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1ay sweet whey (113199 4.1) WU sweet whey UAIANUTINUVDIA (L*) ATUA-1VYD (a*) AN

@ (%

2 ' 1 o an
N1 (b*) HaLANUUHANINAINM acid whey BE19TNBF AN DA (p<0.05)

9

3197 4.1 TULANNNINNUDI Acid whey LaZ Sweet whey

AMANTANIIMENN Acid whey Sweet whey
=
a
L* 26.63" + 0.12 2544 + 1.23
a* -0.89" + 0.75 0.11° + 0.09
b* 3.00"° = 0.20 3.84° + 022
= a b
ANNKUA (cP) 1.72" + 0.05 2034 + 0.54
ANNDIDUNE (g/ml) 1.058" + 0.001 1.060" + 0.001
B danariua (2/100ml) 6.36" = 0.06 6.42° £ 0.07
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nnewig  Auaad lumsutunmds+auleununaIgIvL 11NNITNAAI 3 91
ab,c MonyIMNUNuanA1enu It UReINULEAINNINLANA NN UYDITDYA

A o

PN TIAYNADA (p<0.05)
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Tulaguntiogluiu uenvniigsfiasdsznovwinusuiauaz Is Tuwariusg 1damaoes
1 o 1 a ¥ I v A o ¥ { @
WuRedInu ua b5 Turaiuawisaazateri lavedudinvi liiuundsieen lvsiuia
= 1 a 2 9 ] < 1 1 o . . 1 = <
MaeseounaTu 14 8619 15NAINAININEIITUNE (specific gravity) HazA1dSuIave sy
g}/ 901 o’gJ; a 1 [ 1 4 o ?:’
NIHUA (total solid) Vo IENIa0ertialinlndiReenu (p=0.05) AT UNIZVDITN
o’g’/ a [ 1 1 1 a I~
NINIA0IFUANAIDYTLN I 1.0587-1.0597 acid whey tag sweet whey AT u 101 ¥0 31T 9
2 " v 9 A Y R A = <
naruamInudesas 6.35 +0.06 Lag 6.41 +0.07 (ww) vz Nien lllimdSunaveauds
MAu3eaz 6.35 (wiw) (HFe1, 2541) auANIIAIUMENINYD acid whey AT sweet whey
a 4 A 1
HANSAATIZHANTAN1UATUDN acid whey 1@ sweet whey W1 acid whey 92)
1 I 1 4
AN UNTAGINIT sweet whey AIUATNAIAKTNIY 1HDIDINNITIATON acid whey 11519
Y H v
n3a luvupoumsanaznou Tsaui pH w0y pl ved 1sau YsuaTdsaulu acid whey

A2 o ) v

] ] ] < =Y %’ =)
AU sweet whey 0819l1Bd A7 (p<0.05) 919 lsnamdsunanimananIag uagSuna

o [

[ %l o 3’, a 1 ] 1 ] o ana [} H
Tusiulusimdnsaesrtialia luuanareedaliodnaneand (p=0.05) aaaasluaisiah

o

4.2

15197 4.2 aUUAMUATIVY acid whey 11aZ sweet whey

Acid whey Sweet whey
pH 4.58"+0.01 6.23" £ 0.03
Lactose (g/100 ml) 4.72°+0.01 4.74"+0.01
Protein content (g/100ml) 0.90" +0.04 2.22"+0.06
Fat content (g/100ml) 0.24"+0.12 0.22"+0.09

1 4 I 1 A 1 ~ %
vnemg  mMnnaad luasadlunimasranudouuunasgiu 110MITNAa 3 9
ab,c MonyIMUNuanA1enu It wReINILEAINNINLANA NN UYDITDYA

9 v a

pg N AYNNADA (p<0.05)

Ay v Y o A o =
HANITNABDIN IAADANADINUNITNAADIVD Trena et al. (2012) NHINITANH
4 ~ 9 4 = =Y %’
99A152NOVVDY sweet whey Nanaznou Tasldeu lsdiswun wuaiiai pH USuaima
a ~ =y < 3}/ a = [
waalaa U Tdseu Usuavesdanavua uazdSua lvduliasuminy 6.12 = 0.22 %,
4.89 + 0.06%, 1.71 £ 0.20%, 5.14 £ 0.05% a2 0.17 £ 0.05% A1NA1AY IuaIuveIUTuIa
= 1 a 9 A 9 1 3 Y 3‘; dy A Aan A Y
Tisaunuiwai ldanmsnaasaliaineuy19auinnInaniiss natio1aiioan1anIsnlyly

a o dy 9 Aa L4 as R Ax A [ ) Aaan
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%}E]EJEW 11.03, 1.91, 0.21, 5.8 itag 14.61 Iﬂﬂﬁ'ﬁ’iuﬂiﬂfJiJﬂ'J'lﬂJ‘Viu'l!,LuuW]'lﬂ“U 1.057 NUND

a A

a [ I~ ] 4 a
1188807 (Gerberding and Byers, 1998) 8813 |5Aa M3 IUATEUIUMSTI N0 aeod Tudd 819
' , Yy v P i ¥ s v 2 Y ax ~ %
dananaANUTNIUYRIeIATznoUA19Y) Tuti g He901nludI2TNIIE3 BN AUNITNYDY
¥ Aq ¥ =2 asa oA Ve Y ! v @ ¥ ¥ 2L
1NUUN ¥ 920D UATILHNUANA A UAIUAINAADDIAUTENDUVDIIIENITY
a Y Y 1 %’ o g’; a [ wa
msAnyIRavesgunginaznarlumslianudouunimeniaoyiia aoduiia
{ o Y @ v Aa Y Y
ey Ty Tdun msvenedrveaIny uazanunsdadsuasvea Ty Taesnmslianudeu

