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Research Title: Rice milk formulation for Elderly
Researcher: Assist. Prof. Dr. Pawinee Deetae
Faculty: Agro-Industry Department: Industrial Fermentation Technology

ABSTRACT

The purpose of this research was to study the optimal condition for the production of rice milk.
formulation for elderly. First, selection of enzyme for rice protein hydrolysis was carried out. Alcalase®
and Neutrase® was selected as they yielded high degree of hydrolysis. Then the hydrolyzed rice
proteins from these enzymes were used for the development of rice milk products. The optimal
conditions for rice milk production was studied using the surface response methodology with enzyme
content, speed and time of homogenization as studied factors. Result showed that the bitter taste,
roughness and color were significantly difference (p<0.05). Neutrase had higher acceptability score than
Alcalase® (p<0.05). The optimal condition for rice mitk production was found to be at 16000 rpm 20
minute of homogenization and neutrase content per rice protein 1:40 (g/9). The rice milk produced

from this condition had similar nutritional value as cow’s milk and had high calcium content value with

consumer acceptability.

Keywords: Rice milk, Rice protein, Rice starch, Degree hydrolysis, Neutrase®
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Wy anvfnisavate Wusu nisuaalusiulslaslaamuusls 2 33
Lnstoraanelisiudigansiadl tiunsteslusiuasazarensavselva uaduisiinauaunis
sefumsdesanaldennuazaaninaadUsiunas 2. n1seesaaelsfiuraeieulesl Asld
eulwnllusheadnfusziulndidunsnesiludassnionlungaedu Tefveinissesdneioulas
Ao luduudeddusinaneulusiinn Luaammau%mmmmqumaaﬁmmum ausadeala
Tuaniiy vvlmut,t,ia LavIRsINTPosaa1gAUY19EY LmessJaﬁmsJLaul%miﬂimaaaw
iiAnansuseneufidsans maamnmmmimmmaaﬂmmulumﬁgwimauuﬂuimLaqasuaﬂ
TUshu
wulellusfea aunsaudsldnudnvazmssavemeawdlng la 2 Useian fe
walgidudaa uieulesfidesusziduindaindruvateargvewlulng Selg
wWulwalduuuy hydrophilic desalylaifinsay enlewufinaaunsaudsosndu 2 Useian fe
Aminopeptidases \{uteulaiifidosiusziuulvdaintatsaradiu N-terminal vasaneulng
%QL@ULauI%ﬁﬁNammmﬂLLUﬂﬁL%EJLLaz‘m VYU Aspergillus oryzae, Bacillus licheniformis
Carboxypeptidases t{utoulmifigosiuszilundainUansanadiu C-terminal vosaneiulng
Wulawuiea unisdniusyiudlndanaeluansTusiu annsouvsldaunalnnisviieud
Ushaswazduwizaateuley 16 4 nqulvg serine peptidase uS1aL3e A9 serine wav
histidine residue ﬂﬁiﬂﬂ’]iLfﬂﬂﬁﬁ%&?‘ﬁUﬁU%% Hydroxyl ¥84 serine residue Lauvl,saﬂuﬂajuﬁ
laun lalunin@u wagvn3udu Cysteine peptidase Lweulesifidiansuondavosnsnosily



aspartic acid ¥38 glutamic acid ogfiusanssvaseulad sheghaeuluindud 1dun Undu
wazusedlau Aspartic peptidase Lﬁﬂﬂg‘jﬁ%mfé’wwaiéfﬁﬁ’umﬂazﬂuﬁﬁimaa%ﬁﬁL“‘ﬂu aromatic
amino acid toulwsifleglunguil 1éun 1sudiu waz WUFU Metallo peptidase 1uouleiiid
ozmouveslavzaglulassairsdainbunindensd Seuffsenlddtuiussiudindasshumied
nneziilu lysine Lauléziﬁﬂajmﬁlﬁm sepia proteinase Way collagenase

2.6 upaldeu (30-32)
weaidey Wuussmiiannsanuldinnlusrameuyed Tnsuaadenlusiimedszunaiosas 99
szannsanulsnfiuuaznszgnlugivssnaadenlaswedin uaniuazegifussdusznaues
\oifeuazueunaivessnnie %a%ﬁmﬂwﬁiumﬁa‘i’uﬁ’uiﬂiauiulﬁamLLazﬁﬂdawﬁa%aaaﬁqagj
Tudon IusdawaﬁaLﬁﬂ%ﬁé’mm’m@m%wﬂaL%amﬁaﬁﬂﬂiﬂumﬁaﬁywﬂss@ﬂga FuAneg
mﬂﬂuiui’aaamaﬁﬁé’mwmmm%mmaL%ammﬂmwmlﬂl%ﬁai’mwgu ﬁﬂﬁﬁﬂiﬁmﬁ'mﬁ’msvmﬂ
muluwwmma mmma@ﬂ%umaamaaLmamawummmm awamsmlﬂiﬂjlumswmm
wamﬂm%awmﬁuummaqwmmwmﬂﬂmammmqq wmmammamnm% WU SAYF N1sarany
USunauuaaidey Ada1uisalun1saadnyed31enIe iawasmwamqmu ANWULIBUNED
wAadauiin msasdesdinuaiiisaresnnisgadulusiinieigs faauaiunsalunisiiiu
wravesnszgniudnneld santeansiinudaends s1rgn wavantnsaidildafveinis
. 2.6.1 AMsazany LasUsuaueadon nsiiuteaouacluaims Jedendniidesrndeda leun
Snwaurn13azals ANNIaraly SIUFINATeILABLTBNTIdIHAR 8IS indovedunalBEuTidl
SnunizreAINITazaege WL uraiBtunglama nisavend 35 NSUAEART Ve uAABNLAR
W9 AIN13aEANE 66 NIeans Feaziianuanasalunisirluldldadunde farlaluusunni
1T Fedlmnsuanisiuindounadenntuinanndudue suna@ends Wy unadeu
Weawln ViauealdoAsUDIUn Teilnanuainsaresmsarvanes ssausaldaslulundadousile
oo uenNLAIlHAnsARLLAY A RVLLANER Ao
2.6.2 sa¥7 wasiiloduda auiduduveandeunaidang upaisuasdidnuasiliazare
Hl0aNIANNNIANAE N BUUBINE DUAATHL UBNINHETa WA A aRER ST A usauR dnuele
youndeuraifuuildluanamnssnems uansds amsned 2.4

< ) Ao w & a i
M5199 2.1 SnwridAnyrenndsuaadeuiitlugnamvngsueivng

¥iin nsazane PrLATD AMMTNTUYBILAALEE (%)
WARLTENAITUBLUA # W 40

RGN R i an 17-38

WARLTENTLATN U1unag e 24

WARLTUULAALAR a9 LyivAvutn 13

wABLENNglALA 931N Lauaudn 9

i - Weaver (1998)



2.6.3 AuvumsHAnuazUSnansly indeupadoudunidazinmunninndeunadeneiunid
uaﬂmﬂﬁmﬁaaﬁuw%éﬁﬂ%mmmaLs?jsmgaﬂdw Famshluldlundasnsssdsluusinates

2.6.4 M3gATNTRIINNTY Undsimevesuddanuannsalunisgaduuealonanemsuay
annsainlulelusianelauseunmusesas 10-30 Ima{]amwmamaﬂimmmimmmmaLszjamaq
Swmauummmﬁuulmaaﬂu ylaveawaadouiiviinisdenld Sandesunsd wu wradeuuan
AR lmuﬂamammw wazuAadEuNglALA mmmawm3a1uﬂ'1smwmamawuwmvmmamm
Futhlulgléing Falausssiuduiuindesdunid Wy upaeunaslse

2.7 lelnsneaases (33)
lelnsroaaens fe arsusznaulunguussianmedudnenlsiml Gudunedmesndarssuass

51wﬁﬂimaqa§a Ingluluanaoiatsvnevlumeliluudamlsivarssiafisoniniy wewelane
audnanlsel vi3e Usznouluselalundnanlsaudnmonsuimuniizonindy Talunedudnalss
2.7.1 wiinveslalasmeaased Ainsadnunld 2 33de

Fruunmuuvasiing ansnsaduuneentdiiu 3 ndu leun lelnsneaassrdldainsssunnd duw
Ingiadnunainaiusagesie 1w wan 570 wae lnawmiensianseaindn’ lolasneaasdd
Jueuiusyesansitldansssuyfiviedaulsaisanssaisd uay lelasnaanossfiiuans
FuAs1en

Jwunnwdnvuslassaiiyaiivesluiana way Functional n3e reactive group Magflu
luianavesneaudnanlsd dsarailulsyyau liseq wiaidunas

2.7.2 aud@vhluveslelnsnaaaoes

msnsvanediluth

lelnsaeaassdalvgdinueannsalumsazaidluhfeuldd wionaifusiaiiliaunsoazans
Tudhfeuldustannsaasandleluinhazaosunse tesiinanunssaratoldaludiby Wy fuey
s90n Fannuannsalunisazangvizenisnsanealuthveslelnsaeaaessviuandeiul Son
Degree of solubility J1ladtdndyiidaa Ao anmnd was erunduturemedudnenlss
AN

wodwinalsdtu wWeavareluhasinlildansazanefitanumiaiuuniy asazarevestuus
avadlnaglidnuvauzresmnundaiivansneiu Jasefidiadenuninuesasazarsiu laun
sysumAvemedudnenlsdty gumgiveniiildazats anududuvesasavaresiudesvezaa
ldlunsazane

