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ABSTRACT

This research was aimed to investigate the suitable formula for producing meat
analogues supplemented with white kidney beans flour and Jerusalem artichoke flour and
also the physical, chemical and microbiological qualities of the products from the
supplemented meat analogues. In addition, the consumers’ acceptance and its production
cost of producing meat analogues supplemented with white kidney beans flour and Jerusalem
artichoke flour were also studied.

The experiment was planned by mixture design approach and the following three
parameters were included: 30-45% white kidney beans flour, 20-30% Jerusalem artichoke
flour, and 35-40% soybean flour. The nine formulas of the supplement meat analogues were
created. The physical quality by the cutting force (N) and the shear force (N) of the
supplemented meat analogues was analyzed by means of Cluster Analysis in K-Mean Cluster.
After that, the suitable supplemented meat analogues was selected based on its physical,
chemical and microbiological qualities. The consumers’ acceptance and its production cost of
the supplemented meat analogues were also studied.

The research results showed that the most suitable formula was the 6™ formula,
resulting in the supplemented meat analogues with the following physical qualities: the cutting
force (N) of 5.98, the shear force (N) of 19.26, and a,, of 0.52. The chemical qualities were the
moisture of 4.98%, the total energy of 381.42 kcal, the calories from fat of 85.86 kcal, the total
fat of 9.54 ¢ and the saturated fat of 1.92 ¢. Other qualities were: 33.76 g protein, 40.13 g total
carbohydrate, 33.44 ¢ dietary fiber, 13.82 ¢ inulin, < 0.030 mg vitamin b1, < 0.025 mg vitamin
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b2, 192.90 mg calcium, 5.12 mg iron and 5.01% ash. From the microbiological quality test, it was
found that the developed product met the criteria set for rice seasoning from textured vegetable
protein (Thai Commmunity Product Standard.1514), B.E. 2562. The consumers’ acceptance of the
supplemented meat analogues was at the moderate level while the production cost was 514

Baht/kg.

Keywords: meat analogues, white kidney beans flour, Jerusalem artichoke flour, soybean flour,

mixture design
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anesesendngneswanszeluniginevedantuguuuuves@nsdomius (8], [11] ndnsios
raneitladnitloglugures (Meat Extenden) @ sldmalulagiendnydulumswinieaeusen

n3¥UIUN151 31 Thermoplastic Extrusion Process Aiaidl efauing Aud wduwlsdwndondng

4 L% o d’lj v OIJ =l d‘l dl 1 dll
nsruIuMendnTukasUsurnuulinrauud wmd osauad oud lUnus esanrees s
endnginesnlvaamnias mariueas uavszegnady AuToulazsuRauarlUAundlegly
wsiamdosaas deoanmvedlusiu uavgninosnuiludumeudidasedasiaddlnidnuse
a Y o va v . . a a o ¢ Y ) I Y a o ¢
ewstariu auhbiiAnle (Fiber Formation) uawilendndnignsmimumtiulaunazlandnsioe
d'z:uv I3 qy ail’ a Y = 1
anuaduruiletrumesiuastaveu [12]

2.1.1 Ussnnvaaieiey
2.1.1.1 easunldidudiunanvewdniugioins (Meat Extender)
Tu¥a.A. 1983 G. Boison [9] lovinnnsneasandsiilaieusinivl

NALNULT 003 Tasnisiuaslamaudadus ddunavinliidawieud aundwsauindu
TANUAINUADNITLAEN mmmmmiuma@msﬁ’uﬁw LAEIANUNULUUTINIVDINAN A UN
WNTY lenanduandaisurdanunlunawnuiedndlauiedlu wazrauiulusiuanniivsnse
astulansmdedoud ug aanduidiliudifu uardsualfidudwand sarunsaurluilu
drulsenouvesveaiile angussynseUes uaziiloveuguueines \udu (8], [11]

2.1.1.2 \Welsunanunsaunuiiodnd (Meat Analogues)

Walsuannsatunugonsleiuil uidndudedidnuassingadiy

v & a & o o o P23 £ a v o & o s ~
AULL BN YU LLazLuaamaiawqmmgaﬂiumﬂmmm'}mawmmaammm}qm [8], [13]
Toe S. Lin, H. E. HUff [14] wae S. Lin, H. E. Huff [15] ldvihnismeaeawUsyUilaiisuniannuiiug
Sowaz 60 iy (Soy Protein Isolate) Wazamsundsand Indlawisundanuuiuilelinesiuazd
anvaglassas 1 uuEUlerdeitadmiuinusnantanunsawl sl asueanauus un i by
ASTUIUY  NSKAR tanA NARA Ll ReuArasnaNLtusnTmnuduliniuiesay 30 NanN N
fanwarveadulodnmanesdmnnuazdl wuan naadualofeunlANYUUILNA1RIN I
Jouay 40 nandumidnInesidesuazillassaswuuduly nandusiilaieundanuiugs
11ANI1598aY 40 LAKAAAUNT LU N1TNIR AT LASIAS 19 UULEULET A AR 8L 9FRI 1N
LALDIATBNNTEUIUNITUUTIUTIN nszviunstendnitukuuilen [15] wavluln.m2512
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manAaLdoiien vidslUshunumstau wa 2523 Tneldintonendnginosulinangifien (12)
212 wdnmsvesmstugdieduiavedusiudaumies (Texturization of Soy Protein)
Usgnoudae 2 duneundn (8] 9
2.1.2.1 migydeanmaaduvesisiu Wunamananufeusasusndoud
shlmAnnaivaAsuuladasiadne Weonmpiuas Uity dwarililusiudunaism
ponNlAsIaIIuUaunay ynliussfsganaliinadn susslalasiau fussladalng uay
ussipelelasingn Aideuloafulassadsvassruvogiinnisunnuenoonainiu ndsminty
TuanaveslusiuiifuduaefiunEsiuaziansmusiilusuuuuln Ssiinasean1izuse
@oudnatuayusieg vilidwveslsiuuinaineliinu§Azentunlndtu ufntusy
sgwhslanana (ntermolecular Bonds) Tuuandddlassasauuuiduloveslusiuiigapdoanin
finsadaiusylalasiau Wusyladalns usiiegelalasindn uaziussioludtuslu
2122 mafndnvazvedasiainuvuidule Weluanalusduiaunsyaves
anmsauazaumeniie Tisud arwfou wagarudunnszuaumsendnstuleilfiAans
wanuendvedlasEse wasiiFewnluansreusuden NeliAnlATEs 9T UILUUAIY18Vs
Tusfu (Protein Matri) Tugtuuuadedule ddasslulnveslusiuildsusouinamuuuan
sl unemiri oglugunuuredlevioud wanilannsnssmeuaznszanoioenag 19
neviuiy lendndusiindewiugdevesiuuusengneuen aeiliiAssdndusiidlaseadns
wuuduledid eussrinedueil e elusiu (Plexitamella Structure) Afignguusngeynasn
IS vRIHan TN
2.1.3 SngRuiidumimseamamveiewion (16]
2.1.3.1 Wk
TUsiuazdesldutsdundos lnoanglundndnsiidodion dwlunsd
vesuLTUADare S RTTiansaunes WaiuaranmawestianuuaednaseIne
Wineramvuly uadlindadusii fidedudanseuudannd sty aanmeesddsiudundos
fuariednuueyamunm Wussall warauiRdenifveadedion Tasawdniidudulouuy

Aa o v a !

Iliues (Fiber) uasiawas (Layen) vaullaifisuiilianuwaueadoillodnd AnnU)Ase1sening
Wsfuiulusiu wazszmindusiiuiuesdusznouduy diudsinaumedusiuluingAundaldvne
olassasnvemdnsnel uazillodudavemdndue dwaliinlassadwdnidudulondiy

Wodn) (Fibrous Meat-like Texture) 3y
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2.1.3.2 eanslulainse
msWulawnsndnindiavsnasednuamilodufavemaniost milulawmsn
fifimnuanunsaazanele (Soluble Carbohydrate) lifiunumddayd olassassvendnd el
wtenvdswavilsiAndimadilifieuleslidrinluuiAzen (Non-Enzymatic Reaction) #se19dsa
HenunmAveAns s daumilulainsndliamnsnazatsld (Insoluble Carbohydrate) 1wy
Toowns (Dietary Fiber) fdvisnasslaswassngluwuulnseeinied (Air Cell) vosmansiom
2.1.3.3 ludu

d IS v 1

lusfuagihmihfwmilousvdedu Hrvannrumiominvosdiunan
yilignuanmldine dluifugeaslvindadueidouy diulundedariddosnsanunes
Usinadluumsinnindesay 2 uarluiudididauiniiAnmnamiaveslaanas ilkaaudu
reufviuuulifsmedenisifslasiasuudulevomandue nmandadedienaniagiu
fifflustuegdosay 0.5-6.5 Ingumin sududesivusadouliifindunazuiugamaiily

£% [
v = v o

nszUIUMIHANIRETY TuvisnsthsUuuumsinGssangiliusadouganldlunsnansae
Wl loileinan s ueiidianuaysel
2134 1

Tunsudnaediosfinmafiunnudulaenafuiadluludusan Woan
oampiinfentundneduimaed ulindsfusinaluthani tasdududwalumsiinmale
wilgamuiuashlifiianisnesis silsihdrluldinn iy dfimenuiusafiome viegamgid
diwane mnenaduliasianeasyiliuiassmsifeaavesemslyadiane unavild
wansausigavinelilFamaw uasidathuivmind dusomenuiou waedadumndodu
vassuiluedonendngines esnihiinadensanvesdnfasidodien lnsamelussuuid
USananinieslunszuiunisiondngdu dndudadinsesylhiunanadlowed (Plasticization)
vosszuudmaliin e Amasiunmsivaveslaiasundasly uasdsiidruwilieuvilavesle
anas unseiafinlassaiad oulesliauy salnaeanandoet widlofuaudurestagaurils
Sardnesmsnesinanasianumnuudisdudesnderuuiuty vliaruduias
yosanmeluendnaneianas ussdeufidufnsshroingiuantosas fedumsnauiazmsaiig
ieduiaRaAnTuTTon 3 saenndaaUNANSYINABIIBS S, Lin, H. E. Huff [14] wae S. Lin, H. E. Huff [15]
wui deanamutuvesingAuanasaindosay 70 Wufesar 60 wwdmailidofeuilassai
melufidnaunnniu iesmnusadousazusadommuiivinaiuuugedu Sohlinaadusid

Tpssasadulenianuazidsauwasdulumuianienvingay
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2.1.3.5 amnudunse-ag (pH)
@) 1 = I v a U .
anMeANUUNIALAZANINER B FULUUNITYALIBNAT (Conformation)
waznsinUAsensenintlianavedusiugimies A1 pH dradenisuengdiasn1siauIes
lassasiwuudulendeussrinduilowavedusiulundndiost lnenssuiumsiendnitulagly
TUsAud A 0nTlA Ul unIA lAEAAS N ATTRTINSVENRIR T AU SR DUNLTY tazliny
o ) P oAl Qll ) & a1 o ' ° v
M3 skuudlly udlowdsulsiunivdeddidarrnudusiigussihunidinssuiuns
wndn3tu wulmandunnladanuvaughiviuie welasaisvetendninawendieananiuy
vt wui Wevhnsendngduluanieiisien pH 5.5 Mmbviandunisdnlienuasudng e
Ay A o '3 D X o o ¢ P Y] a ~ ~ g A
nlodlsthluugun wullledudavesendngmaianuazdawiles (Rubbery) warilsanlsed usiile
HunsEUUMBengvztuluan1gnia1 pH 1nni1 8.5 landndaeiniisanieddiuuedrina sy
mswlssuransamiamsiusiundeuiuuiledailui pH 6.5-7.5
2.1.4 Yademsanniziendnituiinasednvuzveilewiey [12]
2.1.4.1 g (Time)
nsgwIumsendntudanwauzdunseuiunsininsasuwlaeaniig

¥ ¥ 1 (%

7197 uagdetodealumsusuiiiigaunananfindndagiod nelanisainiun1stuey i

LY

Fasnsivaazruaes s nsludeay

<

2.1.4.2 gungil (Temperature)
JeiinananuMETRNARA NI e NURATemaNvaINIEUINNNTL Ao
MR (Gelatinization) WardNABINITIIAANITNEIFIVEINERNS Az BInIuANE N H

Tinandauedanginingamgigadenvendy waziiluemnsisianisiasuaouznanedule

q

A ] . aa P | ° Y] & a
denumiulau (Die) samgiivigafissnetieimeiusylalasaunmeluluanadaudazinng

e
IGND
2.1.43 9n3IM5KBU (Shear Rate)
LANITEAUTBIN TNANTNT DTN AU (Mixing Intensity) vauz¥ng A