1 %’ <Y J %l aa o a o
LlﬂuWL’JEJ@'JEJEHQU'I?]'JU?]’J‘]JﬂﬂquWgﬂﬁﬁﬂ1iwullﬂiqmﬂgh 35201 (50, 60 LAy 70
9

= I =1 ] o 3 P Yo 9 1 y
DIA UK AU E) 1Wunan 10, 20 1ag 30 4N mﬂuumumm/lhlﬂmﬂmmammazﬁmaz'l‘ﬂ‘ﬂu

Tilu T Tasn3eeilumay (Kitchen aid) Hszdugaga fanmsvenearves Ty Tasmsdan Tl

L)

H 24 P 1 Y o v A v = Y y . 2
uTLUﬂﬂqﬂiﬁiuﬂﬁgﬂﬂﬂﬁﬁﬂ L!ﬁ'lVl’]ﬂ’]i'Jﬂl]iﬂJ’]@’lﬁ!Lﬁzﬂﬂ‘Uuﬂﬂ“l'l AMNUUUINTEUDNAINUAN

a

2 9}4' = 3 = v K =) Bo} A
VNhh‘VI’Qiu‘VimJ 25 e usa e umal 30 N ﬁﬁ!ﬂmlazuuﬂﬂﬂ’im&ﬁ“umTW&J‘LHDEJ‘VI

QU

s g

1 a ' g
waoeg navesguugiuaznarlumsinanudounntimdnlinenisvereaives iy uay

ANVAIANTATUINTVDA acid 118Y sweet whey Haadlugilin 4.1 uaz 4.2 mwdau



47

1200 —
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= ek
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200 — % 2
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£ 60 /
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517 4.1 wavesgamgluaznarlums1dnnuieuniine (a) Foam expansion 118z (b) Foam
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volume stability YD\ acid whey
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1200 —
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1000 - N P’c’d bed
§ 800 ? %
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3 o 7 7.
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=2 ' Y = wa (2 A 1 .
HANITANEIND I AT INUAD sweet whey Nauvamenu Iunani acid whey

! A IS (2 v A 2 A ' . 1 S
NA1A0UNMIVIAIUY 11N tazA1UAIA AT T AT Yo THNNNINNIT acid whey 987191

v o a o

o Aaa A 9 o ~ y A 2
UITAYNNADN (p<0.05) fnﬁ!fWquﬁﬂllﬁ\iWaclﬁﬂ’]ﬁGUfﬂﬂﬂ?ﬂl@\iiwNNLLU'JIH?JLW?JGUUGl.u

U
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' Y
msnsguundl Duud Tduih ldnsvereddve s Taumuaulu acid whey @211y sweet whey
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a Y 9 a2 9 . 1 =
qmwQuuaznaﬂumﬂwmmiauaﬂmﬂ Borcherding et al. (2008) 51899114 Glumimz'ﬂu
' w i ’ ' v Y 3 { PN
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Indrawati et al. (2008) 14518911731 foamability ¥oeTUsAuNdanaulolin15Hy
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{ a ] < 1 o x I
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[ a v 1 1 { 1 %’ . A 3
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ANNANTITNIIADY IUTZAUTMMZ AN (Mitchell, 1986)
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mslianuieulinansgnuae Inseaseveandllsauluvuduaiulng Tuvae
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Tusaulununeunvzinadiary nunreaannuaseves llsaunnmsinananinvey
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a (] [ A [ an = [ = . .
NA91NN35INANTuMIAdWIHBINIINEUATNI81v0 11)5AUADTUSAN (protein-protein
. . = Y A A S A v 1 k4 a J .
interaction) D4UNANNITINIUATUNANNAWIABANVTOUTUBUADTIVAVDI oil-in-water
FERINMINABNaTU uanszuIuMInNaNuioulinansznuludavdessuTisdu
9
1Y ' [ . . ' @ o
NINVAFUAY (Raikos, 2010) N13ANYIVDY Lin et al. (2010) WUNTAVYDIE 1 5AUanal
9 4 o "9 A I~ = [
Fovaz 23 Tuunmianes lsd uazanasninniiiosas 85 luuy UHT ienfSeuiieuny
¥ a U a U 1
uuay weavh-uandayiuiinnudunieduanuiougegalsznmiovas 32 finsog
a [ ' Y Y d' = < a A =
ANNAVNAIINFIUNT TRANVTOUN 100 D3R usaima a1y 10 W1 IMsgyide
29 a v Ay a Ay A Y v
Bé-uanlaInayaueiosas 42 uaziiar-uanlaInayauiliesas 53 Werumsliauiou
= <3 = X o =Y a = 9
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a ] I3 1 1 ] 4
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i
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:’J wA :’ d
4.2 wavesfSinameadanarng tazszaznalumsadalvluneaniiavedl i

= o @ 1 90‘ 4 [ a < g}/ . 9

A15ANIHIA2981918 1881 FUUSu 1Yo IuTINIH YA (total solid) A28
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2113Nna1IMsa e Iluna1eiy nudn e raniaves Inwihndludmuanumuuy

w311y A lonoisu uazanuassive Iny Tanasinsnean 4.3
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52