A5LNALA

wodugnalsaiuuerda Wy wnfiy @15y wazenig ﬁmmamnmﬁmaaﬁ Aelgan1ngd
wigay fau niudiauaunsalunisinaldluinfeudi nse wartnaa lugnamnssy
ﬁmlmmﬂ'ammmmulﬂﬂiu‘lfiﬂuamammimmmwamaaauauwm



2.7.3 wihilveslalnsreaasss

luguvesgranvnssuemns laiimsilslnsnoaasssunliiiie dunisuiulsnmunmuesems
Feautivedlalnsnoansdusazaiinaviniiiinunnssiuly Taedeuldlslnsneanssdifiolia
aumiialiifuemis Wetfiuanuasia vie Wuasivliinfldy dsnsimiiveslslns
AeaaBYdfInaNnhaziiauduiusfuUSinavesasazaglslasneanssnild vinveslslng
poaaysTigminanldunnigade ansy sesawn lun Auezsidn Msiu mivenduiiawaglas
WU LAY LDAILLA ALy UNanSaTenafesnsidiuinnnd 1 uia WelvldautRany
Tunsvwinfivedndueitun snfegns wu leansu dnsdenldmssnduuu naufuloifoy
ANSUBNTLUAYAGLAd ieluansiiueanun

2.7.4 uguuNuYL 3o Polysaccharide B-1459 \ufufiinainnsvintaelduuadiSeusans
Xanthomonas campestris Wnendwnnssuaunavinasaduiideusesudrashansazanodls
svnsmnagnouLenusLunuitesndgleleinsiaueanaged anduiliutaudaunlndy
NaazlBen wuunuiy Staniantam fe Keltrol Wuisimalsniodudnanlsdiiiiinanglea uay
Tua uaznsnngalsia@uesiusznau wswunuivlisinaaudAniaiu Gelling agent usaunsa
{fin Thermo-reversible gel il¥nauBanguls Wodnsldsmiuiuladantuiy uazilefinisly
saufufasiuasiiliAnanseratsiifiarumilags wwuimuiudndeuldiusamsuszian Dessert
gel uag woaNUILNAFINTUNLL yonanitadaiinslduauumuiunaulagas Tutuuas fusiy
Tughnsauinzan Welildanunidauazaudfianizgauaudesnisdinivomslssian
thaden asUten walsfledy wruunusudenldnlue s iesandauAfivauiiddy fo o
pnuannTalumsaratsasnsnsranedalalunani Sounarindu venaniansavaredildd
anuniingeusfaziinmdutun ansanusenisdessisoulal Samunsiigmusenievlu
anmeilunse taza1useu

2.8 msuuszuamsinglamuiou (34-35)

mswdsgiemslaenisldnnuiew mngie mslinnuseuunne ms Tneiuifiotnguszasd fo
iieliomsiinuuasndieaingdunidnelsa savaitesunsiineigmsiivinuueseims
n1slianuseulunisuysseansiu aunsavinuaneislunsdiefosiniiundiafunely
Viownan axliiSnsmamelsdvionsawmesiad

2.8.1 mswmawelsd fo Famautszuamnsiaenishindourueisiigumgiigausdesiing
gumnfivesinion (100 ssmivaides) fnnuszasdiiovharsuvafiiewmnildadsalesuas
nelAnlsnfunywd drugdundduinduiianunsanuanuieuvesmsmaelsdldasiliemis
Aensuinde dafuermsitiunssuiunsmanelsdisindudesiinisfvinuilgumgiin
nssuumsnaelsfannsavils 2 3ldun Ae ssuugumaiige Tnandu (High Temperature
Short Time, HTST) wu flgunadl 72 ssawaidoa uiu 15 3undl ssuveamgisnldnauiu

(Low Temperature Long Time, LTLT) v figaumadl 65 asAnaaifisd uiu 30 U1 dannsmia
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L"DBVL?"ZIG]’JEJiUUUEJm‘VmﬂJﬁ\‘lL?a’laumﬂ’J’]?.Jﬂ’]3JWiiﬂ,im'ﬁiﬂH’]ﬁflJﬂ’WINIﬂ‘UU’]ﬂ']iLLa SAUNTNUBY
E]’Timﬂﬂ(ﬂﬂ’]?ﬂ’]i‘W’]ﬁLﬁ]@ﬂ'ﬁ%@?EJ‘ia‘JUUEJM‘WﬂQJG]’]LLaui"UL’Ja’m’]u

282 ﬂ"li?lWlﬂilﬁ‘U ﬂE]’Jﬁﬂ']iLLUii‘UEJ’]‘VT’]iI@Blﬂjﬂﬁﬁmiau%@m%ﬂlﬁaﬂw"lﬂﬂ’J’]ﬂ’]i‘W’]ﬂLﬁ]@ii% e
11nN17 100 89ALYaLTed N’JG]Z‘I‘U? mmwammaﬁlaumwwmmL%aaﬂﬂmmaaﬂaiﬁuaa

= =

fga‘u‘m‘a LLG]IUQG]’&’]'VmiiZJﬂﬁﬁLL‘UiE‘UEﬂWﬁﬂJﬂ’N@Jﬁ]WL‘U‘U\ﬂ?Jﬂﬂ']u\‘lﬂx‘iﬂmﬂ’]waﬂﬁﬁiﬂﬁ‘lmwG] LU &

=

nau sa wazitloduda Nadiiesindefenaamialaruinis sedudsannsavildifisdiannudeu

Qe

'
- o

Lm'm'msﬁLﬂ*&N‘wam'aﬂﬂiﬁwawaéuw%é%ﬁmahﬁ AUNTINN Tfemasidenide wazvinle
Huslnavaands Lmauﬂmmmi‘mmmnmmmwammmﬂﬂm V389NN NV0Y FaszauUSunal
aufoudldlusesudizonin commercialsterilization Immmimmumamwau aaim%ﬂu
gmsilaontie mmsammﬂmlmwammwaamuivwnmmu Tneladoald nsudiuds
aunsanUinisnsyuiuameilad sandu 2 uuy leud 1.nsaweslademaneunisussgluuss
fugiivaonide (Aseptic processing) 2. N15aLABILATD1MITNEINUARTNLAL (In-container

sterilization)

2.9 asAUsznaumaAlivesusy (36-37)

dhuniidnvanduemismvas lnadedrusynevrssiszanmusonas 78 Saimvestulasiaiag
Juwvudtadutssandiifulud vensnddsiiaisomsuinsy Wy diaauaniag TRy
Infiunazissng fauanslumsed 2.2 Uinmesdyssnoundneeg tesinudauunnsiaiu

Tuegnuaeiiugda 913 gama dnniindey SuvtsresnalunasiiuuselunisSaunia @

Y

pH vasunTIlUareyszning 65 G4 6.7 Laraswur pH A 6.6 daniign Maungfl 25 8
LRIGES

e

A L3 I g £
AITNN 2.2 99AUTENDUNILANYDIUIUNT

. 2 U3anas (9% iwitin)
29AUIENBUMALAL . 4
NP LRaY
1 85.5-88.7 87.3
vosudeldsanlusu 7.9-10.0 8.8
uaAlaa 3.8-5.3 4.6
TUsAu 2.4-55 3.25
gy 2.4-5.5 3.9
A8 0.53-0.80 0.65
NINBUNIE 0.13-0.22 0.18
ue - 0.14

i : peAUsTneUMaATiunsuY Gosta Bylund, M.Sc. (Dairy Techn.) (1995)
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2.10 y3defiiedes

1587 YuUsIse (2539) (38) ymsAnwidenasesmulusiulalaslawnannindhmsmaning
Avanzaudenisesaaienndand swazlusfiudadedeteulusl Neutrase Iﬂ&lv‘hmﬁﬁﬂm
ammmﬂ%amﬂu 45 50 55 60 paALALTYE wazA pH LU 5.5 6.0 6.5 Uag 7.0 niuFnY
WAYDILIAT warUSinameaeulesildlunisdeniu 30 60 90 waz 120 w1l LLavamqmuLauist
FouTignsnay 1 de 9 FeuSmnandu 0.5 1.0 1.5 2.0 uay 2.5% WUIHARSSITAY amino
ac:|d nitrogen awa@ﬂa mﬂﬁumﬂmmaaa Frunisgesseeuleyd Neutrase Tusnsian 2.5%
7l pH 6 lneldgaumgll 50 awrnwalded \uia 120 uni Laziiiolusiulelaanillufnuing
Y999nNH pH 1Ia7 amwmu WuRgiunisnaasdudedu wui wamm%um Degree of
hydrolysis (% DH) mwaﬂ AonAnsaaniunsTdieuleiu3una 2.5% 7 pH 7.0 samgdl 55
aerwadea Wuran 120 uii