(% a v v v s

wReunlagnsiuiniieuvesans ngavasdudaiuuisisaniegsevannaeaial lviiang

wasulnasana Nty onsIRsunlsUasunuausMasuly wonantud @ uduuIaLEUNIY

AUINANENT WarAINaNYesuNGe?
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2.1.4.4 an§IseUaAng (Screw Speed)

v < [ = v aa 1 v 1
A UAITULT ’JiE)‘UﬁﬂE% ﬂLﬁ U nUATuN Anan DR UA NVIUSA 139

a o 1

voswAndugt Weanursevangifinduriliusmesauaranuduiinuvanas dewald
ondngianiidannisvenedufiatu widefiuaruniseuiuagilidnsnsuenesveie
euanas esanfiaufisovangaey vlilafiszeednanogluuisaduas avdanali
dnlszneuldfumnuieuliifismeiuinnsudsuntasedlassairsunuulsiaysal
2.1.45 w5 n15Ueuingdu (Feed Rate)

dnsnisdoutnaAududaded Tnasdod nungnianisninyes
lendngien duiusnsmsteuingAudnginsonsdmarinlisnsnsifudsvesingAunely
visannIuasilimeiafistuwasiasilianuduiinseenvesmdnsasiifadudnge uay

'
a =

fnarensidguulasiiwaningAviegluaies (Residence Time) F99zinasion A INYas

q
(% 1%

NARAN WU DRSINSVNEAIVBULBTILL LaTALENLNTOIUINTALANEUNVBINANS N
2.1.4.6 JUnUUN5IAEEEN] (Screw Configuration)

[

Fuduvesangaziuiiesliudusnsguesangfiduladen ddyy

o

'
1 =

lnglamziuniouendnsinetanss Fezlinadenisnay nMsvudsingauludigilinveaaies

'
=

Msdemndany navesimgAviieg neluedssuazusudeudinszideingiu avdsmasens
Wasuwamedlasadadefion nsasgustwemdnios wazgamniveda Fanuanssa [17]
nai mssdndlefiennnngauiidluiuegfesay 0.5-6.5 Tneumiin aslimdanulumaiou
duiu Trsmsihgusuunsdaidsmesansiiliausadouguntdlumendn welilfndnsamiile
enifinanmiia
215 auidmiriiveaiefivuiasnmmsnaoy (18]
2.15.1 \ileduia (Textural Property)

Lﬂuﬂmé’ﬂwmzﬁﬁﬂawuﬁwﬁ@ﬁa@mﬂwwmaqLﬁal,ﬁsm anunsauntdlunis
muAuAun AR taeTld eswndeditavesiafevansondsuntaddmuannizes
msulsgUuazdunaNvesingiu Sssnsansnaeulddsedediodmiviinnsiideodutauay
msnedUsvamduta minsnindeduiavesantaeidefiodeeieinneiidofuia
fthal41eun Kramer Shear Press® iUsznausiag CS-1 Shear Cell lfAusadou (Shear Force)
LAYITUYDINITLE 0U (Work of Shearing) wae Texture Analyzer 7 Usznous 285797 AUy
Warner-Bratzler Shear Cell @ sldlun1snsraaeunaud WTWALAIUY U gvoilifien (8]

AUNINAADUNIIUTLEMFUT AV DL 8 UAN1500529a0UTUA 1UANLT LT (Hardness)
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AYLAMUABNTTLAEY (Chewiness) AMMBANEY (Springiness) wazen i duidule (Fibrousness)
Dusiu
2.15.2 9n3IMsve18ia (Expansion Ratio)
M59818A2V8INE A Qs 91957 WUTFUR I8N TEUIUNTIeNd Mg U

azyliinaletnfaululaseieaananNans uaeg195IS7 1IN aUa sukUasmnuaulas
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qouny) ] 3
ﬁﬁmm%w&julﬁﬂﬂﬁmmaﬁaLLazLﬁﬂé’ﬂwmsImaa%ﬁaqugwqwﬁu Sarmsvnesmeniodion
sidudaduszminadunugud nansvemand el uidusitugud nansvesgiafiianuy Tng
é’m’]ﬁ’mmaamisumaé’waqmﬁmﬁmﬁwﬁﬁuaqﬁ"uamamﬂ’ﬁé’mmmﬁwﬂuﬁummﬁﬂizﬂa‘uL.Lm'ag
viavesingav dudsamsvaedimanesdaldannnilusiu dwavinliidodiend@alulusi
fwdeuaslusiungiauaziinsnesiianas

2.1.53 anumuiuudiwig Bulk Density)

AL NEIesHAR U IR UN ST UM SIendng Ty daddy
Hadeililumsssuiesnmnismesialasnmemdndase Weondndasifismmmsveefniu
awdsmarilinumuiuressdndusianawing anuvuivresdofisusewinaiminyes
WA RS A oUT IR TU A RSl 3 9l61TE MU UTunsueand nd ueldaeg 1aiduy
yeraliaviinasfiuiueuveaieiion

2154 ma@@%U‘lf’l (Water Absorption)

U3mnanif gngaduliTunde st usifdanud W ays oaus @13 anini
Tnsimzdnua edulavondodiesfiasiunusoms mmmmmaaué’ﬂwmzms@ﬂ%’uﬁﬁ
vpuiilaionls n3msinUiinaninidaeggedulinemavesaognauis nsitauasnsolu
mageduLwosAnSuTian azuandldiwantanifislasas et auuuututy avdwasens
sl sorudlululessedadld wrdsmariliidefonddnuusdoulidgngu uiduie
Fendimagaduiinia asdsaviliidafieudsnsusnnunnddimimaunsalunisgaduiil il
lasaainalad

2.1.6 Wshuluauian
Tsfuluewan fe n1sadislusfiunnsssurfdunmawnuiednd tned
drutsznouanfivuazuuas wu Syfiv 62 ayulng amde 3mde dnudlug uazrueuldls
Fanqulusfvluewaniidsldsunudeunndu anngugaseny nauguilnadlaivilaa

Wodnd w3 Vesan [19] waztagUunuiiwusiiansafulaiduunasvaslusiuiddey
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2.2 NTTUIUNSIBNINI VU
NFEUIUNSIeNGM Y Ao nsvulunskULsieLlesndnisvyu wan w1 Tagau Tilwa

Y I

N1UFe9 (Channel) nmeluirdesiondnginesnelianiizmunuing lneingAvazgniusiiug
yiuvaulviisuswudenis uazdaidunssuiumsuusuiinaumanuiuseninausnanas
wsadeu 1unszviumsuusgUemnsiidsuaudeniuinnlulsanugaamnsue1ns
Usgtanangg laun ASKARDIMTVULAEIUSELAMTINET LT o1nsvuLReUsELanTIRe Y
nszurumM eV lhAnn e lunevds Wy wandasienmsidn wandusimadi Wudy
Bunszurumsiisausans 4 33nadidaedu wu niswau 1sdu n1suan ey nistugy
vosHAndns Fslunisudnesninsruaunsiendngiu Afldeiunnune wu vilvinszuiunis
wsgUemnsieiu ifisanuvanvateesems lngiiuvinvesensandiunasiug il
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=l 1 A LYY )
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&

AR SudeiundmsunIsHaniiisasinsnangs wenantifadunseuiunisndnwuuneios

[
a o

ﬁiﬁqmmmqﬂ AU (High Temperature Short Time %38 HTST) Fsansnanmsvuiey
voudogauniduardadudinmiaursnsulellddndas (8] nsvuiunsnanuuuiendngdu
annsailuldlunugrainnssy Tdvatednvmae 1o nanau (Mixing) n153ugUems
(Forming) n3%ibign (Cooking) M3vilynas (Kneading) N15u3n (Shearing) Wagn13viuwis
(Drying) tHusu [12]
221 Ussinnuediedesiendngines (18]

FuUNUTTANTBAS BaLONT NTLADS ALA AaNT LT T Anwaznia
UVWAMARS LaznusuIuTesany Ruolull

2211 M3uUsUsElANveaend M 1Aes dxiy s uany A Lg e 1i lunnsg
wUsgURE ad el aunsouy ald i u waniend ngined (Pasta Extruder) 4 a1 uin3
longngines ildlunmimandusianudaand wu fanslsd Tnendndnsidldlifdtuganes
wisadldtunaud undreilinandusigniely wasiendnzinosuspinnd ugUdeusinadugs
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1) (High Pressure Forming Extruder) ﬁ"fmlﬂul,ﬂ'%auaﬂsﬁmgt,m%
ffaudugs WesndangldgnesnuuuintmdusieiiviliiAsusssageann gamgiivedags
snnardsavilviiansgnweaiatuiintiauendvginesssnvusadous

2) (Low Shear Cooking Extruder) 9314 Tun15n8 awd n i auai 7 L a1n
endngveiUssaviassnuaeiidewiunnnimemesh Wemnemdunielethiifleg ey
Fuownsdiliszmeaunaneduletheenluiuil Jafeninluouuimasdouilusussnuides
thlunen @ vie suditevhlviannesrou uasiondninesusznnusadougs

3) (High Shear Cooking Extruder) L“ld]ul,ﬂ%l’e)\‘il,aﬂéﬁﬂ/lgLﬂ@%ﬁ@@ﬂLLUUﬁ’m%JU
Tumshedndasildmanednuas Wy Yssamanifiesnsdiuvideussinnididagy uazlusiy
nwasvieiloiien

2.2.1.2 MIWUUTHNNVBABNGNIIADT AUVENNITENLMAMILTBUILANITAUUS
panlffuell

1) selpdifaondngines (Autogenous Extruder) Anusousmuniinty
nnadend azgnszueeeniuanuise dwarilfgamnimeluedostusgifussdusznouves
Tnguiideudnluuaznsdnguuuuesang wu Aoalantendysines

2) lelwimesueatongmnsines (sothermal Extruder) Fauduendngines
Jssmiidsruunmsanunugamnilifasinaenauemvesuisis iy endvginesusaaviugy
wagnodlnsUniendysines (Polytropic Extruden) &slaeiialuies snendvsinesiiaunnwindndy
Ussavmednsdnlneldsummouaindesmsiinndanuna uazmnndeuitldinanuds
AnufeumeuenTidsnusnmstesitweUIdisa

2213 mawlslszianvetendnginesaudiuauany wusldilu 2 Ussam
Futeluil Ao

1) 19ngN3IAeTLUUANTLA 87 (Single-Screw Extruder) 19 uiA3 o4
lendnginesfivszneusie 1 angvimihilumsduiadeungluuiisa lnednuaursunuuvesans
wildvEnasensvhauveaeiesendngines angariidnuaradeduiiundemyusouunulany

negmeluunsisanseinszuen svimihnlunsaifeaalvinnuiounndiunauveemns way

=

vimthilumswndiunalveglusuvesiouingiidudedeiuuasinaeauiAlunmstaneu
2) endvgnesuuuange (Twin-Screw Extruder) Wuipsoaendnginesi
Usznaunae 2 angfdanuenivitdunazdseyluunsisaiedny inisaendninesuuuanse

gnesniuuIiiaUuAnA Ui suUTIU SNWEn19ng WaeMaInNElNsaueuessing
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Feeunsauisszinveaendnginesangslieusumisvesang Aednuaedindeivesangsiamils
nuviedeuiueglusowesangdndimnils (ntermeshing Twin-Screw Extruder) msvhuvaa3os
lendnginesaziidnuargnndnludrsmivhonsunud agiiliinswalfosaiiussansam uaz
feannsnvheuazennldieiies dnuazveasissendnginesiiansassianeeglumumisi
vinaffulaidounefiu (Non Intermeshing Twin-Screw Extruder) avadeduilangifieiaesinnses
199 fu wazdvorradndesuazdanuansai ganiinsmyuesansuiazdafeliiAnng
sumudsfuiag iy mavhoutenad ssendngnesUssnniasduey fumadend (Friction)
Tnelaiflassadafigneanuuulindningenmsludmdanangimndslussangdndanis deduns
wanmesngonsiliinesd Snviadiaunsoudsendvsnesuuvange ldmaianianisu
fio Snwasriangaosivululufiemadientu (Corotating Twin-Screw Extruder) Snidueios
wndvgnesildiusnnlulsaugramnssuonns Januansalumsidseslivannvareuin
9T U 01TERT VUNTUA 87 waznAndasindousulsEmuans iy TeRvennd e
endvneivssnniiie awlvsAvinmlumstundouensludramii dwevilmAnnawaudu
YaeingAulan wazdiausanuANsEEEIaINIIRUlAR Tssuun1svinAuareIRRIERLeLaY
faflmmuaiauelunszuiunsudsgundndamidndae uasuuudnuasiiangassimluiiams
A3 UUY (Counter-Rotating Twin-Screw Extruder) luilgdinsihunldograuns wanelulsenu
gnamnsIIoN wifideidueiesendvsinesitidnuamsdidoddmion mnvaudmivlu
msuUssUingemsilifimmuduniln Tneldmmissouiuaedesnsnategmeluundisauug

22.2 wENMINIUTBIAIBeNgNgnes [21]
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anmldeglugUuuuvatlauazind aun e lupudfi Anneween1sny uedany Yaeseaeilniiuey
& & 5 ° v a | i | v o A A = | Vo
wngnginesillagniilianuazaziingustwineg lnenumiuday dilsilavsedesegdiuay
a ¢ f a o caa . ¢ = \ ) a A o
YDUATBABNGNLADT NANTUNTITENI tendngian Lazllsusdnuaenuganviuday [44]
IuswdNﬂszmummﬂsgﬂﬂ’u 5’mqﬁmﬁ®m§m§auu,ﬂammsjgULLUUﬁ’qmﬁfluimqa%NLLaz
Al Wy nsiiaeaaniludueudsanisy (Gelatinization) NMsgaideanImn1sssuYIRvos
1U56 U (Denaturation) n1siAna1sUsynouvesezdlaguazluiiu (Amylose-Lipid Complexes)
a a [ 3 a s . & a @ . a a
MIAaNEnN g veIaansa (Millard Products) Savisnisideniaveading (Pigments) Laginiiiy

