieadngfiaTanudieany (60°C 36 ars) 23.46 £2.06

* fuan - i.‘%}mﬁnmmmmgm (1=6)

s AmasTisEs AR A fiamsimameiussanisfiAgmeaan P00
INWANITRABINUI MIYiniilaaiiniigamall 60 asAngaiBea 36 Talua uandIAIILYY
23.46 Tsiu Fellmnailnarssiuiilalutannlaguniunaiay fe A1n1mugu 22.69 Gadiu faly
nmsyiailleaindwmadianinuyuvenie nafauyusiudelayy Fwanisveasssinain

anunsadenffestuNsieman NefviLzanvelgnmlinarszesia lun 15yl

4.1.4 Nam‘.il,ﬂ?auLﬁavqmmvwaaaLﬁmﬁaﬁshuuaz‘l,ajshunismunﬁﬁﬁ
1) HAN1SAATIZUNWNIEAN
mswsuifisunuameesitoaiinfiriiunssuaunisgindlfannsmansvesgamniuay
seovailunsyinfuzan defloadinilaildiiunszuiunisgin Tasdnidtnisdne e
Wibuiiounua g Kl
2) Ad
s iadvesadinderinuazadindotliiunsruiunisegin famsned 4.7 wu
Friadne (L) vosainidlefiniunszuaunisegia fiewaheiniilildiuniseyiaedneg
TedAyn1eadin (P<0.05) wnuritdnenuiduduns ( o¥) fuaaat,i?mLﬁaq?imuﬂ'izmumiﬁm A
pruuduns ( o) geanhadindofliiunseuiunisyinediedited dyniedn (P<0.05) e
vinadinfriunszuaunisgia Imsusssuuaynia Tgldmmsseuaivsilienmoielou
anufouniningermsmeluldedana vliilegnihiuasdnsdvondony Wotnngreddd
szpvadun vaszdtaindilsiinunszuaunisyia Lﬁaﬁ’gimumm%’aﬂmsmmﬁ’umwsLLa:fl%’
nanlunsgnadiununia |
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A19199 4.7 Frdlasdnvariloduiadieis Texture profile analysis ¥asmsiUsauliisuaifiniile
Mriunag ik unTEUIUNTYIN

Properties Sous-vide flank Non sous-vide flank
i 62.7940.24° 72.23£0.29°
a 11.7440.30° 9.130.44°
b 9.60+0.02° 11.3241.42°
Hardness 5.4740.43° 31.16£0.52°
Springiness 0.45£0.16" 0.58£0.01"
Cohesiveness 0.29+0.06° 0.56£0.02°
Chewiness 0.7+0.19° 10.4320.12°

* Aunde = daudisuuuwnaigiu (o=2)

I o o v L N Ty =
™ yaneda Aupdsiiasgnesiiuadond TamueamadueduinisdAgniand (P0.05)

3) nwnziiedursd

mﬁmewﬁé’ﬂwmwLﬁaé’uﬁawaaatﬁmﬁa EERIGEGY Texture analyzer Usidiuluguuuy
Texture profile analyzer (TPA) mmi'}w 4.7 WU’J’IaLmmuaww’mm“mumi‘um fAAuuds
audavgu ANanIalunisinizi LLaymLLiaﬁiﬂumammmmwmmwammuawlumu
nsEUIUNISYInagnitEaAyNNEdA (P<0.05) TnAnaudaagmusadldlunsunieves
ammuaﬂmm“ﬂwmawaamﬂamﬂummmuﬁlumiwm 4.3 manumﬂuﬂimmmwmaameﬂ,u
IﬂiqaiwmauaﬂaﬂamLuaiﬂml,mﬂm’Nﬂu"LﬂﬂJu@aﬂ’ummmmiﬂumsaunuuwaﬂﬂwu 270
PAdees Wausund (2555) Iiimsgindolinauas wuih lineuazildnsyuaumsyin e
ﬂmml,%w‘hﬂ"jﬂfﬁﬂaLLam’?ilu‘l%’nssmumag’imﬁaﬁﬁmﬂsﬁmﬂuﬁawﬂsﬁL?\au"i,ulmﬁ

4.1.4 wansteuFumMeUsramiuiavesainideyn

nsvAgeuNsERNUYRIUSLNANIETG Home use test PNLaEdTnITyFue s
awau 20 auilldvaasddudndasiiomingde wagldmuuvasuaemiufiowelofiise
wAnSusideaiingin Tnethileadiniindnldnanmziimnzalunssuiunsyia fe T
You 60 aernwaldua svezinan 36 alue 91U 200 3 Tuussadsigyaniauazunluliiaw
wazfioimgmaasdlilunissenauamns Taiinnsedurgatuzuinayrisn1sulssu wasnau
Fronalunuvasvaeuiowelafifiendning  UssdiuguammisUszamdudadudnuas
Usng @ ndusa AnuduuazniseeuiulassiudmeiBnmsliagsuuuaiugeuiuy 7-Point
hedonic scale fauandlunssdi 4.8
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99Tl 4.8 Azuuuaurouvesiuslaannenaamduingg vesmaniiloyia

Jadu/auanyue AZUUUATINTOURTY (ASUUY)
o -l:i
anwaiznilang 5.740.57
=
a 5.1540.87
A
nause 6.15+0.74
AN 6.35+0.58
ANuyeulags 6.150.58

3
HUHA: TIUIUANATOUNIHUA 20 N1

Pt 4.8 nuimdmnguaastadniieyinlunsusznevemisuuy Home Use Test
nadpuTin s udnualsTiuTIng nausalazeuudnlvglussdureutunats
Tng (Boway 45-65) Tanaveuindluseivreuidnies Gosas 45) diusuruwoulnesiuey
lusedureutunans Govas 65) Tnsaznuunrmveunddluudasdede egsening 5-6 azuuu
ALAIRY