Bimlesh Mann wazaay (2014) (39)vin1sAnEiiFesguivesansiusuyadassvenaslusi
lalaslaanluadosfuuulnsndlusiududu gndesfaataulel 3 vilaldun flavouzyme,
alcalase way corolase PP wiauiuvinnswsznuuas Degree of hydrolysis way qmémaamw’hu
aUuABATE WUI1A1Y8e Degree of hydrolysis (DH) yotaulyyd corolase PP ﬁﬂ'wmnﬁqm
5998911 Aoteubal flavouzyme uag alcalase AINaIAU

Miroljub Barac ag Az (2554) (40) vinnsfinwnavasnislalaslads Giaﬂmauﬁﬁsuaﬂﬂiauﬁq
laI%LamwmIaImlawmaLamlszfmimum Tnen15uusan pH u 3.5 7 8 Lasuwusiianiu 15 30
uag 60 WM wmﬂﬂimumla‘[%Lawaﬂaaammamlmmmumum Degree of hydrolysis A
szanunsoazaneldATUAAT pH 779 3.0-5.0
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M|
uni 3
BN IAaUNITITY

3.1 madhsrnaananfasiieseshunsiyfivuasivassgad,
ﬁwmsaaﬁuﬁﬁwma%’amﬂamamimmmamé‘mﬁm%mﬂﬁwaﬁwéuﬁw 5 wiAs lauA @eumisinay
Wunsaiad lstudu Top supermarket ILa¢ Food land IuLﬂJG}ﬂ§QLMWMMWUﬂiﬂ mmj;uﬁwmia?ﬂ
uazdinsindnsdousiiaiesmusaiivuasiwnszgadalunmaussndlne vanisude msddhann
thﬂszLwﬂw%famﬁy’qmi‘nmw%’agauaxé’mﬁwLmaﬁﬂiumﬁﬁmmwémﬁmsﬁﬁmm%’n

3.2 Msfnundedeuasdnideneulsifmneanlunsdesaansiusiudn

3.2.1 Msfinwe pH fimnzausemsyhauesieuled
Anwuazdndonvilaeuledlunquldsitealsiun Rennet Flavourzyme Alcalase Neutrase i
sV lilUsfudnaranelddiian Tasnsusu pH 5 6 ey 7 iiednidonoulesiivhaulss
wanzaufuan pH veslusiudng vnsmeaaednedslusiv 4 n$ Tuth 100 Taddns MUy
pH susaeldoulasilusfea Rennet Flavourzyme Alcalase Neutrase lugnsnadiutoulaine
TUsfiudna 1 do 200 (W5u/n50) mwddu vinnstianeSeuiivvauielfoulsdvinemudy
1181 60 U9 mnﬁ?ui%mm%auﬁm%Lﬁa‘wqmmav‘hmumauau%ﬁﬁqmmﬁ 80 DA LTALTEA
Hunan 10 wiit andusianasulisesioeaes Centrifuge 71p3731L53 12000 xg w1y 15 unil
inisgadiula 10 Nadans ldnaonnnaed i 20% TCA 10 fiaddns wovildlsiuinnig
anagnau nbuilutuiesiiaauiza 12000 xg Wliusan 15 wiil andaula 1 Taddnsldnaen
naaes muiie Alkali solution 5 adans senals 10 unil Weasu 10 Yait virnnsldans Folin
0.5 fiaddns 791380 30 wiit Iiuily Anen absorbance AiALE1IAAL 750 Wluwns 1
Andilsuunuly @inns y = mx+b 989n599I1INTFI1U UIA7 x 7LV %Degree of hydrolysis
(%DH) 3ngns

DH (%) = (Soluble protein content in 10'g %TCA (mg) / Total protein content (mg)) x 100

3.2.2msfnwszezalumsyhauveeulesd

Fnjwinlusiu 4 nsu aduwth 100 fadans lngldieuledlungulusiea lewA Rennet
Flavourzyme Alcalase Neutrase tJusnsnauouladsiolusiu 1 sio 200 (n$a/n%) 0ty
mslimmfeuivngauiiossnmsiauveaeulesl Tngldnatlunislirsdeuiiuansstu Ao
0 15 30 WAz 60 Wil MntuvipuIsTszyliede 3.2.1

3.2.3 nsfinwreanuialunisleladludrenisdesaansveddusiudnn
npaesAnuAmvenislalidludiidmanonmsdevaaevedlusiu Tnedaiminlusau 2 ndu
adlur 50 fadans Wrlulsludludfienus 8000 12000 wag 16000 rpm w1 20 und 91Nty
1UINANYINIAT % Degree of hydrolysis faasulede 3.2.1
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3.24 ANSANYINAYBINTTALNDS lad 'E]ﬂ'ﬁﬂi]ﬂﬁﬁ']&l‘l]i]ﬂﬂiﬂu‘ﬂ'n

s

WﬂaaﬂﬂﬂﬁﬁﬂiuU’JUﬂﬁiﬁLﬁE’Jﬂaﬁ el qmamamﬁaaaamwaﬂﬁmu IﬂﬁJ‘lN‘UW‘ViLIﬂI‘UiGm 2 N3 a9
quﬂ 50 Hagans uﬂﬂamaﬂaammmm 121 E’N?’i’lL"UaL%EJﬂ LU‘L!L’JE:I’] 20 Wi mﬂuummmm

9
a

A1 % Degree of hydrolysis #993U18U8 3.2.1

3.2.5 prsAnravesnislaldluduaramesladrenistesaaevedlusiuim
neassdnwmavesnislsluiluduazamesladidwanenisdesaasvoslusiu Tnedainnedn
TWsiu 2 n%u asluth 50 fiadans Wlulsludlugfianuss 8000 12000 way 16000 rpm WY 20
U7 eudoamesladi 121 ssaeada uiu 1WWuan 20 uadl a1nduthun@nyimen %
Degree of hydrolysis FBBUNLUD 3.2.1

3.2.6 miﬁnmmiﬂaﬂamsiﬂimu‘zn'ﬁﬂumuﬂiumu‘lumiwawmumm
NaaesinEnsEesaanveslUsAultiunsTUIuMsKERt L Tnedsiminlusiu 2 n¥u
adluth 50 Sasans vinstuwmiseiud 9antusiauafnwiman % Degree of hydrolysis 59
aSunede 3.2.1

3.2.7 msynaeumMeszamduiaitednidenioulesd

JNSTAGEUNNIYSEAMELTAREE 9-point hedonic scate Tneldfunaeufilallifunistindu
$nu 30 au lnesmdenetlsilusiieanisesaymstesanpvosdusiuimnzauflunis
WARTLL91Y At se U s AT e SN AT YL AT
AUETN WATANUTOULAE T

3.3 mMsfnwnisavansvesiusiusienssuaumslunmsnamiuudng lnemsiamasseiinsazane
1 (Water solubility index)

3.3.1 miﬁn‘mmsava'1wm‘lﬂimwn‘[ﬂa‘lumunszmumﬂumswawmum'n
nnassSaAnssiinsarateiiveUsAuTiunsTelud g Tnedaivednlusiu 1 nfaasluiin
25 fadans ANThNsIuWABIIRseq Centriflige AiAANNIE 3000 rom U 15 unfiantiu
Fmsmanlavaumasly moisture can finsiutavin ildeunranazdsihminauiithming
mﬁmﬂﬁ’uﬁwmmmmﬁﬁuﬁmsaamaﬁwmﬂqm

} 24 ’n’ LY 1 A ’O’ g U 1 L4
SouasYnINITaany = UnunaIuNaraisul x 100/ WIuNNIag g

3.3.2 MsAnwHavaInsawmesladienisazatsveslusiudia
Anwinsaratevedlusiuiiiiunisameslad Tnedaimnlusiu 1 n3uasluin 25 faddns
Tntuhivamesladiigumall 121 sswwaded 20 unfl i luumissuaginndn
ZouazusInsarany AIedu1eUe 3.3.1 '

3.3.3 Msfnwwavesnsialdluduasaneslad Aensazatevedlusiutm
 pnassdnfnssrinisavanetiiseslusauiinunistaluslud Tnedeiminlusiu 1 nSuasluiin
05 fiadans ntuilUlelusludiinanangs 8000 12000 wag 16000 rpm WL 20 U ATNAIY
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awnosladfignmgl 121 ssmimaifoa 20 i M luduvisuasinndnuiesazuaanis
a¥aN AIB5UIEYD 3.3.1

3.3.4 n1sfinwnavenisgeslusiudiinlgieulesl Neutrase Tudnsidau 1:10 1:55 1:100
npaesinmnssriinisaratsthvedusiuiiniiunisdesseteulasl Neutrase Tusnsadan 110
1:55 1:100 tnedeiminlusiu 1 nsuadluth 25 Sadans ntuthludusismastuninu Zos
AYUDINITALAY F985UN8T8 3.3.1