(Vitamins) s [8]
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[ a

deliduiisensureafuslnauniu nslimseussdsaviliiduussnouvesfngaudlivi
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wanfusifouty vieianmsgnainnifissweiiasyhliutlsosaneldd uagvhameviodiudaans
duiiedosente §aguundiiind uluseninenssurunisiendnduneudegs
200 psrwwandoa Tngldandusnn 5-10 Juft Tussmirenszuaumsondngdutiu Tassads
Fadnvedlusiugnudsuuvas ifesannldfuaudounarusadougs Wuseiafiosves
lassasievedlushiu laun usshsganmalniiiatio siussladalnd fuselalasiau uwavussdge
lelaslntnazgniiane Fuduanmmyililusiuiioonuiluannefmunsanlusiumenil
avannsndadssialmivasindnuasidedudadiunndvluanidy Insamelsiuainii

'
=) U A A

wWu TUsAuAN a0 asyivaue axlinisildsuuvasesladudaveslusiudniedne

o

1%

wsndougulundnnislunisndelioiiey
2.23 Ustlomiveuntesiondngiaes [21]

2.2.3.1 anunsaldlumaimandaeilsvainvateguuuu Tneldaunsainsvihauyn
Wenifu she widenldingiu dunas wazannglumsudsguiinngg fu

2232 Shmardngailesaniedssendnginesiiued ssdnsiisiszuunanand
sorlouaslyindnsindmwaiae

2233 dunulunswanlneias esendniines azshiliansnsaanussnuauls
Hosamaddldiuilumsdntion

2234 \presendnginesanansanangULUUYesHARS T s vannviane

2235 wandfusii ldannied ssendmgiaesaziinanings ioswinnszuiunns
endnstudunszuunsuudlonmniias uasszomady nansuidlisiunsiitouds i
Wewlanuaa (Salmonella) ansnsagnynanelusswinsnssuiumsedn

2236 \whoueningines asnsalindarldognaiuszavsnm eadumsuds
sUkBafasiifmuduivhlrmslfanusoudeovlfanuazurialosas

2237 wheslondnginesannsananemnsle visendnsiast anlusiuiiy uds

e sslasuniasdunay
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2.3 1A3999aLa AL LSIwaS

<, A A A o a o a v KX o o« I o Y = = a
LﬂULﬂﬁaﬂuaﬂiﬁUﬂqﬁﬂqNafﬂﬂmsﬂwﬂa']EJLu@ﬁG]'J LLfﬂ‘V]']f’ﬂ']ﬂLLﬁ\‘m'lL‘Wﬂ'ﬁ]\i%iﬂu{j\i%u@

=

aue wauiu Inendndarnlisslidnvasluwinnseudnsiinunmmadaruinisguazsayii

Aa L A a x> a ! = &
ne u@ﬂsﬂ']ﬂuLﬂi@ﬂjaLa‘\]L‘WﬂLﬁ]@ﬂﬁL‘ﬁ@ﬁﬂﬂaqmqiﬂimUﬂqiwaG]@']W'ﬁ'l']\'i NIDDIUNIVULA YT

a

(Snack Food) l9anale Tnga1mnsinamseamisauLAeInyinaInInafunddiunauvew desin

9

a9 iy wlsd et dudien wlsinlng Mset17 nandueINlaan PTefiamameEes lswes

v v
o a

= g o o v S & o [YIPN = v a ada
ﬁ]gﬁJﬂ'J']ﬁJﬂsa'ULL@]EJ\nJLu@aﬂ\lwﬁﬂaqﬂl,u@w]ﬂllLUUV]EJ@NTUGU'ENQ'U{LQ?W I@IEJﬂ']iJ'ﬁﬂLﬁ@ﬂ'JWQW‘U‘V]lI

'
a Y o

i A o Aa = a v A [
ﬂmﬂqwqﬂiﬂsﬁuqﬂqiﬁﬂ‘ﬁiaLaaﬂ')(ﬂﬂﬂ‘U‘V]ll‘lsU um'ﬁfﬁaLLﬂaaiu@EJLW@LU‘UEJ'TW']??‘!GUQ']W»LWBﬂW'JEJ

Y 9

[22] éfﬂl,l,amﬂugﬂﬁ 2.1 way 2.2

JUN 2.1 insedialaamaLgeslsiges

5UN 2.2 vthaevesAIadiaaimaaesilswes
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231 Yadvinyaudmiumanandodeslaglfieiediamanaaeilases

[22]

Hadefimanzanie arwiu gamgi weznadldlumandn dedimn
Jade nanuteduld ey lun1ei inunzanazd swalaensas on AN NV IHE A A 9]
Tnefimsandadosineg deil

2.3.1.1 gamndl mwdouiibifuduasrna weass efiamamaeslsiwe’
wiownsoUiuMazUAse amniTliigndes waellenuasiasiaue manzeuRsvngamgilliaa
aiieme eavdmaNIEYIURBRMNYRBNAERA I W dgamg il eeaslinEnT e la )
anuasiiloduraitldonaasll ednenilodord uidwrbimuseuganniulussdsarilinan St f
FONIUVIWVS oAyl

2.3.1.2 ANUAY 9unRiazANNAAinuTINiY nsAliauauy

a

wnndndaeilaglininneadluluingivgnisegludinnuseu lagldaunaisunisdngn

9

' '
= a =

funseuanaudailafiunszuenauAisunae ik ed sufiawinaingaunineegluwi

q

ANuTeu lngaunailaglusainaadtatouaslfusaiuanaunauANAIsYAAIUANLIIA LAY
(Regulator) &eldsvuuiinuindmiuaunisiiaumsitusinaliadiane wu d1anudutiey
a @ o Y a [ 54:1' I a LY} = ) Y a v} 1 1Y %
Aulufagyilindndusinlalifanisvengiasnetd niasilindadueilidan uwidwminld
wsanasunInAuiulUAsinadesadlananiug 9193z lvnanTueiila vl wazanuin

1ANU

a

2.3.1.3 a1 dwsunannldiuusinauazaamgivaelafaunldiv

nofu Geegluinnsougnnadiedinain@sieu dounazendnindudndusgeBiiaziog

Ly

UANNAYBINITNADLNBUININATIEINAITML S ALV UTINARY WazLIAT LelH

AHANAUNNANER

q

2.3.1.4 anud urasing Auduladeddglunsyuiunsimdad o

= v & | v i vy A  a s o a a v Y] '
ﬂQLLNﬂ'ﬂqﬂﬂjuf\]ﬂNLﬂEJ'J?JENI@EJG]“N LLWI‘L!ﬂW{LGULf"’ﬁ@fnaLaﬂLWﬂLﬂ@ﬂiLﬁ@i'{jﬁmEW]LﬂEJTU@Q@Qﬂa'n

Y
v 3] a «

P198u auduludurauvesingAunfieuduiusiugamg Tuazusanany fetunmdudaly
dAnNvzdotimsvageuingfuwiarslanouindUsIMANLALAA1Y FeunRudiamguld

o

a o9 Y a o 1 v O a = v a a ° a i d' o &
Wiesezybvikdasaeilian duiulunsndsdssedineuinaduluUtinasineg Weliunnuiy

P
| B2 1 [ caa

YBIINgAU winTuegiulSinamuruannilegluingau elvlandndaumniamnmnusanis
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232 Usslerivaaniafamanaassiswes
232.1 P58 9mARaslswes 1onT1N1SNaR 200 Fusiatilal
2.3.2.2 aunsalglunsuanemnsing s avuLvuRedle
23.23 @ans0diganmnudesannnsiiuntulunisven wiaeannudsiniu
A a I ~ ) ) % ~ o v Ao
nsruIuMveaAsafiamanAe el mdauswiuauaznusauamasyiiudsaninenly

fadlgungiu

2.4 A1FN9LAUNTITNAADILUU Mixture Design [23]

< = [ 1 d' [ a a 5 1 [

WUNITDONLUUNSNARDWNBMNEAFIUNLAUNZENVBIUAFLLTIUS L URaLe 2 Uade
Ul WnenasrnvesUsunaunsaztadeniunazlasssas 100 %39 1.0 naAailatadenilall
USunauindiu geuazdianatadsdus) ddadiuanas Faunna1sainnisnaasesiilleuuuneay
(Mixture) AgunUsusazdndudaszanniu A1580nNkUUNISNAa8ILUUAIUNANT LUULNUYNIT
sanwuugnusladu 4 wuu dasaludl

2.0.1 M3oeNWUU (Scheffe’ Simplex-Lattice) fifia Coordinate aduduusznau

AN 9 VBINMIVRaeY tnelsiaziulsanunsamuinszaulaeail

1\ci2
X1 = O,— \\\s; ,...,1
m m
e i= 123,..9

<

m = Wudnduveawartadsain 0-1 (Seaay 0-100)
o [} Aaa o | (Y] A A [ <) (% [l A a v
dwsulunsalndldruauauna (o) Wiy 3 waed 3 Uade Wudregsiidenldy
v & = o | Av ay v g | I3
LAATIAAUDIN1T0BNLUUAINGTI K110 M = 3 NNATIALTUAIUUTZNEUTRY X, , X, kA Xs uLTU

0, 1/3 gy 2/3 MudAudnuIuvealumvnaeiviun duandusui 2.3 uay JUi 2.4

T
e s x ]

a.(qm)=(3.2) b. (q.m) =(3.3)

c. (g.m) = (4.2) d. (q.m) = (4.3)

5UN 2.3 AmeaesdmTuLHUNITARBLUY Scheffe’ Simplex-Lattice

1'7im : [23]



Xz
. 1.0}

(1,0, 0

D F
(0.5. 0.5, 0) @ 1,0 (0.67,0.33, 0} (0.33,0.67, 0)

UM 2.4 GwnaesdmTulnunNIsnAaadluy Scheffe’ Simplex-Lattice 131 3 fuUs
weiazd wlsil 2 seau way 3 seau s 0

1’7im : [23]

2.4.2 N199RNLUULUU (Scheffe” Simplex-Centroid) WJun1seenuuunismaasendl
a 1w | v a o 1 P [ o a v A g 1
dmaaeaniu 2g-1 wiazladeiidndrunviniunndadedmaassusenaunieyaiiugdiunas
A& (Pure Component) 78 ¢ Mneds dsmaassiddadssovas 100 Wsewiniu 1.0 uay 0.5, 0.5,
0,..,0 4 WA JUNENA (Binary Mixtures) Way 1/3,1/3, 1/3, 0, ..,0 @195 ud 1unay 3 ¥ia

war 1/g,1/q, 0, ..,0 fegvesdmnaeng q dwsu 3 ua 4 Yade duandugun 2.5

=1

Jun 2.5 AaMAABIA M ULNLANTVIARBILUY Scheffe’ Simplex-Centroid
i : (23]
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243 M3eenkuu (Simplex-Axial) umsesnuwuunisnaasdaeitugainidudulsznay
7119 9 veanade duneaingaes (H) 1a () uwazia 0) Inegaiia 3 fana17 119INgANNAINTaLH
avdugoy 1INNNA 2-4 MNRATANgALe (A) f (D) waed (B) ssldnvanlumumvdeudos lned

e (H) ugansnaneanuwiaey fnadaduudeniugale () wasa 0) dwandlugun 2.6

A
(1, 0,0 10.5, 0.5, 0} (0.