4.2 wanﬁﬁﬂvﬁ%nﬁmamﬁaﬁuLﬁ@ﬁﬂhuﬂs"mum'sﬁﬂ
4.8 wawaaamwnuLLaunammaﬂmmwmmmaummm
mﬂm3ﬂm«)’1wamaqamwmLtau's“a~nmwmaﬂmmwmmLuauaamﬂ HANISNAABILEAAIRT
a31aft 4.9 wud eumail uazssezaTlunIyin aawa’l‘mLuauaquﬂ'ﬁamaamwuﬂlmumw
ZUIUNITYIN maquLaﬂuﬂwuﬂiuizmwsﬂﬁl,l,ﬂigﬂ ArAET 1 warenm sl uBunsoeedity
thfyneada (P<0.05) wiliidsasomanududideivesndndnsiodraidod Agnieais
(P>0.05) Han15MnaaddannasdiuUiTeues Roldan et al (2013) Pulgar et al (2012) ua
Szerman et al (2012) Me8u1ein IUiﬁuiuialwu%amﬁﬁaﬂ”luﬁaé’miﬁwﬁmmﬁwﬁggﬁa
mmmmm’l,umiaumsumLuaam msmuammﬂumaamaaNa’lﬁﬂwuiuialmiaamﬂmi
WUSANINLAZLAANITUAA? sﬁqamwmmﬂanaam\,m 40-60 eI LaLgua (Tornberg,  2005)
mnuumLﬂmmiaml,aamaanmmmau‘i,aﬂa'mLuamaﬁuaamwamaa waziilogaumniigatia 60-
70 perwalTua Tﬂimmuawammwu wazidulonduideasinnsvad aawa‘iwumﬁamasm
genInINNaLLievesdms (Roldan et al,, 2013)
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Conditions SV wt loss, Cooking loss, L* a* b*
Temp/time % %

60/6 12.97+3.63" 14.87+4.21° | 48.58+7.89° 14.1742.29% 7.73+2.17"
60/12 1725¢422™ | 12.76+2.98° | 47.2146.32° | 14.01£3.19° 8.81+1.48"
60/18 20.09+3.43% | 9.02£2.50° | 42.39+6.74" | 11.25+2.01° 8.3243.14°

70/6 26.53+1.75% | 5.93+2.61" | 44.36£5.52™ | 15572256 | 7.2042.77°
70/12 29.24+130% | 5.68+2.67° | 42.1748.63° | 16.70£1.88° | 7.50+1.93"
70/18 27424213 493271 | 41.59+5.50° 15.5242.67™" | 8.14+1.67"

80/6 29.59+4.60% | 372£170" | 40:78+3.77° 16.09+1.81™ | 7.21£2.53"
80/12 31.6046.79 © | 4:35+1.45" |/ |40.36+3.83" 15.8042.26™ | 7.23%2.57°
80/18 34,55+5.92° 4.70+2.91" 39.40+3.26" 16.28+1.82% 7.55+2.06"

Different superscript letter within the same column means significantly different (P<0.05)

wam'ﬁmaaawmﬂamwnmaviuamaﬂumwmaawamammafmLLauamemLuamﬂuu
m{i‘wmwmauumum’mamwm 60 DeraLTEauL 6 uay 12 Fala Namnmwmmmﬂwaq
ﬂ'mam':uau NANITYVAAEIEDAARBINLUIINIIEY84 Roldan et al (2013) wwmwmimmuamuau
maquﬂmammm 60 DaANYALTEE Namnzumummma’mwaqmﬂuﬂ‘smmﬂfuamwﬂm 70 Wag
80 aqmmamaamuﬂu NacﬂawamnmsﬁlumummL‘UummqLﬂuwwuaqmmmuﬂuﬂﬂuﬂmma
drutiaayesnnsnaassil 11 Roldan et al (2013) lénd1ain mﬁwLuagmmigwqqummuu
eiqmalﬁmm%uﬁﬁaa‘luﬁaﬁﬂ%mmwmmﬁaagmﬂﬂfjﬂuﬂia‘iﬁgmigﬂﬁqmmﬁqq Fedanaliden
mmmwwaamwmnan

nan1snaaslupasasit 10 Samud 40178390 aamamaaﬂwm%uaauwamaamaum
pgafifedrAgyni1eana lnenuin ﬂmwuammﬂumimmuuaama‘memmawaumeu WHi
dsnalyinuaninsalunsifes Ansadaime LLauﬂ'lmmmLLuuLuaamaaamauuamﬂmmqamm
agglsnany mﬂszjamwnumLLauivavnmmw nu laidsuasionn AmnuansalunsiAes AT
gaLnng A1 eumminess LLavmmmawawaqmammun HAN1IVAABIADAAABINUIUITLUDY
Pulgar et al (2012) finuin misgmmumﬁm 60 parigaa WU 5 wag 12 Falus lidwasior
AuaANnsaluNMSIAET Assdanie wagA summiness sehsdidudndynivatiniduiu
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Conditions Chewiness Cohesiveness Gumminess Springiness Firmness
Temp/time (N.cm) (N/mmz) (Nf’mmz) (cm) (N)
60/6 3218.5741544.83™ | 0.48+0.04° | 5858.88+2003.46° | 0.52+0.11° 8.23+6.75"
60/12 3369.84+1235.95" | 0.47+0.08° | 5915.52£1578.26° | 0.63+0.08" 4.41+0.70™
60/18 3257.43£1193.65" | 0.47£0.03° 5715.60+848.37° | 0.53+0.10" 5.2620.99"
70/6 4859.14£994.87° | 0.44+£0.05" | 7378.40+1401.65° | 0.67+0.10° 6.0242.05™
70/12 4128.61:£1022.05 | 0.40£0.03" | 6277.92+1465.60° | 0.66+0.80° 4.27+1.38"
70118 2783.114815.82° | 036£0.03° | 4305.0241323.25" | 0.45+0.73° 2.28+0.56'
80/6 3608.85:814.58™ | 0.37£0.05" | 4129.34+1778.80° | 0.72+0.14° 2.89+0.48"
80/12 2755.05£75535. 1 033+0.03" ||/ 3028.88£1104.95%| 0.6740.12° 1.70+0.7%"
80/18 1616.78+873.57" | 0.25+0.07" 1979.16+1376.78° | 0.61+0.12"° 1.72+0.42°
Traditional
. 2774.054+430.05 | 0.340.03 3038.37+557.56 0.64+0.09 1.67£0.47