1%

3.4 msfnwmanmefunsailunsaniuudn

YIN13IUHUNITNAABIUUY Central Composite Design Aa83fiufiRinauauss (Respond
surface Methodology) Anwanmzivmneailunssantaundinaindadeidemaionisuin
husdafanun 3 Yadulaud Yunaneulssl 004 n3u 8¢ 04 ndy arudlunslelulud
55139 8000 rpm 19 16000 rpm wag sxuztantumsletudlud sewdng. 5 unil 89 20 Uil el
fIn319UHUNINARD LY CCD wazinTAT s FaNTRN I U g MYBILLE Nt
N15IATIERNAN AR AT ALA SR USRI Ae UA LD (Respond surface Methodology) Tnan1sle
Tusunsu Design expert 7.0 asvaunisuaznsanifieldlunisesursrmuduiusseninaade
Anwazantnieg adaensaml contour plot Lﬁama;mﬁmmzaﬂumiwémffmm%a JCEITRRERIY
mﬂm’msumLLazmmmﬂﬁﬁm&wﬁqm

3.4.1 MsAnwdasnisnaassmInmMsusan s salunisan
nsnageumMsUsgamduiadioldfnwimsduiusssr hatladouavaneAvanzalunsuas
MAUTUNSULED T mIrEnh U Imsan T uaLd N adeun I sEaEuiag1e3s -
Intensity Analysis 1inaaauitlallésunmsiindusiuau 30 au lensvnaeuannuazd AL
U AN ANy uazadusdnaadtulin Tneflasuuuaiudusals 054 10

3.5. MIdaTsinaaRnnen kA sRaaUMIU ST

3.5.1 MyiATIsiAd ‘
Taendsnagalagldintes Hunter Lab (Color Quest XE) Tnsvhmsusuinasgudaensudesdvn
wazdenneu (L* = 91.10, a* = -1.12, b* ='1:26) mﬂﬁ?uﬁnmﬁmia;ﬁaashqﬁag’lusumgﬂmaasaw
adluwaduia (Glass cell) Inglisefunugaegi 3 dau 4 veawadui 1onszuu CLE L* a* b*
wazdaAliIudaeshs 3 81 entunaaduitatuuese A duLAToRnse LA ST
A

3.5.2 MIATIVINAIANER

vimsiaanuniinuesituslaensly Brookfield R/S Plus Rheometer Fafigunsal Ao CC3-DG
Spindle Usgnausig Bob uay Cup Mnsinnuniaunaziietg Tlddnsideufiuandieiu
Ao 6.60 13.2 19.8 26.4 uay 33.0 S-1 ieAaTesraenIsiamAumile THiinisduiing

ANUVLR 9N 1 WA dmsulsavensLaou
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3.5.3 NSNAGBUNINUTZAMENTE
nadouUszamauasieds Intensity Analysis Ingldgnageuilalasunisiindudnuau 30 A

3.6 mathieulwluasanneiimneaunyszgaalilundndusiods
ﬁﬂLaulsuﬂuavama“ﬁmmiumsﬁwmwaqLaulsnﬁﬁﬁﬂﬁlﬂsamﬁmmsavm816?51‘mmamﬁ’uam
Yhuadn Immuﬂivﬂaumuammmmumu T,Uamum'g 4 n¥u euleyd Neutrase 0.1 A5u udlq
417 6.1 AU LLavumuiwn 4 n$y 1nde 0.05 AU mma 4.5 N5U wAALTEULAALAY 1 NTU W
WUy 0.2 N34 way 1h 96 N3 whnskARST A 3.1

S & e g . g = ‘
pl it Wedin | | shdudvim uthin unadmuanem || g || dwe || iy
Tinnusoudiaisemy T ioufiaveams )
N
- O T TR g (RS S A e EN e T P
fuseaaulnifauwni Fannnaulels 80 2 e N |
50 pariadn 60 | ol Bee 10 uni

4

Tl Alamumai§ 16000 rpm 20 w

|

sineiladioamgll 121 aurneadng 20 Wi

o % 5
AN 3.1 LERINTZUIUNITHANUIUNYIIVNNIEUIUNIT

3.6.1 MedATevesRUsenoumaaiveniumudn

M53LAs Tz US AT TaeAS At Oven Method (AOAC, 2000) n15atAs1gsiusunalusiu
1833 Kjeldahl Method (AOAC, 2000) nas3sasrzsiusualausiu (86) Lnuds soxhlet (AOAC,
2000) MsAAzriUsinandile (AOAC, 2000) M3TATIEIUTHNLET (AOAC, 2000) MIBATIEH
USunumsiulawnsn (AOAC, 2000)

3.6.2 AINTITIATISVIRAUNTE

ﬂ’]i(ﬂi"amLﬂ'ﬁ%WLUﬂVILﬁEJ%UﬂIﬂaWEJﬁJ (Coliforms) uﬂi'ww,mama 3M™ Petrifilm™ E.coli /
Coliform Count plate (ECQ) msasianuadiseviln awnUilafenda eowdea (Staphylococcus
aureus) ALY 3M™ Petrifilm™ Staph Express Count plate (STX) N15A533 WuUATILSY

Vianualue s taeldis pour plate
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3.7 MIAATIWHNNERR
HAYINMTIWUINNIATIEIAIALLUTUTIU (Analysis of Variance - ANOVA) antiudiasigyi
MAIAINUKANFINYDIALRAEAI875 Duncan’s New Multiple’s Range test f1AuLAng9e95

'
o w o

WdAgniszAuAmuioiu 0.05 Aelusunsy Minitab 18
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a
unnd
NaLaLIANTINANISNINGDY

4.1 msdmaraanansusiedesiunnsyfivuaivnsegad
yhnsasiufidisadeyanismanainvednfasionnieassndui 5 wis ldun aemumsiney
Wunsaiad TsOudu Top supermarket wag Food land Tulamngammwamiuas wuIanlndnsium
nnfyfiuazivnszgai 6 vie Tnethunandwdesdanumainuansinniign sesasnAe
dhusnd wansfe il 4.1

oy
. R

=
PRELY
@ Sevaun

% YT

' '
v

< § @ ¢ o A 4 = £
AR 4.1 WesidudunSyiivuasivnssganiniuniglunewnain

4.2 msﬁﬂmﬁegamnmsﬁwujNﬁmﬁ’mv‘uﬂ%mﬁuuu%’n’lwﬁmﬁu
Pnmsimuranfosiniodmimdnlngld  TWefiudin ufldn war dhifusin (G
aeFUsznautiy Tudesdunuiwandnuaiassmusnan Iymludewennuamnuagsavud
Hunalnensanannlusiudnilidanaudiliasanslui fusfelinszuumsanesladlunis
wandmaliliiuionsuaniuslne  Sadufiunvesnistaumdnsasiiudnlnedueulyd
Tshoanuszgndldiiendtamlusewesmnuanuazsavlundndig Tnelldgmsiiugiuma
wamAnTieo it iimsdnuludewusnnounthesdussnaulsznaudoe ulin 6.1
nu Tusiudm 4 ndu thana 4.5 n$i inde 0.05 n3u thdusidng 4 ndu usuumundy 0.2 ndy
WAz ULABTEULARMYN 1 NTY
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4.3. nsinwteduuazdnideniouluifsnzanstenistesaanelusiudn

4.3.1 MmsfinwA pH fiveausensyiauseoule
PnnsAnyINMsgesameveslusiudaf pH 5 6 waz 7 saowoulus] Rennet Flavourzyme
Alcalase uaz Neutrase viibinsudn pH Snasienisvinuveseulesifiunnsitsiuesaiduddy
N9EDA (0<0.05) A4 397 4.1

4 A v 1 6 1 a ¥ U o
M13799 4.1 % Degree hydrolysis Nignsrd@ueulatinelusaudtn 1:200 (n$u/n$u) szoziianly
nsvinwresaulssl 60 w9l waz TUsAUGE pH Windu 5 6 way 7 auaisu

% DH
2 Alcalase Neutrase Flavourzyme Rennet
pH 5 0.9C+0.01 1.01C€+0.003 1.19A+0.04 0.38A+0.02
pH 6 5.68B+0.37 3.62B+0.07 0.88C+0.03 0.30B+0.03
pH 7 8.79A+0.05 5.714A+0.14 1.02 B+0.02 0.29B+0.01

?ﬁLaﬁlﬂﬁﬁ@/’;5?11:*3LLG)ﬂGi’l\‘iﬁ"LﬂULLu’;ﬂaﬁmﬁﬁmmLLG]ﬂGiNﬁUVHﬂﬁaﬁaEJNﬁﬁﬂa?’lﬁig (20.05)
Nnuan1svaaesnudneuled Alcalase way Neutrase 91 pH w0alUsfiudilenvindu 7 fanwes
%Degree hydrolysis WU 8.79 Wag 5.74 Auasu %ﬂ@ﬂﬂd”& TUsAUg29 pH 5 717 % Degree
hydrolysis wihifu 0.9 way 1.01 aaedwiu Tunmanssdudiaeulesd Rennet Flavourzyme i pH
LsAiudnwindu 5 denues % Degree hydrolysis qjm’jwﬁ" pH 7 namfe pH Timunzausionis
nuvsdeulsddwalieuluiinnuaiusalunisgevaanelad uadesananiizuedusiugn
fiwldnamiusdagen pH wiafu 6 sslunisandenioulsimunsand whmsinund pH
YoalUSAUTIWNINAU-6