5UN 2.6 AMAR0IFMTULHLNITNARBILUY Simplex-Axial
a1 : [23]

o w o 1

2.4.4 n13enlkul (Extreme Vertices) WJumsesnuuunisnaasawuuiidesindndiy

Aoy o Y}

NIDUUUNHTDINAA (Constrained Mixture Design) Na1IAD uwuMINAaes seuluusaztlade
Lusududeniufesas 0-100 Insenailiufesas 30-40 w3edesay 15-25 Wusdu anvmiidu
il Wesnanusudulaeiugulunseaouuisesns wu lumssdaenauisdadi s
drunauvesng iy (Gluten) TusAuatnandumd o (Soy Protein Isolated) wagu wuin
Fosdldrunanvainguutazlusivainandamdsssuiust wadossosay 50 (Hluusmnaminty
yinazdoay 25) Jemnsadududeudievhnsimduusiuld dedy dunauvssnguuayiusiu
aftnndmdesiisnindosay 50 Sslifesaulavnmdioniuwuimnishninfesas 30 aglal
annsadulhfudeuld feiufientmunansuiinaduivesdunausazsiadudenas
25, 25 uag 30 MUa1nU TaelsrdananUsnasusiuesdiunasiaanusfud s Auvaawinfy

Sovay 100 Llwutnsiiiesdrunaunenndululsvsaliidunanlamdululaae
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2.5 977917

=

YoInuenans Phaseolus vulgalis L. [24]

%aa’]ﬁfg White kidneys bean, Navy bean, Haricot bean [24]

Foviesdulvne  §2917 (11Anans) Tuse, Tse (Aneld) Use (a9a) Usednu1 Funys3)
e (nysys) [25]

fum uflvnszgaiuazsadaduivadideriuiumdes Fsdwnddudninogly
Ussnadin@lnuasfununan fmsdgniarmegidudniwnnluiufiguessame uazsoun
ynueninnd (Aztecs) Ishaavnluugndeeiuininans uazfimsunsvereugidnludaglsy
awinunile Ssnqu 3o mauiuﬂwﬂ’wfﬁmiﬂqﬂﬁ’rmagjﬁ’alﬂ wazldinniduanuge
duewnsuwazihmatnansléidudiunanluemnsaiuvatssia ludeatudussmandni
dswenivnvedlanfeyszinAaiueiing [25]

2,51 anvazangnumans [25]

'
[y

Y & A Aaw Y o U & A U A& A v =
fvuduiivnianvaradieduniing1d Salduivnsenadiniduivaugndl
= o A A oA =
agUszanamililnieniSenitivggises
2.5.1.1 dsiu Wuadvneligunndlumniiu wsdanuganie 8-15 wufwns
anwazveniuildnuazAdesUNTIna1eUTHn uazdddnuausiviloutuiuyesdiunlazA U

wamia ddlauduiivinalng Sdulidenvetvdmviseduiniaseusu dauandluguin 2.7

JUN 2.7 dudiem

'
=1

N : [26]
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2512 T dmvedludnaziuseninuinadovesiu Tuasidnvausdungui
Umefnulasuiasnguesd 3 W dnwnevedluadreiuluing Aefignluniie dndansuvauedly
wdnvaundovdludoufou wudsitvveuludwuuredduififendunindiuawesly
fvudng edneiuzviegseuly

2513 penvesiun azeenidudelunilaeaziinenaguszinas 3 aondende
Feazfudnvazimwosiaun aonvesiavndidumensiag amnsaneassiug fuldilunaldlagls]
Fosordinasaneendy enaziliuduseninandedimiuemuszinu 1 wuiuns fMuveste

A (% Aa o (Y =
ﬂ@ﬂﬂSEJu@@ﬂmﬂﬂ’]ﬂ%@ﬂﬂ]@\iﬂ’]ﬁh‘m@ﬂﬂu@g mmmmﬂugﬂw 2.8

5UN 2.8 peniiwm

ﬁm : [27]

2514 Hnvedinnmagiliouiudviady usavildnuaenaudunsinszusngmisen
gMVB IS eIlAa UANUENUSEINN 7-14 WUR NS JAunInessanal 0.4-0.6 Wwufuns Hnoauay
PP ' aa 8 ) ~ 3 a & A 2 =
3R en tlnunaetidiinna 0maziinseenmenuaslvitanannasendt meluilnastindeduidunse

new Fadunvewonnm WARTEIN WAL UNAGNTINGANIMAMEN Fauandlugui 2.9

.

sUR 2.9 Hndaa

U

=

U : [28]
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2.5.2 AUAMIIATUING
Y l d' v i ) a
g2 duunasomnsfigaulienarimnidaruinig duandunsied 2.1

wsedlussmndndudesine

M990 2.1 MITNLEAIANAIMIEATUINITVRAENIVTY 100 NSY

81597919 Ysueu
W& Alauaass 359.00
i (n$w) 11.20
T (n3u) 22.30
sty (n5) 2.80
Aslulanse (nSu) 61.10
nnlee1ms (n5u) 3.10
101 (nF) 2.60
wian (n$w) 6.80
93U B1 (Haansu) 0.32
iy B2 (Haan5u) 0.42
luordu (Haaniy) 2.70
wWaloandiu (nsu) 2.00

ﬁm : [29], [30]

253 aauselovivesinum [31]

2531 Tudwniiansiidedn Widleariiu (Phaseolamin) v figedudans
vnuveseulmiuearh-ovlues Fuldnmaglunmstiudimsdesvosmnilulemsn

2532 YestulliliiAnormsinves esanludiwnilloensg

2533 ansrndleanfiuludwnazdninflunisdud snssurunistesudady
hana LLﬂqﬁU%ImLﬁﬁ"LU%QVLaJQﬂ@m%m’hajmmaﬁmm ﬁﬂﬁuﬂqmmﬁugﬂﬁﬁ’uaaﬂmﬂmqiwma
yrvgavsznniy Wosmeldsuutiniosas Suhlimingantosasie

2534 sziasjmuamzﬁuﬁﬁmaﬁlwﬁaﬂ

25.3.5 fdwdivanseaulasndwelse a1usunalasndwelsaunniuly Aagly

ATAUAUAIUFINT VBITNNNE IUSTNAOUTU azonatimudssiamsiialspmlanaigen
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254 aueiiRvesiium uaznnaTRvesensvndloaniu Phaseolamin [24]

AauauT AT lani il gaveadaum Ao Yaemuauiwiin Taensdudanseos
ansTulawasn Tneldinismaaedid A minAudndesussana 515 Alandu $1u1u 60 Au
wvadu 2 ndu nefuay 30 Au nduusn Suussuasatandemsaa dhuin 445 fadnsu
$1uau 1 idin Aeusutszmue sl sUinamslulamsngdluems enfiu wiad 41
Sy aunths waldfan waznulldthma Gudu dndnndumildsiudssnusmeendslllfians
afaandaum il sulssnuonsi fandlulawsngaduiy laeauauemnsyng doves
fvmaouiia 2 naalidiusinauviieudu mavnassettsiaidlasu 30 fu uasnsiaRanunarosn
dwninga dwninlusiu wardudilaleletulusnne momvmnvesiiols ssezseuien asinn wa
fun wuinguinegwilasuasatnandumiiafignasiaammneianasesslited iy Tne
dufianasdunainanlusui anasviniy dawveandrudedsnafiy nsfigvaaonguild
Sutssmuansadaaindamdsiliiminanas atuannalanissudsnsinurenoules
weavhezlinaa Insansusznoulusiude vhdleaniiu deusuanmaudunsa-alilivangiu
msheveaouluiuearezluaa MnArmmdunsa-aned 6.6-7.6 Wnaneidu 55 loules]
woavhorluaaagyiwiflumsgesutdiiduiinna Sagngaduindsdilddn dnnmassgnddlud
fudeAsudundsny thaaduduiibignlisddeudulnalanuaraueglusuvidslufuazay

AUAIUANUDIT NN

2.6 WAUAZIU

'
=

BOINANERNT Helianthus tuberosus L. [32]

%aa’lﬁig Jerusalem artichoke, Sunchoke, Sunroot, Earth apple,

Topinambour [32]

Fovipaniu wAuRg Y, wintanes, umungiu [32]

uiungu vienungTuia, wiitanes Saduiisdugneigdu wiunsfuasey
NAFefuUyIALaziney anaieiununziu faududeluiveudnunile deuugn
winagTuduunlukaunziueannale glsu uaveoanside wnunziulzlinondwmasinaiy
pontames uivedinenvunmdnnit sy fuivildfudnuneadelaien Wienddiiana

20U Lat9luaglidrnn savRagsarIny wWNURLIUILNTOUAANELIILALIIULAD [33]
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2.6.1 aNBAENNNGNYAIENT [34]
wiuse iy daluiivdugn Slidmivazauonns dnvasivomnunziuazin

'
I 1

finztungdn AlideoiFeu Tdnvazadiomdauazinni uifivannmaned wu dimdes dv
Auns uazdiine udlaerhluuduBonvesununy Tuardiiinasou eluasdidam evewy
nyTuaznsaundeuiiiu masyivlnvesudunyTuasiiey 2 929 Frausndusausineulgn
uisoenneniduafousn udupeTussasauownsluluwardidu viefliGonihurune Tuviodu
uipy iU uaztsiaemdsinaenusnuuauivszesiiunen Tureunungiuagngasas ownsd
avaulifilufargnasluiivhveaununs uumu Geunung Suaninsavsniulsemuls

2611 &vuuiunefursdidwumiofiuiudnunenay Wiendurewduneu
NA vwed Uz 1-3 wuRmes @rugeUseann 150-160 wudimes daaauldau
Sanin Waduaduazanemns widldnvarudaduudsen liflvuniesineanainita suai
Uszand 2-6 isuRinsenléiEa 6-20 lwuisms dusndunnuusiiuanesnuinaleugy fuans

Tugui 2.10

UM 2.10 dduununziu

#u : [35]
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2.6.1.2 T zfianvazduluadiedusdly Aaveduain ssfivuauiwagly
aauilaugseann 1.5-2 s sakandlugun 2.11

UM 2.11 Tuuriunedu

flan - [36]

2.6.1.3 AONVDILNUAETU 920 A NBULVDIADNLT UNTINAULUY 8DNADN

WUt AonvaknunzI Uz alna 09 Aa1edunannIunsTuns 9U1m09 wadIUIALENNIN
Aawandlugun 2.12

5UN 2.12 Aonunumnziu

1
=

NN : [37]
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v a a

2.6.1.0 WIU99NURLIU Uanwazdlsua

Y

14 [ A a
UARYLUAANIILT DI UA8L38381)
A a o U a gcj I = =) g = 5 1 ¥
WasnWatau 4 du dU1n1aeau dansduinna LLﬁSlI"UUﬁULLuu‘Uﬂﬂ’QiJ YUIRHNANINUTTUEY

2-3 fiadwns 1Usen 5-8 fadwes suluduidewdn 1 wéia dwwanslugun 2.13

UM 2.13 Fufungiu

flan - [38]

2615 ggeennen LnungTuaresnmonuIuUszanm 60 Tu uwasiulasugn
wilduuuny Fuileenmeneguszana 2 oy senaziidndssndieriuaentines

2.6.1.6 Fnsugnuazqua wrunzfuduiivivgnite dnvaznisugnadeiu
nsugnaiiuty wiungdudulaldRlufusuiuiunse wesiiliuiuse fuitldanausudu
yswannsnugnlinngg Tnslenizdagglueiasiosss Sogiliinds mmedihdagyinli
WuAusgIuAnnsidala

262 peUsznaumuaiifiddey [39]

uupzFuduianslulefin (Prebiotics) daifuevnsiidanslegedssznoudae
Buyu (Inulin) uaggelaledTnuenmslsd (FOS) Fuduimaddou ulasadaiinelna
enelaanainzegfunglaa Fdmduasussaniaudaiaing wasnulasadranadldlugn
waznaliimusssuvAle Wy nsudion nédneven wasunungFuddaluiienivTnaduyduigds
Sovar 14-19 BuyduavavadlIildRuvesuiunyu

2.6.2.1 duydu dadumflulewnsadstouiiluanavesignlnasodeuiy
aeled1uru 10-50 Tuiana i lriduyauiinuani@iduewnsidele (Dietary Fiber) filsigndes

Tuszuvgegamns duydudwuluialdlng wazgninluldlneuuaiisendusslond vie
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Twslulefin (Probiotio) 1wy Gllauuaiiise (Biidobacteria) nauvesuuadiis i HannsARE nAN
(Lactic Acid Bacteria, LAB) vilfuuadii3 ot fiuselovdwa i usuiuanntu wagludus anns
w5 i ulnveswuaiiis o 1 ulny Wy Clostridium Perfiingens waw Escherichia coli et
Suyduiaiulddduanswdluledin (Prebiotio) MilUsslevisogua daetestulsausssdnld
Prelunstaeuayn1INATLAT0IMS NMIATULAATEN LagN1SdLATIEIInIAIY (7]
2.6.22 msvhauveslsalaledlnueaslse (Fructo-Oligosaccharides i@ FOS)
[40]
1) Wyelaledlnuaaailsd WuswnsveauafiGonguiduuselomise

a

s WWuemstnzvenauisdnidulssleniamznguiilauueilie (Bfidobacteria) uaz

3 [

gafldnlunsdugsnmsvihnuuesaunsdnidulng wesdelsrauludldvg Metiliomneulsd

B-fructosidase dugantiusy B-2,1 InsendudilauuniiGe uarliflutogduvisMdulyudi
gopnigelaledlnuuaanslsde SohlidilauueiiFelldnnunn uasdiiadurddidulsslownd
FstusaranUinameuuaiideiiulnanaduusientu
2) n1stagvaengalalodlnuannis tsd asyrenses un150us
(Peristalsis) vosdld [69]
3) diunsgefuvesusom laensaluiumeduasiimafiumegaduladon
ueaiBen wavaselsd Tnsmsnsydummihnuresnssuumsuaniasudidnaseuludldlng
9) Wyelaloalnuganflsdunsduyu asvhminilunisdusnisadie
ralaawesealusIme Wesmeliiuasewnsnidnselalealousamslss uazduyduazdanarh
Tiheoslunszmzamns msliusslenivesiilauuaiiSefiogludlduarldnanlasiumedy (38]
2.6.3 Usglovivasuiungiu [41]
2631 uiumzfu Sadufiendlulofniifidulogann d3uussymnuunume fudly
wlutaelumsinduluiulududendiflegunniiululusinels
2632 unupzuavtslunseuauiimin esnuiusgTufansUseney
Beteunguanslulamsnilindsusnitniluleamseialy fdnvaradetuudezdieinu
sefundasnuliinaitls ilidanduuuiu Seliwmdeusuutiofluiisumegesaaoudagngadu
dnlvagauulasiuudilig Sadudnudonadendmiuiidesnsanmiwiin
2633 Yrwaneundssionnielserilauazlsavasndon 1iesnuiunyiu