9 Y 2 3 A a A~ 9 o Y
3ﬂﬂa$ﬂ13ﬂﬁﬂﬂﬁﬂ1ﬂlﬂl@\1llﬂlqw%15’&!'\%'”]1]ilJ']ﬂ/lﬂiJﬂ'liGlG]f“ll‘!ﬂ'liﬂ']LlﬁQlL‘UU

a @ 4 1 ld'sl Bo' ] g}; dydg! YY) a 1 a
Truuunlundanuaioms lasdiuIngniosay 25 TaothilnnItyunuIngaALLaas ¥ila
2K A o =Y <3 g}/ %’ o ] @ =N
i sulsAulsavealanarive luaisazaierinng :nn1snaasds wumMsusulsuw

<3 g}/ 9 <3 d a A 1 ] 1 LY
VDWVININNUAAIBN DD TAANFATUNNAADANUH UL UUB TN A1 18T U uagnw
) Y S 1 A v o w aa A a 3 L a A
AaAved Iluihnded llsdAynNada (p<0.05) TaulolSuavssuoa Tadngas Uy
g o Y A 1 S 1 da! 1 Y % A 49!
VUM IR NUHHAveIdUHEUTAININTY da8a A1 NNAIRUe TN LLINY
Y v o D) A ' o q ¥ o a 2 )
e Tunenduduanuiunilavesaiunauazm linmsunindlrveaesormennaau Idiioe
1 X 4 o o 1 1 a 1
luszraamsatuioad Il ld lenessuliaianad adewalndSuianeseinian
o { g @ 1
mmihnduaviuanudeululassad e Iduanas anuasdrves Iudvanas dawalv
1 [ ~ 9 9 [ Y FY A
A1NNARIv09 I1luanas kanN1INAaeIN ladeandoInun1INAaoIveIq gl (2552) 0
o < S Aa %’ =~ ~ =
eunaveInsulsiunea ladngaiuluinssMonaoIgaInUNIZezN13AD 2 1ADY
oA A = < Jd Aa 1 9 % =~ =\ [l A 43! 1
oSy ea TadasaT e L aIHNa IR UINTLMNINABINANUHUIMUUINUNINUY A
J o [ % a aa 1 1
Toros 5 unazdnsIMsHeNAIYDIVAUKal (HaaanTAou1N) UA1aAaIA18 Bikerman (1973)
' A A A 9 < 1A 1 = v & oy A
180U Mamuanuriagnsoy ldvudemnmmnzauamilaniiy simanunilags
a Y] v < { o 1 FEY] [
i Tdag Tddavemssamnueimaluvaznd Iy v lda Tenessuanas Uauondams
v A 1 Y [ é’
AnusINIANanasdIra iU LY TNy INYY
~ o ' ' [l 1 o 1 =
szeznalunIsaduaINanoANN U ILL LY Iy uaza1lonosT o191l
4 y { 3 1] 1]
WodiAnn1ana (p<0.05) e ldnarlumsddwnuiusgilvanununivees Tnudian
A o A 2 A A g 9 =< ad A 2 ° 9
anad tazim lanossumuyunninnallunsaduties gansadunnaiiuauagila
a A A da o o ' H 9 2 o 9 a A 3
PANMTNUNUARITUAATEH I tazoma launaum ldeauisamna IMunTvuaanas
A A o I 2 ' o ' ~AQq Y A g
(5089 UuuesonavanuInUY @aunuaIalved iy luuaaznainlslunsailu
Y
ia lunanaenuedeliied iy n1eana (p>0.05) uenINUEINUBUATNI 01521 INT U
2 2 A o A o
VIINIMVALazna luNsATY NaenNuAIRIved Tny
= ¥y ~ Y} ¥ PR wa
wannsansaadlimsiunanneimunzanlunisad e Iduiingn e
{ o { ) a < g o I~ d a
ety Idung as msdsulSuimvewdslindalrenoa lamsnadasuly lasosas 25
4 { (Y] (N1 1 [~} [ ] o
o9 n 19 Iuddianuasi luaninaigega USunavewdeiosas 25) ualia lenessu

J l H Y
WINN (p<0.05) uaz Idar lumsatuuiu 30 uifi esainez I8 IunTnsyugega uaz

= o v ad A A
Nﬂj'lllﬂﬂﬁ’zlulll@1\1%1ﬂﬂ13@]ﬂuﬂi$ﬂ$na1ﬂuq



53

4.3 wavesmsnalWludeantiavewuiing

1]
va A

=~ 1 %’ 4 A o Y @ %’ o A
wasuTIuNanIngadn Mz lvguandaneinu Iduvesuimganga 910
=2 A a ' . a A = 2
MIANBINOUN 4.2 WUANE15N 1N (foaming agent) 3 FHAAD 1 15isa NAyosa 1N IUAAY-
156 (GMS) HaLeIHNaNIZHI GMS taziy Isanszauanuuduvosasne Iuuaas
a ) 901 o o I a { 3
¥iia 3 52aU (Fovaz 0.5, 1.5 waz 3.0 Tagumin) ihdaunay lJaldine Tduhanuibagege
I =1 g}/ o o 1 %,l 4 o @ 1 1
Wumat 30 w1 nvutIaed1e IudgyInInIsTIaa AN LY By T

' o 1 @ ' = @ =2 A 9 [ A
?ﬂi@ﬂ'ﬁ]ﬁiu Llagﬂ'lﬂf]'lllﬂ\?@]'ﬂ]E]\?IV\I?JL"HUL@EJ'JﬂUﬂ'IiﬁﬂE111!{5]@1!‘1/] 4.2 UlﬂWﬁﬂ\?ﬁ'lﬁ'N‘Vl 4.4