Different superscript letter within the same column means significantly different (P<0.05)

fhagreigInfigamail 60 samiwalfied dnsldsuudatvesneaanauwadsiasunlasegisly
auysal WewSguiiipuiunsdifiinisying 70 uaz 80 asrmwaled nanTsvaaesnuiniogafigiag
70 uaz 80 eernwaluadinaliivesmsidsuudalal qumminess AIAMUEREL LazAIAITNLUY

Hewluwansedumnnidn Melenaiesunaingamgdlutiifnann Wenisdgusdaireaanau

=

gauiTEwIN 55-60 eamiwaldya Bnvianslvimusaugefiszeznauudialinlusiululelwusa

13

anfinmsuad siuneaaluUdsuanimduaaatiu ieddianuyuuazineaie (Pulgar, 2012)

1 W
dedad 1 A

4,2.2 HavpsanTazaeih lusinideaunmesuiatasyIa
A15NA 11 udnsArTesazn sgeieuintn uazArdvesilioussyini 80°C 12 v fidunisde
asazarenlusi uazginisiuindeledeinaslsd (NaC) uwarlnfuilasindveainn (STPP) nanis

naapIwUILNGe demasensgydedvinsenitansyiauaznisulsguveaileyinegedideddamia

=

adfdlaIsuifieutunsdildlddnisipuarsazaredinde nanisnassdenadetuauifeves
Vaudagna (2008) uaiz Szerman (2012) inuinnsiiy STPP uaz NaCl dwaliriosasnisgayide
dinvesshagallehanas Failileunannsiiu STPP uas NaCl dswalinduidesinisifiudniny
ulsussvasleau (ionic strength) danaderdedlidulondudaiimsgaiindemnntu uazainenansi
azaneteannlushulilelnu3aan (Szerman, 2012) namsvpaesdmunIRAvasazatet N de
dwaderanuidudimdsmsaderia 9inmsed 3 nudnisiiundeiiantoz Nacl 0.70 % + STeP
0.25 % adwaliideyinfdmdasiiunnianiizduesreiiteddiymeddn uwilidwmanemauiui
LAY NaN1INAReIdenARDsiUIITaTa Beom (1998) inaninnds liifinaserduazanuainees
Lﬁ@ﬁ’ﬁﬁgﬂ
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A13197 4.11 Mmsaydedminuazadveailetssini 80°C 12 v Alunisnansavareiilusd

Conditions SV wt loss, Cooking loss, L a* b*
% %
NaCl0.7%+SPP0.25% 28.17+1.43° 3.15+0.98° 40.19+2.43% | 15.33£1.33% | 7.09£1.51°
NaCl0.7%+SPP0.25% 27.384+1.34" 3.55+0.80" 40.47+2.17° | 14.85+2.01" | 6.08+1.03°
Control 35.52+1.12° 4.59+0.49" 40.56+1.93" | 14.76+1.20" | 6.01£0.77°

Different superscript letter within the same column means significantly different (P<0.05)

4.2.3 NaN1TNAFBUANULANAY DRI aL UL lBLAZL AL UL

=

1l

NWanIsAdeuANNLAnANTaslaiulefwisuaniledasiiiunisiuuiu 12 4alus waziile

Wesglawunguilnadiui 8 aumunsavenladniiauasitiiunisauua 12 49109 danuwendieann

evesyin dwuduilaadn 32 au luawisavenanuusndisvedaduiin3sulianiilos 2

NTEUIUNISHAARINATD
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UnNi 5

dyUnan1Inaasy

1. MnuansAnyIBnseisuadnidenieudafiiunszurunisyin wui msldeumgll 60
osenwaidud Juszevian 36 $ilus dwalidoadnimiaduranuiianelslundndast wihiu
0.80 Tnefiadadenauaussiild fe Arawadne 0,52 Ararududuns -0.27 AAnuiyy 5.10
(f29) Aeuwilen 23.13 (32900 AuSuanandniosas 7283 AmsgadutminudsnsTi
Anudaudonar 7.21 arwannselunisutndesas 79.74 Tay ioafinanlaguiiumeuaudiy
Tuthiidusuidoulndifesfuidieaingdaiifianginan dmiunsneasunisiviouiiiey
adnuaznen e nesaint ooy waglidunssvaunisgia nudn avfiniilefirnu
ﬂ'ismumiﬁﬂﬁqmmwﬁﬂ'hLﬁaﬁlﬁlﬁﬂmmxmumisgf'mLmsmasmﬁﬁaﬁwﬁmumqaﬁﬁ
(P<0.05) uauilernsmadeunistensunan s adnidesinfinanlsainanny anzaus
nedeumeUssawdudawui doafingisldiuas tuunnuveususnuasiusing 5.7 dud
5.15 ndusa 6.15 ANUYN6 35uazANteulagsIN 6.15 lneariuualuveustluiveuU1y

a1

2. Mnuan AN mseanaiuliofiiiunssuauntigin wuln gamgll wazsreziailunisy
Y daaliidedssimsgadoimdnlusenminnssuaumsein - nsgdeumdnlusgninms

|

wlsyU Amanuaine wazdreuludunsednadisd dyneta (P<0.05) udlidwasorimiy
Judilememdadusiosdideddynisadd  (P>0.05)  misgindeussfigumgiinadenali
nAnfusTAIANNEINge wazdimuitnisyiaiiletasil 70 uay 80 asrnwaldud Hdnuaziile