Jouduleamnszluivegeduluiuidulneiesunie

38



2.6.3.4 Y7wanszauimalud ankazdigananudsslunisiialsawvinule
[~ 1 a d' 1 v A a c': d: [N} 1 [y sg = o [ EZ
Juedad asnnunungiuliuaaeini delidmanaseaviimaludon wanzdmsugUae
T5AIINU MINSUUSEINURE R Bl pransEAULNmMaluEen e
2.6.3.5 gretasiumainlsauzsldlng drelumsvinuvesdldliduund
wazdtetgsaun e ldngliilueenad imsgilasuunuse Jududsed avviianldvg

a A

TuuaiiSeniivselomisadanefiuuniy wavdusunameamuaiisendudunsesasnanevse
a a dl < % 1
wupiSeNdusinalsranas
2.6.3.6 FwANDINIINFLALUUTIDY UiBINTVTDAEE
2.6.3.7 wiupziuldiudielunmstulaans

2.6.3.8 WannunzTuatuisasulseyuanduln wazdeldvinvunsuusenule

'
=

Fameluiunusguasiiunegevay 80 uazlianilulansniosay 18 lneeslulawmsndiulng
@ a a . A =~ g v = a a ' I o £%
\uduydu (Inulin) Mlumadsloewnsilieuvinu duyduaghigndeslunseimzuasanld
an Fsenanseeglussuumaiuensilunanusitlilisdnis Auvewnslies dieanaudin

waztastulsawvule

39
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81591913 Usue
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wdule (ns) 1.60
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fian : [42], [52]
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fuaron1seousuroa u3lna AudnymENIaNIEAmMLaA tA 1M1 LaTUINITTEIN AR

[ ]

damiudadiuveniuuiiunlugasiiaudinidasuinis mdsu aslulanse uagldsiv)

(2 '
a a

vemaRainty luwnsfirnuveumsszamdudalneamemnianas uenanian a* b* uay
Ammuioiuduesaditeddymeedn (o < 0.05) Tureiidrnuiavguresaaanasosedl
HedAgneada (p < 0.05) Sledmdnveninudniugy mﬂmiﬁﬂmwudmméﬁﬁwﬁsmmﬂ
ansfivaunudetuudntesay 75 ldsunssensumeiusramduiannniiaauasisnune
AN miinnlndidsstugnsniuan dafunislédanilundadasiosmmudady
yadenlumsiimusdniasiiaiuguamensnsonsvaussmufoinsvesiuilnafiaulaguasn
UMY

2816 Funsada nnum wagngind Uy [59] AnvmsiandndaeiidSugunn
anansanatalusUuuuiead Tnevhnsdndenaesiugudildiauliudafe tina (Sucrose)
D-et® MUY LATNIATAINMUBNSIAIUSBAE 5.0, 0.45, 0.7 wag 0.1 mmé’ﬁé’uqmﬁugmﬁiﬁ
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affadaumdosay 1.0 Ald¥ussuuuamumeunis 6,07 fudnheadin 2 gns susnausanals]
miwaliiduan dun 73 ansawed way tansa uasiluneaeumssoniuresjuilaalagis
9-point hedonic scaling AugusTaAdIuIL 30 AU AN SANINUIN fuslaalinssonsuiead
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3.2 gunsal
3.2.1 gunsallunissdnideienasuniadhunazutuiune Ty
3.2.1.1 \A3esfnay e KitchenAid Ju 5K5SSWH
3.2.1.2 wweststhvin 4 suvils B9fe Tanita Ju KD-200
3.2.1.3 fouanseu (Hot Air Oven) 8vie Binder Ju FD 115
3.2.1.4 ipFodialaamalaeslsives
3.2.1.5 LASsURLiaLUNUSEaA 8% Nanotech u 2500G
3.2.1.6 Asouutavun 100 v
3.2.2 gunsadlunsieseyi
3.2.2.1 gunsallunsinsgrinanImmnIenIenIn
1) i eviiil edfusTa (Texture Aralyzer) B1a Stable rrico systerns JU TAXT 2
2) wwSesdinseiandRduly (Scanning Electron Microscope) f7a JSM
U JSM-6510
3) 1A3eTALATIESIAN Water Activity (a,) B%0 Aqua lab u CX3TE



3.2.2.2 gunsallunsiAseinunInnIaLALl
1) 1p3esiasziuSinandule (AOAC, 2016)
2) pisediiAs1EAALTY (AOAC., 2016)
3) |ASenTzsiUsINalUSAY (AOAC, 2016)
4) Sesinsesiusinunsiulansn (AOAC, 2016)
5) W3edlAszsiusunandy (AOAC, 2016)
6) SasnszsiUsIaluT (AOAC, 2016)
7) wseddasziu3unas Inulin
3.2.2.3 gUnsallunsinseinunImmnIaaumsy
1) Un
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1) qunsallunisvedey wWu Henaaindmiuduuazau
2) WUUNAABUNITIA AZLUNUTEA T UNEAIINTOU 9 S2AU
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3) Tusinsu SPSS (Statistical Package for the Social Science for Windows)
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A15719% 3.1 MURNUNITNAABILUU Mixture Design

p wiladaun udaunumziu uwiladndes

ansi

¥ ($ovaz) (Sovay) (Sovay)
1 45.00 20.00 35.00
2 30.00 30.00 40.00
3 40.00 20.00 40.00
4 35.00 30.00 35.00
5 38.75 25.00 36.25
6 40.00 22.50 37.50
7 37.50 25.00 37.50
8 36.25 25.00 38.75
9 35.00 27.50 37.50

35 30 50

(%
[ g

5UN 3.1 Suugasiavan 9 gns
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thiflofleuaBuutinuasutiuiung Tu Ald 9 gns WWMTIATIERAMAN
YeNEnIN wagvaedl foll
33.1.3 loifiosiaduutidannuazutiudung Sur vhmsiinsed deil
1) MFIATIEANWNYAN
(1) TAA I8 (Texture Analyzer) Uil ou suue luthgud

gaungfivies Wuian 5 widl anduihdiegrudefienidauuin 3.0 x 2.0 wuRues e

Y

¥
@ | =

A0 19T D17 JUAIUULN UI9H 208 1haLA AR 108 190 V1R8N NNNA UM 28 TUT ALUU
(Cutting Force by Warmner Bratzler Blade) Inafmunnnusilunsiadeufivedluin 2 fadmnsee
a = d' a '3 dy U C% [} = 1 d‘ = U L% 1 v Y}
U A3 893 ATIEUL DA UR LU UT NAWST Lusl ald lunsH ns a8 19k In88NaNAU NedaU
AIDU1AATYTLA 10 91 WAEYInMSUUTINAN

(2) Yarusa@ o (Texture Analyzer) Uil e suuy luugu
a a v & ~ Y o w | & a Ao a
Ngaumniivias Wunan 5 uil Mndudiegisilomeuidaruin 3.0 x 2.0 lEuALAT lagg
A19819VUWT U108 1saA R a8 19liIneananiungluliauuu (Cutting Force by
Blade set with Knife) TaeT#iaTmLAd aunad918A21165 2 20 Ta8WATAaI U 1AS B9 LASIZA
WoedudassTuinauwsanluilsnltlunsdnsieg19liunesnanniu nedeuslIsguwiasia 10 91
LAZYINNSUUNNAT

2) NS HATILINILAL
(1) LASILIAIANNT Y VBIR208 1l D BuLES LT 98 2 maz w9
[~

WIUALIW A2835 (AOAC, 2016) [63] WUIBTNSTUMTNA0819 TUANUMINABUNISIU Lavan

Tuiinmiinfiveeianvesn tgegiideuuazdming10g 198 1 neuwna dauandluaunisn 1

o UINNAT9819N U U-UINENA08 19 NR I U
=
(%) APUTU = s ZN)///a x100 (1)
Uninseg19nauau

37 : [63]
o & a a o ' v Ay o oA Y |
dnllaieuiasuudivniuasudeuniungdu Tlave 9 gns uAndendiegig
VDL BULES WU 90 201U SN UAZTY LATWIANTUIIINA LTI DU ALTIFA
LAEIATIERAIAINTY TaviininAIRunIn 10 91 wazieAlaunInseiats Andenti

Wide 4 ans
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NIMBATH MRS LaymTPEBUMSEONT UMM Wsvamdula dall
3314 eeuasuudadvnuarudaudunsiur vnsiesge sl
1) MIIATILANMENN
(1) TaA1usTR (Texture Analyzen) vl o1 suny luu gy

v

fgamgivios Wunan 5 wift nduhmedaiefeuiidaruin 3.0 x 20 wufuas Trena
F0¢ 101 oL Bua LT UINaT 08 1A A afaeg 1elR vneenanudelud awuy
(Cutting Force by Warner Bratzler Blade) lnefmunemudslunisedeufivediuiin 2 fiadwmssie
i indeddiniidleduiassduiinausdiluiisldlunsiafedslannosnaniu negou
Fethausiazaiin 10 91 wagvhmstuiindn
(2 Tarusudeou (Texture Analyzer) ¥idl aiiauylun gy

flgamgiivios lunan 5 wiit mmifuthiegailoifisufifauunn 3.0 x 2.0 wuRiues Tasna
A19819VUWT U108 1saA R a8 19liIneananiungluliauuu (Cutting Force by
Blade set with Knife) Ingl#watmpdauiiasseainunss 20 fadwnsseiuni 1S esdinsizi
deduaastufinAusailuieldlunisiashegrdlinoonaintu neaeusegusasaia 10 §1
wazyinMsduninan

3) Aeswrauviidule iWunsnegeud nuaLn1IARAYILATAIN
#n3en3 (Microscopic Cross Section Examination) lnenagausiend aqanssmifingavenes wuy
Scanning Electron Microscope S1io JSM iiu JSM-6510

(4) TLASIEA A1 Water Activity (a,) +U U8 RS1d 1UVDIAIIUA U
(Vapor pressure) vastiluenns (P) demituvedletinzav (Po) figamgiiuazeuiuiienty
LLazLﬂumﬁmewé’uwé’qmumaaﬁwﬁﬁmmﬁflﬁm@iamqmatﬁu%’ﬂm M9y oudauazan
Uaenevasens Ingldieios Water Activity (a,,) BV Aqua lab u CX3TE vhms¥agn 10 1

2) MIAATIZAN AL
(1) TinsrehArnudy vesietad alsuasuutsdavnuazuds

WAUREIUW AE35 (AOAC, 2016) [63] HAsmst e meingete Tuiintmiinneunsey Lazan

Tunnimiinmisefgavesieegiideuuazimindieg1vasnauuni daandluaunisi 1

. UIMUNA9819N9UU-UNMTENAT0E 1N WAIOU
(%) AU = I x100 —(1)
Uutinseg19nauoU

fan - [63]
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3) MIVARBUNTYBNTUNSUSEaNMAUNE
hwd el 1 e miad uutsd v uasud i une Ty 7 ldve
4 gns uhnsmaaeunseeusunsszamdudad uslaalagld s msldvasuuuainuvey
9 5¥8U (9 Point Hedonic Test) tnsinsaniusnu dnwazdnng ndulnesi @ euwmilen savi
Taosam muveulnesa Wunguiuslaamald Sy 50 au uazguslane st saluium
Fiaunus il 91U 50 AU IAgIUHUNITNARBUY (Randomized Complete Block Design
y30 RCBD) uarAnidongnsdldaruuuaureugeanuvhnsndniofomaiuutisdwiuay
wlannumeg iy
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et inuasutununy fu
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ALATHYIINEATH MLl LagyneyBunIduanifaiadoseluil
33.2.1 NMFIATIAAUAINNNNIENIN bk
1) derinsiidedula (Texture Analyzer)
2) wiadnseiauTRdule (Microscopic Cross Section Examination)
3) \ASavIATIZIAT Water Activity (a,)
3.3.2.2 Maseaunmaail [63] loua
1) Awnenusunasdule (AOAC, 2016)
2) AATILiANAIaTY (AOAC, 2016)
3) AdsznUsunalusAu (AOAC, 2016)
4) Jnsizndsuaansiulawmsn (AOAC, 2016)
5) AAszaiUsunanan (AOAC, 2016)
6) asznUsunalatu (AOAC, 2016)
7) AwsgnuIann Inulin (AOAC, 2005)
8) AmTenusinamgleaniiu (aunisAuio)

a 6

3.3.2.3 NMTIATINAMAINNREUNTE [63] taun
1) AAsIergdunIgnanun (Total Plate Count) (AOAC, 2016)
2) WpswvUIuNDas wags) (Yeast and Mold Count) (AOAC, 2016)

3) Aws1eniusunu Staphylococcus aureus mMuas (AOAC, 2016)
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(9 Point Hedonic Test)

1 vanedis liveuiniign 6 vianedls Yeudntos
2 ianeda Tveuunn 7 wuneds gaulunans
3 vidnede ldvauunans 8 ML VAU