H a 1 [ Y aol 4
msnﬁ 4.4 wavesrtatazUsuuvesansne Iuaedutinves Inuing

fowazasne  Aanumuwu  mleneisu Foam stability
yHavIasne ¥l
Tlu vl (g/ml) (%) (ml/min)
0.5 ND ND ND
GMS 1.5 ND ND ND
3.0 ND ND ND
Methocel NS S NS
0.5 0.1464 £0.0023  598.66 = 8.82°°  0.1632 = 0.0098
1.5 0.1364 £0.0034  642.03£22.16'  0.1314 = 0.0088
3.0 0.1552 £0.0023  559.88+£19.30°  0.1369 +0.0036
GMS + Methocel HAH ERE oAk
0.5 0.2327+0.0135° 328.09+28.81"  1.4878 +0.3849°
1.5 0.2655+0.0332°  280.31 £44.25°  0.3358 +0.0582""
3.0 0.4564 +0.0702° 208.40 £28.83"  0.5389 +0.0674"

1 H I~ 1 H [ H ?,’
NUYLYIA ﬂ”l‘ﬁlm'ﬂ\ﬂu@"liﬁlﬂuﬂ”lmaEJiﬁ’JUL‘ﬁENL‘]Ji!iﬂ@'iiﬂu 1NNITNAADN 3 B

NS uaanw hinanaenuedeiiisdingnieada (p>0.05)

ND neae liansadaldiiesnin lina Ty

ab,c MonyIMNUNUANA1IY UM UREINUIAAINNULANA NN WYY 0L A

] =Y 9 w a

gL AYNNADA (p<0.05)



54

Han1sAnEIMUI1n5 19 GMS hineldina Ty naszauandudun el
= g}/ dy A A v I 901 = o a
AMIANEI Nat1iieau191n GMS Hanvaziiluly azareiiiein daaz ldvavinanisina
o an ' ¥ o 4 ° a ¥ o ° y ° a
duUATN315zrNBinUeIne o anad i luasazareindudanir laluildina
9 A A o = o ' 3 ' ° ) wa
Wostlosun wengamsaduresiuazgualasedesiaiiau luamisoiaguauiia
9 1 9 g}z dy A = o I a v A IR %
Mua1e vea Iy lame Nailiieanan GMS Jauiianmsiudiad lwieesdeenvavinenms
a % a o an 1 ?_,'
Aalnyld Tagaz ldaunamanasuasnsensennaivazomald nsldwIswa uazeans
1 I 1 1 o a H
N3 1I19 GMS taz Tssadluaisnened wuhasam lfina Inynianuades1d
Yy 9 = 1 1 o 1 A v o w aa v = [ 1
anututuveuu Isralinanonl lonossusgaiiod1nyn19ana (p<0.05) ua hilinanoan
AN ue I tazanuadives Iy arulsaanududuvesasne INuneaul
Y
[ v o @ Aana 1 v 1 [ 1 Jo ]
Hapg N Ned1AYNINADA (p<0.05) ABNIAIANNHUILUUYY WY A ToreIsu LazAINw
v Y
asdauea W Tasnmsauud i Ismaz il 14 TWuninsvuy uazanuasdnnni vy
H [ ] 3 [ o 4 [ ]
nldvinensne Trluway sdrelsnawaisne Inuwanazsi i la lunlanunusiugana
Ty Isea
U 1 { P~ ¢
Aund1 (2552) eaunIvinszdouassiina@u T Tundwe lsauaz T sau
& a v a o 1
1M A099ZINANITYUA T HAZINANITUENAIVOIVDUHAININN I I uvo uun T5iva
[ . 4
A9ANABINUNITNAADIVDA Brygidyr et al. (1977) B4 lda1snanvealnTunasz lanawe 154

4
v 3 S

1 a ?,' 1 ] H
Fuarsnelfina Iy lwhuz@emaatuwun Inunldszauds i venaini TuTundwe lsa

a

Y Y

a I ?:’ = [] o @ a @ 4 A A ) A o
Hanwazdlulvazaiethenda iz dmsunaasasiouuianuy Iurn s ianaua
o a [ J 9o’ 1 ) 1 o a
udii linaaduaiazarenr hid nsldmIswasz il ldaToneiSugega Taonisan
d'&l Y Jdo " v Y 1 = [ =
wiswaniosaz 1.5 vz e TonesSugegaminuiooay 642.03+30.42 1A UNTANY
N . . y -
V04 Karim and Wai (1999) 1t 1un1s 14w Isisalunisviudaiuzsiealagdsnisns
Y A 2 = 2 o Y S A E 9 '
auuauuy unumn diomnals o Ismsauinvuazi via Tenes Sunuunuudle uada
a { a o { < o [ LAY a {
wulufSuamunmnuszaunmnzaunaziiva Tensisuanadla lasms@uniosas 0.4
] v [ v { 1 ¥ 1 < [ o
wldmlonessugega Tasalonessungalivedyn Muawsanunneimaldlauazii i
] 1 I~ o o o
Anuruved Inuanadld eg19lsnaunsANEIYeY Brygidyr et al. (1977) dmsumsi
9 dy A Y o (% o Y 2 9 3’, ' % Y %
uaieuzomeTuiay Labelle (1996) dsumsvuiaiduau sy Ivuveaiknuaziin
Yot = v I da! A A a 1 d* dy Y oA av
wa liAnsezguaEWwielinauansne IuluFinawnniiu uenainiluddaiianuive
A ' s ¢ 3 '
n1% oMs 1w Isa wazarswauszr I Iy Tundwoe lsauaz landwe lsatluaisne Tvly