=

fuaduansnennnsdimaginfigaumgidh  Tnewantmeaemuinisyindevesdt 80 aam
wadeaniu 12 il dwalhdefdnuundodutaiialndiAestuidofiuluuuund wanis
namemuinisthileriimaivasaraeinde  roumslugiafiannigdndn  dewaliidetinsg
aydedminlussninngie wardmadensdsuadnuamnioduda Tundusuior s
gaLn1z  Algumminess wazAruutudle wan1TedeumLuANAesET e TieSeuan
douesirunsduun 12 il uanidedeswiamuiduilandun 8 auannsouenidinie
desiiunisduuiy 12 $ilue Senuusndsainidedessin daufuslaadn 32 au lanuse

yanemnuwanaalatuindsulfainiliena 2 nsguIUMSHEnRINga?
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Abstract

Thai local beef shank (Semitendinonsus)
was subjected to sous-vide process  at
different combinations of temperature (60,
70 and 80°C) and time (6, 12 and 18 hours).
Physical properties of sous-vide beef
including firmness, texture profile analysis,
color, weight loss during sous-vide and
cooking loss were studied. The study shown
that increased sous-vide temperature
resulted beef shank with weight loss and
cooking loss increased. Cooking of beef at
lowest temperature (60°C) for 6 and 12
hours displayed higher lightness. Increased
sous-vide temperature resulted samples with
springiness increased. In addition, results of
beef shank texture after cooking in 70 and
80°C were found to significantly difference
compared with in the case of 60°C in
gumminess, springiness and firmness. Sous-
vide process using 80°C for 12 hours was
subjected to the further study because
texture profile analysis parameters was as
same as beef cooked by traditional method.
Moreover, salts addition including NaCl and
STPP can reduce weigh loss during sous-
vide process and cooking loss. Adding of
salts led significantly difference in physical
properties  comparing ~ with  control.
Chewiness, cohesiveness, gumminess and
firmness were decreased when salts were
added.

Keywords: beef, mussaman, sous-vide,
Thai cuisine, Thai local beef.

1. Introduction

Sous- vide  is a method of raw material
preparation or cooking under controlled
conditions including temperature and time
in vacuum heat- stable package and bring to
pasteurization in hot water before rapid
cooling to 0-3°C [1]. Sous-vide products
could be stored for 3-5 weeks depending on
types of material [2].

Sous-vide can reduce a cooking time for
many kinds of food processing especially
for involved process that requires long
cooking time and laber intensive production.
Moreover, sous-vide can provide Dbetter
sensory qualities to the product [3]. This
method is widely used in catering business
particularly by chef for ready to cook meal
in restaurants [4].

Beef is one of most rich nutrition foods and
rich of protein consisting of essential amino
acids which is essential for growth and
development of brain [5]. Beef is important
food source for Thai people for a long time.
Consumption of beef in Thailand was
approximate 3-5 kilograms per person a year
less than other source such as poultry and
pork which was 14-16 kilograms per person
a year [6] due to several disadvantages for
Thai people especially texture and flavor.
Thai local beef is widely consumed and sold
in local market and butcher shops along
highways in the northeast part in Thailand
mostly native breeds. Texture of Thai local
beef is tough comparing with beef cattle and
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hence the price is low and spends more time
to cook in many recipes. Thai local beef
requires more cooking time and not suitable
for short time cooking process. Sous-vide
process is the potential preparation
technique to be used for improving native
beef texture, also being alternative material
product for ready to cook Thai food in
catering service business.

Mussaman is the national dish of Thailand
with the unique taste from delicate and
meticulous cooking process which derived
since long time ago. The convection
material in making of Mussaman is mostly
beef. Researchers found opportunity on
using sous-vide in preparation or ready to
cook beef for Mussaman, tended to reduce
long time cooking from convection methods
and could control material qualities for food
service and catering business.

2. Materials and Methods
2.1 Material and preparation

Thai local beef (Bos indicus), Semiten-
dinonsus muscle was purchased from Klong
Toey market in Bangkok, Thailand. Shank
was trimmed of visible fat and tough fascia
and dipped in 5°C for 3 minutes to retained
blood and dirt. After that, water was drained
and mopped up. The beef shank was cut
into 3.8 centimeters thickness.

2.2 Sous vide process

Beef shank from 2.1 was vacuum packed
into laminated low density polyethylene
(LLDPE) bag and cooked in controlled
temperature water bath. After pasteurized
process, samples were cooled rapidly to

2°C and kept at 2°C for 2 hours until used.
Beef shank was sous-vide in water bath at
temperatures if 60, 70 and 80°C for 6, 12
and 18 hours adapted from [7] and [8].
Sous-vide beef shank was determined

physical properties. From there, one suitable
condition was chosen by considering texture
of beef comparing with beef cooked by
convectional method that boiled in water for
12 hours.

2.3 Salt addition

The optimized sous-vide condition of beef
shank achieved from 2.2 was injected with
brine solution consisting of sodium tripoly-
phosphate (STPP) and sodium chloride
(NaCl). Three different brine solution
conditions consisting of 0.25% STPP with
0.70% Nacl(w/v), 0.25% STPP with 1.20%
NaCl (w/v) and non-brine solution applied
from [2] were studied. After injection, beef
was held at 4°C for 1 hour. Then sample
was weighted, vacuum packed and held at 4
°C for 6 hours in order to allow for the
distribution ~of  brine into  muscle.
Experimental design was a completely
randomized  block design = (CRD).
Experimental was done in 3 repetitions.

