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Coconut is an economical crop that widely processed and used in many
ways. In order to produce coconut oil, the coconut milk is used as a raw material for
oil extraction and coconut skimmilk is left behind as a by-product. Due to high
protein content in coconut skimmilk, it has a potential for protein extraction.
However, the extracted protein usually has limitation for using due to its low
solubility in acidic condition and its ability to bind with flavor compounds. The
objective of this study was to optimize of the enzymatic deamidation of coconut
protein by protein-glutaminase (PG) and to study functional and flavor-binding
properties of deamidated coconut protein. The extraction of protein was performed
by conventional isoelectric precipitation (pH 3.9). The modified condition was
optimized by using response surface methodology (RSM). The optimization was
performed based on the condition, which contained high degree of deamidation

(DD>30%) and low degree of hydrolysis (DH<5%). It was found that the optimum



condition were enzyme:substrate ratio (E/S) of 36 U/g protein, temperature of 500C
and pH of 7.0. The functional properties of deamidated coconut proteins
(deamidation by PG for 15 min, 6 h, and 12 h) were determined, including solubility,
water- and oil-holding capacity, emulsifying properties and foaming properties. In
comparison to control sample (same condition as deamidated ones, but without PG),
the solubility of deamidated coconut protein was improved at pH = 3.0 (p<0.05). At
pH = 5.0, there was no difference in solubility among treatments (p>0.05). At pH =
7.0, the solubility of coconut proteins, which deamidated for 15 min and 6 h, were
decreased (p<0.05). Water holding capacity and oil holding capacity were not
different from control after deamidation by PG (p>0.05). Emulsifying activity index
(EAI) of 15 min deamidated coconut protein was decreased (p<0.05) while EAIs of 6
and 12 h deamidated protein were not different from control (p>0.05). Emulsifying
stability index (ESI) of all deamidated protein samples were increased (p<0.05).
Foaming capacity (FC) was increased after deamidation by PG (p<0.05), while the
foaming stability (FS) was decreased (p<0.05). From the results of molecular weight
distribution, the small molecular proteins were increased during deamidation. And
amino acid profile of deamidated coconut protein was similar to untreated coconut
protein. For flavor binding property of deamidated and non-deamidated coconut
proteins, it was found that the ability of coconut protein to bind with vanillin was
decreased after deamidation by PG. However, the types of interaction were not
changed from van der Waals force or hydrogen bonding. Sensory study was done to
observe best estimate threshold (BET) of vanillin in proteins (both deamidated and
non-deamidated samples). The result showed higher BET of vanillin in non-
deamidated coconut protein (33.17 ppm) than of vanillin in deamidated sample

(14.11 ppm).
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Coconut Palm

Outer coat > : Coir {(middle,
e fibrous coat
of fruit)

. Shell (inner,
m&e flesh hard coat
of fruit)
endosperm) PURRRM R,
Seed coat

Coconut milk ;
{liquid endosperm)

JUT 2.1 1 M31889N15ARNINLLIEIVBIHANENG T

fisn: Pyngthyngs (2012)
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2.1.1 WsAuanuEns

2.1.1.1 msanalusauugng

5 12 VY = %3 a % % aa 1 1

Aausiva.A. 1990 ladinsAnwnszuiun1sn1sanalusAuaInueniImeIsn15mIg 9 LU
Rasyid et al. (1992) naaosaninlusAuaInugns1 2 38 1glousnAen1sUImIenginEIunIsLen
lusfuaanmenstumlssndidanude naeantuinuanaludusendnasinienisvin soxhlet
£ [ QIJ Y = ) ) Y v [ o 3 gj ) [
mognwuiung) 6 Flus uarduhluvuismenisudidonuddnass anuuLdanUsu pH
W 8.3 dnluduimies uaruduidu 6.4 waz 4.8 audieu azlepsulusaunivsunalusiudu
p9AUsENOU 82.7-84.7% TeAmdu 68% protein recovery nszuiunsanmlusAudnionilsfe

y = ~ A = | a by | N A

nsUUIIBIN 16,000xg LaKnlUTAUIINEIUTOINIINET MNUURINEIUVBIATUNHIUAITUEN

Judussnisutfutdungt 1 Au nudwenaulusiunledusuialusiu 94.0-94.4% uazd

protein recovery 94%

Kwon et al. (1996) annlusfauainuensalaeldinaia ultrafilttration Ia8LADNANNWEY
n39971 molecular weight cut-off (MWCO) 5,000 Da a1ntuiluiuisdensvuiawuuny

tloy nuirshegeil@iusuialusiu 51.8% Tuvueafeaty Onsaard et al. (2005) 14



ultrafiltration 7 10000 Da MWCO afalusiuldmanefifiusualusiuiios 45.6% ogslsh
pa 0 2006 tnadenduillivaassatnlusfuuznindnadstenssuiuns 2 suuuu Tes
wsniflunsanazneulusiuainugninfmensnozdind pH 3.9 udtumiesifigamad 35-40
ssrwaldeaiionsndrulusiusen ntudiefiegiesideenmuiiendnlusiufinasnde
Usunalusaulusegnmdsainmsyuiauuuaienudsdadu 88.94% ndsudadunsiims
ngiiluutudsiigumgl -20 esrmvaldea mnﬁ?mﬁmqmmﬁtﬂu 40 osrnaLdua winiluiu
wisaiieunsnlutiueen d1efegnsnadidesnwuneuazsthluyuisuunifonuds wuin
Igegefiladusunalusiu 75.27% widhegslusiuiilaiivsunanisulamsauuds 14.67%
(Onsaard et al., 2006)
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Thaiphanit and Anprung (2013) MnaesaRAlUsAULENI1IANALAALAZAIDYNNIINTAIN
gramnIsunInantndungninatabudieitanagnoulusiuil pH 40 Tagldnsn
lelnsraedn anduihludunisaiowsndruvedusiiv wuirdesalusiungniniataan
ngiianfiUTanalusiu 60.44% Turngiifeguiiataainyengfinngaamnssuiiuualsiu
f992.74% warlull 2016 Idadalusiudlaelifngiudumensfiangnamnssuuviaiude
nsrUIuNMsataLuUReaiY nuiUsnalusiulusegafiadaldvdsnsviuiediandu 80.3%
Miisnietevilitnatensataesuauseuiililunisatn wazernardeddasiall wu iy

ioanusunalusiuas (Thaiphanit et al., 2016)
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2.1.1.2.1 Molecular weight distribution

TsAungnindlngasdulusturianasydudeansnsauvdddidu 2 ndufe 7 uay
115 Wshungu 115 naoyduiivszana 80% vedlusiulundunasydusiomelneiitefondnie
1 cocosin Tsunguiiinunsluananufuogi 326,000 kDa uiiinihegesidudulndansdui
Juune 24, 34 way 55 kDa s?iwzﬂimgiuwal,ﬁaﬁﬂmﬁLmﬂsﬁéha sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) éfﬁg‘dﬁ wauTusaufiladianvazadondeiu

lUshungy 115 naeyauiaialaaina
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JUN 2.3 n3nszanefvedlusiiu cocosin 1NMslATIeilag SDS-PAGE

i Garcia et al. (2005)

naeyaudnnguAe 7S nasydu fvwialuanarianun 156,000 kDa laefiviiegosidy
aneUlnanfiawn 16, 22 waz 24 kDa widlothludiasnzsisng SDS-PAGE dzuananaiduuay

TUsiuduau fe 16, 22, 24 W@y 55 kDa ﬁ'ﬂgﬂﬁ 2.5 (Kwon et al., 1996; Garcia et al., 2005)

7S MW, k
97
k 66
55 o 45
B 30

2 A
22 » 20.1

16

14.4

JUT 2.4 M3nsEanedivedlusiu 7S nasydu :Nn1siAszilay SDS-PAGE

3 Garcia et al. (2005)



waNNT 3N9WITeVee Kwon et al. (1996) AldAnwgaumniinyililusiungni1fia

nsideanImeensly differential scanning calorimetry (DSC) wudn aaumgiifvinlviiinniside

an mvasnasyduluuensnd (denaturation temperature, Ty) B 82, 98 Uay 112 s walgya

2.1.1.2.2 29AUS¥NBUYINTADLALY

9N9IUITBUDY Rasyid et al. (1992) wueaAUTznaUT0INIABElluINNENIL
U3maunganiinie@ngs (17%) sesaunioniiiu uasuealifnuedanmadu uananiidad
nsneviluiisuludewoneniensu 9 ¥fia F991n91398v0e Thaiphanit wag Anprung (2013)
Ienafindnendstuy e TUuangafinuedn (21.67%) 81537 wasuoaU Ainuedngs fauans

AN 2.1

A15199 2.1 99AUsEnaUveInsaasilululUsAUNNUZNE?

Essential Amino add 2100 g MNonessential Amino acid 2100 g

Histidine 2.2925 Alanine 3.6468
lsoleucine 20545 Arginine 122219
Leucine 4.7699 Aspartic acid 8.6481
Lysine 3.3476 Cysteine 1.6299
Methionine 1.5512 Clutamic acid 216721
Phenylalanine 4.3078 Clycine 3.9061
Threonine 2.7611 Proline 3.3710
Tryptophan 1.3807 Serine 41111
Valine 3.3253 Tyrosine 21073

4 Average result from two independent samples.

fin: Thaiphanit and Anprung (2013)
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Wsfwduasusznavveduanavualuglaefesdusznaundniluaisuau lalasiau
20NTIU LazlulATAU Lare1ENUTaMBSIUUN9ATI NUNegp8vIlUsAUNS NIRRTl lLALAA
o ¥ 1% Qg{/ = 1% [ I~ [ 1 al 1 I a
1NN5TINMAIveastenull Tnedilassairmaniduilunyosily (-NHy) wagnyasuenda
(-COOH) safiunanFusulusmumiwean wazinyilendunsenyledna (-R) Auandeiuniusin
Yosnsneziily nsnoziiludsiilassasrsiiugiuidu HN-CHR):-COOH Tusssumfaznunsnosziily

20 vfinAauandn1sei 2.2 Fuflewusmnumiylednaudinzuudlaidu 8 nqu (Yada, 2004) laun
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1. Acidic Usgneulumeuealifinuedn uazngmiiiniedn

2. Basic Usenaulumeaisitu, damau wazladu

3. Aliphatic Usgnaulusme ezanily, loleda@iu, 823U waznau
4. Aromatic Usgneulumeiassaniiy, Wnlsdu wazrsulaunu
5. Polar Usznaulumiy weosu uagvisletiu

6. Thiol-containing Usgnaulumiy Tawmdu waziumlnlediy

7. Amide Usgnouluie woals13u uagnganiiy

8. naulmuninisduvewmylediaiuand1aninnsnesiludidu loun  lnadu  was

AN5197 2.2 NsAoeRlunnulusIsusA 20 v

Amino acid Mass Side chain type

Alanine Ala
Arginine Arg
Aspartic acid Asp
Asparagine  Asn
Cysteine Cys
Glutamic acid Glu
Glutamine Gin

71.09  aliphatic hydrocarbon
156.19  basic é-guanidyl
114.11 acidic [3-carboxyl
115.09  acid amide
103.15  thiol
129.12  acidic y-carboxyl
128.14  acid amide

Glycine Gly 5705  hydrogen

Histidine His 137.14  basic imidazole
[soleucine lle 113.16  aliphatic hydrocarbon
Leucine Leu 113.16  aliphatic hydrocarbon
Lysine Lys 128.17  basic e-amino
Methionine  Met 131.19  thio-ether
Phenylalanine Phe 147.18  aromatic phenyl
Proline Pro 97.12  heterocyclic imino
Serine Ser 8708  polar hydroxyl

Threonine Thr
Tryptophan  Trp
Tyrosine Tyr
Valine Val

101.11 polar hydroxyl
186.12  aromatic indole
163.18  aromatic phenol
99.14 aliphatic hydrocarbon

<K gEg-HITNZIROTIQOMOZO R

fan: Yada (2004)
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lassasneUguadl (primary structure) Wulassaieiifinsnesdluesduseney ninaziily
snweniumeiussiulndduduiusslarniaud

a

lnssasnmAend (secondary structure) Wnvnanelndiuulndvedlusfuinnisvniduy

Y
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lnssasnampend (tertiary structure) Wulassadravesanslndidlndfivaiuuazduiu

wiwduiounaumesunsizendia 9

lnsaas199939T (quaternary structure) Julassadafiinananslnddlnduinndy
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voeslushiu wu audiinisazats audinsiiedifaty Faduladeddylunsilusiululdly
KA <) é’aﬁ?uﬁaﬁmmwmmmﬁazU%’quaTmaa%ﬁq nMsdaBesi wagnsUSuAsuyie
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m%u (Yada, 2004)

2.2.1 MIsawdsiushu

n1seaudslusAududnuilaislunisyiuupantflmdifivedusiu lnenisdauys
TUsRuvlevaneds wu nsdnanalusiumenisyinlalaslada n1svinlilusfudsanin wwu n1s

ldaufou uaznsildsunyilenduvesnsnezilu Wy Ausiitndy (deamidation) way

o a o

a . . I3 Y
AFULRYY (succinylation) UMY

22.1.1 Auadinti

a a 7

AuatindutdunszuiunisaandsiusauIsnilam gIonsiasunyilanduredlusiuain

1 s

1 ¢ o a = o Y a = wa | - ]
nyioludidumasuenda Feagvilvinnisildsuiuasesandinig q vaslusAugudunasn

Y
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PNMsUguklaeUszauadlsiuihiiiinnisinitesiivedlassadenivisuwdadly lag
nsneriiluiaunsainuffisentiliasdedingieluadslaun weaursndu (Asn) wazngandiu (Gln)

IngazanUaeswenlanflenuguil 2.6 FelsunaueuluiengnuanUassuniifioiduiiuadsns

nsiinufiseveshketindula (Hamada, 1992)

COOH COSKH
|

H,N—CH HzN—ﬁ?H
|
g T N
CH, CHa
| ¢

07" NH, 07 “OH

JUT 2.5 Uisensiiniueiivnduveingaiily
131 siawdasaIn Hamada (1992)

A5AALUSIUTAUAI8ATALDTMTUAILTOYNEANINITITNINIEAIN N1WAT hasnISLY

woula]

2.2.1.1.1 fwailndulaslgisnianienin

dusuismemeniniuvinldvainnatedd wu msl¥anudou nsldanudu d991n
ATe09 Metwalli and Van Boekel (1998) #ildnaasssauwuslusiuaduainuudie
Favedmdulagldaudou 110 waz 145 ssrnwadvarduian 0-120 it wuan WJuisa
AaufAzertrafsadudmaumn wWensainuiinalulasiauililelusiuiivanddesasnin

wuhilifies 10-15% Adunenludefimninaziinanufizeneiindu

2.2.1.1.2 Awailndulaslaisn1aail

MIfauUsieIsakelndudnizuilildsumudonfodmaadl wunisldnse waznis
T4 Yadefidenadonisufizenfueiinduiivaneusenis wu viaveansald Wusu Fansad
Heuldlaun nsalalasmasin nsABn3n NIAENINA LaznsANNEN Liao et al. (2010) Anwin1sen
wUsNgeuINTIEaMLNIAgNTINLarNIATATN MU MY 10 wINwsnveInIsinugasen
nsndndinanusaisliiafueindulisiniinsadsdn umdenairiuly 15 undl A1 decree of
deamidation (OD) wedlUsauildnsansansuinialndidestu Tneildn DD w1nndn 50%

wananil Lei et al. (2015) Anwnsldnsadasnuaznsaunanlun1sfauusngnauain Akebia
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trifoliata  waus1ngi1 Wesseziaiuly 12 Talus fredreiidaudsaiensndnsniiaAn DD

a 1 a o 1 aa

1IN 55%  Fagandinisdnanlsmensaundnegidfided1fny uwiedndlsinununinujisen

(%
1 a v

lalaslaganiinduainnisdawdsaiensa@n3ndaraniinsauidnaiouiu uenainidadl
nsfnwnaINNsldladeslansonladlunisanuuingwauaindriuisiad wuin DD dAiua
WAL ILAMULTUTUYRIANY LaETEEsIaINITARLUSINYY Laelldn DD Wity 43%  Lileld

Tafeulansonlasanudidu 0.5 M dauusidunan 2 42l (Zhao et al, 2011)

aglsinunIsanLUImeIsninmentntazniseiiivedefeviliinu et
wiu UiAsenlalaslada Wudu saumsufisenniedureudiegunse uazlifimudumziuans

fadu n1seanUslusAumedsawatimtumanisidieulsitududnniadsniviaula

2.2.1.1.3 fwaiiwdulaaldoulyy

¢ al Y] a v aaa a a v a = ¢
ulgsinanuisaldlunisdaudsiusiuseujisenduelindulivatestnduoulasiusas

aaa 174

gadni1udnnizuasiuiisendiahgaunnaiady dreg19ieuleddinsu

anuwUslusAusedsanetindulaun TUshtea wWunlangaidiiua nsudngaifivua uay

WsAungafiiua 1Jusu

2.2.1.1.3.1 WUsfLea (protease)

ulwflungulsfoaivatoviia 1wy Uiy v3vdu uazlaluvEud dsluannznsavie
nans UATeuaiifiAnarnnissslnsteulesinguildlnganduufiselalasloda wiluanny
e UfAsenlelnsladaazidnldtiosnnn luvasideadiuazanunsniinfizonvdnduuny 1wy
woillat Kato et al. (1987) Anwinisiinduedindulaeldiouluilusiioatisnuluan1iedns
wuaneulwiunly warlalunsuduaiunsaissnisiinfnedlindulalutig pH 100 wazals
gaunndl 20 esrnaaldea tned DD Liliu 20% war degree of hydrolysis (DH) lsiifiu 10% &

ulain3uduansassuisenauetintulalugag pH Reaiu ue DD wag DH danlsifu 5%

2.2.1.1.3.2 Wuilanganiiua (peptidoglutaminase)

Y

Wiilanganfiwadueuleidndimilananansasslisenisiinfueiiiadulalungnn

o
[ = A

flunazwealrsdudegluaewdlnady q Fadanuduldlanesihluldlunisdaudsiegim

puN1sinanelUsAuLILEY Hamada (1992) Anwanuidululasanainludiognsdusfiuainga
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WaenkIuN1sgoiIsANTauisuiudiagalushunliniunisges nalsngin DD ves

fegeiiunsgesmeauiou Jrgenitdiegsiliniunistey

2.2.1.1.3.3 n91udnganiiiua (transglutaminase)

'
o a o a

ulasiildFuanudonldlunmsdauusTusiuseitiueintusnigafeouleinsud
nganfiiua wiioulwdvdadanunsadamaansfutussninngauuasmyoriluuisnguls
mewuiu Motoki et al. (1986) Anwinisiinfuwelndulundulaeauauliliinnisduiuven
ganflufunyosiily mannedidelaldnszuiuns citraconylation iledufunyjosiludase
aunsaduiunganiiule Agyare et al. (2008) lavinisfinwnisdnauusnguauaindnandlagly
oulwinsdnganfiua wudh anuanansalunisazanglugng pH = 4.0 - 7.0 Senfindudor
msfaudsTusAuduna 15 dalus uazdsfins@nvinsdauuslusiuandauvdoslae Babiker
(2000) Fslddnudsinelfiouladvdaiidunat 60wt figuundl 55 esmueadea wudn
arwannsolumafndiadusarinuvedusiufiunsdulsfidufunndudefieusulsiu

Plaleinunsenuds

2.2.1.1.3.4 Wshungandia (PG)

Tdsiungadiiua (EC 35.1) 1uteulesd@idnisdunulud 2000 a1nuuaiiiie
Chryseobacterium proteolyticum Finuludu (Yamaguchi and Yokoe, 2000) R Scheuplein
et al. (2007) Anwifsaruaunsaluniselsavendesiliiovsdfnimnasndsveouls
Tusiunganfiua TngldAnwidumnuaunsalunmsnelsavente mnudufivieseuluiiiide
wyluszeziian 90 Ju uavlonranisiinnisnaneiug wuin C proteolyticum daruaninsaly
nsnelsas laldaareeteoay den mstudiewazimtnuemynasoudolduoulesiuinily
USunadlaiiAu 2,500 meg/dmiinga/fu vmaemns uarlideliiAnnisnanewusludnivnaes 3a
arundululdfashieuliedadinflunsdansiusiuluewns fellagiuenlesisinilfrin
N155U58997n USFDA 1ilannulaensslunisiiunly generally recognized as safe (GRAS) (US

FDA, 2008)

TsAungaluaanunsaseuisennsiinfueiivdulunganiuiiegluaelusiula weld

a aaa Y} A a = R ¢ a Ha ~
Lﬂ@ﬂﬂﬂiﬂ’]ﬂUﬂ@]mqmu@aig Lagdu1519u LL@SL@lﬂJ@G}%@u 9 L@UISUNSUU@U&JM p| = 10.0 wazy

ihminluanauszana 20 kDa 31n91UIT8Y09 Yamaguchi et al. (2001) Fe@nwran1de

b

Wz aNY0IN15IuYeslUsAungaTwaluYie pH  uagdiegumnniaig 9 wud1gie pH
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winzaslunsiauveseuledifosening 57 uagtiuugiee 50-60 oeAwAdya AN

wanesveseuledoglurig pH 5-9 wazteaaumgienni 50 sseadea (Lanslugui 2.7)

8100 6.100_
—_— = O O
[ 5 <
&= 80 ®:2 80 b
oS > (®) o
<2 £
> > N it
‘g‘g 60 35 601
© >0
® 2 40 T o, 40t
SE SE
='m e
©E 20 2% 20
o O (] E
xo T 0
0 xo

c " >
7 8 9 10 11 12 20 30 40 50 60 ,5 gs

pH Temperature ('C)

w
&
o
=

JUN 2.6 Hav09 pH wazaamgidenuainsalunsiuveeuledliusiungmiiuea

fe: pH; @ clative activity WBUAUN pH 5.0, O:. remaining activity WiguAUnaULSUAY
VI YaUnYL; @ clative activity Weuiuigaumngil 60°C , O: remaining activity 7

szevia 10 Uit wag 2\: remaining activity fiszugiaan 60 Uil

fn: Yamaguchi et al. (2001)

[ (%
o [y a v v

wanINUTATINSIAAUSATe Aueiintuvedlsiungafiiuaduiuriinuesasnag

1
a v v v

dnie lnganunsasauisenlaatulusiunguedunayiusiuangenunniansdunuansusy

i 2.8 (Yamaguchi et al., 2001)
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Specific activity

Protein substrate (pmol-min~ "mg~' = SD )
a-Casein, bovine milk 19.12 = 051
B-Casein, bovine milk 18.11 = 015
a-Lactalbumin, bovine milk 0.836 = 0.009
B-Lactoglobulin, bovine milk 0.728 = 0001
Serum albumin, bovine 0.009 = 0.001
Ovalbumin, chicken egg 0.005 = 0.002
Gluten, wheat " 7.200 = 0.333
Gliadin, wheat " 5.473 £ 0017
Zein, corn " 0.655 = 0176
Soy protein isolate 1.170 = 0064
Collagen, Type I, 0.177 = 0017

bovine Achilles tendon "
Gelatin, Type B, bovine skin 0.696 = 0.100
Muscle acetone powder, 0.210 = 0.034

chicken breast "
Myoglobin, horse skeletal muscle 0.014 = 0001
Actinbovine muscle 0.450 = 0022
RNase A, bovine pancreas 2912 + 0367
a-Chymotrypsinogen A, 0.650 = 0.118

bovine pancreas
Aprotinin, bovine lung 0.224 = 0064

* Assays were carried out in triplicate. ¥ A suspension of proteins in
the reaction mixture was used.