(Labelle, 1996; Brygidyr et al., 1977)



55

nnaauiiana lumsidluasne TWuveuu Inaa msanuluaeude 13 e 14 Ts

wadluasne W Tagiinmsaulusedaumsdniovas 1.5

as o Y 1w o 9 A ¢ 2
4.4 FaY9IFTNINMUNIADANHUSNITNIIHI !!ﬁ%ﬁuﬂﬂmﬂﬂ!ﬁﬂiﬂiﬂuﬂﬁ

~ o ] 3 J A =2 A Y o
wseual081 Iuindauan 1z aunRanmsane luaoui 4.3 udair il
o a 4 =Y ¥ a o R Y
ndeludov 2 wiia e 1918 USuaanusugamevesndaduaiming 0.03 keg/kg (dry
. ) 9 o adq Y A
basis) A AN 1IzAIl qevaniouTasullsdugaiginldlunisen Ae 50, 60 uaz 70 pasN
<3 1A %
irandea Iaeldnu31au (superficial air velocity) 0.5 twasaeau1i uazdou luTnsn Taeri
o w [ v
ualsiaalilih 3 s2eu Av 640, 720 taz 800 Tad
o o { Y 1 I
msiwielaglddevanieurzih I laninmsdduldasluge udrtivilwdu
=\ 9 U gﬂ o L) 9 d’d g‘/ ad‘ o
Uuazunsdlaslinasesduanazunss nindwi il ladevanouninmsasguuginmua

S o 9

o 1 a gy 1y Yy 9 sy v
HudinmaldsunasdSuaanurunn 5 i hdeyad lduairaduldaniseuuia

U

. Y Yy o Y . Y o 4
(drying curve) HazId U IANOATINITO VLT (drying rate curve) ”lﬂwamgﬂﬁ 43u0% 4.4

AN



56

100.00 —

80.00

60.00

@ 70°C

40.00
m 60 °C

Moisture content (%)

20.00 A 50°C

0.00

0 20 40 60 80 100 120

Time (min)

51U 4.3 1iduTdamseuniTaslddeuauiougmumgi 50, 60uaz 70 osruvaiTHee

7.00 -
6.00 —
5.00

4.00

& 70°C
3.00

M 60 °C
2.00

Drying rate (% MC/mio)

A 50°C
1.00 —

0.00 :

0.00 20.00 40.00 60.00 80.00

Moisture content (%)

51U 4.4 FuldsensimsovuiaTaslddeuandougumgi 50,60 waz 70 eeruwaTHyd



57

o W Yy a ¥ o > = o A o 1
maviudelaglgdon luTasnviivuaousiludnyaz@ernu Taolonasriums
g Y o = o = = A A A
atuudnihnduuuazunse tunnmanldsuulasvesSnaanurunn 1 wn Tasional
[ 9y ] = Y o é = 901 d' ) o 901 J dd‘d
msutarulil 2 inaldihaiasesraaziinnaudleanain Iuiindesnul nsaintinig
Y A U = 1 o dy o Y s A ] ] 9
pUNHINNINNDT 2 T s 1zvn liihoiasestioenvginlindnanoguuazunselunds
A &1 Y g}/ A o Y 1 Y n Yy = v o
iiesninanuiulugeuiuiiangaihlingliuis uazyasenninazunse 1l wwRermum
Adq VY 9 o B~ Y A ' = &
nsaii l9gdovanieuihnmsn/asuniasesdisaralonaimsouriu liasarilsvesnainmseu
&, A e ) A o AR a ' ) Y sy
Nanwa meaaaNuruludovuad iosninihnnaudlesnuilsuuasudiann idulaans

v Y Y o Y vy o { o
'ammquazmuTmammﬁammﬂﬂﬂimaﬂuTﬂinmmmmgﬂﬁ 4.5 1182 4.6 AU

100.00
80.00
S
S 60.00
=
S 640 W
= 40.00
£ W 720W
=
=
20.00 ¢ 800 W
0.00

Time (min)

51 4.5 130 TR amseunia Taelddou luTnsnwnmas Tuih 640, 720 uag 800 Tad



58

35.00 -~

30.00

25.00 -

20.00 -
A 640 W
15.00 -
| 720W
10.00

Drying rate (% MC/min)

¢ 800W
5.00 —

0.00

0.00 20.00 40.00 60.00 80.00

Moisture content (%)

9y o

4.6 Fulsesasimsouurtalaoldgeu luTasvlidas Tuih 640, 720 uaz 800 Jnd

=h.

il

Y g Y 9 v ] Y 9 ) ) o Y
NNFUTAINTOUUHITNAUNY I m'i“lﬁmauamamz1%Laa11uﬂ1iw1umu1u

a a

[ { X I
nmslgdeu luTasnwun Tashimsldgumngil 70 oswnadsasuilugungiigegaldna
o Y =2 = A 9 a = 9
mssudauIuda 45 uid Tuvmeinisldguugil 60 uay 50 s usaFoday Ignainis
o o 4 (% { o w o J
PULRIUIU 60 tag 110 wiAiama ey wofeununsldden luTasniidias 1uilhgoo Tad
. I o w o o
(100%) Fuiluias Ilihgegaldnarlunseuuiuiios 6 uri wazimasluil 720 (90%)
v Jd9 Y Y = o <3 Y1 o 4
HaL 640 (80%) Tad 19a1lum sV auIY 7 uag 9 WINAINEIAD 23U 1A AT
vy v v ' Y ¥ 9 v YA A