2.4 Sample analysis
2.4.1 Firmness

Firmness analysis was performed using a
Warner-Bratzler blade, obtained from
1.0%2.0x0.5 em® from each cooked beef by
cutting cross muscle fiber [9]. Data was
analyzed for 3 repetitions.

2.4.2 Texture analysis

Texture profile analysis was performed
using Texture analyzer (TAXT Plus,
England) according to [10] with a flat
plunger of 50 mm in diameter (P/50).
Samples were cut into 1.5%1.5%1.5cm’.
Chewiness, cohesiveness, gumminess and

springiness were displayed.

2.4.3 Color
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Surface color of beef shank was measured
using a Konica Minolta CR400(Japan) and
presented in terms of L" (lightness), a
(redness) and b (yellowness). Data was
done in 3 repetitions.

2.4.4 Weight loss during sous-vide

Samples were weighted before and after
sous-vide process. Each weight loss was
determined according to equation (1).

Weight loss (%)

- (Weight before SV-Weight after 5V)
Weight before SV

x 100 (1)

2.4.5 Cooking Loss

Method was adapted from [9] by streaming
sample until core temperature reached at
70°C. Sample was weighted before and after
streaming and calculated according to
equation (2).

Cooking loss (%)

eight before heating—Weight after heatin
— (Weig] 0 g glf 2 100 @)
Weight before heating

3. Results and discussions

Table 1 represented sous-vide weight loss,
cooking loss and color of sous-vide beef. It
was found that temperature and time of

Table 1 Weight loss and color of sous-vide beef

sous-vide process affected these properties.
Increased sous-vide temperature resulted
sous-vide beef with weight loss and cooking
loss increased. Results were supported by
[10], [11] and [12]. Myofibrillar had ability
to hold water within the muscle. The
increasing of temperature caused protein
denaturation and fiber shrinkage, which
occurs mainly at 40-60°C [13] and then
water was released from muscle fiber to
intercellular space. At 60-70°C, the
connective tissue and fibers cooperatively
shank longitudinally which induced the
release amount of water to outside of muscle
[10].

Sous-vide temperature and time affected
lightness and redness of sous-vide beef with
significantly different (P<0.05). Cooking of
beef at 60°C for 6 and 12 hours displayed
higher lightness compared with others
according to [10] who found that sous-vide
lamb loin using 60°C had higher lightness
that using of 70 and 80°C. Result of redness
was in the same trend as lightness. A higher
moisture in meat cooked using lower
temperature would = permit  deeper
penetration of light in tissue and fiber,
producing a darker color of meat appearance
[10] and increasing cooking temperature
would lead to denaturation of fibers and
myofibrillar proteins, which could increase
light scattering [10,14].

Sous-vide condition affected texture of beef

Treatment Sv weight loss Cooking loss L*(lightness) a*(redness) b*(yellowness)
TG t(h) % %

60 6 12.97+3.63° 14.87+4.21¢ 48.58+7.89° 14.17+2.29% 773+9 175
60 12 17.2544.22 % 12.76+2.98¢  47.214632%°  14.01£3.19° 8.81+1.48°
60 18 20.09+3.43 % 9.02+2.50° 42.394+6.74®  11.25+£2.01° 8.3243.14°
70 6 26.53+1.75% 5.93+2.61% 44.36+5.52"  15.57+2.56>¢ 7.20+2.77°
70 12 29.24+1.30% 5.6842.67% 42.17+8.63%  16.70+1.88¢ 7.5041.93 2
70 18 27.4242.13 “ 49342 71* 41.59+5.50° 15.5242.67™  8.14+1.67°
80 6 29.59+4.69 % 3.7241.70* 40.7843.77° 16.09+1.81>¢  7.2142.53®
80 12 31.60+6.79 * 435+1.45° 40.36+3.83° 15.8042.26%¢  7.23+£2.57°
80 18 34.5545.92°¢ 4.70+£2.912 39.40+3.26° 16.28+1 .82 7.55+2.06"

Different superscript letter within the same column means significantly different (P<0.05)
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as shown in Table 2. It was found that
increased sous-vide temperature resulted
sous-vide beef with springiness increased
while chewiness, cohesiveness, gumminess
and firmness decreased. However, using of
low temperature undergoing difference time
was found not significantly different in
chewiness, cohesiveness, gumminess and
springiness to sous-vide beef (Table 2).

and firmness of samples after sous-vide
process at 70 and 80°C trended not to
significantly ~different. This might be
because collagen denaturation as a
consequence of high cooking temperatures,
is affected myofibrilar proteins shrinking,
when a cooking with longer and higher lead
increased collagen solubilization that made
beef more tender and easy to chew [11].

Table 2 Texture profile of sous-vide beef

Treatment Chewiness Cohesiveness Gumminess Springiness  Firmness
T(°C) t(h) (N-cm) (N/mm’) (N/mm”) (cm) ™)

60 6  3218.57+1544.83%  0.48+0.04°  5858.88+2003.46° 0.52+0.11*  8.23+6.75°
60 12 3369.84+1235.95%  0.47+0.08° " 5915.5241578.26°  0.63+0.08°  4.41+0.70°™
60 18 3257.43+1193.65™°  0.47+0.03°  5715.60+848.37° 0.53+0.10°  5.26+0.99"
70 6 4859.144994.87¢  0.44+0.05%  7378.40+1401.65° 0.67+0.10°  6.02+2.05%
70 12 4128.61£1022.05%  0.40£0.03%  6277.0241465.60%  0.66+0.80°  4.27+1.38"
70 18 2783.11£815.82° - 0.36+0.03"  4305.02+1323.25° 0.45+0.73°  2.28+0.56"
80 6 3608.85+814.58%  0.37+0.05™ 4129.34+1778.80° 0.72+0.14°  2.89+0.48
80 2 2755.05+£75533%  0.33£0.03°  3028.88+1104.95®  0.67+0.12° 1.70+0.78°
80 18 1616.78+873.57%  025+0.07°  1979.16+1376.78"  0.61£0.12°°  1.72+0.42"
T;‘E:}?in 2774.054+430.05 0.34+ 0.03 3038.37+557.56 0.6440.09 1.67+0.47

Different superscript letter within the same column means significantly different (P<0.05)

Results were in the same trend as [11] who
found that chewiness, cohesiveness and
gumminess of pork cheek after cooking at
60°C for 5 and 12 hours were not
significantly different.