JUN 2.7 specific activity vaslusiungmiiualuasnsiuviingiig

fn: Yamaguchi et al. (2001)

2.2.1.2 munnugazenlalaslada

Uafsenlalnsladadudnujiseiiddylulusfuiiosandmadsnaunimusalsiiutuy

o

7 Ufasenlalasladasiliinnisiaeiussidindlulassafiesedulsundl lassasauag
nsinsssiveslusAulussAudu 9 JuAnnsildsunlasiisdunu fedsmaliand@inig 9 ve9
lUshwinnsidsundas wulesdlungulusieaaunsasdiiinuiserviiails wu nsdauys

v A

TUshuanadleneltlusfeaazyinlimnuanunsatunIsaragkasAINUaINNSO Lt UANSIANDI AT UR

Ju uwsanuaieslunisiinddatuanas Wudu Gwwans lawda,  2556; Thaiphanit  and

Anprung, 2016)

2.2.1.3 mSiaganIneIgnIlsou

o/ 1J = LY =~ A = a = F % o
m'msauLﬂuaﬂﬂaasmuwlmmamammwmaﬂﬂsmmuaamﬂﬂmmauamﬁamma

[y a

sunsisengluiaratguenluanavedlassaialusiulusziunivgiuasafendl Jeazdanaln

TUsAuinnsiasuklaakazdants ety 1asasnevaalusiuazilamenuinnluyauii way
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v o

UanUdeslushuaeduuasninesiiludassigniniulilulassadanfiend aud@gamidiiives

TUsaudavasunlasly 1¥u Aruatuisalunisazany alnuatuisalunisiinddady

ANNELNTalUNARIYL LazAuniausalsazaulusau (Boye et al,, 1997)

2.2.1.4 mMsman1eivuizaulunsanuuslusiu

' [
= o [

lun1sanuuslusiuasiivadendmaiednsinisiiaufisenegnateUadeduiuisnisin
wUs wu nsanwUstagldnsaasiidadeiiieides laun anudutuvensa eamgll wagseesnis

a aaa 2 v o v ¢ )~ v a a Y oA 'Y ! ! ¢
AU Ase Wusu msdawusineldieuledaziidadenneitede dnsdseninveuleduas

o o a1 |

lUsiu gaumgil pH wazszezhasinaufisen uenanildilladeddyndanarannisnisdn

o

wiUs Ao vaLarANULTUYeNUSAUNTEIUNSARALUS

Asman1zimuizanlun1saanUsIUsALTII T ULADIINUNUNITNAADITLNL S Al
WHIMOUAUDY (response  surface  methodology)  WAZINUNUAITNAADILUY central

. . ] a P aad ] vy A a aad o
composite design (CCD) tumstdonnils Ineislazilunisassiuiiaui@nyinuienaann
NAaBINan1I6 9 laeg1easeungu NuRLULaIudiA11n91naun15ilaannanIsnaaes
Toefanwaziduaunisonnosdadunss @un1sn 2.1) seaunisannuwdadulss (@un1sn 2.2)

(lwlsa 338913, 2544)

Y=PFo+2ic1Bixite (2.1)

Y= Bo+ Xi1 Bixi + Xiy Buxf + Xy Xji Bijxixg + & 22)
de  x;  fe Uededivds

Xj  fo Haduiians

Lo o aadaveniasi

Bi e nadudunss

Bii  #o nadadulas

Bij fe wadwoslfiserduiudvosinuys

g D NBNVBIAIUARIALATDUEY
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Fhamovaues 1HuIEAlFunudsuslunuiteluemsuasgramnsslssnndy
Tagldlunismaniiznismaassisteulasiivu nsmanniznisdaulsuanlnanetoulel S-
galactosidase adefild@nuiiionun 3 Yade WWun amdudureseulsl guvad uay pH
wagnsvnanglunisatiareaanauainidenliifitads ¢ Jade Ieiduununisveans 30

Mumisfiaseunaudsiidn (Das et al, 2015; Mohammadi et al,, 2016)

MnaAdluefnutansieuvedeulsdlusiungmiua wiludeglusiuu
a A ° a ¢ ' ) \ . P

avwiiniivran1svinaunvdnzanvesoulydunnaneiu WY o-lactalbumin . Saumsnyaulu
danne pH = 7.0 wazgauugdl 42 asrwalfed ludiegrauuniaaiuliugaziininuvagaui
gaundl 50 esmgadyd warlulusiungwuandiand anielvunzaude pH = 7.0 wag
aamndl 40 ssmwailea egnslshanululusfivuswinevazldansiediiodinusednsawluin
ALaTATY WU NISLALENIUDALUNITAALUSIUSAN O-zein NT1IINA NS IEIBRINDUEUDII
Juisndianumunzaunagldfnwnisaauusiusiulaeouledlusfungaidiua (Gu et al,

2001; Yong et al., 2004; Yong et al., 2006; Miwa et al., 2010)

2.2.2 auURdamtnnvedluseiu

Uaduniinasonislalusiulundnduaiang o AoauiRdaninnvedlusiu wu aud@nig
azae auvinsguiiwazidy audAnisiindiatu wag aud@nisialny audmwvaididaiy
Weleai Wy aimnuaunsalunisazatesi audalunisiindsatuazaismeiunuy Wusu v
Tins@nwaudfdantinveslusiuilanududou ag19lsAny audmidantnnuislsenisnien
° Y] ] waay 1 a o & al | ~ v wa a Y aa '
nlalawlainduanddnlud w1z ndn Suniunna199siauA 9N SaUURTINTNANLANA1

AUA2E

2.2.2.1 gudanisazang

)

TunsinlusAululdlundndue auaiuisalunisazanseslusiududadodiay

= a A va ° I &
LUEN‘UWﬂIUimu‘Vla']ll']iﬂaZa"lﬂlﬂﬂ‘\]zaqmqﬁﬂuqlﬂiﬁmﬂ’]EJLLag‘ﬁaqﬂMaqU UDNIINUAITNNFIUIN

' '
vad o o =

Tunsavareveslusiuduandifiddydemndwaiand@dminiau o wu audfinsidn
Bifadu audPnsinlily WWudu Jedefifnaseornuanunsalunsavarevestsiuiivaneysynis
Wy vlaveslsiudsiianuuansisfuvesuialinana siauaznisdinbe siavedusiu uay
dn1ae3aNsavay Wy ANUdunIn-AeUesEnsarane ionic strength wlavasMYNaraIsLAY

aamniinlglunisarate nsaratevadlusiuaziinannnisiiusAuas1eusnsiseiuln Tneasd

9 Y
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JUAINILNNEIVeIDYaRIYlln M. hydrophobic interaction dunsiseyiaiaziinsening
TUsRukazlusiu vinlmlushAuaunsaas1eunsnsefuinlatesas ANNEINISO I UNISALANUDY
TUsAuTsanauiiodunsnsesialiiy way ionic interaction @azidudumnsnse1senInalusau
o ¥ 4

Auln Wedunsisenwia iy AnUaIunsatun1sazatevadlusAudstlafiuady (Sikorski, 2006;

Damodaran et al., 2007)

Uszaam3

ol

JUN 2.8 nsmluanaanuduiussenineuseaansveslusiuiu pH

1 fauUasann Sikorski (2006)

[
= [y

TUshuudazytinlinsiUasunuasweslszauiu pH luaneiisegnsvedlusiu 0 9y

9
£%

1w isoelectric point (pl) A95UN 2.9 WoNANTN pl AIwEmIsalunsavateveslUsiuagdl

Y

AtleafignAsgudl 2.10 anuamnsatunisazatedisnd pl WWunaninainnsilsiuiivseqans

I3 ' . . = A v a = a o o oA a
\Wu 0 A1 electrostatic  repulsion  9UAIUBYNIN TUsAUTNLAANITTINFIAULTEBIANLAR
hydrophobic interaction  1af TuamuziAgafulusiuainisaiindunsnsedviilates
ANEILNTalUN1TaYa1839anas (Damodaran et al, 2007) usagelsinin A1 pl Gaasliuiy

yialUsAu 19U Yong et al. (2006) Anwinsaaudsnginuaintiandniensviaueiiindu wuii

'
= a

ANNEINTlUNNTaYANEYRINMUILA1AAAN pH = 3.0 uarlALANTUN pH = 5.0 uay 7.0 B9

Junaunannnisanasves pl anuaunsalunsazanevedusiviainnsiasunlasdudeaiuy
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Solubility

pH

ol

JU 2.9 psmuansauduiusserinsanuainsalunsasagveslusiuiu pH

i fiauuasann Sikorski (2006)

2.2.2.2 quiAniseanhuaziiiu

ANaEnTalunsgunIzdwmatialleduiavese i wu yilvevnsiianudiiy uay

[ I3 go’ A 1 1 v [ o w Ao [ ¥ %’ =
anunsafnAuderIunsEuIunsie q 1l Yadedrdgninadeninuauisalunisquuife
0N VUIN warANUTTIveIlUsAuNdwmanan1sinounsiseduln anwlsslulusiuainanlu

a1 nudiielusAusivuiaidnasazaiunsaiinsunsisenduinlauindu iesannuulinaaedu

[ o v
a A a a o

sgdlitunnvevinannnidlndansens uenannivlinvedlusiulinasaninuausalunisauin
WAL 31NA5199 2.3 wansiisanuaunsatunisiindunsiseriuiivesnsnesiluuday

38n wunsaerilululaseas1aniusyaaraunsaineunsnsenfudnlaang tngn1a1uisane

9

1 [y

gunsisetuinlafvzanunsaguinlafiuiu (Damodaran et al., 2007; Cumby et al., 2008)



A15197 2.3 ANNEANNSAUNSIUAUEIYBINSARLTILY

Amino acid residue

Binding capacity

(moles H,O/mole residue)

Polar

Asn

Gin

Pro

Ser,The

Trp

Asp (unionized)
Glu (unionized)
Tyr

Arg (unionized)

Lys (unionized)

lonic

Asp
Glu
Tyr

Arg+
His"
.

Lys

Nonpolar

Ala

Gly

Phe
Val,lle,Leu,Met

2P 0O W NN N DD DM O DD DN

A A W N <N o

f11: Damodaran et al. (2007)

1%
1% o w

YDINARANY U8NTUNARDAINNEINITAIUNTONUNT UL ANYa

(%
o o

AUU AD VUR AZAIULT

9

(%
o

9

(9
o

14 = o

ARNYAFINUAINNFIUNTD
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ANuasalumsguinduvedlUsivazdinafalloduda uiu lngdwadannutlou

lunns

YwedlUsiu wiladeninatuanuaiunsalunisquiiduiiniiande
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anuanssalunsendufutsiumanieni (physical entrapment) %ﬂéfuam‘iugﬂﬁ 2.11 M3
Fnduisfunamenmaenisaisitilngliinsunsisonsewinesnegnefuttiu 1wy msedels
fiorinssemineseds futumumuiutus (bulk density) Sadusntedenilsdateaudai
[HosannmumuLtusInezU W siufivdetesing (void) fawnsasnduiisiumismeniwld

Mirmoghtadaie et al. (2009) ¥1Nn15NAaa99akUSIUSAUAN okara AIYNISYIIALDTLATY WU

Awansaluntsgunduinty lnaidurauainnsiasunlasweianuaiunsatunsaniu

YTUNINANANLLINTULINNIINAIINANTVINALDTLATU

gﬂ‘ﬁ 2.10 N13ANTUNINIEAN (physical entrapment)

#11: Nedovic et al. (2001)

2.2.2.3 auunnisinnduati

a v (3 1 N v a v o

nan s saulnaiianwugdudiaduriliautinsiinddatuiinaudfyuiniy

v A

wa a awv a Ao Y A& au a a v o P 4
ﬁlI‘UGlﬂ’]iLﬂ@IEJlIaGU'L!ﬂEJﬂ')’]llﬁ?ﬂ?iﬂﬂ@ﬂiﬂi@lﬂ%‘ﬂ’]‘iﬂﬂ?ﬂL‘LJ‘UEJ@J‘L!"’ZJIWLEJEJ%I‘Ui%U‘UEJlIﬁ?J‘L!LWEJI%

dfaduiinanuaiies lWsAuaiusaldudiadlveesiaddesanidnuwasidu amphiphilic Ae

(%
v

Usznaulumeusnunveuwnazlivauii vinliaiunsadnlaseasialuaneae Juidunasauans

v o

wilald Aegun 2.12 egrslsfinnn mainddadunazanuaiesvediatuiadenneitomans

[
a1 A

Uszn1s lnglanigrinveslusfuiivsdtenuaseurnazldyeuin saudsanuaiuisalunis
WaguwUaslaseadravelusiudneie duilduvedusiutinaindunsisenasingy Ae
hydrophobic interation wag ionic interaction Iag hydrophobic interation agtAnluusiIen

¥
a o aa =]

Tuveui mnAedunsisertuinifuldazyinlilishuinnissiudiiu deasvinlatuiauly
auysal usidnilAn electrostatic repulsion Mixnyiuly viSeiiin ionic interaction lad 2zl
WsAudnnswaniuauiadutuiiduiivisesliaies Svdndudosadnanuaunassnineduns
AT819dDITE LN TaN15UNlAA1nAY hydrophilic-lipophilic balance (HLB) A1 HLB 2zuUadi
o | & Ad H ! H a o al s a & o § v & Ya o a

dnTaruvesiunivevitazldvevivesddativieesvilatu 9 vinldanunsadenlddiiadl

osTivnzaufusTUUSat Uty 5| (Pearce and Kinsella, 1978; Damodaran et al., 2007)
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@\'\ﬂ MM;,

2. S
;.%g: == (o
Micelle ?3; gs

S G S
e %ﬂf«”ﬁﬁw‘f
Nonsphﬁgca‘ Vesicle

b
1 it
Reverse RM““ ﬂﬂﬂﬂ

Micelle Bilayer

JUN 2.11 msdnseadivesdlaglneasTuwuusiig g

‘1'71|3J”|: McClements (2015)

auuAni1sindiatuaziarsanananuaInisalun1siindiaty (emulsion capacity,

EC) Anuanansatunsidudiadlaiess (emulsifying activity index, EAl) wazanuiafiasues

%

8t (emulsifying stability index, ESI)

Lei et al. (2015) Anwmavesnisnnuwlsngududiannanudn Akebia trifoliata var.

'
a A a

australis AMBTALBLLATU WU EAl ¥99lUsRAUNNIUNSARRUSAMENSAUNANTALANTUlUaN Y

' ' '
= a = a

N99 WALANAAAIIUANIIZAS TUIULNNANAUNNIUNITAALUTAIENTATASNTAT Al LALYUNS

Y

Tugiansauazang Weiia1sanal ESI Usnginnisaawysaigisaweiindurinlininuadesves

G

dTatuanadlnganzilonawlsAenIATMAIN

2.2.2.4 guugnisinalu

auUANITAANLITIaNwUEAA1gARINUANURANISIAADI AT tngauURn1sinlWLAe

AINAIN1T0 I UAITNONNDINIANUTIINTRYABTENTNDINALALYDUNAT LarAIFUTNLAT

'
a v o A b4

na1lile lusuenddadufionisasstuilduioriuveunar usegelsiniu audfnisiinlnueedl

a =)

dunInse1NeIUes 2 viln AB hydrophobic interation wag ionic interaction wuLReINU Loy

hydrophobic interation azvlmAnn1sas1etuiaunng stotdunsiiuauaiunsalunisiia
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ol Tuveug? hydrophobic interation agyillinsunsiseserinalusiunazlusiudadunis
WnAMuntnvasidunas v lrlnuMAstulimnuEdes vinlisdanazn1sanseedivasldshudy

[y a

Yadendrdnvesnisiialnu wenanniinuaiunsatunisazatevedusaudadudndedendma

feaudRnsiialvuiesanlusiunazatelanazyinlvanuninveatuilduiudu Iunladed

ANUEDT (ANSANA LBENWSNS, 2551; Damodaran et al., 2007)

auiAnisiialnNaziiasanaInAuaInsalun1siialny (foaming capacity, FC) wag
AULER YTV NLILAMTUY (foaming stability, FS) nsdauusiusAudnanaauifnisiialny
WU MIRALUSIUSAUTIME I ALeRIATUaLYINTA FC TAANTy uaauanesvasivuiia

o w

anasae9ltudALy (Suppavorasatit et al., 2011)

2.2.2.5 auugi3aninvedlUsauue w1

a v

o a PR a ) P ) | o w = = P wa a
Tulagduiinuddendnwifeanulusiuuensneg1ediin lnednsAnwidsaudmgs
PUINLAUINUTEANT WU AUEINITUNITAZAY AINAILNTO I UNNTTULNLAL YU way

Auansalunsiindiiaty Wuduy

2.2.2.5.1 AnuaNIsalunIsazae

(%
= o

AMNENTaluNITazaNevelUsAULE NS TUAUIT A SAARlUSAY we pH Usenal 4.0
auifuan1iziilushuanunseazaisliiosiign Jefiolu pl vedlushiuuznd1 Onsaard et al.
(2006) lavinnsAnwuUsuiisumnaansalunisazateedlusiunz ni1NanaIsNLanAaiy
A L% 4 a ¥ L% al b4 ¥ ¥ <@
Ao n1sadamenIsanaznoulUIAumMenIe taznsanalisauaenisidausoutaraIuLiuy
(freeze-warm cycle) WU ANAILNTAlUAITaZaBURSlUSAULENS 1IN pH = 7.0 Nainsae
nsldaufeunazanuduginii (45 %) nsadadienisanaznaulsiudiansa (20%)

1on1nil Thaiphanit and Anprung (2013) lavinnsanalusiuuzni1anenIsannznoumensn

a

Wufeniu wudrnuansalunisaratevedlusfiungndnasuwdasiunmy pH udagy
2.13 Tnedimnuaiusalunisazangsinlugig pH = 3.0-7.0 wagarunsoazatelanfanil pH =

4.0 viei pl



23

Protein Solubility (%)

90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00 T T

g‘dﬁ 2.12 pH solubility profile vadlUsAUNZNI?

fiun: Thaiphanit and Anprung (2013)

[

2.2.2.5.2 ANUAINNTALUNSIUN UL LAz U

auanunselumssuiuiuasiifuvesTusiiusndnlaiinnsdnulag kwon et al
(1996) @slaannlusauuzninlngldimaia ultrafiltration MniioueniinantuaInFeamnass
(CPC-L) wazangaamnssy (CPC-C) wuin AmEnnsalunsTuRuiwesTusAunendnaniie
wrndstsaessethslifiauunndns Tusaefinauaunsalunssuiuduveddusauuyndn

ﬁ ‘”@mﬂLuamuWi’lﬂumwmaammuaamw’mamammm

2.2.2.5.3 ANUAILNTOLUNSHINDN AT

[

siatuiAnnnstdlusauuenidusiatieesinidudaduwuuinmiludi (ol in

0 =2 o

water) Tngruanunsalunisiindsiadulasamnueaiosvesdiaduilfintussiufueinve gy
fldvhdtatudie 1wy Thaiphanit and Anprung (2016) lé@nwnisiindsiaduvedlusfiuuendn
Taeldhingi 2 vila Ao 1hshunznon waztnsunenmunyIu wuin A1 EAI vesdsiadusisasuing
AUszana 40 m’/e luvausdien ESI frnuuansnetu Inedifaduildddunznenilen sl = 120
min wardatuildisunenniungSuiidn ESI = 15 min wena1nd Onsaard et al. (2006) 1¢

V]Wﬂ’]'ﬁﬂﬂ‘l&ﬂﬂ'lﬁi/]'lE]lla“liu%’]ﬂiﬂ'ﬁ(’*]um”Wi']'JIG]EJSL‘UU']ﬂJUSU’]’JIWW WUIBLATUN L Ml ﬂwmmagﬂﬁ

2.13
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U7 2.13 Photomicrographs va38ifaduainlusaudgniiuazingdudnilng

‘1'71'm: Onsaard et al. (2006)

2.2.3 auUAnIsIuNdusavRIlUSHAU

gt ensussanlusiugdldunnudisniuinniuionnguslaadiarudesnisi
waneaUssavlutusaztiniageas utemsUssavlusiugedinddgmiieatunisinsag
yeanausa nandedlefinsiinarslindusa (flavor compound) aslulundnfaueifidlusiudy
psAUsznaundn lusAuazarunsaiindunsniendvansiinausald (Guichard, 2002;
Suppavorasatit ay Cadwallader, 2010) ﬁﬂﬁﬂ‘%mmﬂﬁuiaﬁ;EU%Immmia%’Uﬁlﬁmmzu‘%Im
anawSeldsuuuadluls dansiindusavesenmsasasenadaalinissensuvesuilnadisise
wAnfausienssiintu q anawe (Gkionakis wazanl, 2007) Msdnadunsnsemiontsduiu
szysansivindusadulusiuanunsaiiale 2 sUuuy AouFAsouuuiunduld (reversible) uas
wuufundUllE (reversible ) Fstuagfusssumivesiusiunazanslvindusausazeiin (Kahn
wazAny, 2008) UfAsewuuiunauls wunisiinusslalasiau (hydrogen bond) siuse
lalasinda  (hydrophobic interaction) wa siuszlossiin (ionic bond) dauufAzeuuuiu
naulild Wunsifaiusylaiiaud (covalent bond) sewinamyeisueiia (carbonyl group)
yosanshinausadiumnyiediu (amine group) vosnsmeriilululuianavedlusiu vieundnegn
NNISAATNALUE (Schiff base) (Kihn wazang, 2006; Suppavorasatit tay Cadwallader,
2012) Fvnniaufiseuvuiunduliildseninanslvindusadulusiu asiliAadywindusad
duadluluemnsansas (flavor fade) (Suppavorasatit wag Cadwallader, 2012) @waeyilvinduy

Y a

salaeTiuvesesiUasunladly suarvdwalifndaymiuininemnsussinnlusauadlunig

Y

WonstauazUsunaimunzanvesarsivnausanavidnasliluemsiu 9
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Sunsndensemneanslinausanulusiiuasnsadoundasialnonmssaudslasiadiaves
TUsAU NanudsIushumedTALeiimdy 91nN1SANYINUIT NSPALUSIUSAUAIEIDALBTATY
T wenannazanunsadsundasausidandnfivesTusauldaTuldigy mnuaiunsalunis
azaly (solubility) n15tARIWH (foaming capacity) hagn1siAndiatu (emulsification
properties) (Hamada, 1994; Miwa wazaae, 2010; Liu wazAny, 2011; Suppavorasatit Loy
Ay, 2013; Jiang wavmuy, 2015) Uao Feannsoasuwlasaudigiunissunausa (flavor-
binding property) szninasiinausanaziusiulaeiiivimuaunsalunisdundusalaesiu
(overall flavor binding affinity) seninsansiindusanaslusiiuanasdnse Taenuinauisari
Tindnvasiuszszninlusiunazaslinausa (vanillin waz maltol) WaswaN covalent bond
T duiuseiifanuudusedosas 1wy hydrosen  bonding tufiu (Suppavorasatit  wag

Cadwallader, 2012; Suppavorasatit kazAny, 2013)



unil 3

¢ ad o a a v
Q‘Uﬂim LLASIDATLUUNIIUIRY

o

3.1 dngAu d15iadl wazaunsal

a

3.1.1 Inanu

q

26

wingiiangaavnssunisaiauiduueninusgvsuuvaindy Gamtayuwungy 100

Wunznslne JminuszaiuAsdus)
Laul%ﬂiliauﬂ@]mﬁmﬁ (PG) “Amano” 500 (Amano Enzyme, Japan)

s (Y

diuthdu asusna (U3 usna Sudanad saitn)

3.1.2 @5Adl

Tneulansenlan (sodium hydroxide)

nsalglaspassn (hydrochloric acid)

nInganIIn (sulfuric acid)

N3AUD3IN (boric acid)

Kjeldahl tablet

Methyl red

Methylene blue

L@NUBA (ethanol)

Ulnsiden Bines (petroleum ether)

Tsulalalasiauneaia (sodium di-hydrogen phosphate)
Ialnunaoulalasiauneainn (di-potassium hydrogen phosphate)
Tnunadoulalalasiauneain (potassium di-hydrogen phosphate)
NsAFR3N (citric acid)

Trichloroacetic acid (TCA)



Bovine serum albumin (99%)
Tris-buffer saline (TBS)
NIAaEaRAN (acetic acid)
loPuuesdnn (sodium acetate)

sodium dodecyl sulfate (SDS)

(AR.)
(AR)
(AR)
(AR.)

(AR.)

Gel electrophoresis reagent (Novex, Thermo Fisher Scientific, Inc., US)

- LDS sample buffer

- Reducing agent

- MES buffer

- Antioxidant agent

- Protein marker (Seeblue plus 2 pre-stain)
Simply blue safe stain (Thermo Fisher Scientific, Inc., US)
Ammonia colorimetric assay kit Il (Biovision Inc., Milpitas, CA)

DC Protein Assay (Bio-Rad Laboratories Inc., Hercules, CA)

3.1.3 gunsal

CERRGR (Mettler Toledo ':;:u MS1602S, Switzerland)

Refrigerate centrifuge (Hermle Ju Z36HK, Germany)

pH meter (Mettler Toledo Ju Sevencompact, Switzerland)
Digester (Buchi U K-424, Switzerland)

Scrubber (Buchi Ju B-414, Switzerland)

Distillation Unit (Buchi §u B-324, Switzerland)

Freeze dryer (Heto Drywinner, Thermo Fisher Scientific, Inc., US)
Test sieve 20 Mesh (Endecotts, UK)

Water bath (GFL §u 1083, Germany)

27
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Hot air oven (GenLab ju PRIME, UK)

Dialysis tubing (SnakeSkin, Thermo Fisher Scientific, Inc., US)

Microplate reader (ASYS s;u UVM340, Biochrom Ltd., UK)

Spectrophotometer (Thermo Fisher Scientific Inc. iq'u 20 GENESYS, US)
Homogenizer v high shear disperser (Ystral iq'u X10/25 , Germany)
Incubator (Heraeus §u B5042, Germany)

Gel electrophoresis XCell SureLock (Novex, Thermo Fisher Scientific, Inc., US)
Bis-Tris pre-cast gels (Novex, Thermo Fisher Scientific, Inc., US)

Microwave (LG 31 MCT766YS, South Korea)

Gel documentation and analysis software (‘a;lu InGeniuslL, SYNGENE, Synoptics Ltd.,
UK)

3.2 JUABULAZIINITANTUIUIY

3.2.1 N5afAlUSAUIINUENID

NFANALUTALINUZNI1AALUAI1AI5UY Thaiphanit and Anprung (2013) lagarin
TWsRuanmansfilaenisanazneudiensalalaseasianinududuy 1 N 7 pl vedlusiuuendn
(pH = 3.9) wdrdumiswhenmia 5900xg Wuszaziaa 20 und fgamad 20 esrmivaided
Mniufvdunzneuinazatessiinduuiina 150 dadans thludsu oH = 3.9 waztlunies
Frvravun 4 50U mUSnalusiulagldis Keldahl (wandslunanuan n.2) Tneld conversion
factor Ju 6.25 (AOAC, 2000) TUsAufildazdeiusunalusiudussdusznaulusingi 80
Wesidud Seiledndu protein concentrate anturuiuuuutiBenuds uarinsziusunn
muty Wsiuwarluty Gandsluniaruan n.1-n.3) UAkarsoURIUATUNSITLIA 20 Mesh

nluiulineamall 4 ssrwadealugaussquuuiiveas auniasimsfinwlutudaly
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3.2.2 MsAnwaneiwmunzanlunsanwUslUsAuLsns1Ine vl dulagldioulaiusiun

anndllud

3.2.2.1 msanwaneimnuizaulunisviauedmvulaeglaiskmovauad

a a o

Anwraniiznisaauuslusiuannugninaiedtivedintulaneldioulydlussiu
namdliua Tngsraesaniefidauuslusiuaindumdes (Suppavorasatit et al., 2011) uaxl435
AneuauaslngIawnuNIINAaewmUy CCD  Sidadeiildlunisinen 3 Jade lounsnsdru
sevinneuleiuazlusiu (E/S ratio) Tugiasendng 5-50 unit/g protein gaumgilsening 40-60

peFwAYE LazA1ANIdunIA-Ana (pH) S¥13N9e 5-9 Aauandlums1en 3.1

A15197 3.1 kUN1SNAaadlun1sANEINISARLUSIUSAUANNUE NS MAeISAketndulae o ulasl

lUsunganiiiua (Aaus@iazease)

code actual value
Design
ooint y . ‘" E/S ratio OT oH
(unit/ g protein) (O

1 -1 -1 -1 14 a4 5.8
2 1 -1 -1 41 a4 58
3 -1 1 -1 14 56 58
q 1 1 -1 41 56 5.8
5 -1 -1 1 14 a4 8.2
6 1 -1 1 41 a4 8.2
7 -1 1 1 14 56 8.2
8 1 1 1 41 56 8.2
9 -1.68 0 0 5 50 7
10 1.68 0 0 50 50 7
11 0 -1.68 0 22.5 a0 7
12 0 1.68 0 225 60 7