Tagldgou luTasnildnandesninnisevuisarsdenanieunin natiiiesninmsonu

Y 3’, 9 9 49{ A o an 1 @
qouluTasniuanudougnainiunieslue1nis e nouasnse1sz nINe MmNy
= v ! 1 P o 1 Yy ¥ 9 Yy A
avuwluTasnv Balianudumudensaiemanuoudiniimsenuisdiegovanoudn
o ] Y 1 @ = 9y v @ g’/ o Y 9
pdonalnnistiemanuieurudinaldelianudiuniuganit auiunsiuielaely

=KX A a A o Aa o Y 1 ' o 7
luTasnddsidszaninmlumsauing msaruguiildedraniug tazausailsuls
1 a [ I

ud lvgaaimislnsuinisvesnansuaiganie’la (Summu, 2001, Methakhup et al., 2005)
Arslan and Ozcan (2010) ¥ sAnyufSeuifieumssimielaslduaauaa dovaviou uag

a [

4
dou luTasnvnwuan msldguugige nazmasldihgeaziilddsuannusulueinis

VR T
a o

v ' o ¥ Aqu o Y o Ao qu )
aﬂa\‘lhlﬂﬁ'lﬂ’ﬂﬂ'lﬁﬂulﬁx‘ﬁ’lsl‘lf UNYU LLﬁ%ﬂWﬁ\?llW“V‘hQW uenINUea lsar lumsnuialos

U

¥
' o o J
771 Wu and Mao (2008) ¥11msm3ans1ms 19l Tasnl lumsviusiaiiedaimsn (grass carp



59

v v
fillets) Taoualnianunuidszum 2 wudwas 1w ldiwdsludon luTasny
: o w v J < f ¥ o
AuD 2450 MHz 19mas 1#ih 400 Yo vunsenslinnudugaiiodooas 20 Tasiminuda
' 9 =1 a A =} [ Y Y 9 A a =
wunlganies 8 uin wenSeumeununislddeuaviounguugil 180 ovfuwaFoe

'Y £ v =2 =
WA lHIAIMIDULRIUINDI 90 U

] Y o ) Y3 o =2 o < v & an A
LﬁuIﬂ\‘]’f)ﬁi']fﬂif)‘l]Llﬂﬂllﬁﬂﬁiﬁlﬁucﬁﬂl’ﬂi‘!ﬂ\‘]E)@]'i'llﬁ’léllﬂﬂﬂ"liﬂﬂll‘ﬁQﬂﬂﬁ@\n‘ﬁ‘ﬂ

Y o Y

;4 H
sEAUANUTUA1Y gunginldlumsiudlaedouandoudinadodnyuznisiuna

~

1A v o w Aq Y 9y ' ] (Y o Y a 1
wummmeaNmﬂﬂu@aﬂﬂﬂmw ’E]EJNhliﬂGnlI’E]G]ﬁﬂﬁ“I/HLLWQT]E)mWﬂZJG]NG] Gl,‘L!‘]f’N

Q U

A & dy (J ] Y v =~ Y 9 ~ 1 o v @

1/]ﬂiuqmﬂﬂqumuiu@’)@U’Nﬂ\iqqaqulclillﬂim"]]@\?{ﬂ@ﬂaujau SUANUUANA NN UBDI NI
{ o <3 o Y y Yo w [ ' o U U v o

Glu"]]mgﬁ@ﬁi'lﬁ?ﬂ151/|'lUfVi\uﬁacquﬂ']a\i\cl’]u]lllTﬂim‘v\ligﬂﬂﬁ’qu Glu“]f’Nmﬂm’J flmhlllmﬁﬂu

o Yy ¥ 9 ¥ ¥ o o v 3 2 ' o
HUINUD EL‘L!ﬂ'li'é]1JLWNﬂ')Elﬂ'O'Uall5@‘L!‘L!u@ﬁi'lﬂ'liﬂ'lll'ﬂﬁqxﬂuﬂﬂﬁﬁu‘] mmuiu%’mﬂimm

a a =

;4 v H
ANUFU 60% NQUKNN 60 1Az 70 o UFAToA uANgUH 50 DI UTAITITLOATINTIN

Y A6 a y A X A4 I 9 = < Vi o o 9y A
LEYNNAN Llagullugiuulwnm‘HLWﬂ\uaﬂu@ﬂ i]'lﬂgﬂﬂ 4.4 ﬁ]glwullﬂ:]']@@ﬁ']ﬂ'ﬁﬂ']quw mﬁ{]

]

v
= a =

i
= 9 ' A adq Yo 1. 82 o Y
50 DIAUFUFYTFININYUUNY 60 Ling 70 DIAUL ALY T Lu@Qﬁ]Tﬂquﬂuﬂiﬂfﬁ']ﬂa’] iN‘VHGlW

Q U U

9 v
v o Y

HoasInszeve s NI niues s lddenluTasniezlionsimsiudegandSuw

A
2N

o))

&I 1 d' o [ 9 [ I o o Y d'
AITUBUITEH I 10-50% 'ﬂﬂ?ﬁﬂ'lwa 800 INANBDATINITNIUVIFING A TDIAINN

~
2N

o)

[ [ 4 . [ H 1 4 ] H 1
18410 720 Sad FeezlianvazaanlurrafSunannusudosas 10-50 uanurauls