Table 3 represented weight loss and color of
sous-vide beef after addition of sodium
chloride (NaCl) and sodium tripolyphosplate
(STPP). The result shown that salts addition
affected sous-vide loss and cooking loss of

Table 3 Weight loss and color of sous-vide beef after salts addition

Conditions Sv weight loss  Cooking loss  L*(lightness) a*(redness) b*(yellowness)
%
NaCl 0.70%+STPP0.25% 28.17+1.43° 3.15+£0.98"  40.19+2.43° 15.33+£1.33° 7.09+1.51°
NaCl 1.20%+STPP0.25% 27.384+1.34° 3.55+0.80°  40.47+2.17° | 14.85+2.01° 6.08+1.03"
Control 35.52+1.12° 4.59+£0.49"  40.56+1.93° 14.76+1.20" 6.01+0.77"

Different superscript letter within the same column means significantly different (P<0.05)

Cooking of sample at 60°C led a greater
quantity of broken collagen but still not
completely denatured fibers comparing to
70 and 80°C. However, results in 70 and
80°C under cooking times were found to
significantly difference compared with in
the case of 60°C. Gumminess, springiness

samples. Both conditions of salt added
including NaCl 0.70% + STPP 0.25% and
NaCl 1.20% and STPP 0.25 % were found
to significantly difference compared with in
the case of control (non-salt addition). The
results were supported by [2] and [12] that
adding both STPP and NaCl would reduced
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cooking loss. This might be because
addition of STPP+NaCl to muscles
increased an ionic strength  values,
consequently enhancing the absorption of
the brine inside the fibers and extraction and
solubilisation of myofibrillar proteins lead
fibers could retain water inside muscle [12].
Salt addition also affected yellowness of
samples (Table 3). Adding NaCl 0.70 % +
STPP 0.25 % slightly increased yellowness
more than other conditions. However, salt
addition did not affect lightness and redness
as same as [15] who found that lightness and
redness in cooked salts addition of beef
were not significantly difference.

Salts addition affected texture of beef as
shown in Table 4. It was found that physical
properties of injected beef significantly
different with control (P<0.05). Chewiness,
cohesiveness, gumminess and firmness were
decreased when salts were added. On other
hand, salt addition was not affect
springiness. The result were supported by
[16] who found that injection of phosphate
in sous-vide lamb loin represented lower
chewiness than control and significantly
different in gumminess to sample.

The effect of myofibrillar and collagen heat
denaturation on cooked meat texture, water
loss from the muscle tissue upon heating
also in meat toughening. Beef was added by
salts could retain more water in fiber than
non-injection beef that affected the beef
toughness so that the greater the water lost
during cooking, the higher the cooked meat
toughness [16].

4. Conclusion

Increased sous-vide temperature resulted
samples with weight loss and cooking loss
increased. Cooking of beef at lowest
temperature (60°C) for 6 and 12 hours
displayed higher lightness to sample.
Increased sous-vide temperature resulted
samples with springiness increased. Results
in 70 and 80°C conditions were found to

significantly difference in texture compared
with in the case of 60°C in gumminess,
springiness and firmness. Salts addition
including NaCl and STPP can reduce weight
loss of sample during sous-vide process and
cooking loss. Adding of salts led
significantly ~ difference in  physical
properties  with  control.  Chewiness,
cohesiveness, gum-miness and firmness of
samples were decreased when salts were
added.
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Abstract

Steak has been widely served as valuated
main dish in hotels and restaurants. The price
of raw steak is varied depending on parts of
beef and species. Local Thai beef (Bos
indicus) has been used as material in many
kinds of Thai foods because of lower price
than those of imported beef. Since local Thai
beef was tough, it had the limitation to
produce steak. The objective of this study was
to improve the quality of local Thai beef
using sous-vide process.  Effects of
temperature and time in sous-vide beef
production were designed using response
surface methodology (RSM). Flank steak of
local Thai beef was used as sample. It was
injected with brine solution and marinated at
4°C for 2 hrs before vacuum packing. After
that, sample was processed by sous-vide in
water bath at temperatures of 55-65°C for 24-
48 hrs and then rapidly chilled at 4°C. It was
found that temperature and time in sous-vide
process affected physical properties of flank
steak. Sous-vide samples were found to have
less toughness and firmness than that of raw
sample. Temperature did not significantly
affect AL", while using of low temperature (at
55°C) resulted sous-vide flank steak with A a
value decreased.. Cook yield and water
holding capacity were higher in samples
cooked at 55°C for all cooking times and
resulted flank steak with cooking weight loss
increased. Samples cooked at 60°C for 36 hrs
showed the lowest toughness and firmness
(p< 0.05). Sous-vide process could be used to
improve flank steak as a material for valuated
dish.

Keywords: Beef, Local Thai beef,

Preparation, Sous-vide, Steak
1. Intreduction

Local Thai beef is popular to cook Thai
cuisine and consumed in Thailand since it has
lower price than those of imported beef.
However, local Thai beef is tough then it has
the limitation to cook western cuisine because
beef spends long time during cooking some of
western menu.