13 0 0 -1.68 22.5 50 5
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14 0 0 1.68 22.5 50 9
15 0 0 0 22.5 50 7
16 0 0 0 22.5 50 7
17 0 0 0 22.5 50 7
18 0 0 0 22.5 50 7
19 0 0 0 22.5 50 7
20 0 0 0 22.5 50 7

MnsaauUslngazatslusAungniAiNdy 10 me/ml 1w 0.01 M citrate-
phosphate-borate buffer (LansisinssulunianuIn @) nduranalsazatstouledlusiun
gofiwaludnsdiunne 9 wanhluvihudasenlu water bath Wusseeiian 60 Wil 9ntiumnen

° a a & = 1% av v & a
nsvihuveseulsdlagnisiitgumniiily 80 esrwaidea wairtgaumilidunal 10 Wi

Pineg9lUsRuanLUsnlauanaznaulUsiuaeaIsazaie trichloroacetic acid AMUINTU

'
a

0.4 M Tudns1dru 1:1 AnTuntieg1Nanmnal 4 asrnsamed Wuszezial 10 Wil wad

9 Y

a &

iludumiesfinaunga 14,000 seuseundidunan 5 uiil invdiulanninsgsiaisng o feil

3.2.2.1.1 Degree of deamidation (finlkUasi591n Suppavorasatit et al. (2011))

WdlavesinegruninUinaunedluilsngnuanydes lngld ammonia colorimetric
assay kit Il (a@m935lun1ANwIn n.4) A1 degree of deamidation (DD, %) A1uIMaINUTHIE

A Ao v Y 1 ) (% a a Ao ¥ (Y ! N ¥ ‘:1' 1
weululeinlanndegraisuiuusunauenluleninlaaindiegelusiuneninngndey

mensadaiiain 2 N igaumall 100 ssrwaided Wusvezian 4 $3lus (Fevegsauysal)

3.2.2.1.2 Degree of hydrolysis (AnuUasaInisves Cabra et al. (2007))

ihdulavesisgsuniausunalusiuiiazeis lauld DC protein assay (Lansislu
A1ANUIN N.5) A1 degree of hydrolysis (DH, %) AuluaInUIunalusiuiiazaisaindingny
Weududsualusiunavateaindieg1slusiuueninngndesetianysaliiguinginulude

3.2.2.1.1
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deyaunduluaunisanoesidudulas Inadudsdufe dnsidiuseninvoulaivag

TUsfu gaumnil waz pH fudsniufe A1 DD wag DH faaunnsi 3.1
5 3 3 2 . y2 3
Y =Bo+ Xiz1 Bixi + Xz BuXi + Xiz1 Xj=i+1 Bijxix;j 3.1)

ga 9 Ao FuwUsniu (DD wag DH)
Xij o AuUsiu (Fnsaseninueuleduaslusiu aaumgll wag pH)
Bo Ao AAeT
Bi Ao duUszansvesau Ty
Bii  fo UsEAvavesENNS NS 10

Bij Ao dszdvdvesfdniussenieinulsdasyyisans

N159UN8aUN15an008LT0dULALe ArullaeldlusunsuneatinaAans SPSS
Statistics software version 22.0 (SPSS Inc., Chicago, IL) wagainaun1silauiuiasns surface
ey contour plot Taglaluswnsy Statistica software version 8.0 (StatSoft, Inc., Tulsa, OK)

nsAnReNan1IEvInzauinlaeidanan 13iiaA DD ge uawe DH ¢

NNIATIAABUANUYNABIVDIAUNT (validation) vnsaauUsiUsAusEnIluan1Izsng
§ I 6 N1 UAINATIEIAT DD Lar DH 989570819 91nUURI5UIAT DD ag DH 310
ANSNAABUTNIUNUAINEAAINANNITOADDULTILEULAT AbATIETAMULUTUTIULALLIUS8ULTIBU

ANRAYNSEAUANUTIBIY 95%

3.2.2.2 MIANYINAYENTZELLIAUNITARMYT IS UL NT 199 1835k edinTUY

NAsIENIIEInzanlude 3.2.2.1 laanneimunzauluniseawuslusiunieisa

welindulaelusfunganfivuafie dnsndtusenitaeuleiuazlusAudu 36 unit/s  protein

NNl 50 sAwaldualay pH = 7.0 UIANMZAINENNIANYINATOITLULIAINDNTT

9 Y

Wasuwlaawadlusaunnanus Inewlsnanlugie 0-24 92119 kagvinnsiesgraudfniaalead
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3.2.2.2.1 Degree of deamidation

AT ULRALINUIT UL 3.2.2.1.1

3.2.2.2.2 Degree of hydrolysis

AT UREINUITIUTD 3.2.2.1.2

3.2.3 NSANYIANURTIMTUNNVDILUSAUIINUENSD

3.2.3.1 M985gUR 10 NAIRTUNITANSIAUUATINI Y0 USAUDINULNT 12

aza1elushunenilu 0.01 M citrate-phosphate-borate buffer pH = 7.0 AULUNTU

200 mg/ml wagdnlusAunganfivwaludnsidiu 36 unit/g protein WnlUviuAzenlu water

bath figamadl 50 esrnwa@ea WJuszeziian 0, 15 widl, 6 war 12 4319 wazsenineih
a

Uifsenausieniudy 200 seusewit antunganisineuveteulaiienisiiugaumgiiu

80 asAwasaALduNET 10 w9

fagmuaNAslUsAuIINUENIIINazatgly 0.01 M citrate-phosphate-borate buffer
pH = 7.0 anududu 200 mg/ml wazudlu water bath #igaunnd 50 ereadeaiiy
szezaa 6 Falus Mntuutlugamall 80 esmwaldealuian 10 wiit (finsulusiungan

LUa)

Fasrzvaulanitaaivelusauneninniunisaanlsiaeldauledlusau

naanfliuanszezafng o Lavdiegenluaumal

3.2.3.1.1 Degree of deamidation

NATTIIULRNLINUITIUTD 3.2.2.1.1

3.2.3.1.2 Degree of hydrolysis

AEAULRLINUATIUTD 3.2.2.1.2
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asazaelusfunlaluniunts dialysis laeld dialysis membrane (SnakeSkin,
Thermo Fisher Scientific, Inc., USA) wu1agi1u 3.5K MWCO luansazanensnezdin Ay
Wudu 0.1 M Ngaumgivies iluszezian 14 Hilue annuuiiansazarelusAuluiuianuuuy
a < ] ! = 2 vya a
LHoNUde UALAEIBUKIUAZLNTIVUIN 20 Mesh warussqlugauuuiivwas 1nuliNgamail 4 asen
waldua undtavi lA@nwian it nvedlusiu (afugy Juud uwaz  adiug,

Sauunsy, 2557)

3.2.3.2 mM3anw1auUmdani9ve9lusauaInue w17

= wa o v o = Y S o 1 a Yoo W '
nsfnwantidwmtnvedusiuanueninAnululusiiuiiedns 5 il loud daeg
LUsAunens 1IN saawls fMeg1elusiuaiuny fegelusautgniAiIuNsAnLlsae3s

Anailwduiduian 15 wd, 6 wag 12 Tl

3.2.3.2.1 auvfnisazatsuas pH solubility profile

auiAnisazatefnwlagdnllasainisess Yong et al. (2004) TaarAnuansaluns

'
a

azapueslusAulavazatslusiu 1 Jadnsu Tu 0.1 M acetate-phosphate buffer 1 1adans
PH = 3, 5, waw 7 InsAsgamnilia 25 ssmadeadune 1 Au nduiundumissdae
A3L57 1,000xg LJutian 10 w1l ﬁqmm:ﬁ 10 peAwaed waltdrulalumusunaldseiu
19875 DC protein assay AwlnAIANadnsalunsazatevedlusiu angasasandluaunis
7l 3.2

pH solubility profile AnwilagazatslusAuainugnin 1 Jaansuluaisazats 0.1 M
acetate-phosphate buffer 1 fiadans7 pH 2.4-8.0 Iﬂaﬂqqmmﬁﬁﬁ 25 pamadeaduan
1 Au ntanhandumsadieaiimé 1,000xg Huaan 10 w1l ﬁqmwgﬁ 10 2eALwaLTud
wahalalumusunalusiulagds DC protein assay AMUIAIAIINEINTETUNTAL AT

TUshu mﬂgmﬁmamﬂuammsﬁ 3.2
PN
PS(%) = b 100 (3.2)

Wa  PS A ANNEINLNTIUNSATANevRIlUTAU

PN Ao Usunalusaunavany



34

TP Ao USunaulusAususy

MNLAUNITNABBILUU 3x5 Factorial in completely randomized designs (CRD) %1113
NAABITT 3 AT AATIERANULUTUTIULazLIUSsUBUALRAEA2838 Duncan’s multiple range

test NisgAuAMULYBIU 95%
3.2.3.2.2 auufn1sauuiuazuny

AuANEIalUNTENT (WHO) uazanuanansalunisdutiiiy (OHC) Anwidauuadis
971 Sze-Tao and Sathe (2000) TnanasnlusAuanuenil 0.1 nsuiuneaadwiwes pH = 7.0
vieuiu 1 n%u andunanliiditusie vortex mixer Wunan 30 Jundl weiteld 30 witi
gaumnfivies udnhludumissiiennuds 13,600xg  1Wua 10 wift fgaumgll 25 e

WAL YE INUUTIUINUNFIUVBINAILALUILIAIUINNT WHC way OHC A9aduniIsil 3.3

LHC = &I-PD (33)

Pi

dle LHC  fe WHC %i%8 OHC
Pi Ao dminTusiusSudu

Pf Ao Umdnlusaumasluniesiieninans 13600xg

MIHUNITNABDILUYU CRD  #1N15NAE0997 3 AST  AASIZAAINULUSUSIULAY

WIBULBUALRAEA1875 Duncan’s multiple range test M1seAUANLTDLIU 95%

3.2.3.2.3 auUGNIS,NAdNATUY

AATIERAT emulsifying activities index (EAN) wazA1 emulsifying stability index (ES)
lneinLUadlisvas Pearce and Kinsella (1978) aza18lusAuainuewsni 0.5% (wA) 1u

ansazanevawniWiwes pH = 7.0 ALY 0.1 M 9 ntdunanasazatslusiu 30 dadans

1%
[y o w

fudnifuldy 10 feddes waihliduilamedduaisiasaddaludluwesiaiuds 22,000 sou
1 a ® a A Ay U a a v (Y] 1 a v o a 1
foundl LUuaan 1 w1¥l Weaeddatuiian 0 way 10 wifisesnsiaiudiaty 100 Wlnsansee

a15aga1e sodium dodecyl sulfate (SDS) AMILUNTL 0.1%((w/v) 10 Jadansarntuinluine
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NIAANFUKAINAIINYIIATY 500 UIlWUATUATATLIAMIAT EAl Lag ESI annansaauansly

AUNISN 3.4 kAT 3.5 FUAIPU

2TXxAgXdilution factor

EAI(m?/g) = 0000 x 100 (3.4
ESI (min) = Aot (3.5)
0—A410
g T g AIANYY
Ao fo AmsgandusasiinanEudy
A, AB ﬁ’]mi@mﬂﬁuumﬁnm 10 W
c Ao thainTusauseUsung
) Ao dnduvesnisiusdodiadulagUsunns
t Ao JruLLIan

TMUNUAITNAGBILUU CRD  ¥NA1SMAaB9ET 3 ASY  AlAS1grAuLlsUsiuLay

WIsuiguALaduae3s Duncan’s multiple range test N15¥AUANLATDLU 95%

3.2.3.2.4 @UUAN15NALN

Foaming capacity (FC) way foaming stability (FS) Anwilaafnuiuasisees Kanu et al.
(2009) uay Segat et al. (2014) azaralUsAuainuening 0.5%w/) luaisazareneane
Trlwtes (pH = 7.0) Adiudu 0.1 M andufiansavanelusiu 50 faddnsiewniedaludlu
waslAnlnusenusy 18,000 seusewd WWunan 1 wift Sausunaldnuiildmutaanan o,
5, 10, 20, 40 uag 60 W A1 FC Wag FS ﬁwmmléfmﬂqmﬁqLLam’Luammﬁﬁ 3.6 uag 3.7

AUAIAU

FC(%) = VFV—;VL x 100 (3.6)
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VT % 100 (3.7)
VFo

FS (%) =

¥

WV, AoUsumsveansazatenouyinnsaTudulny
Vo  ARUSUIRSe9lnuyiundia 0

Ver  feuSunasvedliudiundii 0, 5, 10, 20, 40 uaz 60

MUNUAITNAGBILUU CRD  ¥NA1SMAa89ET 3 ASY  AlATIERANLlsUTIuLaY

WIBULEUALRAEA875 Duncan’s multiple range test M1seAUANLTDLIU 95%

3.2.3.2.5 Molecular weight distribution

Molecular weight distribution vaslusAuAnulaen15v1 sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) fnuUasisves Laemmli (1970) uwagld
Novex NUPAGE SDS-PAGE gel system (Novex, Thermo Fisher Scientific, Inc., US) azany
Wstiuanuendnludnduanududu 1 me/ml 9nduihansavanelusiiuuzndn 100
laulasdns waniu LDS sample buffer 100 lulasansuag reducing agent 40 lulasans drluli
audeudl 70 esrwaduaiunat 10 unfwasiludunied 8,000 seusewd Wuan 2
W9 L@U MES buffer 500 iad@nsuay antioxidant agent 500 lulasamsaslu chamber 283
133 XCell SureLock ™ Mini-Cell Electrophoresis 91ntuneanarulafidunissldusina 10
lulasansluteaa Bis-Tris pre-cast gels lnald SeeBlue plus 2 pre-stain Ju protein marker
wazthlurunszualniin 80 Taad Wusvernan 90 wiit leasuandraeadetiindu 100

(%
= o 14

fiaddnslundadlulasinfinuseugegadunat 45 Juniluaziiesn drandugidiuau 3
589U 9NUudouaame Simple Blue Safe Stain Wiaanudddeuluidnlulasianiauiougasgn
Wuan 45 Fund wazutiaanaliidunan 22 unfineuazdeddeusanaistindu viaantatd

Amuuvmhniinluanalaglusinsy software GeneSnap version 6.08 (SynGene, UK)
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3.2.3.2.6 29AUSLNOUVRINIABEILY

Amino acid profile Aas1zilagmaiia high performance liquid chromatography
(HPLC) waeld fluorescence detector w3uafegnaiili@nw (Usiuuzndnilibiunsiauls
wazsumsiaulsielusiungmfiuafunat 6 alua) lasdeslusiusensnlalasaasin
Aty 6 N unan 22 dlasfigumndl 110 ssmuwaldoa udnhluadeyiudiu AccQ-
flour ansavaefiogne (eysiudvesnsnexdly) 5 lulasans datiaies HPLC lngldnadunl
Hypersil Gold C18 lag sodium acetate buffer pH = 4.90 way 60% acetonitrile \Ju eluents
MnduduyTinunsnerilulnawiouifisutiinuasaniiuilénsrvesansuasg i

NTUANLTNTULLLEUY warTeaupaldu me/100 mg (AccQ, 1993)
3.2.4 NSANYIANTRAIUNNTIUNAUTAVDIES IANAUSANUTUSAULZWG?

3.2.4.1 mMsanalysauaInugnin

NIANALUTALINUINEAAALUAI1AI5UBY Thaiphanit and Anprung (2013) vilag
U3u pH fensalalnsrasianududu 1 N Wiy 3.9 Wislilusfunnagnaunuisiiesune
wdaludugiu antuainlutueendieds soxhlet (AOAC, 2000) uwazmUSunalusaulagia
Kjeldahl (AOAC, 2000) lagld conversion factor tu 6.25 (Thaipanit wavaady, 2016) In
U'%mzumm%usuaﬂﬂiaumw%ﬁaﬁaﬁmlé’ (AOAC, 2000) RUHIUALLATIVUIN 20 Mesh wastiu

Snwnfaeg19alUsAUNENALe7 4 °C UNINLVININITNAaBITULALY

3.2.4.2 mMae5gus 108 19U TAULE WS 190U T

arvanelushuusns 1IMmseulute 2.2.4.1 Tugwsanoawnuasaimines ANUINIY

a

0.01 M (pH = 7) §as1du 1:3 Mmunaunaanafgungil 50 °C wadueuled PG Tillaay
\Iudu 36 U/g protein (@fiwen, 2559) naunamduiian 1 49lus wagnenanisvinauvesoules]
Tngnsiingamgiiilu 80 °C uazasmamgiliiluan 10 wifl Jnsnesian %DD waz %DH i

4 1A 1 [~ U 1 a A a ° ! o Y
AU ULLULE DALY LLﬁSLﬂUiﬂ‘H'W]’JE)EJNIUW]UV]QﬂJ%QZJ 4 °C ﬁ]umwzmmimaawumlﬂ
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3.2.4.3 Molecular weight distribution

Molecular weight distribution veslusfuAnwilaan1sviimuisliude 3.2.3.2.5

3.2.4.4 MIANYIaNURNIYNISIUNEUSAYaNAIT INNaUSANUIUSHULENTTI
AnenautRnIuNIsIUNAUTAYeIaNsnaUsanUlUSAUTR L USAUNENF1INHIUNITAR

wUstAeATAwaTTuUSouaunulUSAUNLUNIUNNSARLUS TagasnausaNaanuIfAne)

auiniadu (vanillin) Fedllassaieniivgansveliaifuesdiuszney

3.2.0.4.1 nMswenuazUsIaEsinausadasy (free [unbound] flavor compound)

nMsuenuazmUsuasinausadasy vhanuisues Suppavorasatit kag Cadwallader
(2012) uansluguil 3.1 lasthansavanenausewindusiutazanslyinausananududiusiig 9
3 mL ldlu Amicon Ultra-4 centrifugal filter tube 7T molecular weight cutoff 11U 3 K
(Merck Millipore Ltd., Tullagreen, Carrigtwohill Co., IRELAND) ludumioad 6,000 rpm
Hunan 40 1t Tneeuaugamaivitfugamgiifldlunisuy Wy 5, 15 uag 25 °C) N
Fregnefiinun1snTes (permeate) 0.5 mL U@L vanillin-d; (internal standard; i.s.) fifAn
Wty 920 ppm Usu1as 10 pL asly wanlidnnu waninluadnaae  dichloromethane
USums 025 mL  ihansazatefiadaldludinsgiusunaiieedeutalasunlnnsil-

g Uningiues (GC-MS) wazAunamusinuaslinausadaszainansaanandluaunisi 3.8

) peak area of flavor compound
Mass of flavor compound = mass of i.s. X £ X (3.8)

peak area of i.s.

We £ A9 MS response factor

is. @@ internal standard
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g i | iz ]

. 1
: - MW > 3 K

A Y
' Centrifuge ' (coconut protsin + bound vanilin

6000 rpm |
‘ e MW < 3 K
{free vaniliin}

3 K MWGCO

Inject to GCIMS for free l

vanillin quantification

h Extraction h Spike internal standard

Using dichloromethane (vaniliin-d-)

JUN 3.1 uNunImiansnsweniaymusinuniadudasy

AntUagan: Suppavorasatit ag Cadwallader (2012)

3.2.4.4.2 uialasuninnsi-unaaunlnawng (GC-MS)

NTIATIZAUIINTaAUDATE 075989 Suppavorasatit ay Cadwallader (2012)
Flaednsegnsiiataldusums 2 pL adluaios GC-MS Tngld hot splitless mode (250°C) &4
sofunaduadn DB-WAX (30 m x 250 um id. x 0.25 um film thickness) feAlUsunsuves
oven Iiifisgamgiiann 150°C 1 220°C #1031 10 °C/min Taedl initial waz final holding time
Hu 2 uaz 20 ufiauddy an1izues mass selective detector (MSD) Llusisil RRIVRIGTR
transfer line A 250°C; ionization voltage A® 70 eV; ¥29U84 mass (scan mode) A® 35-400

amu; scan rate A 4.2 cycle/s

32443 mi‘mnmﬁa;mam]ammmi%’méuia (flavor binding equilibration time)
MII5UDY Suppavorasatit tay Cadwallader (2012) Inwinseuansazaislusaualnm
dadiu 3 % (wa) luansazanereamatimlesainadudu 0.05 M (pH = 7.0) uazAulid

gaundl 4 °C PwAu ANTuFnansazargndafulndaadudu 50 pg/ml Tuvaaumink1ung
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1 '
(Y v a =

AdnAUTTIVWIN 20 mL ntularlvadn diluvuuazniunausasanafaumngiindg (5,

Y

15 waz 25 °C) ¥neodndluwsazdnalanfaws 0-72 9alud Wrludwsigvivdsunaianstynausa

(% s

dasy (Mutlude 3.24.4.1) HNsIANIRaNns YaskAazRuNaINnTINAINFUTUS

JEnInANUlTuesasvinausadaseiunaigumgineiiuy

Y

3

3.2.4.4.4 psmansilunisdundusa (flavor binding properties)
%1 binding properties M11A5V09 Li UayAuz (2000) wag Chobpattana LagAMy

(2002) TeswwseuansaraelusAuANULINTY 3 % (WA)  TuaisazatenaanaunwesaIny

a

|9 0.05 M (pH = 7.0) wazinulifiganadl 4 °C TwAy anduivasazaendadulnday

Y
[
o

dudu 10, 20, 40, 60, 80, waz 100 ug/mL luwanuiafikaunistdnauitavun 20 mL

nuulaniliain ihluvuwasnuraungun) 1AW 5 °C auiageauna wmusuuaislinau

Y

'
a =

sadasynauna ntdurinmaaeigumninman 2 aaumgil (15 wag 25 °0)

Y 9

AmUSIaYesNuANlUsAuduAvasiinausa (number of binding site, n) way

ANMINYBINISIU (binding constant, K) 21nns1w Klotz plot Fadunsinanuduiusssninediu

[y [y

v, o v o o a8 1 . v
navvesIwuluavesasiindusangnivdednuiuluavelusaunivua () Audunduves

v v Y a a 1 PN
ANUTNTUYBIENTIANAUTADATY (:) 1ny Klotz plot wansluann1sn 3.9
L

(3.9)

A a ° v a a v 1o a o
Wi V Ao dwuluavesaslindusangnivdediuiuluavedusiunanue

L]  A® ANUINIUYDIANSIANAUSADASY

3.2.4.4.5 MIMAWIKUITI9UVINEAERS (thermodynamic parameters)

ANNIUAIFIRUIVN R UMNAAIENTIINAIAINTBINITIUAY (K) TIlemedsainte 3.2.4.4.4

3.2.4.451 amduudaseildlunisdusu Gibb’s free enerey of binding, AG®)

AUIlARNENNISA 3.10
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AG® = — RTIK (3.10)

dle R Ao enefivesuda (1.9859 calk mol’)

(% L3

UyYsad (absolute temperature; Kelvin, K)

T fe guuglduy
3.2.4.4.5.2 AouNalvein1s3unu (enthalphy of binding, AH®) Arulnlaanaunis
van’t Hoff fawansluaunisil 3.11
- RdlnK

AHC = (3.11)
d(1/T)

Weo K A Aleeilunisaunu

3.2.4.4.53 aneulnsUuesnisduiu (entropy of binding, AS®) Fuialdainaunisd

3.12

AS® = ——— (3.12)

3.2.4.4.6 N3sUsziiunUsEamdUia (sensory evaluation)

AnwandAsrunisdundusavesansivinausadulusiu Tasmsmeranuidududifian
Guaﬂmﬂﬁﬂﬁuﬁéﬁnmaaummm%’ﬁlﬁmﬂmmm‘éu (odor detection thresholds) s1135v04
ASTM E697-04 (2004) TnewUSeuifisuseninalusiuiiinunissnwUsuarliiunisdnwls wieu
feglavazalglusiuuzninluaisazarsodnininesaududuy 0.05 M (pH 7.0) Tunu

nau (sniff  bottle) ANNTURUAITIANAUTANANULTUTULANAIIAUY 6 AT UTU (bana by

v
Y LY 1

I3 val a o A yyvy A ! Y] vl
AANUIN 2.1) Lﬂ‘UVL'JV]QZU‘VinI 4 °C V]Ql')‘ﬂ']llﬂu NDUNAABUNINUTEANNAUNE GNG]'JE)EJ'NI’]‘V]

a v

gamgiviondunan 1 $lus lumsmeaeuldimaaeudiuiu 27 au (Meuasndeorgszning 20-
60 U) lneldnsnaaeunuy three alternative forced choice (3-AFC) Tnegnmaaaununay
#0619 6 yadiTinududuvesanslindusaunnineiu gnay 3 et Tnsudazyafiegieas
Usznaulushesognsiilsifinsifuanslinauasly (blank) 2 fegs uaziogreiinisiduanslor

nauasly 1 frege wdilvignaasuifendiegeiiaunsasuinaulaifies 1 dregraitiu oy
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[y

a19un1IAY BuANYAndaudutuvesasiindunilugs antuAuInA best  estimate

threshold (BET) lnsruainasuananludn BET veanguivingeu (@asaingnageuusazau)
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uni 4

NA WAZITUNANITNAADY

4.1 n15aNAlUANRINUTNIID

msafalusAuuzndndinguszasdiilowousegalusiungnidudu Guiosnslid
Usmadlusiiulasinnia 80% (w/w) wuinlusiuannusndnfiadasiedsnsanagnoulusiugae
nsafi pl vedlusAunzninfiesduszneusandumsed 4.1 ndawinnsiuiauuustidenuds
ot lusuldianutu 0.98 % fusualusiu 81.68% Fsdoiuiinalusiugametiarld
Anwilududaly venanidamuinitlosy 16.57% TnefluSunanananlusiy yield = 3.81% @]
AlndlAeeiulusiungndnfiadnieisiesfuluauideves Thaiphanit and Anprung (2016)
Fanutanunsoaialduiunalusiu 80.3% Usunaluiu 189%  wasfiUSunamandnlusiiu
(yield) 4.56% ogslsfinumsanalusiudieisiaslilustuiiduimaleiugedemnndoanis
fdaluiusndursdoddarsaiivy hexane trelunisisletuesnainlusiudeazainisoan