Do

[ Y] 4 [ 1Y o { A 3 4 ] { A
18919 #0 640 Tad wdaInoRTINITITaNTuu T uAREeeq TusrannalSua

Do

Y

o o % I o o { [l
mm%u%’aaaz 30 ‘JdJLL“LJ’JT‘IT?Jﬁﬂﬁﬂm@ﬁﬂﬁ§1ﬂ1iﬂ1llﬁﬁ “LE’QL‘]_]uWﬁiJTiﬂﬂﬂ”lﬁQ”lW%”lﬁthi;Niﬂﬂ
[ dy dy go’ 4 =\ da' 9 2 A 49’ ]
“luﬁmmmmwsummuumaaﬂm%uuﬂ‘%mmmmwﬂﬁzmmiaﬂaz 20 "“D’\ﬁJﬂ’JTJJGHullN’gQ

@ A o 3 1 Aaa Y 1 ) < X = A Yo ¥
HINUD uazuaﬂymmﬂmmuwmwmﬂauwum umn“lmzmum !,Lamm%mmmmu
' A o ¥y ' 9 o o X 12 o g 9a gy Y2
@]@"lﬂWTJl!@ﬂﬂﬁ]SLLWQLL"IN meﬂumummwag ﬁ]\‘]‘ﬂﬂ‘ﬁlﬂﬂﬂﬁi%mﬂﬂl@\ﬁﬁ]lﬂaﬂaﬂ MU
A 2 9 Yy
L‘L!i’)\‘]ﬁ]"lﬂﬂ"liizmElslli’)\ﬂ!"lslf"lﬂil"lﬂ”li‘lslf@,@ﬂ]lﬂiﬂiLTI/\I
o = 7 ~ v o Y Y 9 ) Y
aﬂieliugW’dﬂ“]Ji’NL’JEJI‘]JiG]M‘ViﬁQVITLLWQQ’JEJ%]"E)‘]Jﬁlliﬂu uazg]@u”luiﬂmw uﬁm"lu

=~ o w 1 (% o A A 9y A
gﬂ‘ﬂ 4.7 g 4.8 auainy muaﬂymzmmwmﬂﬂmummumwmmmmﬂugﬂm 4.9 TﬂEJ
v

Mnsiavuaa1e Iaely Dino-lite Microscope



60

H s [ o w 1 o w
51U 4.7 wanvesndlsAundanneudlegouaniou (A) maswers 60 w1 uaz (B) maa

V818 190 (N1

4 " [ o w ' o w
51 4.8 wanvesnd lilsAundneudiedonlulasm (A) faswes 60 wh waz (B) Maa

U

V&8 190 1911




61

o

=< " = ° v ¥ ax A Y 2
HAnvod 1sAuNINMsHiansaedsianyuzngu Usznoudrognie Tnsa
4 ' o Y =) 1 3 J Y o Y
pmel iegnTuszraumsdieezinmsszmevonitoanan luing anwieuszihld
o 3 o @ { {o o 1 <
tnstuihesnon umsiuielaslddeuaniou asgli 4.7 (A) Afasvens 60 Moz
< ' o = o = Ao o ' =
FOMAVLIAANNTZ BRE AN IANoNINANYDIIS 11)5AY tazimawwens 190 1 (517 4.7
<3 [ [ d%’ 1A Y o o 1 ° g‘/ dy
(B)) dziuanyuzvesgoImAsanuInivnalndifesnunsznedrededindue Nl
4 o Yy A9 3 A A o o Y Y A A
itloanmsimdenan iaee szme llieieununisimdelaeld luTasnndingg
2 9 < 122 = <3 1 o
szmeueaiAeut1esaE Tunar hite 10 w1 911031 4.8 (A) wwuNTIwIugloImez
' o =] 7 a A Aa 1 A a A
lunsgveainaueninanueandlisau Jvuagntivualvg uaziionasuizilh 4.8 (B)
g s ' o Y 9y ) g & A o
wwiunvuagemav hisanuwmshuialeslddeuaniou nalierviioawainnsi
o o y ] o
ureTag1d luTasnweg dnantes msvuiasiaga iesnau iaiuaue lunmsnszae
@ Y (5 1 ~ 2 Y Yo o =) Y
wasnuludovluTasn dedeiinusnunangevein ldsundsnuuinniveild
@ 1 { 1 Aa < LY 1 { 1T A 1 4
A19619M71 190G NUATINANUHEUTINNIIAI0E19N190GUT U NINYATUINA1Go BN
¥ o o s A =2 J = aa ¥ ' A Yo Y
nessdunamudvesnanngllsauasananaziidiiaiaseu iiewinns ldsuanuiou

0 A ¥ A o qu = 7t Ay 6 R
ll’]ﬂﬂ')’li]ﬂ@uc'] @'JEJLW@H?NW’]GI,WWaﬂ"ll@ﬁnflll"llu'lﬂellﬂﬁgf]'lﬂ'lﬁﬂhlllﬁll'llﬁuﬂ LUDUINANUD