4 vaneds hiseudntios 9 yanefia vauNNTign
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33.4 msdnwdununsnamiedeuaiuutiinnuasutiuiung
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TngldnsAuiunuisvesdsime wUseaisnn [64] Usenausieingau
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3) wilanLvides
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Fuludsssuyd UsmnnauduilifisUszasd Wi ndudu nduiiu [66] dauandluguil 4.3
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Tngudanavny wdawnunedy wazuleumdes 1vihnsfnwiaunInmi
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figunnil 85 enmiwaldea 8.92 nu/nfulnenimn

n1sazaeUeILliniun

figaumndl 65 enmwalTea 27.26 Sovarlanthmiinuiia
figaunadl 75 enmwalda 29.58 Sovarlagtmiinuiia
figaumndl 85 enmiwalTea 30.27 Sovarlaptmiinuis
Masnswei vaawdaununy iy

figaumndl 65 enmwalTea 7.80 nsw/n¥ulaethmiin
figunail 75 enmwaldea 10.54 nu/nfulnenimin
figunail 85 enmwaldea 14.72 nu/nfulnenimnn
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Mgaunil 65 oA LwaLTYa 67.42 Sovarlaguvtinung
Mgaunnil 75 orwalgya 73.17 Sovarlaguntinuns
Mgaunil 85 o iwaLTya 75.80 Sovarlaguvtinuns
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AAINITNDIAT VOILUIDILNA D

Mgaungil 65 oA LwaLTYa 3.78 n3w/nsulagumiln
Mgaungil 75 orriwaiLgya 5.52 n3w/ndulaetmiin
igaumnail 85 e1FwaLTYE 6.63 n3u/nSulagrwin
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ANINVNALAL]
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AL aununs 8.27 Souay
AutuLdadmdes 8.60 Souay
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wilevia 3 %ﬁ@ﬁqmm:ﬁ 65, 75 LAy 85 DIAMGALYEE UAINIAINITNOIAILALNITATAN8UDILUY
fenfutuilegamgiiiintu fsnrwaenndasivanissveaiiaid [67) nudt Mdsmanesi
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vosarlulaany srdmavihliulaanunsanesiilags druwdeniivsinneslulagasasinayvili

Y

wilanosdald o Teaonndsaiunanisiinsgimasnisnesiauaynsazaioveandsdaum
wauunyiu uazudednwides wul waumuazudsimdes davhdsnswosuagmsazany
vouud e iesniduuntsnsznadai duSunneslulaagefisfosas 20-30 [68] FeUFuw
orlalaafigeuasutera 2 9ia dwarlilasadveadautifianuuduss Jafnnmewesiauay
msavaneveautlein [69] ludruvesudaunumefulidmdamanesiuaznsazanevoutsgsiian
desmnudaunung Fufiusiaeglalaarifesas 004 [70] Fedsraviliidsmsnesiavesuds
uupFuliangs Teeudsndwiasimdsnamesings iesniusznglusraummedassaing
daududwsalosninwlannsoyity sdmailiuteninsanewialias (71)

arunmnaadl vasutladann wmnungtu wasutidunies wut eranudures
wtlevis 3 wiin eglunasinasgiuveauth (72] Aidmualiudaesiiniuiuliiiuiesay 14

vatlanuyuveslauwsiagyiaiinnuunns1eiudued funuegvesingsiu an1izwinaeuved

nsUgnuazanenuguessaz ngaulaewdasiinnuussanuiesay 10-20 [76]
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4.1.2 N13sAnwgasnsHani s saa uud i 1vnikazud i ung Ui i gay
1P NUHUNSNARBIEIUNALLUU Mixture Design
4.1.21 N153As1evAuandAanIIn1Ien N e un n153LAI1E9 AT
(Cutting Force by Warner Bratzler Blade) wagAsaaeu (Cutting Force by Blade set with Knife)
= a Y i YR, ° J v | = o
voullasuaTundadvuasudanunguns 9 ans g man R ALazAUSIR auN WIS
Tpswvimemsuungy Taeldds Cluster Analysis Wuu K-Mean Cluster lanadisuamdluzun 4.4

WRUEINSUUNGY

l v \4

oA

oAl P oaa
NauA 1: ngundausg
o . N X
AALATANLTILADUTDILLD
Wigas Uy 29170ay

wlaunumgIuleaa

ansn 1, @SN 3, @nN 5,
U U Y

NANT 2 : AgUNTAILTIAR
LAYA LS DUVDILUD
WgULES U900 ha Y

wdsnumziulauiunans

gnsil 2, gasi 7

NANN 3 : NAUNTAILTIFR
. “ &
LazALIIR auveLile
= a <
Wigdlasuudeiinniuag

wiannungIulaen

a0l 4, gnsi 8, gnsh 9

ansn 6
U

UM 4.4 unudeamsdanguileigiaiundenivninazudaunungdu 19 9 @ns Ae35ns
Jangusiauys (Cluster Analysis) Tneldnsusviiuaussin uasaAusadeuveailome

LS LU0 Azl SN LAY T

NFUN 4.4 wudn msiusnguilamenasuudivniasudawnung Julaegds

Cluster Analysis UU K-Mean Cluster (KMO) anunsauustiaiisaasuutsdwnuazidannung Tu
' o i A v & = I aa Y ' o It

AR wazAwsudouliidu 3 nqu A NAUNIAMIWA warAsudoua avaylu Cluster

7 1A gasil 1,3,5uag 6 Na Ui 16w akaza 1wsud auliunane ageytu Cluster i 2 A

gn3i 2, 7 uaenquiilAusin uwazAnsadewnn axvaglu Cluster 1 3 Ao gnsil 4, 8, 9 BNNANSA

wazA SRRl AW Ardwnliliodlavemand amidlauwile uasbaveusnniy Fawdnsioe
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L o PRy D ~ =~ | A a Y] ' o A
\Walsunfvzdodianumiled wasanudameu [74] Wensananman1snaaewina Jaden
gnsil 1, 3, 5 uaw 6 TAuswin wazAusudouas owmndungundviunalusivannudeiumies
wazkt 039138 FeaenndosiuranITvnassasdse [75] nuin Usinawdwawdesdinase

Y L a o F ~ ) A ~ wa A ' 0§ v
msvenedvesilamenaudu Weamwnluanaveudavisdinuautflunstangy wagsyiili
Nadule edmalindndaeidodioninnumiled wasanudavegy Fohia1usen waea1Ls
a & a 4 = v ~ a o a ° Al
Wouvaaliaieng Wy lnesiiuladngnsn 2, 4,7, 8, uay 9 dAuswn wazlsadawii Wewin
wlanupzduiivsunaleomisas dnsdasewiaveduanadiawdei vy [70] dawal
nandaaiaznsnzdiula lif ndedamidadanudangulos uaslinewiy vhlvndadund
ANLSIAA WATANLSIABUAN [70]

4.122 mAwseinaetimaad laun Aty nemvnaewiwendumnsd 42

a wa a & a Y ] Y]
M990 4.2 @mﬁNU@VHQLﬂlIGUQQLuaW]EJlILﬁﬁﬁJLL{]\‘mUGUTJLLagLLﬁ\TLLﬂumgqu

US1nauwdanwmy  Usunauktlannunein Usunatenmaag

e (Sovaz) (Sovay) (Sovay) e
1 45.00 20.00 35.00 3.45 + 0.07
2 30.00 30.00 40.00 3.60 £ 0.16
3 40.00 20.00 40.00 3.64 + 0.39
4 35.00 30.00 35.00 3.73 £ 0.74
5 38.75 25.00 36.25 3.49 +0.13
6 40.00 22.50 37.50 3.53 +0.20
7 37.50 25.00 37.50 3.69 + 0.14
8 36.25 25.00 38.75 3.17 +0.15
9 35.00 27.50 37.50 3.13 + 0.06

WAL : ns vanefis ldunnsnsiuegefideddimneadn (0>0.05)

+ NN dudeauniInggIu

dl ! ! dqj d’J = a QIJ ! U
INAITNIA 4.2 WU AANNTUTRRlaslEs LTI ILaz U sLN U ALY

(%
o o w a

74 9 gns Liuwansaiuegaiifuddgymeadia (p>0.05) BeaennnoiiUutayALINTFIUBIMITHAS

PN Y A & s |y = | Y] a a a6 a ¢ Aa ao g w
NALADNUANAINUIUFNININTDYRE 8 "U\‘i"ﬂzﬂnﬂﬁ@flﬂUﬂ"ﬁLﬂ@ﬂanW§ﬂ FNRIGI LLa%LL‘UﬂV]LiEJ‘VWnIM

answaEeuLasle [76]
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INMIATILIRARENTANIINIEAIN Tl ATLSIAR LagAIusudou WUl
! & o a Y] l o aa o l N = |

na il e guasuudedvuazudawnungiundeausein wazausudaugaliey 4ans
= A a ¢ wa ANV Y 1 & ' ' &
A9 ans? 1,3, 5 uag 6 uaensiasevinannautAMaell laun A1ANLTY WU ANAINY UYRT
&1 = a QIJ 1 L :JI 1 U U ! = o U aa
WosnaSuudawnasudunungIune 9 gas lWuanssiues wldeddgmeadia (p>0.05)
Y X e A X o~ a Y] i Y] a ° a ¢
mewnil Jufenitlafeutundaivnuasudununeiuluansil 1, 3, 5 uag 6 1vNTIATIEN
auiAnIenEnmI aedl wasAnwmsteusunUssamdnianiinendniuiloiivuai a1
uazhdaunungiu fail

4.1.2.3 MIANYIAUAINNIINMEANTBIREAT el laieuasundadvikay
wlainumgIune 4 gas IMTIATEiAuNIMMIINIenIn Gl

1) ANLSIAA ATLSIA DU wazA1 Water Activity (a,) MARAN1SNAGDS

Aaandlumngen 4.3

M151991 4.3 A MINe nvenilaisuEsii s Iwaidanung U

p RS oF A1 Water Activity
any AT (N) ALY (N) o
1 5.09° + 0.01 17.88° + 1.27 0.52 + 0.01
3 5.88%+ 0.64 18.88°°+ 0.40 0.53 + 0.01
5 5.74%+ 0.59 18.72%+ 0.22 0.51 + 0.00
6 5.98% + 0.71 19.26° + 0.50 0.52 + 0.01

o

WUBA : ns maneds Liuansiuegliduddgyniedii (0>0.05)

ab,c vinete AmdgluiusionusmiuaiulALLaNAR Ut sl Tud A NsanA (p<0.05)

+ Mnede drndesuunInggy

"Uqﬂ@'ﬁ"lﬂﬁ 43 Naﬂ'ﬁ'ﬁ Lﬂiﬁzﬁﬂmmwmflmsmw WU'JI’] ﬂl']LLﬁfl(;]JﬂLLag
i & & o a Y ' Y d' o @
AILLINER BUVBDILU BN EJiJLaiﬂJLL{jQﬂ']EUT]LLaSLL{]QLLﬂUG\gJuﬁLuEﬁG]TV] 1, 3, 5 Lag 6 WU UANULHNG 1NNU

o o a

py i dEdAYNED A (p<0.05) Aauandlumsen 4.2 laegnsi 6 JALT ALAYALSIE oUa Wgn
' A a = 5 d % = v o
W 2997nA US unaulusi wud e amd oe wazud s 1vnlugnsunn 4 s@ennd ei uRAN1INAGeY
N ¢ i Y A A a X | °oq v o o a X =
YOATHU [75] U1 USinauud s awia oaiiintu dsavilimsvensi et o uy Wesn
wla e eyl adulelundadueid edien vilinG adael i el sl anumilen

warPNLE AV dalvkaasi aeiilomeniALsHn wasAtsuRaug
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A1 Water Activity (a,,) veailafionEsuutlsdvmuazuilununs i wui
gmi‘ﬁ' 1,3, 5 uay 6 Liwnnensiued ity Ryvneeaia (p>0.05) Faen a, HutladedserulTinm
thendnaeluens ideqduridaunsoniouiuln ussinufiseuatnne detostunmadon
Fovoswdadaeionns wazfmunergmaiusnwmdedusionms daiumnnewnsian a,

fRalNsa USNE NS e UL [76]
2) NISANYIA NWULVBLU DL LA ULU 90 1V Iha LT ILN URTTU

Mendasanssrtdidnaseu (Scanning Electron Microscope) linadauandluzui 4.5

20kV K15

imm 19@319

(@) (1)

sURt 45 A5A nwd nvazaent ol amas uud s vanazud sun unzTu g 4403
lngd 03A 1808 099 an35AY 18 nAsaU (n) fgjmﬁ" 1 WBF : 40, JAF : 20, SF : 35
(4) gns?i 3 WBF : 30, JAF : 30, SF : 40 (R) gms¥i 5 WBF : 38.75, JAF : 25, SF : 36.25
) Qﬁiﬁ 6 WBF : 40, JAF : 225, SF : 37.5
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NNIUN 4.5 mIRnanuazveilaieueaSuudwiuniiazwlauniung iy
A 28Nd 899 aN55AY 818 NRMI81 (Scanning Electron Microscope) AN w818 15 1 gnsil 1
35U (n) YSunawdsdannisevay 40 ulsunungiudeuas 20 uasuded undessovay 35 nuin
& = & 3 | o )~ o Y ' a
Woweulgnguisunadniarivg niaesgnun waziin1sdnsealaseasuuunuILgY gasi 3
5U () YSuawdadivmidesas 30 wlwiunziuiesay 30 wasuleiwvdesieay 40 wuin
& =~ | o ~ v P | d'
Wasud gnurunalng #9033 une 40153085 0alATIaT19bUUT 19w ansi 53U ()
Usunaudsd72917 Sovaz 38.75 udsununyiuiovas 25 uazulan nudoesosay 36.25 Wuin
WaWendgnguuundn mlwesgniurnadnvusiud nuazdeumeinduilogasi 6 U ()
Usunaundeumiesas 40 wlaununyiuiovas 22.5 wasuiauninssoay 37.5 wuin Weliioud
MINTEALF NAYagNTLUAve KiTIwesgu INsTAElATEs MUY UM WBwRINgAsh 6
HUsnallusiu wazmslulawmsnanuteninn wasudsmdeslulBmnaann snvieddidiunanuss
wlawnupedu Juhnivewesgniuvunlngnitansdus dudsividiantilunsgadui
vilidaunansiag insifudoendu vilindndusifiaoumides wazBangu [25),077]
drundainiediandaviliiodule dwalindadaaideiieuiinnumiey uasdanegu [74]