USunadlvsiuaslaunniy (Onsaard et al., 2006)

A15197 4.1 perUsenaunglulusfiuusninainanmansi

Constituents Mean + SD %(w/w)
Moisture 0.98+0.01
Protein 81.68+1.03
Fat 16.57+0.24

ALRAY + dTELUNNINTIINYDINITNAGDY 3 4

4.2 Mmsfnwanziminzanlunsitnueiiiaduvaslusiuuzninelusiungaiiue

Tun1saawUslusiulagnisldioules Jadendnilinasenisiiaufizenlauwn aanududuy
voslushunasioulell dnduseninveulyivaslusiiu (E/S ratio) gaumndl Arudunsn-mng
(pH) szEzIaINIinUfisen davhavatsuwasdadevy wu fdudinisvinuveseuledl lay

Tadeihun@nwife E/S ratio gaumqll pH wayszeziansiiaufisen (Whitaker, 1993)
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4.2.1 MsAnwanMeMmuzaulunsyinakedmtulaglisiIneuauss

Tunsfinwannigiiminzanvesnsdnulsiusiuanuendndeisanedindurilagldis
N0UaUDd (RSM) LAz 9NUNITNAABILUY central composite design (CCD) FauUslddu
FuUssuldun £/ ratio defnmunlvioglutas 5-50 unit/g protein gaumnfisywing 40-60 e
waldua uay pH Tut 5-9 Fududadudrsgamnd uay pH Meoulwslusiungmiliuaiinm
latusuazausasINIsinufisenld (Yamaguchi et al, 2001) @1 degree of deamidation
(DD) way degree of hydrolysis (DH) suaﬂﬂiﬁumw%nﬁgﬂﬁmmﬂuam’;wm NGRS IEREER
i 4.2 9991519 DD veslUsAuNNENNTHLMsiauUnduszorian 60 ufiiaeglutas

19.48-39.66% Way DH dr10glutg 1.72-5.26%

ndeyalunsnd 4.2 ihunduduaunisonnssduduldslagldanass aunisviunee

DD wag DH lduaunisi 4.1 uag 4.2 auanau

DD (%) = — 89.386 — 0.629x; + 2.503x, + 22.025x
—0.008x,” — 0.05%, — 2.982x; + 0.012%,X,
+ 0.089)(1)(3 + 0.309)(2)(3 (41)

DH (%) = 19.428 + 0.176x; — 0.854x, + 0.097xs
~0.001x, + 0.012%," + 0.093x5 — 0.001x,%,

—0.015%;x5 — 0.024%,X5 (4.2)
g x Av E/S ratio
x, A9 guundl

X3 R pH



ANSNT 4.2 degree of deamidation (DD) ez degree of hydrolysis (DH) 983lUsAUaA

U

gniniigndnudsieoieuluilusiungandiuaianizsia
dependent
independent variables
design variables
point code actual value DD DH

X1 Xy X3 E/S T pH (%) (%)
1 -1 -1 -1 14 aq 5.8 33.98 2.27
2 1 -1 -1 41 aq 5.8 33.98 251
3 -1 1 -1 14 56 58 2133  3.62
a4 1 1 -1 41 56 5.8 30.58 4.28
5 -1 -1 1 14 aq 8.2 23.75 2.51
6 1 -1 1 41 aq 8.2 2791 2.27
7 -1 1 1 14 56 8.2 2483 374
8 1 1 1 41 56 8.2 34.61 2.76
9 -1.68 0 0 5 50 7 2991 292
10 1.68 0 0 50 50 7 36.68 1.72
11 0 -1.68 0 22.5 40 7 31.61 2.71
12 0 1.68 0 22.5 60 7 31.61 5.26
13 0 0 -1.68 225 50 5 2991 3.65
14 0 0 1.68 22.5 50 9 19.48 275
15 0 0 0 22.5 50 7 34.85 2.51
16 0 0 0 22.5 50 7 33.92 2.80
17 0 0 0 22.5 50 7 37.05 2.80
18 0 0 0 22.5 50 7 39.66 2.62
19 0 0 0 22.5 50 7 38.97 2.80
20 0 0 0 22.5 50 7 34.03  2.80

45
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aunnsii 4.1 Senduusyansvesnsiadula (1) = 0.929 wazaunisii 4.2 §ie 1 = 0.928
FamneauinaunnsTIdesaNnsavuIeA DD waz DH 1& 92.9 uag 92.8% muansu aeils
fna Tanudndufesiansananumunzauveannis (ack of fit) Augluse lack of fit 7
snzaLarfadiaunnndt 0.05 91naunnsii 4.1 360 lack of fit = 0.974 uansIITAINLLALNZEL

YBIAUNT AIUAUNTTA 4.2 TAN lack of fit = 0.12 kAAIINTANUMLNLFUVDIANNTLIUNY

Buanwmanavauasuulassssdndunisuanswasonuiainasiansundadendni 2

Uady sdeadontadendaiudiny 2 JadvunaiensmieRansanmaneimuiyeay 1oy

AntdenanTadendndslawn E/S ratio gl uaz pH d@wsuel DD wud1 Yadendniisany

lalladinase DD egnsdltddty (p>0.05) aAslanilumisnd 4.3 edssiansundadenaniidina

a (L o w

fod DH sausie wud aamgiiilutldeiidmasen DH agadidudday (p<0.05) Tuvazd E/S

]
= = o

ratio dawutladenlidianan DH unfian 33 uunlyal E/S ratio 1WuA@an

q

19197 4.3 p-value vostladendniidmasion degree of deamidation (DD) wae degree of

hydrolysis (DH)

Factor 0D Bly
E/S ratio 0.172 0.896
Temperature 0.869 0.009
pH 0.253 0.563

Amafivesdnsdiuszinouluiuaslusfufiosananadivialiild DD geflande 36
unit/s protein Faluunuludnus x, luaunsfi 4.1 way 4.2 wagldrenunluaunisi 4.3
wae 4.4 audIU aun1snsviwne DD Aisasdrussuineulediuagiusiude 36 unit/s
protein wansluaunisii 4.3 fien ¢ = 0.729 wavdlen lack of fit = 0.894 FafieindAnanmunzay
druaunsvhuneen DH wuudestlade (@aun1sit 4.0) fien ¢ = 0.807 wasdlan lack of fit = 0.403

oA

FaonAANUNTELL U

DD (%) = — 122.386 + 2.935x, + 25.229x,
—0.05%, - 2.982%5 + 0.309%,s (4.3)
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DH (%) = 24.594 — 0.8791x, — 0.4317x,

£ 0.012% + 0.093%, — 0.028x,x (4.9)
Wo  x, e gl (esmiwaldua)
X3 ﬁ@ pH

nsuansnanouauaswuulassseiiuiilaedl E/S ratio WumAmsifl 36 unit/g protein
YBIANN1INITYINUY DD (a5 4.3) diauslugy surface wag contour plot fananslugudn
4.1 wag 4.2 Wadgauailumsiinufiseduediindy wudn DD TAnANTUAUTA1 38% N9

QaUVQH 48-52 BeFLEATd LaIanaulaliingum)NIUgINIT 52 samaldeaiuagInuiua

Y
pH Aiwudndian DD LiiuAY Weliid pH uilengegai pH = 6.8 Lile pH 9031 6.8 DD il

anas N13anadved DD Wiegaumaiiaandt 52 ssrwadeadunauainuatesveseulediana

' '
a

MNRUMITLANTU 191138 Vee Yamaguchi et al. (2001) s1garuineuledlusiungniiiy
IS = d‘ a r') ! = ! a aaa L 1
adlenuafesNaaumnininii 50 ssrwalded wazanasasinsiinUfisenlantugie pH = 5-7
Fedaualia DD e pH 11nnn 7 fAanas uenaindlyas pH weenin 5.0 WWudreidilnaan
pl vaslUshuuenig (pl = 3.9-4.0) Mlvlusiuegludnuauesiudinu auauisalunis

= 4 1

a aaa < ‘:{I a aaa a a o ¥ 4
AnUfAsendees agrelsfinuaniisimunsanveinisiinuiiseaueintdulagldioules

1%
o =2 [y

lUsAungmiiwadaluiulaseasiauazesalsenauvensnoriluniy d19g199u 1ATUN

YSunaungailuwagiiduganansaiauiisenlannaumvgll 37 ssnwalliod wag pH = 6.8

Y

]
A =

TuvarAlusiuaindvdesfidvuiungmiutazueaU1indugs danumunzasluanioz
gounndl 44 ssrailoa uay pH = 7.0 wonanilulusiuusiingsfienudndudedldansdy
WeoliuUseansamlunaiinufazer wu Wsiuandnlneidndudeddioniuea 11.7% Tu
ma3sliAnUfATeTiaamall 40 ssrwaldoa wag pH = 8.0 (Yamaguchi et al, 2001; Yong

et al., 2004; Suppavorasatit et al., 2011)
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e

= 30

£5

2 25

O

T 20 DD (%)

§ 15 Il > 35

) I <35

?_ 10 < 30

5} B <25

9 5 il <20

5 o <15

%) 2 < 10

o -5 -<5
<0

gﬂ‘ﬁl 4.1 surface plot 31n@uUN13 degree of deamidation (E/S = 36 unit/g protein)

9/

pH
~

38 40 42 44 46 48 50 52 54 56 58 60 52:3
Temperature (°C)

'gﬂﬁ 4.2 contour plot 91n@UN15 degree of deamidation (E/S = 36 unit/g protein)
nsudnsranevaueLuulasssiuinlaed /S ratio 18uAasdifi 36 unit/g protein

YBIANN1INITYINUY DH (aun159 4.4) dnauelugy surface wag contour plot flananslugud

48
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a1

4.3 uay 4.4 dongaungilun1siujisen DH deanaadntesudiawngafe dadosndn
3% VYQUNYI 46-50 BamgALTed UaziiAiuTulognmilgadu waziilowiudl pH wudn

DH fifnanadidntios aullA1miigniyis pH = 7.0-9.0 aglsiniue pH feaidutadeniination

\Weendidn p-value ¢ (nlsatl 358373, 2544) ile pH dnswWasuuuasduily DH fa1
Wasuwlasluidnies

DH (%)
-7
<7
I <6
[1<s
[<4
<3

Degree of Hydrolysis (%)

3‘1.]171' 4.3 surface plot 31n@uN15 degree of hydrolysis (E/S = 36 unit/g protein)
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1 DH (%)
— 7
— 7

38 40 42 44 46 48 50 52 54 56 58 60 62

Temperature©)

Whuo

gﬂﬁ 4.4 contour plot 91n&@UN1T degree of hydrolysis (E/S = 36 unit/g protein)

adada a o

anemurunzanluni1sanwUsiusauugnsnle3sawelindulnelgouleiluseiu
a = A o v a aaa a a ) a aaa a o | A A
ngmiliamsiduannemiliinuiiseaweintugeuaziiauiselalaslagasi nafeden

DD g4 wagdld1 DH ¢ 1ilothsudl 4.2 uay 4.4 sndeufuaglifu overlaid contour plot (§U7
4.5) Fsanunsathuldmaniiziimmzanld Tnsanizdana1ndl gumgfivssanm 50 oeem
o uay pH Uszann 7.0 annaedanamazihlildan DD gefign ognslsfinuannedlalals
A DH fisndign wiiosarniflefiansanamizan DH nuindmdeudras nandefidifosnd
3% Fefordurnfivensuld flesan DH Aflenunnnd1 5% o1aviiliAnnsiUAsuuUaswossaud
[desainnsneziludaszunsvinerviliiAnsavy silviannsadonangimnzaslunisda

wUslusiutu E/S ratio = 36 unit/g protein aaungil 50 psrwaIded wag pH = 7.0
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Temperaturero

g‘dﬁ 4.5 overlaid contour plot 91n@uN15 degree of deamidation ey degree of hydrolysis

(E/S = 36 unit/g protein)

mamaﬁ]aaummgmﬁmﬁumaumi (validation) wu31 A1 DD way DH AlAa1nNN15NAaDY

THTAMULANA19INANNLAAINNITAIUIUIINENNTS

4.2.2 NMIANWINAYD95EELIAUNTAARUSIUSAULENI1I987 S Ao DT

TutuneuntsdauusTsiumgnideouleiiusiungamiualagld /5 ratio = 36
unit/g protein gl 50 BaMLALTYE Uag pH 7.0 Tnsuusszaznatlumsdaulsiaus 0-24
%aimuamiugﬂﬁ 4.6 degree of deamidation (DD) way degree of hydrolysis (DH) fideuy
MUSTEIaINSAnURseN 9ngUnuIn DD fanfvtudessozinanfindulasinisiuiuags
sdaludasusnaudiawiitu 30%  aelu 15 wiiivesninfaufisen aintudngnis
AaufAseranasauiiddnlndensif 549% anelu 12 Halus msanasvesdasmaiAaufisen

Wunaunannsilusaudeduiisnuiusnm (Whitaker, 1993)

lefiansandn DH veslUsRuugni iU sdauUsluguil 4.6 wudrdn DH fsdunu
svoznalaedaniutudu 3% nelussezng 2 $alus uasiisveznainisdauls 24 Faluadl
A1gend 6%  uenaindfsiuurlvnfistudondenin 24 Fluawds FeufATen
lelnsladafiAntuiorainunanmaisaing wu nislimiuseu wiemsiionafiioulesifideuy

Tueulwiliusfungandiuanthunldlunis@ne Wesnueulesininism Fsianudululen
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sgiilusilelafnioulesl (proteolytic  enzyme) dadulusg@uinliinujisenlalaslada
26 ' a Y A o ) & M v o v o ° ¢
uananfludiuveslusiuugndnnannuiaaulstu ladduneunisduginisvinauveseulesl
& a o = @ a = aaa A A a X )
andunelungni Fududnanvguilavesujisenlalasladaniiuunntuniussesiininisnm

wUs (Panicker et al., 2009; Suppavorasatit et al., 2011)

70 A -7

%DD
%DH

3 —— %DD

eoomes %DH

0 L T T T T T 0
0 4 8 12 16 20 24

Time (hr)

gﬂﬁ 4.6 degree of deamidation (DD) wag degree of hydrolysis (DH) Fasunuszeza

MsiAUATeN

nsanwUstUsAURINUENE1IeITALelwTuduial 15 Wi, 6 Talug way 12 97lu9
NUI1AT DD MAATUTAULANANNWEE19TALRY A JAUSEUNM 30, 40 kay 50% 39t bu@nen

anURgantnAlutussld

4.3 ANSANEENUALTITNNVBIUSAUINNULNED

= (Y ~ PN Id Y LY 1 a

WasnmsanuUstiiomanieliunzaudunisfanlsssaunasannas LansLnes
o ! A va a Y Ay o« a i = !
Fog 1 NANYIANUATINEINADIEN1TU18TUINNITHER A1 DD az DH 39UAULANAIIIIN
nsviluliuadoy  HaueInITATauf19819lUTAUNNEAIA1S 9 wanslun1s199 4.4 wuan
fegnenIuaud DD = 10.46% WWsiuneninignanulslaeisauelivduluszesiaan 15 wii,
6 wag 12 2lusdAn DD = 32.21, 42.57 way 49.61% a1ua1au 9ilan DD A8AMNLANAINAN

nsneaedlute 4.2.2 Wunauiainmsiiuduyeslsunuansaesudaninlvansazanelusiu
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arududu 10 me/ml Waswmduanududu 200 me/mt %qdqmaiﬁé’mwmuﬁmﬂﬁﬁ%m
Wasuulaslse @ DH vesiegemuauile 5.01% Tuueilusiuiiinsdaulsiedsa
wednduduan 15 wdl, 6 uay 12 4alusilan DH = 2.50, 5.23 wag 5.58% aud1su 39A1 DH
figeniilude 4.2.2 WunainanUsinumstasuiidunndwilvieulssidy q Aidovuinannse

AnufizenlalasladalaunTuguienniu (Whitaker, 1993; Suppavorasatit et al., 2011)

M1374% 4.4 degree of deamidation wa¥ degree of hydrolysis ¥aelUsAUNENI1INYNAALUTH

ITYLLIAWN 9 AMSURnwauTRTINvelUTAY

Treatment %DD %DH
Control* 10.46+0.32 5.01+0.21
15 min 32.21+0.41 2.50+0.16
6 h 42.57+0.41 5.23+0.30
12 h 49.61+1.65 5.58+0.22

*Control #ie Waiuneniniinunisudlu buffer i pH = 7.0 gamadl 50 esrugaidea 1Huan 6

Fludlaglildiouled wdniivonmaiiidu 80 esrwadea Juiia 10 wiil

4.3.1 auUmAnITaLay

'
wa a

AnuansatunsarareluantindAyvesiusivantinils wonanazsduantiRived

=

fanuansalunsinluldeunds dsdsmanoauifou 9 veslusiudniie 1y aud@nisiia

dfadunarnisiinlny Wudu anuaunsalunisavarevedlusiuugndng pH = 3.0, 5.0 uag

A a1 1

7.0 wandlupns19n 4.5 - 4.7 MUE1PU N1sazateveslusiud pH = 7.0 degegameiiAuinnd

'
[J

66% wazdlA1enandl pH = 5.0 AsliAtandn 25% n1sNlUsAvaINUEnsITANUEINTalENIS

azaretosfl pH = 50 Juwauiainilu pH Ailnddugaleladiana3n (pl) vesuznina@adl

AsEa 3.9-4.0 uonanluyae pH = 4.0-6.0 Fedutieilusiunznininginssunisazaie

'
[J

AmFsnunaufeiuluguiIdeees Thaiphanit and Anprung (2013) idnwiANaINTalUATS
azaeUdlUTAULENG 1IN pH 619 9 WU pH = 5.0 euaunsalunisazansvedlusau
NEN312611N39 pH = 3.0

WelTsuiisuanuainnsalunisezatslulnazyis pH wua 9 pH = 3.0 (115799 4.5)

v o w

fegrmuauiinuausalunisazaiesi (42.92 %) nindieg1du ¢ egrelideddgydaduna

]
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a

NS ANNSUTUNTAS U981 a1z Niaunnll 80 adAnwaLtud FIllATlnaLAsany

9 Y

'
a =

gaumgiiivhlfiAnmndvaninwedlusfunzninngunasyauds (Kwon et al, 1996) JailwiAn
nadeanmvesiusiuundiy shanedussiseaneluuaznisuenluana Tusiudafinnis
dnsesiluluavdsnali surface hydrophobicity fiiudy supsisornnelulusiuiafingy
Turnziiniafndunsisentuihanas aruanunsalumsazaisianas uenanilusiuuenini

H1un1sviAkeinduiiauaunsalunisagategenifieg1alusauatuay lesanaueiindy

v )

szildunganfulndungadinuedadelinnuiateslulaseadeandudseadgun 47 way

Y

Y
2 a1 @ a =

Tassas1adanusainsunsnsenduiiles auaiusalunisazatevealusaudafiaiudu

(Hamada, 1992; Damodaran et al., 2007)

& O
HsN*—CH_(J//\ H3N+_CH_C//
| o) I 5
ik i,
! B
o \‘%O O¢ No-

JUN 4.7 Taseaiauseaueaengmiinuadn

a1 faulasann Hamada (1992)

AT 4.5 Auasalunisazany (%) veslusiuaInugndIg pH = 3.0

Treatment Solubility (%)

Untreated 54.90° + 1.79
Control 42.92b + 4.05
15 min 51.72° + 2.66

6 h 56.11" £ 7.01
12 h 51.85" + 4.17

o

a, b, ¢ MavnidnwsmeiumiulursautineIfullimINLAna s uegslted Aty (p<0.05)
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PNAITNA 4.6 wanIpuEINIsalunsaza1sveslUsAUNENIIN pH = 5.0 WU
ANEINsatuNsaratevelUsAuNliNIuN1IARLUS fregelusiumual wazAeeg1elusAuN
iunsianUshifianuuandrsiuiiasannidu pH elndiu pl @sUszgsiuvedlusiudianlng 0

MIAUSAULAANTIINFINY tazdanua s lunIsazatevadlusAumn

M99 4.6 Anuansalunsazans (%) volUsiuaInuzni19 pH = 5.0

Treatment Solubility ™ (%)
Untreated 20.03" + 2.94
Control 19.85° + 6.20
15 min 20.63 + 2.50
6 h 2227 + 3.58
12 h 2436 + 533

ns davlureduilifenulilan AN 19 U 19E@dA (p>0.05)

auaunsalunisazateedusiiutendng pH = 7.0 wanddumsd 4.7 wui
sheehslusAumuauiauaansalunisazatsinivegndusiuiliiunsdauusidesan
WRHAIREIRUA pH = 3.0 Mamguiivesnsiiafuefiindu et efiiumsdauusieisiuedin
Fumsiamnuamnsalunisarategenindiegnsauan uianAITIeR 4.7 wuil auasnsaly
msazaeveslUsAuinumMsfauUndunat 15 und uag 6 Mlusdlmnitnrmaunsalunis
azanevesiegsmuauesiituddy Tuvazdinnuamsolunisazarsveslusiudiiiunisda
w5 12 Falusdienganiidegndlusiuniuay Gsenafunanaindr DH figsdunussezinainis
fauvs anuansolunsazanefidiaslutas pH - gadusainanmsidueiinduuaznnsly

= a o

Arwdoumudiudsiinarinliien pl Wasuulasdly Wesnngadinuedadiinduasiaioslu
Tssadrefilulszqay (Ul 4.7) ilv pl Sty deinansvasedudnvuzderiuiinen
Tunuddsves Yong et al. (2006) Mvhnsfnudsnguauaindnaaseteulwilusiungniiua
wuimmaansalunisazatsveslusiuil pH = 7.0 azanauile DD fAwnnnin 10% uavaz

dinTwsie DD SiA1annndn 70% (Hamada, 1992; Damodaran et al., 2007)
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M99 4.7 anuaunsalunisazans (%) velUsiuainuzwi1g pH = 7.0

Treatment Solubility (%)
Untreated 85.43° + 1.83
Control 76.11b + 1.54
15 min 66.12" + 2.19

6 h 67.68" + 2.46

12 h 83.63" + 1.22

o o

a, b, ¢ favilonwinsiumiuluredulifefulinuuanasiueg1wlidud1Any (p<0.05)

]
a =

ANNENTAtUNNTATA18velUSRUMUAEUAL pH A 2.4-8.0 wanslugun 4.8 Tshu

nugnINlddIuMTAnLYS (Fuiiudan) dvrenisazatenivag pH 3.4-5.0 Fefiauaiunse

a1 o

Tunsazanglsiiiu 20% wazddningad pH 4.0 Aefmnuanunsalunisazats 9.41% uaxdien
dintwdle pH Wutu Tneflauanunsalunisazaiennnnin 80% 7 pH w1nndn 6.2 (80.25%)
SoiSsuiisuanuannsalunsazaievesiiogianudt 7 pH desndn 4.2 avwanunsolunis
azangvedlusAuTrumsdanysluynisszeznardmgeninlusiuiliiunsdauUswagiusiu
muAN 929 pH 4250 lsifiamuendnsvesandinisazansveslusiuluiegnefiunnsnaiu
LA¥T pH 1191 5.0 AmnuassalumsazansvealusAudiliiunsinuysgendnlusiuvie
3w nwairaes pH solubility profile ‘1'7iLﬁméﬁulfﬁuwammﬂmsﬁﬁL,Laﬁm%’umudﬁumﬂ%mm
You Fedawaldd pl Senfinty pmannsalumsazaneluanznsadsiiniiniu (Yong et al,
2006; Suppavorasatit et al, 2011) wenani Arwamnsalunsazaeandlusuil 4.7 1y
nMsafuayuaninisaranevedlusiuugniifiesgildlulunsed 4.5 d1 pl veslsfiuain
sgwdnilihumsauseiiy 3.9 uddledaulsudnedanfutubndes AefidUszanu 4.2-

4.4
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100.00 +
90.00 -
80.00 - ~2. X3 i oo
70.00 - A A_A~“" PV "X
9 o= X=X = A
€ 60.00 Sl * N1
£ 50.00 & —— untreated
3 d
3 40.00 control
(%]
30.00 = & =15min
20.00 —X=6h
10.00 e 121
0.00 T T T T T T T T T T T T T T T T T T 1
| S0 00 NSO ®RONTOONNY O 0 ®
< T < n wn wn n O O VU O N NN

g‘dﬁ 4.8 pH solubility profile vaslUsAUIINUTNIT

4.3.2 audfnsauiiuazingiu

audAn15auin (water holding capacity; WHC) wazaudfn1suuniiu (oil holding
capacity) voalusAuluauiRndinanoanvasuenanduen 1y anvusilodula Laznis
nszarembundnduel 1udu audinisquiinaziifureslusfiuanusnsnnliiiunisaauys

WaZHIUNTAALUINLIAE 9 wandlun15199l 4.8

audAnsaNdvedUsauinIuNsAnLUIgTsAkeiintuilAgandnlusauInueni1i

ldunisanuUseg1eiitodfy wasseziiain1saawusnuanasnuliyinliifiaauLang 19ue9

£%
14 o A

audfn1sguun auanisatuntsguiniiindudunaniainnisideaninvedusfiuuasnis

9

WavukUawesUszguadlUsiudanudunsiseseninalusiuiazii 310919338904 Kinsella

(1979) uaz Mune et al. (2014) ngauindadendniiinareaiuaunsalunisguiifeniside

A A

anmvedlassaialusiu Fagyhlnlusiuianisaatefiwasdaneusnaniiuseavsedvinn

Yu denalianunsaindunsiseiuilafvy 9ne15199 4.8 wudren WHC vesdiagnanuaud

a1 !

wsldunvzengenitdeg1anliiiunsdauwds Midenainainnisnseulusiureiiegng
AIVANLALAIRE 1NN TAAwUENSIAuTau Beihlrlusiuianisaaiend wazdaali

AMHAIsauNITuiuingwuy mainduelindulaeeulailusiungamiwazdunisaey

a & a a = 1 A & a a ! o &
nngmiudunganfinuedadsazeglusundulszandianuaiesginit Iassadiswuuiliey