4.3.2 finwszeziaainsyiauveseuled
NANsENwIszezIalumsiauveseulsyl Rennet Flavourzyme Alcalase waz Neutrase

o P
AN AN 4.2

< % A @ i € 1 = £ [y o
M13°9% 4.2 % Degree hydrolysis Mens1d@ueuleainalusfiutgii 1:200 (N31/051) s¥8211a71015
viuveaeulsii 0 15 30 60 way 120 WA audwu 7 pH veslusiutmifi 6

%DH
Time
Alcalase Neutrase Flavourzyme Rennet

0 2.84E+0.12 0.94D=+0.02 0.58C+0.02 0.24C+0.00
15 3.49D+0.02 3.07C+0.01 0.67B+0.02 0.29C+0.01
30 4.57C+0.02 3.63B+0.04 0.7B+0.02 0.33B+0.01
60 5.68B+0.37 | 3.64B+0.07 0.88A+0.03 0.30B+0.03
120 6.33A+0.18 5.84A+0.12 0.92A+0.00 0.37A+0.01

AedglisnyIwaneiulueared fnuuansstunaaiifogsiiteddy (p<0.05)
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nransRaeIUT Wesreznatlunisiauveeuleiifiududenalyl %Degree hydrolysis
\Tuegnaituddmeadn (0<0.05) Insnailunsvhauveseulss 120 udl dd %Degree
hydrolysis ge¥gn

NHANMTIATIEIERAnUd pH wazatlunsiurseulediinaseaiuaiinsalunis
doevoslusiuateilfedin (p<0.05) Tneiledl pH Fvmngausenisyiauveaeuluiazyin 1
sefumsdesTusiiuastiu Famnnamsiesviliaonadesiuamidoues H-J. Zhang uazans 7
FnwnisavatsvedlUsaudamasarTusiiudng pH saqiu Mmetouled Alcalase wuinlusiiu
#1991 pH w1nNT 6 TiFYee %Degree hydrolysis fgquﬂLLaxmﬂmuiﬁsmiLﬁmﬂiz%w%mwmEN
nseoslusiugeieules va9 Amiza uazAny (41) Ui Neutrase ¥aulddl pH 7 uazain
nsAnwalunsyieureaeulsl LﬁanmmiﬁwmﬁuaaLauledﬁaamm%u dawaliszaunstos
IUimuawu Fadulumuanudde Meinlschmidt uazaae (42) fianwsrezinatlunsinnuue
wulad wudn delinanlueulssinndy dumalifnnisdosTushudfisdu

4.3.5 Mneaeumlssamduiaiedadeniouled
ymsnaaeunIsUsza ML aUsTaiuAINYeURI835 9-point hedonic scale I@ﬂiﬁﬁgwmaauﬁ
LllgSunsilndusnuny 30 au Inofndenieulysiid %DH a NNMINAReT 4.3.1 waz 4.3.2.
wu 1 teuled Alcalase uay Neutrase i %DH gandneulasl Rennet uay Flavourzyme 3aidon
vwulasl Alcalase wag Neutrase a1 lunnsRanT UL T RA R Tgisina 1 vinng
NaFRUTIUTTaELT NaNSTINABILERINT A5 NTl 4.3

| L ¥ aal U % >
M3 4.3 HANNSNAFOUN UL MELNEANYRUAI8ITNIF A LULILUY  9-point hedonic

scale
L AZLUUAINYDU

AMANYE

: Neutrase ‘calase
a 6.70+1.24 6.73+1.20
nau 6.2041.47 5.9741.75
JAMINU 5.13+1.59 5.07+1.48
I RIEY 528+ 185 5.00+1.60
ALY 5.83+1.60 5.93+1.28
AU 5.27+1.62 5.3+1.42
A3UEN 4.93+1.87 4.73+1.76
avuianasluin 4.97+1.79 5.17+1.74
ANUTBUIABTIM 5.77+1.68 5.63+1.43
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MnranIsnaaosnud teulel Neutrase Snguuuninuveulusu ndu savanu savy Auaan
warAuvaulngsIN gendn teuluyl Alcalase drunmanvarlusu & audou anumile way
anuidnAndluun wouled Alcalase flavuuuganineulesd Neutrase anaudnuniziifansan e
ANUYN ANLEN UarAnuaulaesIn 9nAvkUuNsUSEliuAureunIsUssamduda touleil
Neutrase flnzuuugenin toulesl Alcalase 1 3 anidnuae Fudeneulesl Neutrase Tunismn
annzimnzalunmsndmiiuud

4.3.6 NM3ANYINATBINTEUIUNTHARTIUNTIRBNTSeRedaevaslUsAuY1)

AINNANITNAFDINUIINTLUIUNISHANTLANAAUAINAADAUAILITAIUNITEBULAZNISAZAY
= 4 Ql' 1 Qs 1 a W o L7 aa L2 A

vaalUsautnnuanaiued 1. lidedAameEdi (9<0.05) Aun1s1eR 4.4

mﬂqﬁ 4.4 % Degree hydrolysis kay N15azat8vedlusiuda (%Solubility) ilddnsdau

o Ul TLaYNTEUIUNISIUNITHEAUIULTILA NAISHY

Condition %DH %Solubility
No process & 0.26E£0.01 5.87H+0.1
1. Speed 8000 rpm, Time
Homogenization 0.26E+0.00 6.07G+0.14
20 minute
Speed 12000 rpm, Time :
0.27E+0.00 6.09G+0.03
20 minute
Speed 16000 rpm, Time
0.27E+0.00 6.16G+0.15
20 minute
o Temp. 121 C, Time 20
Sterilization ; 0.51D+0.01 7.72F+0.43
minute
Homogenization Speed 8000 rpm, Time
0.51D0+0.02 8.12E+0.29
and Sterilization 20 minute
Speed 12000 rpm, Time
0.53D+0.01 8.49D+0.89
20 minute
Speed 16000 rpm, Time
: 0.54D+0.01 8.51D+0.41
20 minute
Neutrase 1:100 (0.04 ¢) 5.62C+0.19 18.75C+0.68
1:55(0.22 ¢) 7.04B+0.10 29.99B+0.56
1:10 (0.4 ¢ 10.08A+0.25 35.26A+0.54

Saw

Aadeididnvunndstulusuinedud auuandrsiunadfodsidedAyfissduaudeiuiosas 95 (p<0.05)
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TusfiudliiiunszuILnseng warlusaudnfiriunszuaunisleladlud sy 8,000
12,000 waz 16,000 tusseziian 20 ui fsesunstepaaneiilaiunnsnsfiuetildudifynis
a7 Tunnensetudnulusivdafidiunsyuaunisamesladdmarinliiinisdesaans (% Degree
hydrolysis) tagaauanunsalunisazane (% solubility) iutuegnafidudAynieadn (p<0.05)
ﬁgaﬁl,ﬁmmﬂmm%augjqwaiqmaiﬁﬂ’uﬁmmiﬁsau%nQﬂﬁwmsﬂlmmzﬁﬂﬁimaa%ﬁwaqﬁuﬁmﬁﬂ
sanefaviesouias dwmalimhansadilululassadunsnlulianavestusivuld deua
AaAASEITU NUITETBY Xiaohong Cao wawaaly fifnwinsazaisvedusivludnndewen lay
nuIANuseulnadonisazaevedlusiu
TnnsAnwIn1ssesaatsuaznsazatsveslusaulasldioulusl Neutrase MLUsdns1dmv0q
wulesiaalusiu Wy 1:10 (0.4 n$1) 1:55 (0.22 A5Y) Lag 1:100 (0.04 NFU) WUINBATIAIUYB
oulniiinasenistosameuaznisazansveslsiudiegditud Ayveada (p<0.05) lnoi
SnsrdrunteUsinaneuleifldnelusaudiunn dwalidlusaudninisdessaaiy (% Degree
hydrolysis) Lagn1savatsveslusiudiaa (% solubility) légs tdesanieulad
Neutrase sz lUFusEUUlns Wnareidunsreviludaszvdeivdndaedu sililua nues
TWsiuannsaavatetnlana fraeandasiuniaseves Meinlschmidt wazany (42) AfnwNa
gpsmslfiouladdonmandiag wuinusinaeululiinaronisdosdats (%eDegree hydrolysis)
YoalUsAU

4.4 nsfnsmaneimsnsantunsadniuatialaesiinisnununIsAReLUY Central
Composite Design meAENuTiImeuaLaY (Respond surface Methodology)

Anwanefmgalunisnantiugdin el 3 Jade Ao dnandiuneseuluidelsiudin
anuganarhanililunisteluslud fs masaedt 4.5 ihdadudreiuunitnmnataunsynaes
WUU Central Composite Desigh Aaglusunsa RSM TWsun s sunumswagedliianun 20 M3