Tudruvandawnunz Yy MNALUSUIMLNNT UL AINA IANAR S 9N zA N Ula LR Nas el

1
=

auBaveution esnuisuiuny fufinisdaFesinveadauieilivuiy [50] feaonndaq
fluNavea P.R. Sheard [78] wui1 Ysuaulusiu uavarsiulamsnluingfvazddnsnade
Trssaadulomeluiloiion uanilofiuiavesnanstas Gaielifnlasadmdniidudulonde
dlednd nasvummdndediondaeiedos Extruder foddoumgdl usveutugs lussoznaiidy
FaapvinlilusAuluudsdand endeanin uazgndaseniduidulassaidvsseduidudule
(Fiber Formation) [79]

0.1.2.4 M3 nwiaan mmaaivewdadmeid i saaiuutafavniuay
wiaunungfusts 4 gas anmsdiesisiquaimmand Taun andu lduanismnass

AILARNILUAITIN 4.4
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a a X a a Y] ' )
M13190 4.4 ﬂmﬂ']‘WVl'NLﬁiJGU@QLuE]L‘V]EJiJLaiﬂJLL{]QOTU'nLLagLL{]QLLﬂu@SQ‘U

Panawmdairm Bunawdane  YSunatlann

ansi j oo . AL
? (Souay) AU (SoEay)  Liaes (Sauag)
1 45.00 20.00 35.00 3.45 + 0.07
3 40.00 20.00 40.00 3.64 + 0.39
5 38.75 25.00 36.25 3.49 +0.13
6 40.00 22.50 37.50 3.53 +£0.20

o W

e : s vneds lduanenaiuegeiivedAgvneedia (p>0.05)

o o

a,b,c vines AaagluLRlsnwImMAUssAulinuLeNA Leg 1td A NEi@ (p<0.05)

+  vneds dndenuunnsgu

d‘ ! ! dy ﬂgj = a GIJ ! U
1NAITNN 4.4 WU AALTUTRLlasuEsIulsav ezl N un U

4 4 gns Liwansnaivegeiideddaneadia (p>0.05) BsaennnodiudoyatINTFILEINITHIAS

Y

'
k4 o a

11 ANuTUITAoINiISovay 8 Jstelodiy wavauaNNIsRSAUlnY0I9aUNTd 91
N ¢ Ao Ao w = =
gan wazuuanseviliownsideuds [76]
4.1.2.5 MsfnwIN1sgeaNsuaunImIsUsEamdulaseloeuasundsdivn

wazidawnungiu

d‘ o ‘&J ) a Y] ! (% gj = QU

derhilaguaSadadinnuasidunung Tuns 4 ans infnunniseeusy
mMelszamduiaves{usinaAlneNIVAABUANAYBULUY 9 5¥6U (9 Point Hedonic Scale) Ingitansal
Tud 1ud nwazUsing @ nd u salaesiu AT Y TAYIA LAETIY LaEAIUYEULAETIU
vasUslnednuau 100 Au iWunguiuslnariall dnou 50 Au wazuslnreslead i luundmin
Unasnil $1u3u 50 A HNMSNusUNsAaeuy (Randomized Complete Block Design vi5@ RCBD)

hnsAaFengasvzau IngansananAziuugse duandunsed 4.5

70



dl ! dl v &I =) a QIJ ! U
f19190 4.5 ﬂ’]Lﬂaﬂﬂmaﬂ‘lﬁmzsﬂax‘lL‘UE)L‘VlFJlILﬁillLL‘ﬂQﬂ’J‘SU’]’JLL@SLL{]\‘ILLﬂ‘HWS’Ju

AN SUSTANHAH

e anwaieUINg a nausalagsiy ANLnTled JAVIAAETI ANUYBUlNETIU
1 6.14° + 1.32 6.34° + 0.99 6.48° + 0.70 5.96° + 1.06 6.42° + 0.94 6.24° + 0.91
3 6.84° + 1.21 6.74° + 1.18 6.64> + 1.08 6.52° + 1.08 6.68°+ 0.97 6.80° + 1.10
5 6.94°+ 1.31 6.74° + 1.15 6.80° + 0.92 6.64° + 1.18 6.78° + 0.90 6.90° + 0.99
6 7.82% +0.99 7.58% + 1.05 7.62% + 1.09 7.64° + 1.06 7.60% + 1.08 7.84% + 0.99

‘VI&I’]EJMG;] :ns

e ldupnansiuedafidudAgynieada (p>0.05)

a,b,c nunele AnaaslulAMTsnwIAAUAAUY dAuuanaiueg1siiledAyM1seia (p<0.05)

+

e dandeauunnsgiu
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= ' A ) a o od « a Y
INANTNI 4.5 ApdeaudnuazvsINanduniomeuasuudnin?
wazhdaunuaziu WUl dnwaisUsing & ndusalagsin Anuwmilyd sav1Alaesiy wag
ANNYRULAETIN AAuuanANiueg 1 litudAyINEaa (p<0.05) Huslaalyingiuunseousy
TR N Y i ) = d' ~ & o~
vowdnd el el uaTund s vnuazudannungdulugnsn 6 niige Wesnnidaiey
a & o oA a a = v ) ' @ 3 ' a
il edudannilerniniian §9a0nnd 0 UNaTaIAILIIA (Cutting Force) hagA14I1a oy
(Shear Force) vaaiil ot g uud ag 2v13uazud wn ungTunudn i owenlugnsi 6

Y I

dfieusedn uazAusadeugeinitgnsdug TenussiauazAusadoudigs anduisendseny
wilen wazemuBanguvesiledudafigwmilude (79] fednuamilodioniifesdosdimmmiien
wazaruBave (79] MnkanmedoUAmun U ssaduia wud ieifemaiuutidumuas
wunupgTulugnsd 6 Sasuuummnmougemingnsu duiuiudendofouauutsdmuay
wununyTugnsi 6 svhmsiiengiquammsnenin maedl meqduiduasfinwmnseeusu

vejuslnanilsendnduaiiloisuauiumuasuduiuny Tusely duanduidensluil

a

4.2 ANSANBIANAIMTNNENTN M1AT wagnIsRAuNISvasnaAnS e ey
isuutlsnrvnauazutannung u
mﬂmiﬁﬂmqmﬁmmzam%mﬁmﬁm%ﬁmﬁamﬁ%uLLﬂQi’{’wnLLazLLﬂQLLdumi’u
Tnovuioifiougnsil 6 iAnwiamnmmisnienn maad uaznsadunid S5eazdon
Fosieluil
4.2.1 MTIATIERAMNIMNWNNEAIN NIUAT LAZNIAUNTE

INNITANYIA UAINNIAIEAN Ta LN AIwsesia (Cutting Force)

AL BUY (Shear Force) AtAs1eviany®iduly (Microscopic Cross Section Examination) wag

a a ¢

AR Water Activity (a,) M3ANIAUAMMGLAT LaznsANYMNRaWNId lanansnaaes

9

FILANIUATNT 4.6
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a a v ¢ A

A15199 4.6 ANYIAUAINNINIEAIN NIBAT WaENIYFUNT GVoIHART Il B BaLETY

wtsgvnazidanuas Juninaunla 100 nsu

GRIGIT Usunal

ABAINVNIEN TN
- AWSEA (N) 5.98
- Asaaau (N)

- Snwawveadodiouasuusiivnuasuds

wnupzudesiiendasganssmidiannsou

- A1 Water Activity (a,,) 0.52
ARAINNNALAL]

-y (Govay) 4.98
~§auiovan (launasd) 381.42
- w§auannlusiuioun Rlawaasd) 85.86
Masfuvionun (h3) 9.54
~lasudusa (ndu) 1.92
-laeawmasea (Hadnsu) Taiwy
- Tushu (n5) 33.76
- aslulawmse (nsu) 40.13
- To1ms (n50) 33.44
- DUYAU (n3W) 13.82
- vhana (n30) 24.36
-lafen (@adnsu) 15.52
- Aandiue (ulasniu) Taiwu
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A1319N 4.6 ANYIAUAINNIINIEAIN NIBAT LATNIYFUNTTVRINART NIl B BTy

wdatvnasidanuns Juinmuila 100 nsu (A9)

GRIGIT Usunal

ANINVNALAL]
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ABSTRACT

This research aimed to study: 1) the suitable formula of meat analogue supplemented with white kidney bean flour and
Jerusalem artichoke flour, 2) the chemical and physical properties of the supplemented meat analogue, and 3) the consumer
acceptance. The experiment was designed by a mixture design approach and the following three parameters were included:
30-45% of white kidney bean flour, 20-30% of Jerusalem artichoke flour and 35-40% of soybean flour, resulting in 9
formulas. K-Mean cluster analysis of the 9 formulas showed that formula 1, 3, 5 and 6 produced high cutting force and
shear force. Among these four, the most suitable formula was the 6" which contained 40% of white kidney bean, 22.5% of
Jerusalem artichoke flour and 37.5% of soybean flour, while the cutting force, shear force, a,, and moisture content of the
supplemented meat analogue from this formula were at 5.98 + 0.71, 19.26 = 0.50, 0.52 £ 0.01 and 3.53% = 0.20, respectively.
Most consumers’ overall liking parameter of the supplemented meat analogue was at the very like level.

Key words: Bean flour, Jerusalem artichoke flour, meat analogue, mixture design, soybean flour, white kidney

bean flour

INTRODUCTION

Meat analogue is a well-known product among
Thai people. It is usually consumed during the
vegetarian festival or is a kind of vegetarian food
for health-conscious consumers and those who do
not want to consume real meat (Kuawiriyapan,
2014). Meat analogue is usually made from
extracted protein from soybean flour that provides
beneficial nutrition. It contains plant-based protein
at the level of 50% and it is around 3 — 4 times
(Charunuch er al., 2017) cheaper source of protein
when compared to real meat. Currently, meat
analogue contains high carbohydrate because of the
high carbohydrate content in soy flour. Protein
content is 49.76 g per 100g meat analogue, while
carbohydrate content is 40.86 g per 100 g meat
analogue (Chantraporncha et al., 1994). For this

* To whom correspondence should be addressed.
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nutritional value, the soybean-supplemented meat
analogue can be categorized as having high
carbohydrate content. Consuming too much of this
supplemented meat analoguc with excessive
carbohydrate results in a lot of energy remains
which will be transformed into fat and accumulated
in the body. This can be the cause of obesity which
may lead to many diseases, such as diabetes, kidney
failure, cardiovascular and related discascs
(Chantraporncha et al.,1994).

White kidney bean contains an important
chemical called “Phaseolamin”. It can inhibit
activity of alpha-amylase which delays starch
digestion to sugar (Oonsivilai & Oonmetta-aree,
2016). So, the body intake of energy from starch is
low, and the accumulation of fat from sugar is
reduced. When the body intake of energy is lower
than its daily energy expenditure, the body weight
will accordingly be lowered. The starch that cannot
be digested in the stomach can also prolong satiety
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feeling and suppress hunger. Moreover, white
kidney bean promotes the excretory system because
of its high fiber content (Chongcharoenyanon,
2016).

Jerusalem artichoke is a beneficial herb for
reducing risk of diabetes, heart disease, high blood
pressure and vascular disease because it is low in
calories and it does not increase blood sugar level
due to its content of Inulin. Inulin is insoluble
carbohydrate in the digestive system. As a result, it
does not provide calories and is not absorbed into
the blood stream (Changlek, 2012). Inulin contains
high fiber and is categorized as health beneficial
prebiotic that can help prevent colon cancer,
promote digestion and absorption systems, calcium
absorption, and vitamin synthesis. It remains in the
digestion system for a long period of time and this
helps prolong satiety feeling and suppress hunger
(Schaafsma & Slavin, 2015).

This research was aimed to study the suitable
formula for manufacturing meat analogue supple-

mented with white kidney bean flour and Jerusalem
artichoke flour, and the physical and chemical
properties, along with consumers’ acceptance of the
supplemented meat analogue.