(%

ansafindunsiseriuinlauinnitlaswaiavesngmiy il WHC dawiiuay wenaininig

Anufnsenlelasladadadunisanvuinveslusiudeduaiunisiindunsisendinandnaig



58

anuannsalunsdiniveslusiudadindu (Damodaran et al,, 2007; Mirmoghtadaie et al,
2009)

anuanssolunssiiiueddusiunenindliiunsfaulslianuunndiain
TusAuiiumssauds Tasflszeznalunmsdnulslifinadenuannsolumsduifugudiy
NANST 4.8 WU Sl OHC 5233ne 1.19-1.43 ¢ oil/g protein A1 OHC wa3lusiiuueni1id
HuMIFALUsAsUANAIsaInTUsALT ldeunsiauds eseinnisiAwednduazildsunas
Uszquadlusiudadanaliian OHC 1Wasuuasly 1wy auAdeves Mirmoghtadaie et al. (2009)
Flgvinsdauusiusiuanlnsenisiaueiindulagldnsalalnsaansnuaziasn OHC #ae
Tifudmdeanuin msvhanefinduassiiliautinssuiuisuiiviuannsdsunUases
audAimaaiinenmueddusaundinsyinfueindy uitladendnvesnisiuasunlasesasia
fio arwaninsalunisAniunenianimn (physical entrapment) WAZAUALIKLLSIY TIN5V
Auafidulddmaliinnisdsuulasasnunuiniusuegiedney dwaliauansely
mssufuthsurestsauanuendnidiumseaudslifinuuansnsnlusausaiu (Kinsella,
1979) Fsdonndesiuauddeves Chan and Ma (1999) ledaudslusiiuain okara Tagldnse

lalaspansnuasnunaudatunisduiuinduluiinisasunlas

[%
o w

M13199 4.8 AnuEasatunsgukavifuvedlusiuainuening

ns

WHC OHC
Treatment
(g water/g protein) (g oil/g protein)
Untreated 0.90°+0.05 1.24+0.06
Control 1.01°+0.06 1.2120.16
15 min 1.08°+0.12 1.25+0.12
6 h 1.16°+0.08 1.43+0.20
12 h 1.08°+0.01 1.19+0.05

@ ' a o

a, b MavnonwiieiumiulureauilifefuamuuwenAsiuegsltodfty (p<0.05)

ns davluneduilifgnulifianuuAna 19 U 9E@da (p>0.05)
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4.3.3 auURn1sinndtiatu
auuAnsiinddadunlylunisAnulunuideifent emulsifying activity index (EAI

way emulsifying stability index (ESI) A1 EAI wag ESI LLamlqui 4.9 uay 4.10 SladufiAndu

[% '

fanuwaupdudiadunuutiiulu (oil in water) Feglusfuasasnduilduiuneniiiuiisesse

SEWINNUILUNVUN

A1 EAl vaalushuteninandlugun 4.9 wud WWsiuneniniliiiunisanudsian EA

=

2 . 1 a p 4 dll (7 ¥ 6 a
geian (5246  m/g  protein)  d@dulusAunzniniiunisdanlsigioulelusiy

q

o w

a { ° i 2 . 1 [y {
ngafivwauan 15 wiiiliesiign (17.76 m*/g protein) 9nnsfnwinuindadedAgyiifing

o

faf1 EAl ApAndaiunsalunisazatevedlusiu IUsAuiaiusaazanelaunn azaunsaasng

'
al

Haumseunealadulassmeituiy (Boye et al,, 1997) 21na1519% 4.5 ANE1NTAIUAISAaLANY

YoslUsAunuens1TlikuNSAAWUIN pH = 7.0 fAngefian Jaddlatunfnwduddadui pH
1 % =

= 7.0 Fuhlvar EAl vedlusiuugninnldiiunsdaudsinaaigaaig 3nn1siny) wudi

AnusaunazUffsenlalasladaszyiliinniseratefveddusiutazilameiiunliveuun 8n

' ' '
a a a

Fafinsuuudndaedu uiiildveuihiiutuiifunsiia hydrophobic interaction il
TusuAnnissudaiu suiiduiiuvesluiuiainliauysal Sedmalien EAl deranadld @
EAI wesegnslusAumuauuazlsAuinunsiauUsisiidnilsauilinunissnuys
(Schwenke, 1997) uaﬂmﬂﬁé’ﬂwuﬂdwms‘v‘hﬁL,Laﬁm%’u%ﬁﬂﬁlﬁﬂﬂmUﬁ'auLLanawizmm
sy dawaliauweudniintu rnuanunsalunisazansdaiutunazyinlien EAl voslusiu
Annnsiasunadld Wedouiisunavesssuziiainmsdaudslusaunuin deszeziainisde
wUsiiindy EAl fianufindy Wesannsseznaimsiauusiuiutuinldmnuaiuisalunisazans
iady Usyuaslushuuag surface  hydrophobicity Fidsuniadly Jsdemada hydrophilic-
lipophilic balance dsiimumunzanfuszuudiaduilldunndu 1 EA vadlusiufiiiunisda
wUs7 6 waz 12 %ﬁiﬂﬁ%ﬂﬁﬁ’]@ﬂﬂ’j’]miﬁ@LL“LJi‘ﬁIL’Jm 15 W19l (Chan and Ma, 1999; Damodaran

et al., 2007)
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60 -
50
= H untreated
g 40
° B control
o
~{° 30 M 15min
£ m6h
= 20
=5 m12h

[
o

0

gih'?i 4.9 Emulsifying activity index (EAI) waslUsAungni

A1 ES| maﬂiﬂiaumﬂmw%’;LLﬁﬂﬂU;ﬂﬁ 4.10 Wsfuanuendniinunsdauusiien £sl
aandmeslusiuilibinunisdandsuaziognslusiumuny msinfuefinduasfiufiudi
youtwilfanunsaiin hydrophobic interaction létiesas duftduiliintuisdiarmauysaiinn
i dawalvdtatuiinnuaiosfiusnty a1 ESI eflaufindy (Chan and Ma, 1999) e
Winuieunavesssezansaauustusiuse ESI wuitnsidwefiwdudunan 6 4lua lien
ESI snniign AoUszanas 139 undi ntud ESl anasilonatnisiauusidu 12 alus msanas
909 ESI finsdauds 12 Fluadunauiannsifueinduiiunniuluasidiu electrostatic
repulsion 301571 electrostatic repulsion fAnuniiuluagyldAnnsdntuvedlusiy uag
vilvlanfivavenluiuunaes uardssaliraiiosvesdiaduanas msanases ESI Sauly
ATEY 9 wu nsdawdsTusiuanldaiidhensalalasaassn WaTNaIMaUIIN  Akebia

trifoliate MU1UNITAALUTAIUNTANIANLAENTATASNDNAIY (Damodaran et al., 2007;

Mirmoghtadaie et al., 2009; Liao et al,, 2010; Lei et al., 2015)
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160 -
140
120
M untreated
100
< M control
£ 30 = 15min
n
“ 60 m6h
]
20 12 h
20
0

gﬂﬁ 4.10 Emulsifying stability index (ESI) v0lUsAuNgNG1?

4.3.4 guURnIsuin Ly

gutnsialaiidnuluenddodliun f1 foaming capacity (FO)  uaw foaming
stability (FS) fiszagiiandand 0-60 Ul ans197t 4.9 wamsdn FC vadlusiuanugndnnaiu
wagsiumsinuys fegrelusiungnindliiunsdaudsian FC gandndegesmunuias
Tsungndniiunsdauuanduna 15 uiuas 6 Halas Faanunsaeduigldainnslia
Souludunoumawisuietsdmalfiinnindeanmueslsiuuisd uasdeiliudily
youtufindudsaliniandn ionic interaction anas FC  Fafidranas vinlsdegnadisnu
nszurumsliaufou Fregnlusiunmuauuaglusiuugndnikiiunsdauus) fie1 FC dni
Tusfusgndnitliiiunisdauls uenainianuamsolunisararedududnanmvg il
fregdusiusaiuiin FC qqmdﬁﬁaasmﬁlu q (115197 4.7) WsRufiawisoazaieldfae
ansaasstuilguiietnifivernalildunntu dawaldie FC i;;jafgu (Boye et al, 1997,
Damodaran et al, 2007) fhagalusAungniniunsdausfissoziaat 12 dlusdan FC
5.91% aflergsnindegalusiuniunm (4.67%) egrsiituddny nsviduedindusivlilusiu
\AansasuuUasUszaans dawaliAnnsivdsunlasweslaseains ionic interaction A
dindu vilemansnsolunmaialnluAtuleiliden FC sty Ssmanismaaesdnusinuly
feeslUsiungmuandnanafiunsdauusmetoulsimudnganiiiua (Agyare et al,

2009)



AN37991 4.9 Foaming capacity (FC) vaslUsfiuannuznit

Treatment FC (%)
Untreated 6.86 +1.27
Control 4.67°+0.58
15 min 5.08™+0.14
6 h 5.15740.18
12 h 5.917°+0.13

62

a, b, c MavnisnwsmeiumiulupsautineiulamIuLanasiuegslted Aty (p<0.05)

Foaming stability v@slUsiuaInugnsnsresnaniig q wandluguil 4.11 A1 FS veq

Y

ynieganatiloszuznainsiafelinduiugy Weszesiaiull 60 wiil A1 FS vas
fogalushunlinunsdnwlsiiangeiign (66.67%) fegenrunukazfiaag19lUTAUANILNTT

fanUsdien FS anaaiininsnegalusfuilutnunsaandsdudunauinainnisiiainudou uag

NsAuLedlntuTsaziiial electrostatic repulsion A1 electrostatic repulsion Miunniuluay

v
v a6

FavnensifndunsitonserinsdsiuiineliAnduiiduiviuernia IduildFeunsas anuiados
vadliluFsanas nansmaaedludnvarinulumidsedy 9 wu nsdauusisiivann okara 7t FS
anasmuszezaTudnlndireaiulusiuildiiunisdauls  waslusfuanidaiinuiiniiy
afesveslrluvedusauiitiiunssaulsananiininlusausady (Chan and Ma, 1999

Damodaran et al., 2007; Mirmoghtadaie et al., 2009)
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100
90
80
=@ untreated
< 70
< = A= Control
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=3¢ =15 min
50 6h
40 - 12 h
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time (min)

gﬂﬁ 4.11 Foaming stability (FS) va3lUsiuaInuznii?

4.3.5 Molecular weight distribution

n13nTEAteAIvesmtnlutana (molecular weight distribution) ¥adlusAuuzniI?
AATERAEN1S1 sodium dodecyl sulfate —polyacrylamide gel electrophoresis (SDS-

PAGE) I@ﬂLLamqmaiugﬂﬁ 4.12 3nUuana  protein  marker (W07 a), uaulusauveslysiu

Y/ a0 (%

uEWEMANIUNSFALUS (e b), waulusiuvesnegsmuau (e o), wulusiuveslusiud
irunssanUsduna 15 widt wan d), seulusauvedlusiudidiumssauusidunan 6 alus
M7 @) war uaulusAuveslusAuinumsdaudsidunat 12 $alus (wan ) TuwauTusdu
uznd1mnadn (und b-H Usnguaulusiu 5 woumdniiiviinlaanatszana 16, 24, 34, 55
uaz 100 kDa dvtwminluanamaniunanlsiundnlunendnn nmsinwdeyanuii Tusiu
vénlunzndnuseneuselusiung 115 uaz 75 naeyau dslusiuainugnindulngidungu
115 naoydudsihiminlinanatszana 326 kDa usaznansunulusiulunnsvh SDS-PAGE
Tuthavuelanana 24, 34 uag 55 kDa SauaulUsAufivunn 55 kDa LAaanmssandfiues
TusAulugisvunluana 24 uag 34 kDa (Garcia et al., 2005) lutanavaslusAungy 7S nasy
AuflivtinUseann 156 kDa wazuananaluuaulusauivarvin 16, 22 way 24 kDa (Kwon

et al., 1996; Garcia et al., 2005)

n13nszaredvesiminluianavedlusiuainueningliniunisdaudsasiaing

1 Y 1 = [ & t% 2 = g o Ao 1
uwaneeandegaulagilunauinantuneunisiiauieu Tsivluwaudmidnidinds 22
kDa 984A79819A7UANLALFIENNHIUNTAALYS (Wau of) Azliunninnusingludiaeig

TUsRuNENIMNlUNILNTAAWUS (aU b) Aaliuszuu 13.44% (wansAnlunimnuln ) Tuvae?
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fegnemuny, Megaiiiumsvinanedinduidunan 15 uni, 6 $alus way 12 Falue TFuw
Iﬂiﬁuiu'iziwummiuLaqasﬁ"m’jﬁ 22 kDa Ju 15.47, 17.11, 19.38 wag 22.09% suaisu taed
USunalusiugdlutaaimiin 12 uay 16 kDa Ssustindlnanavumdnifisty uenainilugag
thwiinlaana 55 kba vesldsiudldiiunisdiouds (wav b) daflarudumnnindiednedug
ogataau Inodudinalusiu 40.67% Tuvngidegemuay, fegfiunsvidedindy
unan 15 Wil 6 dalus wag 12 dalus SUSualusiu 31.79, 29.82, 22.25 way 25.42%
1y nsfidegnslushuiliiunisdaulsiviinalustuidmidnlnanagatuil 55 kba
wnnnhdegeiaduusrdiviialusiufitmdnluanatiosndn 22 kba mnddulumaman
nsldanuseunasnisiinufisenlalasladaluniswisudiagne nsldnnusauazinaieduns
N381919 9 TUsfiuduinnisranesuazUanUsesiusiuasdu doswfunisiinlalnsladad
yhanefussiUUnduaglfiulsiuasduisilvuoulsiuddainluanageveslusfuil
siumsdanysiuTnamn uaslusiufiihminlnanatosivmadesniilusiuiiniunisd
w3 nsnszatediesimiinluanaveslusiuludnune ddmulusegalusiuiiiunsdnuls
giadu wu Wsiuandnlne uazdundes WJudu (Yone et al, 2004; Suppavorasatit et al.,

2011)

93—

72- i
et 2 L Lk
e B 'Y B |
24_-.'..3
: ' » 3 |

gﬂﬁ 4.12 Molecular weight distribution wa3lUsAuuLzNI1?
a: protein marker, b: untreated coconut protein,
c: control coconut protein,  d: deamidated coconut protein 15 min,

e: deamidated coconut protein 6 h, Wag f: deamidated coconut protein 12 h
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4.3.6 89AUSENOUTBINTABLAIY

osfUsznovveInIneziluveslusiuiainanueniliiunmsdauus uazinunsdn
wsieTsaneindudunan 6 Faluaandlumsied 4.10 TsAuanuzninliiunsdnulss
USinanganiinuedauazeniitugsiigaduansduduusn (1687  uaz 10.94 me/100 mg
AINE1AU) nasann1saawUstusAuLdInud Usunanganfinuedanazensiduianiu 16.41
Way 10.62 me/100 mg auaddiu waznseesdlussuddfivsunalndiestulsunansnoziily
yeslusAuanugnndldiunsiauusiednnudulliin asvidueiindulsidsmatisnns
Wasuudasesduszneuvesnsnoziily egndlsfiny nmsihdneiindulaeltieulesusiungan
fiwadunisasunyeludvesnganiiuduaisuendadsazivdsudungmifinueda Fatfu
psAUszNeUvRINIARLiiluTamsinisasullas nanfe Tumangaiiuanas wagiiuTuan
Qmﬁmw%mﬁmﬁu uiilfleannIBmswdsudiedneunsiiasegiesduseneuvesnsnozilud
nslénsalelnsraesnanududiu 6 N eugfunislimnufeuiigamgil 110 ssmeadeady
nan 22l delanunsaliauiisenivilrnsaiauiinunsaesiluld (nmewuan a.1) v
Tingenfiulusegrufnufisensaaredidunganiinuedn wazlnlsngandinueda Tnlsngmn
fnduasiiAnanmsaaneiveangaiiunazngaiinueda ethdeg swiiaszsisg HPLC
ngenilu ngenfinuedn wazlnlsngmiinazesnulunailndifssiuaulsiaansausnls luns
eurangmfinuedalumsisil 4.8 SadunsruSinunganiiu ngaiinueda uazlnlsngen
finlAdeiu (Shih, 1985) Usinauesrusenauveansnesilufiinsesilaialnaimsatuusunui
Ansgildlusnuidonounthil 84 Rasyid et al (1992) enuidiviinungainueda 16.63-
17.79%, 01530 8.78-13.01% uaswoau13@nuedn 9.36-11.12% Tuvauzdl Thaiphanit and
Anprung (2016) s1891udUTINgANENKeTA 21.67 ¢/100 g, 8153TU 12.22 ¢/100 g wag
weaU1sinuedn 8.65 /100 ¢ Fuilefiarsananvdavesnsnesiludmudninlulsiiuain

i = a Ao & 1 | & a
gnininsnezillundnlusessnigasurs 9 wila
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A15197 4.10 29AUTENBUVBINIABLALUYNUSAUIINUL NS 1IN ULAL LUHUN1SARLUS

Amino acids Deamidated
(me/100mg) Untreated ‘b
Aspartic acid 6.65 6.74
Serine 3.19 3.21
Glutamic acid 16.87 16.41
Glycine 3.16 3.12
Histidine 2.04 2.06
Arginine 10.94 10.62
Threonine 1.99 2.00
Alanine 2.85 2.93
Proline 2.44 2.47
Tyrosine 1.40 1.28
Valine 3.34 3.57
Lysine 3.85 3.95
Isoleucine 1.92 2.09
Leucine 4.49 4.65
Phenylalanine 3.43 3.35

nsdaulsTusAuanugnifatiaanmengfigiisanumanvangvesansidamiig
Fadumaiismadenlumsihlusiuueninluldlundnsasivuiu vililenalunisilusiu
uzndnlUldaivlugpamnssufinnnty Wy nsldlusfunendnlundafusiedosiuiidy
8ifadu wilidosnsTianing 1Wudu WWshunenindauisaiaundumadeniiuiuilan
v1engy 1wy msldunmilusiudamdesiinelifnnsuiluguilaa uaznnsldlusfunenindy
Tushunuasdmiuduslnanguitlivilnaitledn (1aad3m) uonamninisldenlusiuueniiags
Humsaauaivnsdannden esnlusiunenimidnwadiauainmangifduveadsan
gnAmNTTUMIKAMNTuIEnE1 MafinvikerUSuURERTR o fiveslsiuuzninidody

AT NIUsElevlsegna NI TharaLINdoY
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4.4 MSANIANTRAIUNNSIUNAUTEVRIAS IANAUSANUIUSAUNE NS

4.4.1 NMIANABALLHSIUAIDYIIULNG?

Waannnsanalusauusns nlutunauwsn wldshundvsunaluiiuuseunasesas 20
ibisndudesaialusiulnidnass lneiiingusyasAiiiowsoudagalusAungndradudu 39
foan1sriUsunalusiulidsinindesas 90 wislvnunzlunsAneinavaan1sananuslusiuse
AUURAUNTIUNUAISNAUTE TI91NNNTANANUINUTAUINNUENS MNENAAILITNTANALNDUY
lUsAumensalalasaassa (pH = 3.9) udranalvsiueenlagldsiviavaredu petroleum ether
a '3 ) a o ° v A < \ A Ay ya
199AUSENAUALAAIUANS I 4.11  $8991NASYIMALUULELEaNLTINUINTUSAUN LATIAN
AMUTY USunalusiu wasuUsunaledududosas 555, 92.97 waz 0.17 auaisu laedusuio

naNdRlUTAY (yield) Spvaz 2.96

A15197 4.11 perUseznaunglulusAuleniMNannaInmenei

Constituents Mean + SD %(w/w)
Moisture 5.55 + 0.27
Protein 92.97 + 0.20
Fat 0.17 + 0.02

ARy + @HuleLuuNINTFIUYBINITNAGY 3 9

4.4.2 N5M38UABELUTAULL NI IR ALUS

mssauUsTusiuazndsedsiwefwdulagld PG viluansimunzauiielilusiu
fisaudsiian DD g9 wawia DH i muan1glunsAnwITl 3.2.3.1 @9 E/S ratio Wity 36
unit/g protein gamadl 50 ssrnwadya way pH Wiy 7.0 Tailunsdauus 1 daluswui
TUsAufinunssauUsiinn DD whiudosas 36.12 wazA1 DH wiiiudesas 3.18 dslndifsaiy

ANSANYITUSUY
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defnwnisnszaneivesiminluanaveslushungnindiunsdauls wans
Ainsesiuandluguil 4.13 9:1n3ULane protein marker (WA ), waulusiuveslusiuuzni1ailsl
Kunsdanls (e b) uazkoulusiuveslusfiuueniniikiunsdouls wo o Tushusiaes
¥ia (WU b waw o) Usinguoulusiu 4 wnundnfhindnlaena 18, 22, 30 uaz 55 kDa 4
i laanamandinanlusiundnlusznin Inelusfundnluszninusgneulude TWsiu
n&u 11S (cocosin) kag 7S nasydulasiiuTunuiesar 86 uay 14 auadu lUsAuanuenin
dndlvigiungy 115 Fefidmdnluiana 326 kDa Fsazuanauaulusiulunissi SDS-PAGE
Tuthadmiinluana 24, 34 uag 55 kDa launulusiuruin 55 kDa 1AAaINNTTLAITEUNY
TUfuauIn 24 wae 34 kDa (Garcia wawAmly, 2005) uaglusiungu 75 Siwidnluanawinfy
156 kDa #sazuanwuaulusiulutsimidnlinana 16, 22 waz 24 kDa Fswan1ivnaosfilad
ANUABARABITUNNSANYIVES Rodsamran Way Sothornvit (2018) fistesuunulusiundnves
TUsAuRInuEnsSMTvua 14, 18, 34 way 52 kDa wena1n DeMason Way Chandra Sekhar
(1992) s189uIlUsAuaInUEnsnazkandkaulusaulugg 17 — 55 kDa (17, 20, 22, 25, 31, 34
wag 55 kDa)

E‘U‘ﬁ 4.13 Molecular weight distribution ¥o4lUsAUNENI?
a: protein marker, b: untreated coconut protein (CP),

c: deamidated coconut protein (DCP)
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nsnszeivesiminluanavediusiuainueninilddiunsdaudsuaglusiuain

14 A v = ' LY < 7 ' a K o a5 !
UgnINARIUNIARLUTIEHaNuandsiudntes tngagnunlusauluwaudiningsindii 22
kDa 193198197k 1UN5AAWUS (WOU o) zdlunnninniusngludiegnalusfunzninlutiuns

)=

AALUS (WaU b) ABTUSTUIMSPEAY 12.68 Way 8.97 MIUaNU N1SNLUSAUNKIUNISAALUSI
Usinameslushunivminluanatioandn 22 kDa gendndulunauainduneunishiniusou
dl‘ I o [ aa 1 a = a a 1 a gj

99z, UUNITNIANLBUATNILING € TUsAudainnIsaanenasikazvanlassll sAualody

HunsnsiiaufisenlelasladadadunsviaeiussilUlnduazlmiulusiuaeduiniu

4.4.3 MINIANIAAUAATDINITTUNGUTA (flavor binding equilibration time)

nsenwautRgunsTunausalaensliineda equilibrium dialysis Susndudasm
nanigaaunalunsdundusasenindusiutiuanslinausa Senldainnsrlanuduiussening
Usinamiladudaseimdeannisifindunsisendulusiuuzndniliniunisdauls (CP) uas
TUsfusgnunsiauUs (0CP) Aunalunsuuiiaamgdl 5, 15 uag 25 °C (3Ui 4.14) Tng
fnsanarifigaiviliuTinuniadudassai wuinafignaunavesnsiindunsisen
sewinenilaauiu CP 7 5, 15 uay 25 °C Dugad 48, 24 uay 6 FAlUPUEINU LAy nm‘ﬁ"«gm
aunaveINInAndunsAzensswinaniiaduiu DCP 7 5, 15 uax 25 °C Judsl 48, 24 uaw 2
Hlusmmadu (5af 2) neanisAnuilsnuinailitageaunavesnisiindunsizen
fawes CP uaw DCP  duasdloguundifisduan 5 T 25 °C asnadosiunsfinuives
Suppavorasatit uay Cadwallader (2012) fivins@nwvnanfignaunavesnisiindunsizen
spvialusiudmdesiuniadunuitnariynaunavedusiudundesada (SP) 7 5, 15 uaz
25 °C \Hugtedl 48, 36 wax 12 Flusmudy uazanaugaveslUsAudwdeatndiiunis

FaUseeISALatATY (DSPI) 91 5, 15 wag 25 °C Wusadl 48, 24 waz 9 Tluemuaisiu



70

(@) 5°C

— —
\O o —
(e} o o
1

iy
o
1

free vanillin (nmole)
(0]
(@]
[
L J

—m—CP  —e—DCP

(o)
(@)
|

(S
(@]

0 12 24 36 48 60 12
time (h)

(b) 15 °C

o M\
O) $ o
290 iy 00
£
£ 70 1 —8-CP  ——DCP
z
g
$ 50 T T T T T 1
E 0 8 16 20 32 40 48
time (h)
(c) 25 °C
130
T 120
g 110 ? -
£ 100 3
£ 90 - 1
T 80
DCP P
S 70 Bt
()
o 60 A
[ty
50 T T T T T 1
0 2 i 6 8 10 12

Time (h)

35U 4.14 Equilibration curve ¥8In15iindunsn3ensendng vanillin waglusAundaldanunisen

U3 (CP) ’unsdiauds (DCP) 7 5 °C (a), 15°C (b), and 25 °C (c) Auddu
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M1579% 4.12 Equilibration time ¥84115ARSUATATEI5EMIN vanillin waglUshungni1ndsll

NIUNSAALUS (CP) wagtun1sanwls (DCP)

Coconut protein T(°0) minimum time to reach equilibrium (h)
Ccp 5 48
15 24
25 6
DCP 5 48
15 24
25 2