© o
NRADIAN N19190 4.6

<l Y | U a 9 o
M99 4.5 {j?ﬁ]EJLL@%GU’N‘UEN‘U%Q‘EJVILiﬂmﬂ%ﬁﬂluﬂ’]iNﬁmuqu&J"lﬂﬁ

Uady Fr9veeiady
A lunslaludlug (rpm) 8000 — 16000
natunsteludludg (minute) 5,20
USunaoulayd Neutrase (g) 0.4 - 0.04

A15747 4.6 anmzildlunimaaedagnisTaunuTAasILUY CCD

A lumslaladlud | natlunsleludlud USunaueuley
(rpm) (minute) ()

1 12000 12.50 0.22

Run
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2 16000 20.00 0.40
3 8000 20.00 0.04
4 12000 12.50 0.04
5 8000 20.00 0.40
6 12000 5.00 0.22
7 12000 12.50 0.22
8 16000 12.50 0.22
9 12000 12.50 0.22
10 12000 20.00 0.22
1 8000 5.00 0.04
12 12000 12.50 0.22
13 8000 1 5.00 0.40
14 12000 12.50 0.04
15 8000 1250 0.22
16 16000 5.00 0.40
17 12000 12.50 0.22
18 12000 12.50 0.22
19 16000 5.00 0.04
20 16000 20.00 0.04

UULTLA 20 N15MARRIUTIATIER AIE 1* a* b* AIRIIUNTALAY N1 SNAFRUNIUSsa LA
NIAIUANUVY AIUREY AUEIN Lay AUIANAlUUIN o nTEN s vaN Lag R
UduNinanan1sHan F9lANasT M99 4.7 Lhaz M5 4.8

4 a s wa £ dl %
M3 4.7 Han13asznanifnanmignnlasldaniizaldlunisvaasslanenissauaunis
neasgLuy CCD

mmﬁa’lumi L’Ja’]‘luﬂ’ﬁ -UIu

Run | Teludlug Tolidlud | touleyd Viscosity | Color L* | Color a* | Color b*
(rpm) (minute) | (9)

1 12000 12.50 0.22 1.5 357, 0.1 -0.03

2 16000 20.00 0.40 6.95 [ 373 0.19 0.12

3 8000 20.00 0.04 675 3.02 0.46 0.25

4 12000 1250 0.04 7.56 2:9)] 0.06 0.48

5 8000 20.00 0.40 A5 2.43 0.64 0.14

6 12000 5.00 022 6.90 279 0.31 0.34
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7 12000 12.50 0.22 1Tl 2.86 0.08 0.26
8 16000 12.50 022 793 1.8 0.18 -0.02
9 12000 12.50 022 | pad 27 0.31 0.06
10 12000 20.00 0.22 5.83 2.56 0.07 02153
11 8000 5.00 0.04 13 1.98 153 0.3
12 | 12000 12.50 022 | 572 2.11 0.7 0.2
1% 8000 5.00 0.40 6.83 2.09 1.4 -0.18
14 | 12000 12.50 004 | 7.76 1.68 0.68 -0.08
15 | 8000 12.50 022 | 796 1.96 1.24 -0.18
16 16000 5.00 0.40 6.95 1.88 0.3 -0.44
i 119000 12.50 022 |66 1.71 0.69 -0.57
18 | 12000 12.50 Y e 270 1.78 0.93 -0.23
19 | 16000 5.00 0.04 | |7.84 1.51 0.71 -0.32
20 | 16000 20.00 0.04 | 765 1.91 0.05 0.05
A15797 4.8 nan1snadeuNnIUsEAANRad1E3T Intensity Analysis Tnowananduaade
anudlu | arlunas | Ul .
Run | nslaludlud | Taludlud | teulesl | avnsan | Anuidley | A2auenn Tméaﬂ
(rpm) (minute) | (g) b
1 12000 12.50 0225 - 445 6.59 3.82 43
2 16000 20.00 0,40 | 6149 6.58 3.26 3.78
3 8000 20.00 0.04 " | 4,05 6.73 4.27 4.1
q 12000 1250 0.04 *|595 6.5 3.16 3.94
5 8000 20.00 0.40 6.55 6.87 3.49 4.01
6 12000 5.00 022 | 386 6.73 3.47 4.05
7 12000 12.50 D.207 539~ | 6,48 3.62 4.16
8 16000 1250 0.22, . | 441 6.53 3.68 4.09
9 12000 12.50 NG it 6.26 3.72 391
10, | 12000 20.00 0227 | 185 6.27 3.88 4.56
11 | 8000 5.00 004 |213 6.58 4.19 4.25
12 12000 12.50 0.22 4.67 6.64 3.91 4.16
13 8000 5.00 0.40 6.54 6.28 325 4.01
14 12000 12.50 0.04 2.65 6.59 4.12 4.39
15 | 8000 12.50 0:22 459 6.59 3.79 4.18
16 16000 5.00 0.40 6.5 6:53 2.98 3.54




24

1874 12000 12.50 0.22 4.33 6.39 5.2 4.06
18 12000 12.50 0.22 4.38 6.63 3.85 4

9 16000 5.00 0.04 2.24 6.08 4.05 4.06
20 16000 20.00 0.04 2219 6.29 Sl 4.09

4.5. namsiasziauduiusvesladelunsudn

MANSIASIERaNTRia LAy sRae U UsEa AN eman e munsanlumswanua s
Anwdadeiifnadenisndn laud anuss vadlunmsloluilud wavdnsdruveaeulesi e
Aipszsinan1eddnlaedsiuiiinevauss (Respond surface Methodology) lagladlusunsy
Design expert 7.00 $4fi91501A7 g auasliinaainal p-value Lag AIN1SATINABUAIS
98n31 0.05 LAAII mei’waaaﬁﬁﬂ';mﬁmwa"[,umsﬂm%ayjaLLazﬁadWLﬁuéﬁ'a;ﬂaﬁmmzam
annsathladsaumsvhueanmeivansauls anamananuidadelunisuda 3 Jase
lifinadenswaniuut s imile il L* b* uae AuauanTivaUszamaudialy
AuauileulazaLsanaAslul neen sl dudr Aymiata (9<0.05) Tlunnsetudruiinase
ANd a* uay AuauTRNIIUTza NEUREN IR UAINIULALAIINETN AUAISLUUTIBINT
AlnA1EAS dmTuAl d Color a * (Y3), a1ty (Y5) way auanni(v7) Paduainusalunisle
Tudlud (rpm) (X1), sxegiaaiunaslalaflud (X2) wag Usinameeulus (6) (X3) uansiarelud

Y = 0.43-0.32x,-0.31x,+0.062x3+ 0.059x3 Xz — 60250E-003x; X3 + 0.038x, X3 + 0.35x%1 -0.17%%,
+0.072x%

Ys = 4.67-0.18x;+0.26x,+1.88x3-0.28xX; X5 +0.24x; X3-0.27%5 X3 - 0.5%%1 0.65x%, +1.18x%5

Y7 = 3.70-0.13%;+0.067x2-0.38x3-0.047x; X2 +0.025%; X3-0.098%5 X3 +0.15x% +0.092x% -0.32 X5

ndoyaaniniainnaitnsmiuiinameuauessikanudTussy g adosine 9 filnase
nsuamhuntlaun AU a* way AaEudRinwUssavdNianTUALYLLEEALEIN

4.5.1 Yadeiidemanonsnamiuadnaluguend a*

aasmazanlumslaludlug Tneldusunaseulayl Neutrase 91 0.22 ¥y uanaisnIni 4.2
uandlififiudnssesnauasmnuiilunisleluiluddmado nadnuaemedug a* vesiuudn
Tneiilessezinatuazanudilunslaludlusinndudaaliad o« feifosas Inodveswans s
mf\)Lﬁmiﬁmﬂﬂ'%mmmmasﬁiuﬁaszqﬁmﬁmmﬂmigﬂ&iaaaawiﬂs?m%’nﬁ’mauimﬂ Neutrase
LLazLﬁam'mﬂixmumﬂﬁmm%faumﬁ]%l,ﬁmﬂﬁﬂ%mL;Jami‘m 91N9UI98UY Tamanna wavAMY
(43) AnwnaveenszuINNIANDs ladednunsann oIS WuIHARSeiTE UM saneslad
fiend L* 2* anasanifin daudnd b iiisduanniy annisanuravedalidludrenisdesaans
LarNsazanevedlUsAudIfT meeil 4.4 nuin nnsleludludiinadenisiiunisazansveslusiy
dntoe udliifnadenisgesaatelusiu nslaludludiinasedvewdnsue Wosanmslaluslud
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lsavedlaruRnnisnszangswasivuinanas wesiuudalduiaduviniifanisazay

LEL LT UAINAlANEA 9T

A dgj i U u L2 1 =Y L4 al 6 1
AT 4.2 Aufienuduiusseninamaveniarlunisleluiluduaziiatlunislaludludsons