Steak is classified as western cuisine and
popular around the world. The price of raw
steak is varied depending on parts of beef and
species. Steak can be made of many parts of
beef such as tenderloin, rib eye, flank, for
example. Parts of beef to cook steak should
be thick and tender since it must be grilled
and roasted until different doneness achieved.

On the other hand, flank part of local Thai
beef was then limited to process as “flank
steak”. The method of cooking by
pasteurization under the vaccum condition at
low temperature for long time, known as
“sous-vide” can help improve tenderness,
better flavor and color retention [1]. Sous-
vide process was also succeeded in
improvement of texture and other physical
properties of pork, lamb and chicken [2,3.4].
This research applied sous-vide process for
qualities improvement of flank steak achieved
from local Thai beef. The optimized condition
of sous-vide process on physical properties of
flank steak was studied using response
surface methodology (RSM).
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2. Materials and Methods
2.1 Preparation
2.1.1 Beef preparation

Flank of beef (Rectus abdominus) muscle
from local Thai beef was purchased from
Bangyai market, Nonthaburi province,
Thailand. It was rinsed using cold water (4°C)
to release the retained blood before trimming
fat and connective tissue. Flank was sliced
into 4x3x1 inches® with approximately 200-
250 g. Then, flank was wrapped and stored at
4°C not over than 1 hr until use.

2.1.2 Brine injection

Sodium lactate (NaCs;HsO3;) was purchased
from Nature Friend Co.,Ltd, Thailand and
prepared at concentration of 3% (w/w) by
dissolving sodium lactate 3 g. in 97 ml.
distilled water. applied from [4]. The solution
was injected in flank steak to increase weight
of steak approximately 10% (w/w). Positions
of beef injection was followed by [5]. Then,
marinated at 4°C for 2 hrs [6].

2.2 Sous-vide

Flank steak achieved from 2.1.2 was vacuum
packed into laminated low - density
polyethylene bag of 7x11 cm’. Samples were
sous-vided in water bath at temperatures of
55°C - 65°C for 24-48 hrs [7] and rapidly
cooled to below 3°C for 2 hrs using iced
water and stored at 4°C [8] until analyzed.

2.3 Experimental design

Central Composite Design in RSM was
applied using temperature of 55°C - 65°C and
time of 24-48 hrs. Treatments of 13 runs were
temperatures (°C): times (min) of 55:24;
55:36; 55:48; 60:24; 60:36; 60:36; 60:36;

60:36; 60:36; 60:48; 65:24; 65:36 and 65:48,
respectively.

2.4 Physical analysis
2.4.1 Color

L"(lightness) and a (redness) values were
measured using a Minolta Colorimeter (CR-
400, Japan) by measuring at the central of the
sample. Data was expressed in terms of
AL and Aa*, which were calculated from
changes of color after and before sous-vide
process of sample at each condition.

2.4.2 Shear force

Shear force analysis of cooked samples was
performed using a Warner-Bratzler blade
according to [9]. Firmness (kg/f) and
toughness (kgsec) of samples were displayed.

243 Cookyield

Cook yield of sample was calculated
according to [10] following equation (1);

% Cook yield = (W / W) x 100 (1)
W, = Weight of cooked sample
W, = Weight of raw sample

2.4.4 Cooking loss
Cooking loss of sample was calculated

according to [11] following equation (2);

% Cooking loss =(Wo— W,/ W) x 100 (2)
W, = Weight of the sample before cooking
W, = Weight of the after cooking



Table 1. F value of color, firmness, toughness, cook yield, cooking loss and water holding
capacity of sous-vide flank steak with different conditions.

F VALUE
Source f AL Aa Firmness Toug!zmess Cook yield Cooking loss  WHC
Model 5000 594 5078 39.33 101.747  82.06 5.19°
temp 8.642 2.08 70.36"" 8.60° 446,967 1442277 9.56"
16.427 27.43™ 19.89™ 0.82

tempxtime 638" 18.65"
temp* 4.99 50.35"
time * 7.04" 4933"
Lack of fit 049 13117 19917
B 5 0.5 0.8 0.97

D
5
1
time | 9.99 1.89 3.86
1
1
1
3

23277 0.18

71327 18.69™

23.99™ Fgg™

0.97 55.10™ 0.84 0.25
0.96 0.98 0.94 0.5

" Significantly different at P< 0.05.
" Significantly different at P< 0.01.
"*Significantlydifferent at P< 0.001.

2.4.5 Water holding capacity

Water holding capacity of sample was
measured and calculating according to [12]
following equation (3);

WHC = Wy — (Whs — W) I Wpys x 100 (3)
Wps = Weight of the sample before swing
Wg, = Weight of the final swing

3. Results and discussions

Physical properties of sous-vide  flank
consisting of color, firmness, toughness, cook
yield, cooking loss and water holding
capacity were shown in Tables 1 and 2.

3.1 Color

F value shown in Table 1 was found that
temperature and time in sous-vide process did
not affect AL of sous-vide flank steak. In
addition, results from Table 2 was found that
temperature did not significantly affect AL
of flank steak. Moreover, cooking at 24 — 36
hrs in each temperature period did not affect
AL" of sample, while using of 48 hrs trended
to increase AL  of sample with significantly
different (P<0.05). Cooking temperature and
time would lead to higher denaturation and
aggregation of sarcoplasmic and myofibrillar
proteins, which would increase light
scattering [13,14].

Temperature and time in sous-vide process
did not affect Aa of sous-vide flank steak.
However, an interaction between temperature
and time affected Aa of sous-vide samples
(Table 1). Using of low temperature (at 55°C)
resulted sous-vide flank steak with Aa” value
decreased.  Cooking at 60°C for 36 hrs
resulted flank steak with Ag’ value increased
sharply. This loss of redness with increasing
cooking temperature was in accordance with
the results were obtained by [15].