4.4.4 anvflun133unausd (flavor binding properties) vaslUsAuLz W17

msfnwautilunsdunausassnindusiuuzndnsuniadursyinisinelnemans
wusanealaun Sruituilunisdutiunausa (binding site, n) wazAAlun159U (binding
constant; K) %aﬁmammﬂqmﬁmﬂu y (1/n) tag A1MNNTU (1/Kn) nEUNsIEURIluAT19]
3 pugeudaldunainnisasns Klotz plot (g‘dﬁ 4.15) IagAn n, K uag nK U99n15:Ansunsnsen
senalusiungndniundaduiidunaldnansdunssd 4 a1 n vesnsiindunsisensening
iladuiu CP 7 5, 15 way 25 °C 1fJu 0.81, 0.79 uaz 1.48 AuEIRU F97i 25 °C wuinilan n
Qaqmﬁmﬁauﬁ’uﬁ 5 uay 15°C Flaiunneafuegnaitoddey (p < 0.05) wazAl n 18IN54An
Sunshsenszninenaduiu DCP 71 5, 15 waz 25 °C 1Ju 0.81, 0.96 way 1.58 MuaIRy d9en
n fldanmanasesesis CP uay DCP fuunltufindudlogungigedu dvlinadenndoriy
M3ANWIve Damodaran ae Kinsella (1981) Fs@nwsunsisensewinalusiudiniouazans
Tindusanguarfueda wuiien n vesmaiAndunsizensening 2-nonanone AulusAudaimaes
figatuilogumafiinduain 5 1025 °C (Rwen 200 1w 4.00) Tuiueadeiu
Suppavorasatit lkag Cadwallader (2012) WU1AT N YBIN1FIVUTLUINNBaNDAAYU DSPI Ty
Lﬁaqmmﬁlﬂwﬁumﬂ 57U 25 °C Tnedi 5, 15 wag 25 °C A1 n w09 SPI fldn 4.01, 4.13 way 29.5
FIUAIFU MNNANITNAGDINUIAT K VBINISIANSUATAIENTENINGIHaaUAY CP Lag DCP dan
amauﬁaqmmﬁﬁmﬁumﬂ 51U 25 °C (97991 4.14) aoandpafiunanIsAnyIves Damodaran

wag Kinsella (1981) @351897uA1 K 994 2-nonanone U SPI anasain 2000 M # 5 °C 1y



72

1

930 M 7 25 °C lushueaiiefu Suppavorasatit way Cadwallader (2012) 35981153967 K

Y9IN5FUAUTENINNeaneaLay DSPl anadilaiiugmumngiian 5 U 25 °C laeg? 5, 15 uay

oA

25°C @1 K 984 SPI A1 51.7, 50.9 way 2.69 mud1su aghalsinuailaainnisnaassiiiuei

s1eulilunisAnuives Damodaran tag Kinsella  (1981) wag Suppavorasatit Wae

'
a % =

Cadwallader (2012) fenldlnadsaiuidesanlusaunldiduauazsiniu F991NMaN1INAa04

o w

PUIN 15 °C A1 N way K 989 CP wag DCP dmnuwansneanuagelivedfglaee n 989 DCP

o

899189 CP wagn K ¥4 CP gand1ves DCP luvaue#i 5 uay 25 °C A1 n hag K v83 CP uay

o w

DCP  luumnsingfiusgeditudAay

nnanismeasanuilusiuusndnsteidunarldinunssauuslinaDuwualy
Aoty Fewlegaumgfifinain 51U 25 °C A1 n azdfisduuasa K azanas fanisesuiedaean n
W39 K Wissegrafivronaasliaunsaldidudunuainuanunsalunssunausalaesiy (overall
binding affinity) vesanslindusatulusiule éﬁ’ﬂﬁ?uLﬁ@lﬁﬁmmgﬂé}’mmﬂﬁuﬁqisﬁﬁﬂ nK Tun1s
a3urauansalunisinanuansalunisdundusalaesiy (Kihn wazams, 2008
Suppavorasatit kg Cadwallader, 2012) sfwiaildanaunisitlédan Klotz plots (119197
4.13) Fanui1An K 038uRsASENTEIIneItaauiu CP 91 5, 15 wag 25 °C 1P 985.36 x 10,
853.61 x 10" uaw 586.54 x 10" MUY way A1 nK vassunsAsensywinendaduiu DCP 7 5,
15 waz 25 °C 4l 803.23 x 10°, 534.04 x 10" waz 434.98 x 10" aua1du Favzdiuldine nK

ada a

999 CP @4n31983 DCP Minaamgiinandliiiuiinisaauusliusfunsniimedsauelitulaeg

[y

wulzdlusiunganiiiua (PG) dewasanisiuiuansiinausanniladuegrelideddey (p < 0.05)

o

ada a v

‘1?1’5\‘15@’]%Lﬁ(ﬂf\]’mﬂ’]i‘ﬁliﬂiauuzwgﬂgﬂﬁﬂLL‘LJi(;f?EJUﬁ@LLEJ&JLWIUI@EJLEJUI‘U%J‘ PG @1u1908a
Aannsalumsduiuszrinslsiungninivanslindusanguiiiingansvedals 1osarnnns
dauuslususianan Wumsdsungieludlungaiulidunsangaiin Gensgadevyielus
vilewanansalunisiasiniiusslnausdvidensiiediiua (Schiff base) funyasueda
vofladuanal dwalilusfungniniiiunissaulsinnuansalunmsiuiuindaduanas
aae wareraidululainnisduiusening DCP wagfadu eraincuiusylelasiau vieiia
ndunsizeniildianizianeas Fanan1smaassfilddaenndostunanisanuives
Suppavorasatit way Cadwallader (2012) 3sfnwinavesnisdaulsiassairedusiudindes
Tneweulesl PG doautAnisdundusalagldinaia equilibrium dialysis wuinAuaunsalunig
Jundusalaesiu (overall binding affinity) vesdaduiulusiudundesiitiunisdaudsiien
anas Ingnuienuannsalunsduvesniaduiy SPl Aigamgdl 5, 15 wag 25 °C gandn nsdu

Ya91laaunu DSPI 29UsEud 7 - 9 1N
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wANANUEINUIIAT NK vaas CP waw DCP anadiilagaumgiifiuain 5 1 25 °C &9

anansoesueliienumnliinasenisiindunsisenseninansiinausasaslusiulaeigamall 5

°C finsfindunsiserseninendaduuaslusiuneninunigadleyisuiun 15 uag 25 °C 7144

91aAnNgaumgae (5°C) dunsisenlalasindn (hydrophobic interaction) anelulassaina

vaslushAugaule dwmalvviiegasvadlusiuinnsinsesianulndngluluanavedusiuies

aelguaslusAuniinn1sAaIBNae139me hydrophobic binding sites ®nuIdTUUONNINTY

Wurarinliauausalunissunausasinaiuauae

A1519% 4.13 aun19EuUnTIan Klotz plots d1m5UsuATNIEN5E1IN vanillin uaglusiunuzngi?

Y]

PFlaleinun15FaLUs (CP) wazkIuUN1SARLUS (DCP) 21nN1SNAaDT 2 %1

protein T(°0)

Ccp 5
15

25

DCP 5
15

25

replication 1

replication 2

equation

equation

y = 0.1003x + 1.2897
y = 0.1170x + 1.2525

y =0.1718x + 0.6217

y = 0.1271x + 1.2271
y = 0.1843x + 1.0383

y = 0.2290x + 0.6552

0.9963

0.9969

0.9978

0.9973

0.9980

0.9983

y = 0.1027 + 1.1892
y = 0.1173 + 1.2909

y = 0.1692x + 0.7451

y = 0.1220x + 1.2340
y = 0.1903x + 1.0449

y = 0.2308x + 0.6138

0.9972

0.9963

0.9973

0.9973

0.9971

0.9977




(@) 5°C

16
14
12
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1/v

o N B OO

(b) 15 °C

16
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mCP eDCP

0 50 100 150
1/[free vanillin] (L*umol-1)

a mCP &DCP

fa)
o

-10

(c) 25 °C

16
14
12
10

1/v

40 - 90 140
1/[free vanillin](L*umol-1)

4 mCP @DCP

O N B OO

-10

40 90 140
1/[free vanillin](L*umol-1)

JUN 4.15 Klotz plots dmsudunsniensening vanillin uaglusiungnindaliunisdnuds

(CP) wazHuNSEALUS (DCP) 7 5 °C (a), 15°C (b), and 25 °C (c)
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M1579% 4.14 @1 Binding parameters @15U8UATNIE15¥1I19 vanillin waglusAuuzniandsll

NIUNISAARUS (CP) wagHun1sinLkds (DCP)

parameter T(°0) cp DCP

n 5 0.81 + 0.05 b A 0.81 + 0.00 c A
15 0.79 + 0.02 b B 0.96 + 0.00 b A
25 148+ 0.19 a A 1.58 = 0.07 a A

K (x 10°) (M) 5 1221.89 + 90.44 a A 988.47 + 32.54 a A
15 1085.51 + 21.21 a A 556.23 + 10.11 b B
25 401.12 + 55.50 b A 276.03 + 14.26 ¢ A

K (x 10%) (M) 5 985.36 + 16.47 a A 803.23 + 23.26 a B
15 853.61 + 1.55 b A 534.04 + 12.10 b B
25 586.50 + 6.32 A 434.93 + 2.41 c B

a, b, c MavnidnwssiumiulureaulfefudauwanaiuegelitudAey (p<0.05)

A B fianiisnwiaenumaulutanfeatuilanuusnasiuegeiitedfg (p<0.05)

4.4.3 NMIMAMILUINIRUVNAAIERAT (thermodynamic parameters)

AFIRUIN R UVNAAAN SURINTANTUATATE15EMI9NTAUAY CP waz DCP wandfd
9197 4.15 nuamdsnudaseildlunisdufu (Gibb’s free energy of binding, AGY) 841
faduiu CP way DCP fanduay LLamdwLﬁuﬂﬁﬁ%mﬁmmsmﬁwﬁuﬁm (spontaneous) g
i AGe ldanmneassiitadlndidesfuaiisnesues Suppavorasatit way Cadwallader
(2012) fis19@1 AG® v0910aauURU SPI 71 5, 15 way 25 °C 1Hu -5.99, -7.21 waz -8.54 kcal
mol” suddu waefu DSPI 915, 15 uag 25 °C 19w -6.69, -6.84 war -7.09 kcal mol’
auddu Taeen AGe fldanmsmaaesd waadliduinauansalunsdu (oinding affinity)
voenfiaduiu DCP 71 5 °C fldgendndl 15 wag 25 °C FedemndosriunanisAneived Li uay
ALY (2000) FI51891UA1 AG® Yasladuiundud 4 uaz 12 °C vJu -3.58 way -3.33 kcal mol”’

AUAIAU

ALBUNIATUDINITIUAU (enthalphy of binding, AH®) ¥asnfiadunu CP wag DCP fAn
Juau (19.19 uaz -10.59 keal mol’ muddv) wansliftuindunsisensewing CP uaz DCP

[ a a < aaa } % . dyl | [ [
Aurtaduludiserwvuateninuieu (exothermic)  uananllaeulnslveanisiuiu
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(entropy of binding, AS®) vesiadufulusiutdedidniuaudieuiu Gsin AH° waz AS®
5awm5zwsd’;81uﬂﬁizqﬂssmwuaqé’umﬁ%mmaﬂmﬁuﬁ’uﬁ (Wang uwag Li, 2011) Ross Wag
Subramanian  (1981) ‘v‘hmif&ﬂLLuﬂm’%awmma«é’hLLUiqmmwamam%ﬁLﬁwﬁaﬁumuﬁ@
dunsnseumazdseinnaedusiuliin . AHY > 0 uwag AS° > 0 Wu8dufndunsnsen
hydrophobic 81 AH® < 0 Wag AS® < 0 #u188INISIAALSS van der Waals w50 Wuszlalasiau
Lasdn AH ~ 0 way AS® > 0 9z umsiindunsAseILUU electrostatic 91NANSNARBIENUTN
A1 AH® Waz AS® v0sdunsAsenssineliadusu CP waz DCP danduau Samunsninuinsuns
ASenfitAnduseninendadusu CP way DCP 1uuse van der Waals wiasuselalasiau (Ross
Lae Subramanian, 1981; Ross ua¥ Rekharsky, 1996; Suppavorasatit and Cadwallader,
2012) wavnisiinsunsisendunszurunsiuedounuuieunial (enthalpy driven process)
(Ross Ay Subramanian, 1981; Ross waig Rekharsky, 1996; Li iagmeug, 2000; Suppavorasatit

and Cadwallader, 2012)

»1519% 4.15 Thermodynamic parameter d115UsURINIL1581I vanillin wazlUsAunznin

Y]

FgslarunsFauys (CP) wazrunsAnwUs (OCP)

parameter T(°0) cp DCP
AG® (kcal mol ™) 5 9.01+0.04aA 890 + 0.01 b A
15 927+ 0.01 b B 888+ 0.01 b A
25 -9.00 + 008 a A 878 +0.03a A
AH° (keal mol ™) 5-25 919 + 1.75 A -10.59 + 0.29 A
AS° (cal K mol ™) 5 30.81 + 5.88 * 3552 + 0.98 *
15 30.81 + 5.88 * 3552 + 0.98 *
25 30.81 + 5.88 * 3552 + 0.98 *

v o

a, b, ¢ Mavninwsasiumiulureautliiefudauwanaiueg1iitudfey (p<0.05)
A B fiaaniisnwiaenumavluanfeaiuiianuusnasiueg1eiitedfgy (p<0.05)

* favlupeautuazuaafganuludinnuusnaesiunea@ds (p>0.05)

4.4.4 nsUszliun1esUszamdua (Sensory evaluation)
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A5ANNANURAIUNITIUNAUTAVDIESIANAUSANULUSAUAIEATNSNAdRUNIIUTEEN

[y

v Ao s A Y = v o = va v o a aa 19
NNﬁﬂJ'ﬂmﬂUizaﬂﬂLW@I"ULﬂiﬂUL'V]EJ‘UGU'E)Naﬂ‘Uﬂ'ﬁﬂﬂ‘U']ﬁiJ'Umﬂ'WUﬂ'ﬁ‘U‘Uﬂau5ﬁI®EJ'Jﬁﬂ']{LGU

9 Y

=

w3odile ewwnmsmeaeulaenisldiedeciiaieediuieriues liaunsatanansenuiiin
mnmssudnausaldlaenss lunsmaassiliiinmsmaaeumsUszamdudialasnismeiain
uduiianvesanslyinauiignaaeuaiansaiuiliannisasnau (odor detection thresholds)
AuiSes ASTM E697-04 (2004) iiefnwnaveanisinulsiusiuuzniideisiveindulae
ulenl PG deauTRdunissunausaveainfiaduiulusfiunend Tnsuanmanisnaaeusdue
best estimate threshold (BET) veinguivaaaufauandlumisnsd 4.16 91nHan1snaaeImui
A1 BET veafladuludegne CP \Ju 33.17 ppm %aqmiﬂuﬁaa&hq DCP Fsfianwvindu 14.11
ppm  wandlifuinmnuaunsalunsiundusalae sanvedlusfuuesnd ik unsiaulsanas
FadenadosunansAnwIves Suppavorasatit wazAy (2013) finuinen BET weeniadulu
fregraiuadumaediiunsiauds (1.80 ppm) anasdlofioutiusednanundmdsilsl
NuMsiauls (0.61 ppm) eehslsfinuen BET @ildarnnisvaaesililngifisuan BET
sreaulunsAnuves Suppavorasatit wazaniz (2013) iesntusiuildnaaeudunuareia
M wazarnwan snaaevantRfunsTundusadieiinaaeunisszamduianuiniaaiy

AAARBINUNISVNAADULAENSIYLATRILT9A U (IN5197 4.14 wag 4.15)

AN57991 4.16 A Group best estimate thresholds (BET) dwSudumsn3ensening vanillin uaw

TUsfungndngslidumssanys (CP) wagnunsEALUS (DCP) (n=27)

Coconut protein BET (ug/ml) + Standard deviation

Ccp 33.17 £ 4.63

DCP 14.11 £ 3.27
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unil 5

RPN LI GGG

5.1 d@gunan1innaay
1. anmeiwvangadlunsdauusiusiuueninieisaweiiindulaseuleiiusiunganiiug

- annenddandiuseninveuleduaslusiu 36 unit/s  protein  gumQil 50

D9ANTAYE wag pH = 7.0

- NATRITTHELANUNTAALUSTUSAUINUENS1IMEA8NSYINAke T ula e Tdaulasl

lUsunganfiuafe Lioszevliaiiudy DD way DH dAniiudu

2. andidamthnvedusiunensninunsaawlsmeTsauelndulaglusaungaiiiiue

- auannsatunsazangvedlusiuainueni i ke Lk un1sAnLUsHiAgege i

a1 o

pH = 7.0 uwazlifmdigaf pH = 50 msaakdslusiumensiaueiivndudnaliniy
aunsalunisazane?l pH = 3.0 WaduluyniiessegaInsanuls 7 pH = 5.0 Lifians
WaguwUas waz? pH = 7.0 Anuaansatunsazaanasiuiegainiunsaaulsilunal 15

U7 Ay 6 T2l LaisuiusiiognalusAunlurIun1SanwUS

- AnuaINITalunTazateveslTAumuEINTalun1TazaIeURslUTANINUENEIIN
MUz NUAIAALUSTNTUAU pH WU AuEansalunsazatsveslusAunEIun1TRawUs Ty
YNYIIAUYI pH Ueendn 4.2 TAniudu wazliAtdesadluyie pH 11nnd 5.0 Wefiguiy

fognalusAuNlurIUN1SIALUS

- AanuaEnsalunseudiveslusAuniunsiawlsiiA1UsENNn 1.08-1.16 ¢ water/g

protein @edlAngandnlusAunlisunisanus

- AuEEnsaluNsguTuveIRIRg iU sAUTINIUN SRR ST USERN 1.19-1.43 ¢

oil/g protein @sdalinnnasluandeeslusaunladiunisdauls

- AINNSANYIANUR LUNISIAADNATUUBILUSAUIINULNS1I WU F29819LU5AUIIN

'
a0

NENFNTNIUAALUTIAT emulsifying activity index anas kazdan emulsifying stability index

WA udlaieunumag1lusiuuzns 1N lUE1uNIsAnLUS
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- gutAnIAnlWLveslUsAULENS1NEAT foaming capacity anasilavinn1sanulslusau
AEASTRLBAATU A1 foaming stability Mlanasmuszeziiainisanaamsiduileiisunu

fog1alusAunzns1NlEIuNSARLUS

- Molecular weight distribution we3da9g19lUsAULENSIEBYININITAALUTIUTAY WUl

luananiihwinluanauindduiuanas wagluananiihninluanadesdduauiuduy

- papUsEnaUYRINIAaziluvaslusiuanusninluiniswasundadiionnklsaae

wulgdlusiunganiiiua Inedvsunaungminuedauare1sdtiugininsnesiilusiinduy

3. AMsANYANURAIUNITIUNAUSAVDIANST WINAUSANUIUSAULZ NS

- ANEINNSOUNTTIUNAUTANNAAUVRILUSTAULLNS1INNIUNSAALUTAIE PG anad

WaisunulusAuuzns Rl un1sanLUs

[

- ANSAALUTIUSAUNENS MY PG Ty biinnisilasuwlasvessinuesnuss il

syangniaaunulusiu @slaun van der Waals force 139 hydrogen bonding

- WanagaunNUTEaINAUNE WUI1AT best estimate threshold (BET) vostaaulu
maghelusaunliniunsanuys (33.17 ppm) gendntudieganiiunisdauwdseie PG (14.11

ppm) wanslidiuinanuannsalunisiundusalaesiuveslusiunenininunsaawUsanas

5.2 UDLAUBLUY

=~ = N Y a a a o ~ Y]
1. miumiﬂﬂw’mﬁwaEJULLIJ@WENI@NG‘J’NV!G}ﬂgm%aﬂiﬂimuﬁ]ﬂﬂsziﬂaLumﬁ]’mmmmmi

ABNITVNALBILATUY

2. amsimsfnwnavesnsvifLeiiiatusie n1siinnsui ieUsslevilunsussyndldlaedi

A9

3. msiinsAinwnsUszendldlusiuainueninlundndamenmsvlinnig o sy
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AMARNUIN N

A5AT1zvinaall

1.1 N15AATIZAUSUIUANTY (MUFTuas AOAC (2000))

aunsal

1. eegililey
2. 1A3DITs (Mettler Toledo 'i;u MS1602S, Switzerland)
3. Hot air oven (GenLab u PRIME, UK)

a 1
4. LPYNLALADT

AL

a

1. oudgegiiflenuazi fioamnd 105 ssmnwaded (Uwoan 1 4alus nddiduly

Y
wdnanes MnUutdminvesiegiiiiley
2. Fagregnslimsuimtniuiueuyiuna 2 nfu ldasludieagiidouneuwiuaziiu
e

a

3. Wlleuiigaumall 100-105 ssrwadea (Duan 2 Falus

4. wheenandeunaziivshiiulundnames wastainin

5. ¥ ldausednuszunm 1 $2lud Wresnuinsliduluindnewmas wazdauiividn  vingn

AUATLNUNNTNAIN

6. AMUINUSUIUANUTUNI DUl UIINELNNT

(Wi —WF) x 100

Uiy (%) =

W
Wa W R YIUUNEI0819 (ASU)
Wi R YIMUNAIDY AL AT ULNBUDU (NSU)

WH A YINUNAIDE AL AT UL AU (NSU)
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1.2 N5ATHRUSHIIUSAUA283T kjeldahl (mu3Svea AOAC (2000))
aunsal

1. Digester (Buchi §u K-424, Switzerland)

2. Scrubber (Buchi 3u B-414, Switzerland)

3. Distillation Unit (Buchi 'sq'u B-324, Switzerland)

4. \w3pets (Mettler Toledo U MS1602S, Switzerland)

1. A3ALaNISN AUTNTY 98%

2. nsnlalasmansn 37% AT 0.1 M
3. NSAUBIN ANHINTY 4 % (W/V)

4. Indicator

- w3sulagazaty methy red 0.125 NS wag methylene blue 0.0825 nsu Tu

90% ethanol Ysums 100 Laaans
5. ansazanglameulansanlen ANUINTY 35 %(w/V)

6. Kjeldahl tablet

Bn1sAT1En

o
o

JupounIseae

'
Y

1. FIA0E1N9NNIUNNTIULTNEN TN BULBUUSEINM 0.5 N5U (NAdey 4 fwnua) Talu

NADNYDY
2. 1 Kjeldahl tablet 1 win LiieL59Ufiizen waznsndailain 20 Jaddnsadlunasntoy
3. 91 blank Ingldunnauwnudl1ag1aussunnd 1 1aaanT ke LASIZMYURYINUAIDEN

4. dhwasedesdaidiuinIedeslusiuninismuangumnniinisgey seausiegiaild

Weneau (narusezunal 30-45 W)

a v

5. Ynmngosuaziheanainesestos waziislidunioumnniines

Y
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JUNOUNISNAULALLINTH

'
[ ¢ o a

1. dngunsainau Weaindlinnuiou wazilaihvaeidunsssniuwiy

2. 41In3UBNNIEIn 250 TAGANTNUTIIETALAIENTAVBINAITNTY 4 %(w/v) 25
faddnsnay indicator 2-3 ven Wsessuveuvaiinauls lnglivatsvesgunsaimuniuuagly
a1sazany AarAseslagMIiuaUSInaEsagaelafeulansenlennutNTy 35 % (W)

Paglalunisnawminnu 90 Nadanswaziallunisnay 7 uii

3. WwuinnauaslurasngeslusAuaanay 30 1adans NNTUADVRDALDLINNULATB

nau waziinasazanglufeulansenlennuusinaimuuald ielivinufiseniune adann

Tpanasazaedsuduatnanatunsodm
4. naulvldvesvanegluseiu 200 Taddns

5. lwsnansazaneiinauldluvinguvuymeansarareiasgiunsalalasaasin Ay

I PN Yy v ! = aa a < ] v =
WUYU 0.1 M NINFIUANULYUVULLUUDU ﬁ]u@ﬂ'ﬁ]@q@]maqﬁagaqﬁlLUﬁEJULCUUﬁGUNV\\Jl@@u UUNAN

3

YSuesansazateunsgiunsatalasnaesnild wasAuinUsunalulasauiisens Awaunis

(Vs=Vb)XNx14%x100
Wt.samplex1000

%Nitrogen =

dl' A a a d' L} 1 a aa
W Vs Ao Usumsvaansalalasmansnillnmsnsieg1s (Haaans)
Vb Ao Usumsveansaltalasnansnilynge blank (Haddns)

N Al ANULTUYRINIALTLATARDSN

6. ANUIINUSUIUSAULAE

UTunauluseiu = %Nitrogen x 6.25



91

n.3 MaTziUIualudiy (Muigves AOAC (2000))
guinssi
1. 1n3e9ds (Mettler Toledo U MS1602S, Switzerland)
2. Hot air oven (GenlLab 3u PRIME, UK)
3. Soxhlet apparatus (Gerhardt)
4. 1TNLALIDS (desiccator)
5. N3¥A1¥NIDY Whatman No.1

6. NLUa

1. Ulnsideudmas

aada 6
AATIIEN
1. FasoganwAaa llaunrinUssuna 5 NSU YieRl8nsEANEnsas Whatman No.1

2. lddeegenviomenszaunsoskaiadluiindawas ussylurinaianuiiaineas sy

UIATNTNLUUDY

3. Wntlnsideudmes Usuns 250 faddnsadluvinann uazssiiniugeania Tdanly

nsanadual 4 1l

4. sewellpsideudmeseananlusiunsatndunanale

a

5. ihlvduvseunduillalurieadaluaufioamad 100 + 2 ssrwaded 1Wunan 1

Y
' 14 14 14 '
v o v o ) v Ql

Flaa Addulue@niames wazdeimin DULIAUNTNUIINAZ AT

6. TauntnYedlvssauuNanale AuImUsunluuaNaNnIS
Wo x 100

W
Wa W R YIUUNEI0819 (ASU)

Usunauledy =

Wo A Yudnvsainduiaiale (nsu)
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.4 N1593A351%%4 Degree of deamidation (Inald ammonia colorimetric assay kit II)
qunsel

1. 96 well microtiter plate

2. Incubator (Heraeus 3u B5042, Germany)

3. Lﬂ%ﬂ microplate reader (ASYS ﬁu UVM340, Biochrom Ltd., UK)

1. ammonia colorimetric assay kit Il (Biovision Inc., Milpitas, CA)
- asazaneuenlufloumaalsiunsgiu
- Reagent A
- Reagent B