MATERIALS AND METHODS

In finding the suitable formula for meat analogue
supplemented with white kidney bean flour and
Jerusalem artichoke flour, the experiment design was
undertaken by means of a Mixture design approach.
Three parameters in this study were: 30-45% of
white kidney bean flour, 20-30% of Jerusalem
artichoke flour and 35-40% of soybean flour,
resulting in nine formulas. The nine formulas were
shown in Table 1 and the manufacturing process of
meat analogue supplemented with white kidney
beans flour and Jerusalem artichoke flour was shown
in Figure 1.

Table 1. Experimental design by Mixture design approach

White kidney bean flour

Jerusalem artichoke flour Soybean flour

Formulas (%) (%) (%)
1 45 20 35
2 30 30 40
3 40 20 40
4 35 30 35
5 38.75 25 36.35
6 40 22.5 37.5
7 37.5 25 37.5
8 36.25 25 38.75
9 35 27.5 37.5

l White Kidney bean flour, Jerusalem artichoke flour and soybean flour were prepared |

|

’ Ingredients were placed in Kitchen Aid mixer and mixed together |

Water was added to adjust moisture to 35-40%. and mixed until the dough was formed and
then divided into small pieces (10 g each)

!

l The dough was placed in Village texturizer mold. The mold and mold lid temperature was 130-140°C

'

’ The dough was pressed for 10 seconds |

|

‘ The supplemented meat analogue was dried by hot air oven at 60°C for 4 hours |

'

‘ Meat analogue supplemented with white kidney bean flour and Jerusalem artichoke flour |

Fig. 1. Manufacturing process of meat analogue supplemented with white kidney bean flour and Jerusalem

artichoke flour.
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The supplemented meat analogue, manu-
factured in accord with the 9 formulas as shown
in Figure 1, was analyzed in terms of the chemical
properties, the moisture contents by means of AOAC
(2016), and the physical properties the cutting force
and shear force by means of Texture analyzer.

The suitable formula was then selected by
consideration of moisturc content, cutting force and
shear force. The cutting force and shear force of the
9-formula meat analogue were categorized by
cluster analysis in K-Mean cluster in order to find
the samples with high cutting force and shear force.
The supplemented meat analogue from the formula
selected was then analyzed for chemical properties,
the moisture contents, and for physical properties:
the cutting force (N), shear force (N), and Water
activity (a,). The properties of the supplemented
meat analogue were also studied by Scanning
Electron Microscope while the survey of the
consumer acceptance of the meat analogue was
included.

RESULTS AND DISCUSSION

From the manufacturing process of the nine formulas
of the supplemented meat analogue in Figure 1, the
chemical properties of the supplemented meat
analoguc were analyzed as shown in Table 2.

Chemical properties analysis

The chemical properties, the moisture contents,
were analyzed by means of analysis of variance
(ANOVA). Duncan’s New Multiple Range Test
(DMRT) was used to compare statistical differences
at 95% confidence level as shown in Table 2. It was
found that moisture contents of all supplemented
meat analogue from the nine formulas were not
significantly different (p > 0.05) which met the dried
food standard stating that the moisture content
should be below 8% to inhibit and control food

microbial such as mold, yeast and bacteria
(Pongsawatmanit, 2002).

Physical properties analysis

The physical properties: the cutting force and
the shear force of the supplemented meat analogue
from the nine formulas were analyzed by means of
cluster analysis in K-Mecan cluster method. From
this, the selected formula is the sample with high
cutting force and shear force as shown in Figure 2.

Among the 3 different groups, the focus was on
the group from formulas 1, 3, 5 and 6 of which the
cutting force, the shear force and the protein content
were found to be high. The high protein content was
from the soybean and white kidney bean flour. This
was in corresponding with (Rareunrom, 2005).
experiment. The findings were that high content of
soybean flour affected high expansion of the
supplemented meat analogue. The molecules of
soybean flour provided springiness to the supple-
mented meat analogue structure, and the protein in
soybean flour also transformed the internal structure
of the supplemented meat analogue to be fibrous,
resulting in the meat analogue with cohesiveness,

Table 2. Chemical properties analysis

Formulas Moisture content"®

3.45 + 0.07
3.60 £ 0.16
3.64 + 0.39
3.73 £ 0.74
3.49 £ 0.13
3.58 £ 0.20
3.69 + 0.14
3.17 £ 0.15
3.13 £ 0.06

©WoONOO OGS N

Remark: MSis not statistically significant different (p>0.05), 2.t
are mean values in the same column followed by different letters
are significantly different (p < 0.05), + is Standard Deviation.

Cluster analysis

!

)

Group 1: Meat analogue
supplemented with white kidney
bean flour and Jerusalem
artichoke flour with high cutting
force and shear force

Formulas 1, 3, 5 and 6

Group 2: Meat analogue
supplemented with white kidney
bean flour and Jerusalem
artichoke flour with moderate
cutting force and shear force

Formulas 2 and 7

Group 3: Meat analogue
supplemented with white kidney
bean flour and Jerusalem
artichoke flour with low cutting
force and shear force

Formulas 4, 8 and 9

Fig. 2. Cluster analysis of the supplemented meat analogue from 9 formulas by evaluating the cutting force and shear force

of the supplemented meat analoguc groups.
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good texture and increasing cutting force and shear
force.

From chemical property analysis in terms of
moisture content, it was found that the moisture
content of the supplemented meat analogue from all
nine formulas were not significantly different (p >
0.05); and from the physical properties analysis, it
was found that the supplemented meat analogue
with high cutting force and shear force was from the
following four formulas: formulas 1, 3, 5 and 6. The
supplemented meat analogue from these four
formulas was then analyzed for chemical and
physical propertics, along with the consumer
acceptance.

Selection of the suitable formula

To select the suitable formula, meat analogue
from the following four formulas: 1, 3, 5 and 6. was
analyzed for chemical properties, physical properties
and consumer acceptance by sensory evaluation as
shown in Tables 3 and 4.

Chemical properties analysis

The chemical propertics analysis in terms of
moisture content was shown in Table 3. It was found
that the moisture contents of the supplemented
meat analogue from all four formulas were not
significantly different (p > 0.05) which met the dried
food standard, stating that the moisturc content
should be below 8% to inhibit and control food
microbial such as mold, yeast and bacteria
(Pongsawatmanit, 2002).

Physical properties analysis

The physical properties such as cutting force,
shear force, water activity (a,,) and structure of the
supplemented meat analogue were analyzed by
means of Scanning Electron Microscope. The result
was shown in Table 4 and Figure 3.

It was found that the cutting force and shear
force of the supplemented meat analogue from the
4 formulas (1, 3, 5 and 6) were significantly different
(p <0.05). The sixth formula resulted in the highest
cutting force and shear force which agreed with
(Rarcunrom, 2005). experiment. The findings were
that high content of soybean flour brought about

Table 4. Physical properties analysis

high expansion of the supplemented meat analogue.
The molecule of soybean flour provided springiness
to the supplemented meat analogue, and the protein
in soybean flour also transformed the internal
structure of the supplemented meat analogue to be
fibrous and made it more cohesive with good texture
and increasing cutting force and shear force.

The water activity (a,) of the supplemented
meat analogue from the four formulas (1, 3, 5 and
6) were not significantly different (p > 0.05). The
water activity was the main factor to control and
prevent deterioration of food products. It directly
affected the food product shelf life because a,, was
an indicator of the minimum water level for
microbial growth and chemical reaction. If a,, of
food product was low, the shelf life of the product
would be longer (Pongsawatmanit, 2002).

The structures of the supplemented meat
analogue from the four formulas were studied by
means of scanning electron microscope at 15 X
magnification as shown in Figure 3. In Figure 3A,
the structure of the supplemented meat analogue
from Formula 1 illustrated the heterogeneous
porous network, thick crust and dense structure
rearrangement. In Figure 3B, the structure of the
supplemented meat analogue from formula 3
illustrated large porous, thin crust and a fibrous
network forming. In Figure 3C, the structure of the
supplemented meat analogue from formula 5
illustrated fine porous, dense porous structure and
a homogenous structure forming. In Figure 3D, the
structure of the supplemented meat analogue from
formula 6 displayed large porous disperse in sample,
thick crust and a fibrous network forming. In the

Table 3. Chemical properties analysis

Formulas Moisture content "¢
1 3.45 £ 0.07
3 3.64 + 0.39
5 3.49 + 0.13
6 3.53 + 0.20

Remark: NSis not statistically significant different (p>0.05), ab<
are mean values in same column followed by different letters are
significantly different (p d” 0.05), + is Standard Deviation.

Formulas Cutting force (N) Shear force (N) Water activity (a,,) "
1 17.88 + 1.27° 5.09 + 0.018 0.52 + 0.01
3 18.88 + 0.40% 5.88 + 0.64ab 0.53 + 0.01
5 18.72 + 0.22a 5.74 + 0.5920 0.51 + 0.00
6 19.26 + 0.502 5.98 + 0.712 0.52 + 0.01

Remark: NS is not statistically significant different (p>0.05), ab< are mean values in same column
followed by different letters are significantly different (p < 0.05), + is Standard Deviation.
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Fig. 3. The study of the supplemented meat analogue structures by scanning electron microscope.

6th formula meat analogue, high protein and
carbohydrate content was from white kidney bean
flour and soybean flour while Jerusalem artichoke
flour caused a larger porous among other formulas.
White kidney bean flour had water absorption
properties which held ingredients together, formed
homogeneous mixture, and provided cohesiveness
and springiness to the product (Chongcharoenyanon,
2016). Soybean flour provided a fibrous structure
formation and cohesiveness to the supplemented
meat analogue (Pongsawatmanit, 2002). The higher
amount of Jerusalem artichoke flour was related to
looser formation and less cohesiveness due to loose
starch arrangement in the flour molecule. This was
correspondent with (Sheard er al., 1984) experiment;
the findings were that protein and carbohydrate
contents in raw materials affected the fibrous
structure and texture of the supplemented meat
analogue product because they were the main
structure for forming meat fibrous texture. The
process of producing supplemented meat analogue
by extruder needed high temperature and high
pressure in short time which affected the denaturation
of soybean protein to be clongated and rearranged
into a new fiber formation structure (Sheard et al.,
1984).
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The study of the consumer acceptance of the
supplemented meat analogue

The study of consumer acceptance of the
supplemented meat analogue was undertaken by
means of 9-Point hedonic scale and Central Location
Test (CLT) with focuses on the following factors:
appearance, color, overall flavor, cohesiveness,
overall taste and overall liking. The subjects were
100 normal and vegetarian consumers of the age
range of 20 — over 60 years old, in Pathum Thani
Province, The sample food, fried supplemented meat
analogue in curry paste was served, together with a
questionnaire. The finding was shown in Table 5.

It was found that the average sensory evaluation
scores of the supplemented meat analogue from the
four formulas were significantly different (p < 0.05)
in terms of appearance, color, overall flavor,
cohesiveness, overall taste and overall liking. Most
consumers accepted the supplemented meat
analogue from formula 6 because the meat provided
high cohesiveness as it was the main parameter for
consumers’ acceptance. The high cohesiveness was
related to the cutting force and shear force of the
supplemented meat analogue from formula 6, of
which the cutting force and shear force were the
highest among other formulas. The cutting force
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Table 5. The average sensory evaluation scores of the supplemented meat analogue from the four formulas

Sensory evaluation

Formulas
Appearance Color Overall Flavor Cohesiveness Overall taste Overall liking
1 6.24 + 0.91° 6.24 £ 0.91° 6.24 + 0.91° 6.24 + 0.91° 6.24 + 0.91°¢ 6.24 + 0.91°
3 6.84 + 1.21b 6.74 + 1.18° 6.64 + 1.08bc 6.52 + 1.08° 6.68 + 0.97b¢ 6.80 + 1.10°
5 6.94 + 1.31° 6.74 + 1.15P 6.80 + 0.92P 6.64 + 1.180 6.78 + 0.90° 6.90 + 0.99°
6 7.82 £ 0.992 7.58 + 1.052 7.62 £ 1.092 7.64 £ 1.062 7.60 £ 1.082 7.84 £ 0.992

Remark: 2b< are mean values in same column followed by different letters are significantly different (p < 0.05), + is Standard Deviation.

and shear force were indicators of the product’s
cohesiveness texture. If the cutting force and shear
force were high, the product texture would be high
in terms of cohesiveness and springiness (Charunuch
et al., 2017). The desired supplemented meat
analogue texture was high cohesiveness and
springiness. Therefore (Charunuch et al., 2017), the
suitable formula for manufacturing meat analogue
supplemented with white kidney bean flour and
Jerusalem artichoke flour was formula 6.

From the study of suitable formula for
manufacturing meat analogue supplemented with
white kidney bean flour and Jerusalem artichoke
flour, it was found that the most suitable formula was
the 6th formula which contained 40% of white
kidney bean, 22.5% of Jerusalem artichoke flour and
37.5% of soybcan flour. From the physical and
chemical analysis in terms of cutting force, shear
force, water activity (a,,) and moisture content, it was
found that the supplemented meat analogue from the
6th formula displayed the cutting force at 5.98 +
0.71, the shear force at 19.26 + 0.50, a, at 0.52 =
0.01 and the moisture content at 3.53% =+ 0.20. Most
consumers gave very like score in the overall liking
parameter of the supplemented meat analogue at
7.84 + 0.99. Accordingly, formula 6 was suitable
for manu-facturing meat analoguc supplemented
with white kidney bean flour and Jerusalem
artichoke flour.
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