3.2 Shear force

Obtained values for the different textural
variables using shear force analysis of sous-
vide flank steak were shown in Tables 1 and
2. Temperature of sous-vide process affected
firmness of flank steak with significantly
different (p< 0.001) whearas time did not
affect firmness of sous-vide sample (P> 0.05)
and then its interaction affected toughness of
sous-vide flank steak with significantly
different (P<0.01).
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Table 2. Color, firmness, toughness, cook yield, cooking loss and water holding capacity of sous-vide

flank steak with different conditions.

T t AL Aa Firmness Toughness Cookyield Cooking loss WHC
(°C) _ (hrs) (kg/f) (kgsec) (%) (%) (%)
Control 0 0 2.74+0.32 26.68+2.00 N 34.84+1.09 72.59+5.49
55 24 0.49+0.08™  0.04£0.19°  5.89+0.56°  28.38+4.09%°  78.10+0.42%  12.44+0.6™ 76.10+5.68°
55 36 0.53+0.06™ -0.18£0.08" 5.29+0.67*  32.11x5.71%  77.16£0.88%  11.99+2.04" 75.43£7.6°
55 48 0.64+024°  -02620.1%  7.45+0.48°  4594+4.33% 74.99+0.59"  8.47+1.94% 75.43x4.19*
60 24 056005 -0.25:0.07 5.57+0.54%  2823+3.80°¢  73.7240.44° 7.38+2.22" 79.76+5.23%
60 36 0.5740.10™  -0.36=0.03" 4.9840.51°  26.38+5.03%°  71.90+0.76° 7.54£1.61% 76.01+4.23%
60 36 0.6240.08"  -0.30£0.18° 4.97+046*  22.6729.79®  71.56+0.81° 7.73+1.98% 85.77+£7.29°
60 36 0.49+0.14°  -0.31+0.10"® 4.83+036"  22.90+2.78® . 72.07+0.88° 6.43+0.61% 78.85+3.69%
60 36 0.5240.11%  -0.31£023%  5.15+0.62"  20.89+5.78" 71.92+0.88¢  5.48+1.23% 79.73+3.81%
60 36 0.51+0.13"  -0.3120.10®  4.95£0.43*  21.94+8.93" 71.98+£0.61¢  6.33+£0.71% 82.90+8.57°¢
60 48 0.5940.10%  -0.1540.12%  7.09+0.60°  33.3242.43%  66.90+0.71°  4.02+0.43% 84.38+6.26°
65 24 0.4840.06°  -0.18+£0.18™ 9.8742.02°  42.62+7.63® = 61.200.65° 3.17+0.57° 81.61£10.34™
65 36 0.53+0.05™  -0.25+0.08  7.40+0.60°  38.21+4.12°  60.78+0.64°  2.88+0.69" 82.68=4.20°
65 48 0.6420.11°  -0.18+0.13% 845+0.67°  40.36+4.65%  58.90+0.74°  0.84+0.29° 83.85+0.67¢

Different superscript letter within the same
row mean significantly different (P<0.05)

By the way, toughness of sous-vide sample
was significantly affected by cooking time
(P< 0.01) than that of cooking temperature
(P< 0.05) and hence its interaction affected
firmness of sous-vide flank steak with
significantly different (P< 0.001). It was
found that temperature and time of sous-vide
process affected toughness of flank steak with
significantly different (p< 0.05) and its
interaction affected toughness sous-vide flank
steak with significantly different (P< 0.001).
Cooking at 65°C in all cooking times was
found that firmness and toughness of flank
steak were high compared with other
temperatures. Cooking for longer time under
controlled temperature induced the reduction
of inter-fiber adhesion of protein. Results
were supported by [16].

During 50°C to 65°C to cook beef cuts
represented tenderness to beef, especially for
60°C. Tenderizing was caused by weakening
of connective tissue and proteolytic enzymes
decreasing myofibrilla tensile strength and
could significantly tenderize the meat if held
for more than 6 hrs [17]

3.3 Cook yield

Cook  yield analysis of flank steak with
different sous-vide process was shown in
Tables 1 and 2. Temperature and time
affected cook yield of flank steak with
significantly different (P< 0.001), while its
interaction affected cook yield was not
significantly different (P> 0.05). Using of
high temperature and long time trended to
decrease cook yield. Cooking at 65°C shown
that cook yield of flank steak was lowest
whearas cooking at 55°C represented highest
data because myofibril protein denatured,
shrank and released water [18].
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3.4 Cooking loss

Cooking weight loss analysis of flank steak
with different sous-vide process was shown
Tables 1 and 2. Temperature and time of
sous-vide process affected cooking weight
loss of flank steak with significantly different
(P< 0.001) whereas its interaction did not
affected cooking weight loss (P>0.05).
Results were found in Table 2 that using low
temperature (55°C) induced cooking weight
loss with significantly increased whearas
cooking at 65°C shown that cooking weight
loss of flank steak was lowest because of high
temperature in sous-vide process.  These
results indicated that myofibril proteins held
most of the water retained within the muscle.
Increasing temperatures caused denaturation
and shrinkage of such proteins and caused
substantial water loss [19].

3.5 Water holding capacity

Water holding capacity of sous-vide samples
were shown in Tables 2 and 3. It was found
that temperature of sous-vide process
significantly affected water holding capacity
of flank steak (P< 0.001) whearas time did
not affect water holding capacity of sample
(P> 0.05). Using high temperature (65°C) in
all cooking time affected water holding
capacity. Results were in the same trend as in
the case of cooking weight loss.

4. Conclusion

Temperature and time in sous-vide process
affected physical properties of flank steak,
while not much changed in color of sample.
The further study could be used 60°C for 36
hrs as the optimized condition since flank
steak after this condition since sample was
low in firmness, toughness even though cook
yield and cooking loss were high compared to
other conditions. In addition, methods to
decrease weight loss during and after sous-
vide process are therefore interested.
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