NAADUNIINILATNAIUAE a7

4.5.2 YedeiidemasensiamihusdndenuaiAnesvamditaduaauey

Vinameneulsiuazanmialunisteludlud Tnefvuanartunasleludluda 12.50 uadl 99n
AT 4.3 wan sl SognsdinBinaeledinnaudsalrinndindanuvauntugae
Fatiesanieulsd Neutrase Sanuanansalunisiniuszuuuidulawvamarbilansnoziily
Sasevisonlndameduiitnaan iR dulslasindwiudwiliveuidsmaliifinsaw Swans
VnasidenfdesTUNATEVad Meinlschmidt Waganly (02) AoUSuauoulrilsiunsaiunanis
NAADUNUSYANEUREG YA TN :

Sensory bitermess

G cordent of enzyme

a ] a6 | a & I3 al sk
AT 4.3 fufimuduiudserinaUsuaeuleduazanuiilunistaludludsenimaaaunia

Uszandunan uaIuvl
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2 source nutrition value of cow's milk [39]. ” Proximate analysis of rice milk. rice milk commercial was explored from the market in Thailand
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Abstraet. Rice milk is a dairy product aliernative for who arc allergenic milk protein, lactose
and concern about cholesterod, Unlike cow’s milk, rice milk contains little protein but has a
higher carbohydrate content. The purpose of this research was to study the optimal condition to
develop rice milk nutritionaily equivalent to cow milk with consumer acceptability. In this study,
weused rice protein concentrate. rice flour, vice bran oil, sugar and calcium lactate as ingredients.
Firstly. the sclection of cnzymes for rice protein hyvdrolvsis was carried out and nentrase had high
degree of hydrolysis with the highest consumer acceptability (p<0.65). Response surface
methodology (RSM) base on central composite design was then employed to investigate the
aptimum condition with three independent variables: engyme: protein ratios, speeds and times
of homogenization. Our results reveal that the experimental variables significantly affected the
color and sensory attributes. The optimem condition for rice itk production was found to be
16000 pmi 20 minutes, of homogenieation and 1:40 (whAw). The milk produced from this
condition had protein. 3004 %G far 328%. fiber 0:.45%, ash 0.44% moisture 86.85% and
carbohydrate 5.84%., which was similar to the nutritional value of cow’s milk. The developed
product showed good nutritional and sensory charactenstics and this could be used for the
development of commercial rice milk beverage after conducting appropriate scale up and pilot
plant study.

1. Introduction

Cow’s milk is one of the most consumed fond relished by human pepulation since ancient time due to
its nutritional value and s comvenience in satiating appetite. Nowadays, s consumption has raise
concerned about the health awareness. Clinical researches have demonstrated that some components of
cow’s milk are allergy, hypercholesterolemia, lactose intolerance or coronary heart accomplice with
health problems including milk protein diseases [1.2,3]. Forthese reasons, consumers have become more
interested in non-dairy alternatives over cow’s milk. In recent years, plant-based milks products such as
soy milk. almond milk, coconut milk, rice milk and cashew milk have been lanched on markets by
various food industries worldwide and rice milk is one of the most popular dairy free alternatives in
Asian countries such as China, Japan, Vietnam and Thailand [4]. This beverage can be prepared by using
milled broken rice or rice flour with water and communition to a size range of 3-20 pm through
homogenization {3}, Heating is applied during the milk process, mostly to ensure food safety and extend
the shelf life of the product [6]. Rice based milk generally present inferior nutritional substitutes of
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bovine milk, in which it is very rich in carbohydrate (9.4-14.2 g 100 ml*}) bur contains small amounts of
protein (0.1-0.8 g 100 mlI") and fat (0.8-0.2 g 100 ml?) also lacks of calcium and vitamins [7].
Consumption of rice milk as an alternative’s without suitable care can result in malnutrition. especially
in the case of infants and toddlers [R].

Rice base milk alternative contains blend of rice protein concentrate, rice bran oil, sugar and calcium
Inctate can increase its nutritional value and could be equivalent to cow’s milk nutrition. Rice protein 13
hypoallergenic and suitable for people allergic to cow or soy milks [9]. The use of rice protein ingredient
in food and sports nutrition as an alternative to the more commonly used casein, whey and soy protein,
is increasing but limit its applications to products that do not require high solubility of the protein
ingredient such as meat analogues, baked goods, protein bars because rice protein is low solubility in
water [10]. The functionality of rice protein mav be improved by using enzyme hydrolysis. According
to the study of Humiski er al [11] protease enzymes such as an-alealase. flavourzyme, trypsin can be
used to increase the solubility of pea proteins. The effect of enzymatic hydrolysis is dependent on various
factors such as tvpe of enzyme [12.13] treatment conditions (enzyme-substrate ratio, reaction
temperature, time of enzyme action, characteristics of substsate [14]. Moreover, it has been found that
using combination between homogenization and high temperarure during milk production could increase
protein solubility [15,16]. Response surface methodelogy (RSMis a widely used mathematical and
statistical rmethod for modeling and optimizing & process, which requires mininum experimentation
[17]. The purpose of this tesearch was to evaluate the effect of enzymatic hydrolysis of rice protein
concentrates on the solubility of the resulting hydrolysates and study the optimal condition to develop
rice milk nutritionally equivalent to cow’s milk with consumer acceptability.

2. Materials and methods

21 Materials

Rice flour was purchased from a local supplier { Thaiflour industry company limited, Thailand). Rice
protein concentrate was obtained by Fenchem co. ltd and rice bran oil was obtained by Thai edible oil
co.., Itd (Thailand). Caleium lactate was purchased from Bkkchemi Co., Lid. Rennet enzyme 2000 U/g
was obtained by Tinnakoen Chemical and Supply Co.. Lid. Flavourzyme [ 0D0LAPU/g, Alcalase 2.4 AL~
Afg and Neutrase 0. 8AU-Nu/g were supplied by Brenntag Ingredients (Thailand) Co., Lid. All other
chemicals and reagents were of analytical grade.

22 Enzvmaiic sereening for improved protein soltebility

2.2.1. Hyvdrobsis of Fice protein concentrare. Enzymatic hydrolysis of rice protein concentrate was
studied by using the modified method of Bara¢ er alo [18]: Four proteaseenzymes including rennet,
flavourzyme, alcalase and neutrase were explored a8 the part of enzymatic screening. The factors
affecting the degree of hydrolysis'such as-phl (5, 6, 7) and reaction time (0. 15, 30, 60, 120 minutes)
were also investigated. Protein concentrale Solution was prepared at 4% (w/w) then the pH was adjusted
to 5.6, 7 with 1 M NaOIi or 1M HCL The enzyme to substrate (E/S) ratio was 1:200 was later added to
the solution. Incubated at 30 ®C then inactivate the enzyme immediately at 80 °C for 10 min.The
hydrolyzed proteins were immediately used for the determination of the degree of hydrolysis.

Baraé¢ of af. [18]. The protein hydrolysate solution was centrifuged at 12000=g for 15 minutes. Then 10
ml of supernatant was taken to mix with 10 ml of 20% wiv trichloroacetic acid (TCA) and centrifuged
at 12,000 g for 135 minutes. The soluble protein content of the supernatant was determined by the Lowry
method [19] using bovine serum albumin as the standard. Total nitrogen was determined from [0 ml of
suspension prepared in the same way as for enzymatic hydrolysis, but without the enzyme [20].

2.2.2 Degree of hydrolysis. Degree of hydrolysis (DH) was determined according to the method of

DH(%) = {soluble protein content in 20 %w/v of TCA (mg} / total protein content (mg) ) x 100



37

23 Manufactire of rice milk

First, preparing rice protein hydrolysates using 4 % (w/v) rice protein with 0.4-0.04 g of enzymes at the
reaction temperature of 50°C then inactivating at 80°C for 10 minutes. Then the rice protein hydrolysate
was mixed with the following ingredients: 6.1 g rice four pelatinized {12 %w/y of rice flour pelatinized
at 70 °C 5 minutes) according to Coda ef af. [211, 4 g rice bran oil, 4.5 g sugar and 1g calcium lactate.
Then homogenized at speed varying from 8000 rpm to L6000 rpm for 3 to 20 minutes. Each rice milk
formulation was suggested by the mixture design based on a central composite design as shown in Table
1.

24. Experimenzal design

The optimum condition for development of rice milk formulation was determined by Central Composite
Design with response surface methodology (RSM) using 3-level-3-factors in the Design-Expert (7.00)
seftware. In the experimental design, it showed twenty formulations with six replications of the central
point. Independent variable parameters were speed of homogenize (X1}, time of homogenize (X)L
enzyiie content (Xq) and varied from -1 to +1{Tablel}. Dependent variable parameters were apparent
viscosity, color expressed as L¥ a®.b* values and sensory analysis. The regression model was used (o
generate contour maps for optimization and explanation of parameters effecting rice milk properties.

Table 1. Independent variables and thetr levels tsed for Central Compuosite Rotatable Design.