2. dnaunusiEannwauluL e

(3

/LAY

1. wssuasdmnsuasans e sguley leanaisavatsuwenluiennaslsfuinggiu
10 lulasanssetnadufivsiranuenluds 990 lulasans arntaldas 96 well microtiter
plate Tuu3unau 10, 20, 40, 60, 80 waz 100 lulasdns Usuusunsansazatslunauidu 100
lilasansaethnduiiusaainuenluids agldaudududu 10, 20, 40, 60, 80 waz 100

nmol/uga

2. ldfegrsUSunuszning 2-100 lulasdnslu 96 well microtiter plate wazusu

Usuasnelunguliidu 100 lulasdasmeinauiivseanuenlude

3. fidl reagent A Usuneu 80 lulasdns

a

4. @iy reagent B U3unas 40 Tulasdns unliigamall 37 esrwaduadunan 30 widl

Y

5. dhluinnisgandunasianueniniy 670 wluns

6. @519 mHInsgIu ngldrnisgandunas wazAnududuvesaIsavaty  wazhin

USunaurauluilievaasnog19anaunisid@unsanlaainnsiw
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ASINUNTF 1Y

0.4
0.35
0.3

0.25

y = 0.0034x + 0.0214

0.2
R?=0.9929

oD

0.15
0.1
0.05

0 20 40 60 80 100 120

Eanawanlaiis (nmol)

JUT .1 n9manesgiuvesUSinaueliily
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n.5 NMsaaszvvsnalusiunazane (neld DC protein assay)

gunsal
1. 96 well microtiter plate

2. Lﬂ%‘laﬂ microplate reader (ASYS ﬁu UVM340, Biochrom Ltd., UK)

1. DC Protein Assay (Bio-Rad, Bio-Rad Laboratories Inc., USA)
- bovine serum albumin (BSA)
- reagent A (alkaline copper tartrate solution)
- reagent B (Folin Reagent)

2. Tris-buffer saline (TBS)

ada L4
ATIAINSN

1. wssnasdnivasiensvuinsgiulagly BSA (Hulusfusnnsgiu azans BSA 30
faansu Tuansazane TBS 20 1adans 13897198158¥a18 BSA Y9UUA 9 ANMLUUTY bakn 1200,
900, 600, 300, 100, 30, 10 way 0 JadnSuneladang

2. MYond1Taras BSA Lazfeg1eedisay 5 lulasans ag 96 well microtiter plate

3. 1A reagent A Usinal 25 lulasans

4. \fin reagent B U3unas 200 lulasing vnlifieamgiviesdunategiades 15 wii

5. lUTaAinsgandunanisiases microplate  reader  1AIINETIIAAUY 630

wluuns nelu 1 9lnduiu reagent B

6. @313 nsgu Ingldanisganduuas wazautuduratansarany BSA uazhn

Usunalusiuiiarangvadfiag19annaunisidunsaibaainns
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ASINLINTI1UY

0.35
03
0.25

0.2

oD

y = 0.0002x + 0.0185

0.15 R%?=0.9964

0.1

0.05

0 200 400 600 800 1000 1200 1400

Anudnduaasldsiv (mg/ml)

=

JUN n.2 nsmlanasguvesUsinalusiunazate
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AMARNUIN U

nNsLHseN buffer

2.1 Citrate-phosphate-borate buffer (Aaulasain (Ostling and Virtama (1946)))

a5,

1. nsalelasAaesn AMWNTY 0.1 N
2. tdeslonsanlan Anududy 1 N
3. lalgfeslalasiaunoaina

4. NIATAIN

5. NIAUDIN

6. UnaunusiAINNAITUOY

TR FICRTIEY
1194938 buffer stock

1. Fslaleieslalnsiaueasn 0.05 lua nsaBwsn 0.033 lua wagnsauesn 0.0507 lua

fulepeulansanlan Auduty 1 N USuies 243 Tadans

2. YSudsunsametndunussaninaisusuauiiusunasidu 1000 Haddng

N5A3El buffer 71 pH #1799

1. W@y buffer stock Usunes 20 fiadans nunsalalasmassn Aududu 0.1 N Tu

USuaumuRawana! ldnwuwnaan1saneds

2. YSudsunnsametndunusisainaisusuauiiusuinsidu 100 faddns
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pH— | .00 .10 .20 .30 .40 .50 .60 .70 .80 .90
i 72.10 | 69.25 | 66.87 | 64.90 | 63.25 | 61.77 | 60.48 [ 59.29 | 58.29
3 57.49 [ 57.60 | 56.05 | 55.42 | 54.83 | 5428 | 53.72 | 53.17 | 52.61 | 52.07
4 51.52 [ 51.00 | 50.46 | 49.92 | 49.40 | 48.88 | 48.35 | 47.81 | 47.28 | 46.72
5 46.18 | 45.64 | 45.10 | 44.54 | 43.99 | 43.40 | 42.77 | 42.15 | 41.51 | 40.89
6 40.28 | 39.66 | 39.02 | 38.31 | 37.54 | 36.73 | 36.02 | 35.36 | 34.72 | 34.13
7 33.51 | 32.97 | 32.46 | 31.90 | 31.36 | 30.82 | 30.33 | 29.88 | 29.45 | 29.06
8 28.70 | 28.44 | 28.20 | 27.91 | 27.56 | 27.20 | 26.83 | 26.34 | 25.77 | 25.12
9 2448 | 23.82 | 23.21 | 22.60 | 21.95 | 21.32 | 20.71 | 20.13 | 19.60 | 19.10
10 18.65 | 18.24 | 17.84 | 1751 | 17.20 | 16.92 | 16.68 | 16.35 | 15.98 | 15.56
11 15.09 | 14.59 | 13.92 | 13.08 | 12.09 | 10.75
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9.2 Acetate-phosphate buffer (A21uINTU 0.1 M)

=
ansAil

1. lLfeuasding

2. laisulalalasiaunaamn

aa a
35NIFATEU

1. Felafeudinn 34.0000 N azatemetnduauiusuinsidu 250 Jadansluin

AAUAUTUING

2. Faaneulalalasiaunaams 29.9950 nsu azaremigtnduauiiusuinsidu 250

Tadansluinmuuadsuies

3. U§U pH assansazarslude 1 mwarsavarslute 2 auld pH Nn9ens
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2.3 Waawatwwas (pH = 7.0, Aadudy 0.1 M)

=
ansAil

1. lolnwvaeulalnsaunaas

2. Inwnadeulalalasiaunaan

aa a
35NIFATEU

1. Helelnunaeulalasiaunaamn 43.5450 n3u azargsetinduauiiusuinsidu 250

TadansturinmruaUsuIng

2. Falnunawesulalalasiauneains 34.0225 nsu azatemsiinduauiusuinsidu 250

Tadansluinmuuadsuies

3. U§u pH assansazanslude 1 mwarsazarslude 2 aula pH = 7.0
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AANUIN A

AN53AIZMR9AUSTNBUYBINIABLLLU

A.1 N15LAFUAIBENY

1. HaufI8819iuUNIAlalasAaasSN ANLLYNTL 6 N USuiad 5 Jadans a1ntuliminusou

Mgl 110 esmwaeaduan 22 Halu
2. 4# internal standard kazidpa19m8tInauNUsIEINlasau

3. W1E158LANENHIUNNSNTRIUNANNU AccQ-fluor derivatization buffer wag AccQ-

fluor reagent

4. Timnueuiigaungl 55 ssrnwadeaduian 10 wii

A.2 aneitldlunismaaes HPLC
HPLC System : Water Alliance 2695 with heater
Jasco FP2020 fluorescence Detector (EX: 250, EM: 395 nm)
Column : Hypersil Gold column C18 (4.6*150 mm, 3 pm)
Temp. 35+ 1°C
Sample volume 25l
Eluents : Sodium acetate buffer pH 4.90+0.05

60% acetonitrile
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A.3 Chromatogram

300.00
280.00
260.007

0LE LY -ayd—
766°8€ - Nd| —
1G672€ - 9|l —

Goo'eg HEREE T IBUT

8L9'LE - 1)

956°Ge ~eje——

Gp0'Gz - BRBT ST —IUl——

240.00—
220.00—
200.00
140.00~

120.00-

Zv8°GE - SAI———

€GE'6¢ - eqee ————

6522 - 01d ————

L96°€C - gyu-

€9€°LC - Sy~

12861 - AIB-
196°81L - NIb-

LGS L) - 1os-
¥€0°9) - dse————

8.8'¢l - bwe

100.00—
80.00
4

40.00

35.00

15.00 20.00 25.00 30.00
Minutes

10.00

5.00

UM A
U

UL

@
o

.1 Chromatogram ¥ain3n®

<9



mvV

-glu - 18.928
—val - 33.061
-leu - 38.989

-gly - 19.802
—ala - 25.952

~_pro - 27.459
-phe - 41.308

‘nh3 - 23.938
==fhr=25:285 _arg - 25.036

-asp - 15.995
-ser - 17.512
-aaba - 29.351
-lys - 35.835
-ile - 37.955

N

oS

o

o

il
amq - 13.818
-his - 21.341

—tyr-31.614

[
[
;
|
|
i
|
|
|

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Minutes

U7 A.2 Chromatogram vaslusiuanueninlidiunsdawls
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mV

-glu - 18.955
~gly - 19.821
nh3 - 23.973
——thr=25.308 —arg - 25.061
—ala - 25.974
—val - 33.079
-leu - 39.014
-phe - 41.335

amq - 13.850
~asp - 16.021
~his - 21.367
-pro - 27.479
-aaba - 29.376
-lys - 35.858
-ile - 37.979

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Minutes

UM A.3 Chromatogram veslusAunuensnunsanwdsmetauled 6 1alu
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Molecular weight distribution

AANUIN 3

3.1 dadunsnszangiivasiiniinlaana

M1319% 4.1 dndrunisnsearemvenininluanavedusiuugnin

thwiinlaiana  Untreated  Control 15 min 6 h 12 h
(kDa) (b) (© (d) (e) (f)
55 40.67 31.79 29.82 22.25 25.42
35 a.57 4.75 3.62 4.83 4.52
32 3.70 5.38 5.75 3.29 3.93
30 11.63 11.19 12.37 16.63 14.80
24 15.95 16.50 17.41 18.19 16.45
22 2.95 2.25 261 3.29 4.04
16 4.84 7.05 8.20 9.50 10.42
12 5.65 6.17 6.30 6.59 7.63

104
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The optimization of deamidation by protein-glutaminase (PG) on coconut protein (CP) and its effect on
protein properties were studied. The optimum conditions were determined using response surface
methodology (RSM). It was found that the optimum conditions were: enzyme:substrate ratio (E/S) of 36
U/g protein, temperature of 50 °C and pH of 7.0. The selected functional properties of treated CP sub-
jected to deamidation for 15 min, 6 h, and 12 h, respectively were determined. Comparatively to control
sample, the solubility of deamidated CP was improved at pH=3.0 (p <.05). Water-holding and oil-
holding capacities were not different from control after PG deamidation. Emulsifying activity index
(EAI) of 15 min deamidated sample was decreased, while EAIs of 6 and 12 h deamidated protein were not
different from control. Emulsifying stability index of all deamidated samples were increased. Foaming
capacity was increased after PG deamidation, while the foaming stability was decreased. It was also
found that small molecular proteins were increased after PG deamidation.

Emulsification property
Foaming property

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Coconut (Cocos nucifera L.) is one of important economic plants
that is cultivated in most of tropical countries including Indonesia,
Philippines, and Thailand. The world production of coconut in 2013
was about 62 million metric tons (FAO, 2013; Onsaard, Vittayanont,
Srigam, & Mcclements, 2005). Nowadays, there are many products
from coconut in the market such as coconut milk, coconut flour, and
coconut oil. In addition, apart from using the coconut milk, it is also
used for virgin coconut oil production. Increasing coconut oil pro-
duction, especially of the virgin coconut oil, to be used as an
components in food, medical, and cosmetic products, causes an
increase in waste, which is the coconut skimmilk containing high
protein content (without protein denaturation by heat treatment)
as reported by Hagenmaier, Cater, and Mattil (1972); Gunetileke
and Laurentius (1974); Rosenthal, Pyle, and Niranjan (1996);
Marina, Che Man, and Amin (2009). Thus, it may be possible to
utilize these proteins as food and medical ingredients since the

* Corresponding author.
E-mail address: inthawoot.s@chula.ac.th (I. Suppavorasatit).

https://doi.org/10.1016/j.foodhyd.2017.12.031
0268-005X/© 2017 Elsevier Ltd. All rights reserved.

coconut protein (CP) has high arginine content, which is beneficial
to human health and disease prevention (DebMandal & Mandal,
2011; Mepba & Achinewhu, 2003; Remya, Chikku, Renjith,
Arunima, & Rajamohan, 2013; Salil, Nevin, & Rajamohan, 2011).
The application of CP as an ingredient depends on protein's
functional properties which are affected by protein pattern and
amino acid composition. Peamprasart and Chiewchan (2006) re-
ported that CP can act as emulsifier to stabilize fat globules. How-
ever, Patil and Benjakul (2017) found that water-soluble CP
(albumin) exhibited low emulsifying properties, compared to salt-
soluble proteins (globulin). In addition, protein solubility is one of
the most important properties because it affects on other proper-
ties, including emulsification, foaming, and gelling properties
(Kinsella & Melachouris, 1976; Vojdani, 1996). As well as other
proteins, it has been reported that the use of CP is limited due to its
low solubility, especially in slightly acidic condition (Samson, Cater,
& Mattil, 1971; Thaiphanit & Anprung, 2016). To improve plant
protein solubility and other functional properties, deamidation is
one of the popular methods to increase negative charge in the
protein by changing amide to carboxyl group in glutamine and
asparagine residues (Riha, 1zzo, Zhang, & Ho, 1996; Wang, Gan,


mailto:inthawoot.s@chula.ac.th
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodhyd.2017.12.031&domain=pdf
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Zhou, Cheng, & Nirasawa, 2017). Among physical, chemical, and
enzymatic deamidation methods, the enzymatic method is better
than the others because of its substrate specificity, mild reaction
condition, and less side-chain reaction (Hamada, 1994). From pre-
vious works, the functional properties such as solubility, emulsi-
fying properties, and foaming properties were improved after
deamidation in many kinds of protein sources, including soy,
wheat, and maize. (Chan & Ma, 1999; Day, Xu, Lundin, & Wooster,
2009; Lei, Zhao, Selomulya, & Xiong, 2015; Liu et al, 2011;
Mirmoghtadaie, Kadivar, & Shahedi, 2009; Suppavorasatit, De
Mejia, & Cadwallader, 2011; Wang et al., 2017; Yin, Wang, Liu, &
Yao, 2017; Yong, Yamaguchi, Gu, Mori, & Matsumura, 2004).

Protein-glutaminase (PG) is an enzyme isolated from soil bac-
teria namely Chryseobacterium proteolyticum which can cause
deamidation by changing amide group at glutamine residues even
at high or low molecular weight of protein, but not free glutamine.
Moreover, PG has no side reaction and has low susceptibility to
hydrolysis when compared with other deamidation enzymes, such
as protease, peptidoglutaminase, transglutaminase, and gluta-
minase (Gu, Matsumura, Yamaguchi, & Mori, 2001; Hamada, 1992;
Kato, Tanaka, Lee, Matsudomi, & Kobayashi, 1987; Kato, Tanaka,
Matsudomi, & Kobayashi, 1987; Yamaguchi & Yokoe, 2000;
Yamaguchi, Jeenes, & Archer, 2001).

Response surface methodology (RSM), a mathematical and
statistical technique, can be used as a tool to optimize deamidation
conditions by prediction of dependent variable values using the
mathematical models. The optimal models are evaluated from one
or more factors and their interactions in order to reduce number of
experiments, and thus reduce time-consumption. Therefore, RSM is
widely used in optimization of processes or conditions in many
food industries and research such as hydrolysis conditions of
bovine plasma protein, extraction conditions of collagen from egg
shell, high pressure processing conditions of mango pulp, and
deamidation conditions of soy protein isolate (Kaushik, Rao, &
Mishra, 2016; Mohammadi et al., 2016; Suppavorasatit et al., 2011).

To our knowledge, there is no study about deamidation of CP
using PG. Therefore, the PG deamidation may be used to modify CP
since CP contains high amount of glutamine/glutamic acid like soy
proteins (Rasyid, Manullang, & Hansen, 1992; Samson et al., 1971;
Thaiphanit & Anprung, 2016). The objectives of this research
were to optimize the enzymatic deamidation of CP by PG and to
study its effect on selected functional properties of deamidated CP,
including solubility, water- and oil-holding capacity, emulsification,
and foaming properties.

2. Materials and methods
2.1. Materials

Coconut skimmilk for protein extraction was supplied by the
100 Phan Ma-phrau Thai group (Prachuapkhirikhan, Thailand), a
virgin coconut oil manufacturer. Protein-glutaminase (PG)
“Amano” 500 (515 U/g) was provided by Amano Enzyme, Inc.
(Japan). All chemicals were analytical grade from Quality Reagent
Chemical Co. Ltd. (New Zealand) and Sigma-Aldrich Co. (MO, USA).

2.2. Coconut protein extraction

Coconut protein (CP) was extracted from coconut skimmilk by
conventional isoelectric precipitation method (Thaiphanit &
Anprung, 2016) with some changes. HCI (1 N) was added to coco-
nut skimmilk (initial pH =4.38) in order to adjust pH to 3.9 (iso-
electric point [pI] of CP), and then centrifuged at 5900xg for
20 min. The protein (precipitate) was dispersed in distilled water
and re-extracted for 3 times. The extracted CP was dialyzed,

lyophilized, and kept at 4 °C prior further experiments and ana-
lyses. The protein content was determined by the Kjeldahl method
using a nitrogen conversion factor of 6.25 (AOAC., 2000).

2.3. Optimization of PG deamidation on CP

The optimal condition for PG deamidation on CP was investi-
gated using response surface methodology (RSM). A central com-
posite design (CCD) with 3 factors (independent variables)
including enzyme:substrate ratio (E/S; 5—50 U/g protein), tem-
perature (40—60 °C), and pH (5—9) was selected based on available
literature (Suppavorasatit et al., 2011; Yamaguchi et al., 2001) and
recommendation from enzyme producer. The experimental design
with 20 combinations is shown in Table 1.

Deamidation of CP was performed in 0.01 M citrate-phosphate-
borate buffer (Suppavorasatit et al., 2011; Ostling & Virtama, 1946)
containing 10 mg/mL CP. The reaction was conducted with various
factors as shown in Table 1 in 20 mL test tubes with lids. After
deamidation, the temperature was raised to 80°C and held for
10 min to inactivate enzyme. Degree of deamidation (DD) and de-
gree of hydrolysis (DH) were used as dependent variables. The
estimated response variables y (each dependent variable) can be
described as a second-order mathematical model (Equation (1)):

3 3 2 3
Y=B0+>_Bixi+ Y Bt +>_ > Bixix (M
p i1

i=1 j=it1

where @y, 8;, 6;; and §; are constant, linear, quadratic, and inter-
action coefficients of the model, respectively, while x; and x; are
independent variables. To generate the predicted models and
calculate regression coefficients of the models, SPSS Statistics
software version 17.0 (SPSS Inc., Chicago, IL, USA) was performed.
The surface and contour plots were plotted using Statistica software
version 8.0 (StatSoft Inc., Tulsa, OK, USA).

The additional experiments on the effect of deamidation on
reaction times were conducted. The selected condition from RSM

Table 1

Experimental design (coded and actual values) for the degree of deamidation (DD, %)
and degree of hydrolysis (DH, %) for the enzymatic deamidation of coconut protein
using protein-glutaminase (PG).

design point  independent variables dependent
variables
code actual value DD DH
X1 X2 X3 E/S* T pH

1 -1 -1 -1 14 44 58 3398 227
2 1 -1 -1 41 44 58 3398 251
3 -1 1 -1 14 56 58 2733 362
4 1 1 -1 41 56 5.8 3058 428
5 -1 -1 1 14 44 82 2375 251
6 1 -1 1 41 44 82 2791 227
7 -1 1 1 14 56 82 2483 374
8 1 1 1 41 56 82 3461 276
9 -168 0 0 5 50 7 2991 292
10 1.68 0 0 50 50 7 36.68 1.72
11 0 -168 0 225 40 7 3161 271
12 0 1.68 0 225 60 7 31.61 5.26
13 0 0 -168 225 50 5 2991 3.65
14 0 0 1.68 225 50 9 1948 275
15 0 0 0 225 50 7 34.85 251
16 0 0 0 225 50 7 33.92 2380
17 0 0 0 225 50 7 37.05 280
18 0 0 0 225 50 7 39.66 2.62
19 0 0 0 225 50 7 3897 2.80
20 0 0 0 225 50 7 34.03 280

2 E/S is enzyme:substrate ratio.
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(temperature of 50 °C, E/S ratio of 36 U/g protein, and pH of 7.0) was
used to perform PG deamidation at various time periods from 0 to
24 h. A control sample was CP that treated under the same condi-
tions for 24 h without addition of PG. The DD and DH were deter-
mined as a function of time.

2.4. Determination of molecular mass distribution by sodium
dodecyl sulfate —polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE of untreated, control, and deamidated CP samples
were performed according to modified method of Laemmli (1970).
In brief, loading sample was prepared by mixing 60 uL of protein
sample (1 mg protein/1 mL deionized water) with 50 pL NuPAGE®
LDS sample buffer (Life Technologies Cor., Carlsbad, CA) and 5 pL
sample reducing agent. The sample was heated at 70 °C for 10 min,
and then briefly spun in a centrifuge (Fisher Scientific, Pittsburgh,
PA). Five pL protein standard (SeeBlue® plus2 pre-stained protein
markers) and 10 pL of each loading sample were loaded to precast
polyacrylamide gel (NUPAGE® Novex® 4—12% Bis-Tris gel) with
using NUPAGE® MES running buffer. The loaded gel was run at 80 V
for 90 min. The gel was dyed in simple blue safe stain (Life Tech-
nologies Cor., Carlsbad, CA) for 20 min, and then de-stained in
distilled water overnight. The molecular mass and band intensity of
sample was determined by gel documentation and analysis soft-
ware (SynGene Model InGeniusL, Frederick, MD, USA).

2.5. Determination of protein secondary structure by circular
dichroism (CD)

The secondary structure of coconut protein was determined by
the method described by Suppavorasatit et al. (2011). Coconut
proteins were dispersed at a concentration of 10 uM in phosphate
buffer (pH 7.0) at 20°C. The CD spectra in the far UV region
(190—250 nm) of each sample were determined using JASCO
spectropolarimeter (Model J-715, Tokyo, Japan). The samples were
analyzed using a 1-cm path length square quartz cuvette with a
Teflon cap. The molar ellipticity values were calculated using the
formula as shown in Equation (2)

[O}mo,arﬁ;‘ <deg cm? dmol’l) =100 x Hf'/m x d (2)

where 0, is the observed ellipticity (degrees) at wavelength A, m is
molar concentration of a solute, and d is the pathlength (cm). The
percentage of secondary structure production from CD spectra was
obtained using software from webserver: perry.freeshell.org/raus-
sens.html, based upon the method described by Raussens,
Ruysschaert, and Goormaghtigh (2003).

2.6. Sample preparation for protein properties determination

PG deamidation of the protein was performed in 0.01 M citrate-
phosphate-borate buffer (pH 7.0) containing 200 mg/mL CP and PG
(E/S of 36 U/g protein). The mixture was incubated with continu-
ously stirring (200 rpm) at different times (15 min, 6 h, and 12 h) at
50°C in order to get deamidated CP samples with approximate 30,
40, and 50 %DD, respectively. The deamidated CP sample was then
heated to 80 °C for 10 min to inactivate enzyme and immediately
cooled down to room temperature. Each sample was dialyzed,
freeze-dried, and stored at 4 °C prior to further experiments. Con-
trol sample was treated in the same way as the deamidated sample
for 6 h, but without using PG.

2.7. Determination of DD

The DD was measured as described by Yong et al. (2004) and
Suppavorasatit et al. (2011) with some modifications. The amount
of released ammonia produced from deamidation process was
determined using ammonia colorimetric assay kit II (Biovision Inc.,
Milpitas, CA, USA). The DD was expressed as the percentage of the
amount of released ammonia from deamidated CP compared to
amount of ammonia from completely hydrolyzed CP sample, which
was CP treated with 2 N sulfuric acid at 100 °C for 4 h.

2.8. Determination of DH

The DH was determined by the method described by Cabra,
Arreguin, Vazquez-Duhalt, and Farres (2007) and Suppavorasatit
et al. (2011). The DH was calculated from the ratio (in percentage)
of the soluble protein in supernatant after precipitate deamidated
CP sample with 0.2 N trichloroacetic acid (TCA) and the soluble
protein in supernatant of the completed hydrolysis CP sample.

The soluble protein in supernatant was determined using DC
(detergent compatible) Protein Assay (Bio-Rad Laboratories Inc.,
Hercules, CA). The absorbance was measured at 630 nm. The sol-
uble protein concentration was quantified using standard curve of
bovine serum albumin (BSA) with r? = 0.98 (data not shown).

2.9. Determination of amino acids

The total amino acid was determined by high performance
liquid chromatography (HPLC) using Hypersil Gold C-18 column
connected with fluorescence detector. The dried protein samples
(untreated and deamidated for 6 h) were hydrolyzed and derivat-
ized by 6 N HCl and heated at 110 °C for 22 h. The samples were
then mixed with AccQ-fluor derivatization reagent and heated to
50°C for 10 min. Sodium acetate buffer (pH 4.9) with 60% aceto-
nitrile was used as eluent.

2.10. Determination of solubility

Protein solubility (PS) at pH 3.0, 5.0, and 7.0 and pH solubility
profile between pH 2.4—8.0 were determined in triplicate accord-
ing to the procedure described by Yong et al. (2004) with some
changes. One mg of freeze-dried CP sample was dissolved in 0.1 M
phosphate-acetate buffer in 1.5 mL microcentrifuge tubes. The
samples were kept at ambient temperature overnight, then vor-
texed and centrifuged at 1000g for 10 min (Kubota model#5310,
Japan). The soluble protein in supernatant was determined by DC
protein assay and the PS was calculated as shown in Equation (3).