Coded variable levels

Independent variables Symbol -4 { Al
Speed of homogenize (rpm) X 8000 12000 16000
Time of homogenize (min) Xy S0 12156 2000
Content of cnzvme (o) s .04 022 0.40

The regression meodel eqiation for viscosiy (Y1), color L¥ (Y3, color a* (YY), color b* (Y
bitterness { Y :), smoothoess {Ye) roughness (YY), afiertaste{ Yy) could be speculated as follows:
Y= Poefixet Boxot By Xk Praxy 26k Buaxz o Bax i Poxtet Bans
Where a dependent variable Y expressed response viscosity, color L*. enlor a®, color b*. bitterness,
smoothness, roughness, aftertaste. The P, i and P: expressed constnt coefficients of the intercept,
linear. quadratic and interaction terms, respectively, After study the optimum condition validation was
carried out to check the validity of the predicted value sugpested from RSM.

2.3, Apparent viscosily measirenient

The apparent viscosity of rice milk was measured by viscometer { Brookiield DV Ultra programmable
viscometer. MA, USA} with small sample adapter (spindie scd-3 L yar sample size of 9 mL Five different
shear rates was used {6.60.13.2 198264 and 33.0 ) The results are presented in pascal-seconds (Pa.s)
[22].

Fos K\ e

&

T is shear stress (Pa). k is consistency coefficient in {Pa/s), v is shear rate (s7') and n is flow-
behaviour index.

2.6. Color meusurement
Color was measured using a hunter colorimeter {Color Quest 11, Reston, USA) Samples were contained
in optical glass cells 3.8 cm high and & cm diameter. Results were piven in CIELAR system for
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lluminant D 63 and a 10° angle of vision. Registered parameters were: L* (brightness), a* {red
component), b* (yellow component) [23].

2.7 Sensory analysis

Sensory analyvsis of the hydrolytic rice protein concentrate solution as obtained from 2.2.1 was evaluated
using 9 points hedonic scale (1 = “liked extremely”, § = “neither liked nor disliked” and 9 = “disliked
extremely”™) with 30 untrained panclists for bitterness, roughness and overall preference according to the
method of Pokora M er ol [24]. For analysis each formulas of rice milk products from experiment
design using intensity analysis modified method of Christine Wilson er af [23] by using ten-point scale
{rating from | to 10} to rate each descriptor's intensitv with 30 untrained panelists for bitterness,
roughness, smoothness and aftertaste

2.8, Proximate analysis
Calcium content and proximate analysis procedures for moisture, protein (N*6.23), fat, ash, fiber,
carbohydrate of rice milk product was performed according to AQAC 2000 [26].

2.9 Stavistical analysis

Analysis of variance (ANOVA) was carried out to analyze the differences between groups. Data was
indicated as mean = 8D and statistically significant differences were determined at p <0.05. MINITAR
release 16 (Minitab Inc., State college, USA ) was used 1o carry out all statistical analyses.

3. Result and discussion
3.1 Enzvmatic Screening for improved rice protein solubility

3.1 Effect of pH on encymatic hyvdrolysis. Inthis experiment, the enzyme to protein ratio was fixed
at 1:200 g and the reaction time was set at 60 minutes | [t was found that pH significantly influenced on
enzymatic vdrolysis (p <0.03) as shown in Table 2. Among the enzymes studied. alcalase showed the
highest degree of rice protein hydrolvsis, followed by neutrase, flavourzyime and rennet, respectively
and plt 7 was the optimum condition. The obtained results were compatible with those reported by
Zhang et al. [27] who studied the solubility of soy protein and rice protein at various pH with enzyme
acalase. They found that rice proteins at pH more than 6 had higher degree of hydrolysis and Amiza et
al. [28] found that neutrase to hvdrolysis mixture of angle wing clam flesh at pll 7 and long reaction
tme caused higher % Degree of hydrolysis

Table 2. Degree of rice protein hydrolysis from different enzymes at various ph.

pit ZaDH
Alcalase Neutrease Flavourzyme Rennet
pH 5 0.9%40.01 101 20.0023 192004 {1L38%0.02
pH 6 3 685037 3.628:0.07 (.88%40.03 0.30820.03
ph 7 R.79%40.08 5.74%:0.14 1.02 82002 0.29%20.01

Values that are not followed by the same fetter within the same column are significantly different {P £ 0.03).

3.1.2. Effect of reaction time on enzyvmaric hvdrolysis. In this experiment, the ratio of enzyme to
protein was fixed at 1:200 and at pH 6. Table 3 showed that when the reaction time increased, the %
degree of hvdrolysis increased significantly p=0.03). The enzyme reaction time of 120 minutes had the
highest % Degree of hydrolysis. Haslaniza er al. [29] reported that a longer reaction time would allow
enzyme to act more extensively on the protein, thus resulting in more % degree of hydrolysis.
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Table 3. Degree of rice protein hydrolysis from different enzymes at various reaction time.

Time Sl
Alecalase Neutrease Flavourzyvme Rennet
] 28452012 09452002 0.58520.02 0.24%0.00
is 34955002 3075001 0.6TH0.02 .29 .01
30 4 576002 3.63850.04 0782002 338001
6k 5 6882037 36482007 088003 0.30%:0.03
120 6.33%0.18 SR$N012 $.9234:0.00 0.37°:0.01

Values that are not followed by the same letter within the same column are significantly different (P < (L035).

3.1.3 Sensory analysis for enzyme selection. Since enzyme alealase and netrease had a higher DH
than rennet and flavourzyme from the previous experiments therefore we selected alcalase and netrease
enzymes for sensory analysis. neutrase enzymes had higher score in aroma, sweetness, bitlerness,
roughness and overall acceptance than alealasse. Therefore, neutrase enzyme was selected for the study
of the optimum conditions for rice milk production.

3.2, Conditions for optimiun responses

The experimental results using RSM with CCD were presented in ‘Table 4 and 8. Three independent
variables used were speed of homogenization (X 1), time of homogenization {X2), and enzyme content
{NX3) with three levels for each variable. While the dependent variables were the apparent viscosity, color
expressed as L*, a* b* values and sensorv analysis

Table 4. Central composite design for optimizing condition to vice milk production and responses of
physical properties.

Variable levels Response variables
Run ,

number Xi Xa X Y ¥ Y Ys
] ] { 4 sl 3:32 0.1 -0.03
2 +1 +] % 6.95 3.73 0.19 .12
3 -1 4] -1 6.73 3.02 .46 0.28
4 { { -1 7.36 201 0.06 048
5 -1 41 +1 =5 243 (.64 0.14
6 -1 { 6.90 2.79 031 .34
7 { 0 { D7 2.86 .08 0.26
8 +1 i { EI3 1.8 .18 -0.02
9 { 0 { 7.44 27 (.31 .08
10 ] 4] 0 383 2.56 .07 0.13

11 -1 e -l 7.13 198 1.37 0.3

12 0 0 0 ST 211 0.7 0.2
13 -1 -1 +1 6.83 2105 1.4 -0.18
14 0 0 -1 776 .68 (.68 -0.08
15 -1 { 0 7.96 [.96 1.24 -0IR
16 41 -1 ] 6.93 .88 .73 -0.44
17 { { 0 6.61 171 0.69 -0.57
I8 ] O 0 722 1.78 0.93 -0.23
19 “+1 -1 -1 7.84 .51 0.71 ~(.32
20 +1 +1 -1 7.65 1.0} 0.03 .03

Xi= 8peed of homogenization {rpm), Xo=Time of homogenization (minutes}, Xo= enzyme content {g)
Y =Viscosity {pa.s}, Y==Color L* Y= Color a®, Y.=Color b*
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Table 5. Central composite design for optimizing condifion to rice milk production and responses of
sensory analysis.

Variable levels Response variables
Run Xy Xz Xs Ys Yo Y, Y
number
I a 0 0 445 6.59 3.82 4.3
2 +1 +1 +1 6.49 6.58 3.26 3.78
3 -1 + 4 -1 4.05 6.73 4.27 4.1
4 G 0 -1 3.95 6.3 R 3.94
S -1 +1 +1 6.55 6.87 349 4.01
6 Q -1 { RN 673 347 4.035
7 0 1] 0 4.39 6.76 3.62 4.16
b +1 { 0 4.41 6.53 3.68 4.09
9 0 0 { 447 6.26 3.72 3.91
1o O 41 0 485 6.27 3.88 4.56
H -1 -1 -1 2.43 658 4.19 4235
2 0 i it} 4.67 f.64 3.91 4.16
13 -1 -1 +1 6.54 6.2R 3.258 4.01
14 0 ] -1 2.65 6.59 4.42 4.39
I35 -1 4] 1] 4.539 5.59 3.79 4.18
e 1 -1 +1 6.75 £.53 2.98 3.34
17 0 0 {0 433 H.39 572 4.06
I 0 0 0 4.38 6.63 3.85 4
19 +1 -1 -1 224 608 4.05 4.06
20 ] 1 -1 248 6.29 3.71 4.09

Xi= Speed of homegenization {rpm ). Xe=Time ofhomogenization (minutes), Xs=cnzyme content{z), Y=
Bitterness, Y=Smoothness, Yr=Roughaess, Yi=Afertasie

The quadratic model suggested from program and -used for optimization and explanation of
parameters effecting rice milk ‘properties. \Three independent vatiables did-not affect the physical
properties of the milk, interms of the viscosity and the color L * b * values and the sensory analysis of
smoothness and aftertaste. In contrast, three factors affected color as a * yalue <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>