Protein in supernarant
Total Protein

PS(%) = x 100 3)

2.11. Determination of water- and oil-holding capacity

Water-holding capacity (WHC) and oil-holding capacity (OHC)
were determined in triplicate according to a slightly modified
method of Sze-Tao and Sathe (2000). The freeze-dried samples
(0.1 g) were dissolved in 1 mL deionized water or dispersed in 1 mL
palm oil, vortexed for 30 s. After letting them stand for 30 min, the
mixtures were centrifuged at 13,600 xg at 25 °C for 10 min (Kubota
model#5310, Japan), and then the precipitate was weighed. WHC
or OHC were expressed as g of water or oil retained per g of protein.
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2.12. Determination of emulsification properties

Emulsifying activities index (EAI) and emulsifying stability in-
dex (ESI) were measured by turbidimetric method described by
Pearce and Kinsella (1978) with slight modification. One hundred
and fifty mg sample was dispersed in 30 mL of 0.1 M phosphate
buffer (pH 7.0) and mixed with 10 mL of palm oil, the mixture was
then homogenized (Ystral model D-79282, Germany) at
22,000 rpm for 1 min to form emulsion. One hundred pL of emul-
sion was taken (at 0 and 10 min after homogenization) and diluted
with 9.9 mL of 0.1% sodium dodecyl sulfate (SDS). The absorbance of
diluted emulsion was measured at 500 nm. The EAI and ESI were
calculated following Equations (4) and (5)

EAI (mz/g) _ 2x2.303 xAg x dilution factor

c x ¢ x 10000 (4)

ESI (min) = j_?\ x t (5)
where Ay is the absorbance of diluted emulsion immediately after
homogenization, c is weight of protein per unit volume (g/mL) in
the aqueous phase before emulsion formation, ® is oil volume
fraction of the emulsion, 4A is the change in absorbance between
0 and 10 min, and t is the time interval (10 min).

2.13. Determination of foaming properties

Foaming capacity (FC) and foaming stability (FS) were deter-
mined according to the method described by Kanu et al. (2009)
with some modifications. The freeze-dried CP was dissolved in
0.1 M phosphate buffer (pH 7.0) at concentration of 0.5% (w/v). The
foam was formed by homogenizing 50 mL of protein solution at
18,000 rpm for 1 min. The FC and FS were calculated as shown in
Equations (6) and (7)

FC(%) = w «% 100 (6)
L
FS (%) = VT 100 (7)
VFo

where V| is volume of protein mixture before forming foam, Vg is
volume of foam immediately after homogenization, and Vgr is the
volume of foam at interval time.

2.14. Statistical analysis

All experiments were carried out in triplicate. The data were
analyzed using one way analysis of variance (ANOVA). Duncan's
multiple range test was used to compare the differences among
treatments (p < .05) using SPSS statistic software version 17.0 (SPSS
Inc., Chicago, IL).

3. Results and discussion
3.1. Coconut protein extraction

It was found that yield of CP extracted from coconut skimmilk
was 3.81 +£0.71% (w/w), while protein content was 81.68 + 1.03%
(w/w). This result was quite similar to that reported by Thaiphanit
and Anprung (2016) who extracted CP at pH 4.0. They found that
the CP yield and protein content were 4.56% and 80.3% (w/w),
respectively. In addition, moisture and fat contents of extracted CP
were 0.98 + 0.01% and 16.57 + 0.24% (w/w), respectively.

3.2. Optimization of PG deamidation on CP

From central composite design, the experimental data were
obtained from 20 combinations of three independent variables,
which were E/S, temperature, and pH (Table 1). Two models were
fitted to explain DD and DH as dependent variables and showed as
second-order equations (Equations (8) and (9)).

DD (%) = — 89.386—0.629x + 2.503x, + 22.025x3 — 0.008x7 —
0.05x3— 2.982x% + 0.012x1X3 + 0.089x1x3 + 0.309%,x3 (8)

DH (%) = 19.428 + 0.176x; — 0.854x; + 0.097x3 —
0.001x% + 0.012x3+ 0.093x3 — 0.001x1x2 — 0.015X1X3 —
0.024x,x3 (9)

where DD is degree of deamidation (%), DH is degree of hydrolysis
(%), X1 is E/S (U/g protein), X is temperature (°C), and x3 is pH. The
coefficients of determination (r2) of the models (DD and DH) were
0.929 and 0.928, respectively. To generate the surface and contour
plots, the main effects of the models were determined by ANOVA. It
was found that the main effects of DD model (Equation (8)) were
not significant, while the least significant of DH model (Equation
(9)) was E/S (p =.896). In order to find out the optimum condition
from the plots, the overlaid contour plot of DD and DH using
temperature and pH as independent variables was considered. The
E/S was kept at a constant value of 36 U/g protein, which was the
value that gave highest DD and acceptable DH values. The surface
plots (a) and contour plots (b) of the DD and DH models are shown
in Fig. 1 and Fig. 2, respectively.

From Fig. 1, the temperature around 48—-52°C and the pH
around 6.8—7.2 caused the highest DD value. The DD was increased
with increasing temperature up to around 50°C, and then
decreased when the temperature was raised above 50°C. This
could be because the PG was inactive at temperature higher than
50°C (Yamaguchi & Yokoe, 2000). In addition, an increase of DD
was observed at pH around 7 (38 %DD at pH 6.8). This result was in
agreement with report of a group of researchers who found that the
PG stabilized at pH around 5—9 and was highly active at pH 5—7
(Yamaguchi et al., 2001). However, the optimum conditions of PG
deamidation can depend on many other factors, including protein
type, protein structure, and amino acid profile (Gu et al., 2001;
Hamada, 1992; Mohammadi et al., 2016).

Fig. 2 shows the minimum DH (<3%) at temperatures around
43-51 °C and pH around 8. This could be explained by the fact that
high temperature caused protein unfolding and releasing the short
chain peptides and/or proteins, so the DH was increased. In addi-
tion, at around neutral pH (pH = 7—8), the proteins were stable due
to low electrostatic force, resulting in low DH (Damodaran, Parkin,
& Fennema, 2007).

In order to optimize PG deamidation of CP by RSM, the desirable
high DD and low DH were considered. From the overlaid contour
plot of DD and DH, the optimum conditions chosen were at pH
around 7.0 and temperature around 50 °C (Fig. 3). At this condition,
the maximum DD (38%) was observed and the DH was around 3%,
which was an acceptable value described by previous study
(Suppavorasatit et al., 2011).

The effect of reaction time on PG deamidation of CP is shown in
Fig. 4. The DD was dramatically increased to about 35% within first
2 h, and then slightly increased until reaching the plateau at 12 h
(about 54% DD). In addition, the DH was also raised to approxi-
mately 3% within 2 h, and continued increasing to around 6% at
24 h. These possible hydrolytic reactions could have occurred due
to the actions of PG itself and of active proteolytic enzymes origi-
nated from coconut meat since the enzymes might not be
destroyed during protein extraction process (Panicker, Usha, Roy, &



S. Kunarayakul et al. / Food Hydrocolloids 79 (2018) 197—207

P T I
= o »w o u

Degree of Deamidation (%)
h o »n o w

(@)

DD (%)
Il 35
<35
Il < 30
<25
<20
R < 15
[J<10
<5
<0

DD (%)
~ — 35

1 — 30
— 25
20
15

38 40 42 44 46 48 50

(b)

Fig. 1. Response surface (a) and contour (b) plots of the effect of temperature and pH on the degree of deamidation (DD, %) of coconut protein (CP) by protein-glutaminase (PG) at

enzyme:substrate ratio 36 U/g protein (from Equation (7)).

Mandal, 2009). Furthermore, the PG used in this study was com-
mercial PG, which could contain some residual protease activities
as well (Suppavorasatit et al., 2011).

In order to prepare PG deamidated CP samples for functional
properties determination, the PG deamidation was performed us-
ing optimal condition: E/S of 36 unit/g protein, pH of 7.0 and
temperature of 50 °C with various reaction times. The DD of pre-
pared deamidated CP samples at 15 min, 6 h, and 12 h were 32.21,
42.57, and 49.61%, respectively, while the DH were 2.50, 5.23 and
5.58%, respectively. The DD and DH values of prepared samples
appeared slightly different from the expected values (30, 40, and
50% DD). This could be the result of using higher substrate con-
centration during sample preparation process (200 mg/mL CP)
compared to the optimization study (10 mg/mL CP) (Schwenke,
1997). A similar phenomenon was found in previous study about

PG deamidation on soy protein isolate done by Suppavorasatit et al.
(2011).

52 54 56 58 60 62 °
Temperature Q)

10

—0

3.3. Determination of amino acids

Total amino acids of untreated CP and 6 h deamidated CP were
determined by HPLC (Table 2). Both untreated and deamidated CPs
contained high level of glutamic acid and arginine. As reported
previously about action of PG on the proteins, PG can change
glutamine residue both in peptide and protein chain to glutamic
acid. It was expected to see the results showing an increase in
glutamic acid after deamidation. However, the results showed
similar amount of glutamic acid in both untreated and deamidated
CP samples. It might be due to the conversion of glutamine to
glutamic acid or pyroglutamic acid during sample preparation for
the determination of the amino acid profile by HPLC (Airaudo,
Gayte-Sorbier, & Armand, 1987; Shih, 1985). Thus, the amount of
glutamic acid shown in Table 2 was the total amount of glutamine,
glutamic acid, and pyroglutamic acid. In addition, the composition
of the amino acid in untreated CP was comparable to previous
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Fig. 2. Response surface (a) and contour (b) plots of the effect of temperature and pH on
enzyme:substrate ratio 36 U/g protein (from Equation (8)).

study, which also indicated that the CP is high in glutamic acid,

arginine, and aspartic acid and contains nine types of essential
amino acids (Thaiphanit & Anprung, 2016).

3.4. Band patterns by SDS-PAGE

The band patterns by sodium dodecyl sulfate —polyacrylamide
gel electrophoresis (SDS-PAGE) of untreated, control, and deami-
dated CP for 15 min, 6 h and 12 h are displayed in Fig. 5. Generally,
main proteins found in CP are globulins, including 11S and 7S
globulin. More than 80% of globulin is cocosin or 11S globulin,
which has molecular weight around 326 kDa. However, from pre-
vious studies, three bands (24, 34, and 55 kDa) were shown in SDS-
PAGE. The minor globulin is 7S, which has native molecular weight

Temperature(®C)

52
the degree of hydrolysis (DH, %) of coconut protein (CP) by protein-glutaminase (PG) at

of 156 kDa with three bands as 16, 22, 24 kDa shown in SDS-PAGE
(Garcia, Arocena, Laurena, & Tecson-Mendoza, 2005; Kwon, Park,
& Rhee, 1996).

Fig. 5 shows similar band patterns, but different in band in-
tensity. The control and deamidated CP show high band intensity at
lower than 22 kDa bands, especially at about 12 and 16 kDa. The
percentage of band intensities of all samples (untreated, control,
deamidated CP at 15min, 6h, and 12h) at lower than 22 kDa
determined by gel documentation and analysis software is 13.44,
15.47,17.11, 19.38 and 22.09, respectively. This phenomenon might
have occurred due to the heat treatment and protein hydrolysis.
The proteins could have unfolded and shorter chain peptides and/
or proteins could be released. A downward shift of the band pat-
terns of deamidated protein was also found in other proteins,
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Fig. 3. Overlaid contour plots of the response variables, degree of deamidation (DD, %)
and degree of hydrolysis (DH, %), of coconut protein (CP) by protein-glutaminase (PG)
showing the optimal region for deamidation.

70 4 07

%DD

0 4 $ 12 16 2 24
Time (h)
Fig. 4. Changes in degree of deamidation (DD, %) and degree of hydrolysis (DH, %) of

coconut protein (CP) induced by protein-glutaminase (PG) deamidation as a function
of time.

Table 2
Amino acid profile of untreated and deamidate coconut proteins by protein-
glutaminase.

amino acid untreated deamidated
(mg/100 mg)

aspartic acid 6.65 6.74
serine 3.19 3.21
glutamic acid 16.87 16.41
glycine 3.16 3.12
histidine 2.04 2.06
arginine 10.94 10.62
threonine 1.99 2.00
alanine 2.85 293
proline 244 247
tyrosine 1.40 1.28
valine 3.34 3.57
lysine 3.85 3.95
isoleucine 1.92 2.09
leucine 4.49 4.65
phenylalanine 343 335

including soy protein, wheat gluten, and maize protein.
(Suppavorasatit et al., 2011; Yong, Yamaguchi, & Matsumura, 2006).

3.5. Circular dichroism (CD)

The changes in secondary structure caused by deamidation were

Fig. 5. SDS-PAGE patterns of coconut protein treated by PG: (a) molecular weight
markers; (b) untreated coconut protein; (c) control coconut protein, incubated without
PG for 6 h (10.46% DD); (d) coconut protein incubated with PG for 15 min (32.21% DD);
(e) coconut protein incubated with PG for 6 h (42.57% DD); (f) coconut protein incu-
bated with PG for 12 h (49.61% DD).

measured using the far-UV CD spectra (190—250 nm) of the protein
samples. The CD spectra of the soluble fractions of the untreated,
control, and deamidated CP samples are shown in Fig. 6. From the
CD spectra, it was found that deamidation could decrease the
percentage of a-helix structure and increase that of f-sheet struc-
ture (Table 3). The increase in B-sheet formation after deamidation

A
0.5 o)
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molar ellipticity (deg-cm?/dmol) x 10°

-2 - —s— control
--4--15 min
-2.5 6h
3 4 —e—12h
A
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190 200 210 220 230 240 250

wavelength (nm)

Fig. 6. Far UV-CD spectra of non-deamidated and deamidated coconut protein (CP):
untreated; control (CP treated without PG); CP deamidated for 15 min (32.21% DD,
2.50% DH); CP deamidated for 6 h (42.57% DD, 5.23% DH); CP deamidated for 12 h
(49.61% DD, 5.58% DH).
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Table 3
Secondary structures of non-deamidated and deamidated coconut proteins.

Table 4
Solubility of non-deamidated and deamidated coconut proteins.

sample secondary structure (%) sample solubility (%)

o-helix B-sheet B-turn random sum pH 3.0 pH 5.0™ pH 7.0
untreated 118 26.5 12,5 38.8 89.7 untreated 54.90% +1.79 20.03+1.94 85.43%A 1+ 1.83
control 20.1 213 125 37.4 91.3 control 42,928 + 4,05 19.70¢+2.12 76.11°% £ 1.54
15 min 0.3 435 12,5 37.8 94.0 15 min 51.72%8 + 2.66 20.63¢+2.50 66.12°*+2.19
6h 0.3 409 125 37.9 91.6 6h 54.44% +0.44 22.27€+2.58 67.68" +2.46
12h 0.3 40.7 12,5 38.2 91.7 12h 51.85% +4.17 23.36+2.33 83.63%A +1.22

Data were derived from analysis of CD spectra.

agrees with previous works on a-zein and soy protein isolate
(Suppavorasatit et al., 2011; Yong et al., 2004). Moreover, the per-
centage of B-turn structure and random coil did not differ among
samples.

3.6. Protein solubility

pH solubility profiles of untreated, control, and deamidated CP
samples (at 15min, 6h, and 12h) are shown in Fig. 7. It was
found that the solubility of all deamidated CP samples was higher
than that in untreated and control samples at the pH <4.2. In
addition, at the pH > 5.0, untreated CP showed higher solubility
in comparison to the others. From the plots, isoelectric point (pl)
of CP has changed as a result of PG deamidation and heat
treatment to inactivate enzyme (80°C for 10 min). After PG
deamidation, the pl of CPs was shifted to be around 4.0—4.2,
compared to untreated and control CP, which was around
3.9—4.0. The slightly increased pl after deamidation was in
agreement with the works published by Wang and Johnson
(2001) and Suppavorasatit et al. (2011) who found that the shift
of pl could be a result of heat treatment during enzyme inacti-
vation step. In addition, it was reported that the shift in pl came
from the reaction of deamidation which can increase the poly-
electrolyte character of protein (Day et al., 2009). The increase in
pl could make CP more soluble in acidic condition.

The protein solubility of deamidated CPs compared with un-
treated and control samples at different pH values (3.0, 5.0, and
7.0) is shown in Table 4. The solubility at pH 7.0 was higher than
at pH 3.0 and 5.0. The lowest solubility was observed in all
samples at pH 5.0 since it is close to the pl of CP. At pH 3.0 and 7.0,
the solubility of control sample was lower than untreated CP due
to thermal denaturation during heating step leading to the protein
aggregation (Kwon et al., 1996). During heating, inter- and intra-
molecular bonds were ruptured, resulting in rearrangement of
the proteins at the surface. This could have resulted in an increase
of protein surface hydrophobicity and thus the protein solubility
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Fig. 7. pH solubility profiles of non-deamidated and deamidated coconut proteins by
protein-glutaminase.

b Wwithin columns, values with different superscripts indicate significant differ-
ences at p <.05.

A-C Within rows, values with different superscripts indicate significant differences
at p<.05.

" No differences between data within the same column.

has decreased. At pH 3.0, the solubility of all deamidated samples
was higher than that of control sample. This could be explained
that the deamidation could have increased electrostatic forces of
protein, and therefore the solubility has increased (Boye, Ma, &
Harwalkar, 1997). Generally, the solubility of the proteins in-
creases after modification of their structures by deamidation;
however, the result shows that the solubility of deamidated pro-
tein at pH 7.0 was lower than that untreated and control samples
except 12 h deamidated CP. A high solubility at neutral pH of 12 h
deamidated CP might have resulted from hydrolysis since the DH
had increased as a function of time (Fig. 4). This is in agreement
with the previous finding showing that the solubility of the pro-
tein is increasing as a result of both deamidation and hydrolysis
by rupturing the peptide linkages of the proteins (Yong et al.,
2004).

3.7. Water- and oil-holding capacity

Water holding capacity (WHC) of all deamidated CP was higher
than that of untreated CP as shown in Table 5. Previous reports
indicated that deamidation reaction can change the functional
group of protein from amide to carboxyl group which is more stable
in ionic form. Therefore, the protein-water interaction raises due to
the increment of protein net charge that results in the increase of
WHC after deamidation (Damodaran et al., 2007; Mirmoghtadaie
et al., 2009).

The effect of deamidation on oil holding capacity (OHC) is
shown in Table 5. It was found that there was no difference among
treatments. In general, OHC can be affected by many factors,
including protein content, extent of change in oil/water surface
area, hydrophobicity, and charge of the protein. However, this
might be due to the CPs containing a certain amount of fat and
because the major factor affecting fat absorption mechanism is the
physical entrapment. The deamidation reaction by PG does not
affect significantly the protein structure (Chan & Ma, 1999;
Mirmoghtadaie et al., 2009).

3.8. Emulsifying properties

Emulsifying activity index (EAI) and emulsifying stability index
(ESI) were performed in phosphate buffer at pH 7.0 as shown in
Table 5. In general, the emulsifying properties of untreated and
treated proteins are due to structural properties of the protein that
can stabilize emulsion by forming a thin layer adsorbed at the oil-
water interface. It is covalently bound and provided stability to
emulsions against coalescence and flocculation (Dickinson, 2003,
2012; Sharif et al,, 2017). However, the results in Table 5 show
that the untreated CP had higher EAI than the others, while the
15 min deamidated CP had the lowest value. This might be due to
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Table 5

205

Water-holding capacity (WHC), oil-holding capacity (OHC), emulsifying activity index (EAI), emulsifying stability index (ESI), and foaming capacity (FC) of non-deamidated and

deamidated coconut proteins.

sample WHC (g water/g protein) OHC™ (g oil/g protein) EAI (m?/g protein) ESI (min) FC (%)
untreated 0.90° + 0.05 1.24 +0.06 52.46%°+0.40 53.41°£4.92 6.11°+0.05
control 1.01* £ 0.06 1.21+0.16 24.83" £ 1.06 62.00°+2.65 4.67°+0.58
15 min 1.08%+0.12 1.25+0.12 17.76°+1.62 111.25°+1.77 5.08°+0.14
6h 1.16°+0.08 1.43+0.20 22.30°+0.23 139.17°+1.44 5.15°+0.18
12h 1.08%£0.01 1.19+£0.05 23.23°£3.18 104.17° £ 3.54 591"+ 0.13

#¢ Within columns, values with different superscripts indicate significant differences at p <.05.

" No differences between data within the same column.

effect of sufficiently soluble protein/oil ratio, structure, and surface
hydrophobicity of the protein, which are the main factors affecting
emulsifying properties (Boye et al., 1997; Sharif et al., 2017). The
highest solubility at pH 7.0 was observed in untreated CP, when the
solubilized protein could form a layer around oil droplet better than
other treated proteins. Thus the EAI of untreated sample was the
highest. In comparison within only the deamidated samples, the
high DD sample had higher EAI since the deamidation could in-
crease solubility, net charge, and surface hydrophobicity, thus
changed the hydrophilic-lipophilic balance for emulsification (Chan
& Ma, 1999; Damodaran et al., 2007). Moreover, after deamidation,
more flexible secondary structures were found as shown in Fig. 6
and Table 3. After PG deamination, percentage of the p-sheet has
increased, while that of the a-helix has decreased. These changes in
the secondary structure can reflect in interfacial properties of the
protein (Zhang, Waghmare, Chen, Xu, & Mitra, 2015). Furthermore,
the comparison of amino acid profiles of deamidated and untreated
CPs (Table 2) shows that deamidation caused some changes in
amount of hydrophobic and hydrophilic amino acids, which could
highly affect EAI values. These changes in amino acids profiles were
also found in previous studies done on soy protein and wheat
gluten (Chan & Ma, 1999; Liao et al., 2010).

In contrast to the result of EAI, the ESI of all deamidated CPs was
higher than untreated and control samples. For deamidated CPs,
the improvement of the emulsification ability is mainly based on
the rise of electrostatic repulsive force of the deprotonated carboxyl
groups and protein-protein interaction at water-oil interface
(Dickinson, 2010a). Moreover, the stability of oil-in-water emulsion
might be due to the proportion of 11S and 7S fractions in CP and
deamidated CPs (Fig. 5). In addition, the deamidation could make
proteins orient themselves toward fat in water-oil interface, and
thus increasing the stability of the emulsion. However, the previous
studies showed different influences on the emulsion stability such
as interfacial tension, particle size distribution, rheological prop-
erties, protein-polysaccharide interaction and flocculation
(Koberstein-Hajda & Dickinson, 1996; Thaiphanit & Anprung, 2016;
Thaiphanit, Schleining, & Anprung, 2016). In addition, the 12h
deamidated CP showed lower ESI than 6h modified CP. This
decreasing of ESI could be due to the fact that the solubility of 12 h
deamidated samples approached to untreated sample. It also can be
explained that samples with high DD could cause an excessive net
charge and increase electrostatic repulsion, resulting in the
decrease in protein-protein interaction (Damodaran et al., 2007; Lei
etal., 2015; Liao et al., 2010; Mirmoghtadaie et al., 2009). Moreover,
heating process at 50 °C during CP deamidation for a longer time
(12 h) is probably causing the heat-induced change in the protein-
polysaccharide interactions in CP which plays a role in the forma-
tion of structure and texture as a thickening agent in O/W emul-
sions stabilized by the proteins (Thaiphanit & Anprung, 2016). In
addition, the heating process and protein hydrolysis can induce
change in the molecular weight of the CP as already shown in the
band patterns by SDS-PAGE.

3.9. Foaming properties

The determination of foaming capacity (FC) and foaming sta-
bility (FS) were performed in phosphate buffer (pH 7.0) and the
results are displayed in Table 5 and Fig. 8, respectively. Generally,
the foaming properties of the CP are due to the interfacial rheology
of the adsorbed layer of the protein film around a bubble which can
prevent Ostwald ripening (Dickinson, Ettelaie, Murray, & Du, 2002).
This functional behavior can be affected by some properties of the
proteins such as molecular weight, surface deformation and
conformational structures (Dickinson, 1999, 2010b). Therefore, the
untreated CP had the highest FC when compared with other sam-
ples (Table 5). This could be due to the heating step, which caused
partial denaturation and increased surface hydrophobicity of the
protein (Boye et al., 1997). Therefore, the FC of control and all
deamidated CP samples have decreased. The deamidation reaction
could cause the increase in net charge of the protein or peptides,
resulting in increasing tendency of foam forming. Thus, the FC of
deamidated CP at 12 h (DD =49.61%) had higher value than dea-
midated CP at 15 min and 6 h (DD = 32.21 and 42.57%, respectively).
In addition, the protein solubility is one of main factors affecting the
foaming properties. The increment in FC could be caused by
available protein (solubilized proteins) at air-water interface
(Agyare, Xiong, & Addo, 2008).

The FS of all samples were decreased over time. The untreated
CP showed slower decline in FS than the other samples. Fig. 8 shows
that control and all deamidated samples exhibited a higher rate of
decline than the untreated sample. This could be explained by the
fact that the heating step for enzyme inactivation could alter the
secondary and tertiary structure of proteins. Net charge of the
protein was increased, resulting in the decrease in protein-protein
interaction due to the excessive net charge. Similar decline in FS
value as a function of resting time was also found in okara and oat
protein after deamidation (Boye et al., 1997; Chan & Ma, 1999;
Damodaran et al., 2007; Mirmoghtadaie et al., 2009).
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Fig. 8. Foaming stability (FS) of non-deamidated and deamidated coconut proteins by
protein-glutaminase.
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4. Conclusion

In summary, the deamidation using PG on coconut protein was
successfully optimized using RSM. The optimal conditions in order
to obtain high DD and acceptable DH were E/S of 36 U/g protein, pH
of 7.0, and temperature of 50 °C. Some functional properties have
changed by the deamidation process. The solubility under acidic
conditions and emulsifying stability were increased after PG
treatment. However, deamidation by PG could cause the decline of
some properties, such as emulsifying activity and foaming stability.
From industrial application perspective, there is potential of using
CP as food proteins in the industry since CP functional properties
can be changed by PG deamidation, especially in emulsified high
protein aqueous foods. Moreover, CP could be an alternative food
ingredient due to its complete protein and low in allergenicity.
However, the study of other functional properties and allergenicity
of PG deamidated CP might be needed for further use, that have not
been considered in the present study.
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