" =} o Y Y =} = I = A o ~
nfﬂﬂimuwmmmmmammimzmemﬂzmﬂymzlﬂumﬁmnaumammgﬂw 4.9



62

~ wa & a A A o ] vy £
M1319N 4.5 ﬁ'll‘]JG]‘V]Nﬂ18fﬂ‘WﬂJ@QL’JfJI‘]JiG]‘L!PNﬂl@]iﬂlﬁﬂﬂﬂﬁ%'ﬂ!ﬂﬂiﬂﬂi%ﬂB‘]Jalli@u Lae

aovluTasnd nSeuifeuiundlsAuneitismihodandgyd

Nanan ma
pH
(g) L* a* b*
Faaive - 6.20'£0.00  82.00+0.12  1.97+0.01  24.27'+021
Y

aNIDU

50 °C 516° £040 6.59°+0.00 85.61°°+£0.01  -0.85°+0.01 4.63°+0.01
60 °C 5.40° £052 6.59°+0.00 84.97°+0.95  -0.76£0.04  4.73°+033
70 °C 511° 033 6.59°+0.01  84.99+0.00  -0.76+0.01  4.52°+0.01
alasnn

640 W 6.34° £0.07 6.57°+0.01  86.57+0.31 -0.87°£0.03  5.50°+0.05
720 W 577 +035 657°+0.01  8524°+058  -0.86°+0.01  5.53°+0.05
800 W 533'+£022 6.58°+£0.01 86.00>+0.87  -0.88"+0.01 5.49" + 0.03

A I J P J ~ ¥
HuyLia ﬂ1ﬁllﬁﬂ§liu@]1§1%ﬂUﬂ1mﬁEJiﬁ’)uL“lJENL“lJuiﬂfﬂiﬂWu 1NNITNAADI 3 A

1 Y
a,b,c G]’J’E]ﬂH‘ifﬂﬂ’]J17]LmﬂGlNﬂucl,uLluﬂﬂdlﬂﬂﬂﬂullﬁﬂ\?ﬂ’ﬂﬂlmﬂ@]?\‘iﬂuﬂlﬂﬂﬂglj@u"ﬁ

IS

pg NV AYNNADA (p<0.05)

a ks wa P2 { o "
mMsansizHguautavesnd llsaunsiiaion s Wiouieunund ldsaunenil

D.

o 1 a a 4 9 [ A U a a A 9 . as ~
TN UIYLBINTIN Y ]'I,G]WZWNG]WN‘VI 4.5 NN ﬂiumwawaw"lﬂ (yield) 91DIBNITIATIUN

9 aa

1 = 1 [ =Y vy [
ANITAN UANUUANANNUDYI NN UITIAYNWNETD (p<0.05) Iﬂﬂﬂ?ii%@ﬂﬂquiﬂil’w‘lﬁ]z%"l

a

a ' " ! 4
TR ldwandnganimsldgovanion yield veundlilsAunsimsonTaogouandoungumgi

U
v

a1 BenlndiReeiy (p=0.05) TuvaziimsssouTaglddenTuTasnvfimaanu 800 Taald

Y a o A =1 o Yo o o A ~ ] 1 Y] A o
lawandasga (p<0.05) eguiumslgmasnuszauoun i liuanaany iieswrnms
Y sq9 = Y 9 ¥ ' o Y A 3 A
uianlgnannulunseimseuiedisanion lusznimsiuiaziinssevetosn wie
' < H o q Yt 3 2y ya v
aruuiueenuuiureaimeaasuuniasesi Iitvewdsiazainirldaaaswaiylu
sgranmsauuiy 3 I lawandnanas wudernununmslddenluTasvndas luih

= ' 2 (] A Y =X o ya A 3 A
g azimIaruunyesisamIntewiananuioug sei InilSnavewved

3 Iya Y
azmﬂuﬂﬂmmmma



63

[ o = g’; a A 1 @ d Aa a I 1 A [

A1 pH Y0918 1USAUNIENTHANAUANANAY 1ASEIFINNTINANIDY (NN

= ° 1 o s A A 9 g}/ ax g’/ Ay A ~ Y Aa g P

6.20 Faa1N19 1 saunmaa lanaanids netlerdloauinananiznldgnaniinidn
1 o 1 A = Y 4 Ay = v A

uana19nu nanne lunmsanaznawasulasldou oz umuandesiasdsuniey Tu

i A P q s - 7 4 A &

minzamenz 1o lsiaunsarianlda 9nnaad L* a* b* veand lsaunsausian

a1 [ Y=t 9 4 =1 a a W LY [

UAWANA1NUDNAIY Tae8 1UTAWFINABEAT L* (M1ND 82.00+0.12, a* (M1NY 1.97+0.01
1w L= o =1 d' a YA [} 1 =

1Az b* NN 24.27+ 0.21 MAVed 1sAuNHAATANIA L* a* b* 08531719 84.97 04 86.57,

= = o w o ~ a a =Y A %’ 1 4

-0.76 94 -0.88 1AL 4.52 D4 5.53 U9 Y Taend 11sauFanal vl amanaoutinaIa aaune

Tﬂmu‘nwam"l@mnnﬁ%ammﬂuﬂaﬁmnamwam

~ wa ~ o A A A o v Yy Y Y
A1319N 4.6 ﬁiﬁJﬁVINLﬂM"U’ENL?EJT‘iJﬁGIuWQVILﬁﬁﬂllmf‘lf‘l"lﬁ“l/ﬂlmﬂjﬂﬂi%'ﬂﬂﬂaﬂiﬂu iHaggoU

TuTasnn nSsueusund Tsaumanismuem@anass

gt T1lsfiu uanlna ANNBY

(%) (%) (mg/g) (%)

Farnalvd 0.64" £ 0.040 3.42'+0.08 153.00£0.00  2.73"£0.15  0.381°+0.002

andou

50 °C 0.15° £0.007  0.56£0.04  76.50+0.00  3.67°+0.02  0.410°+0.068
60 °C 0.22° £0.005 0.57°+0.05  106.25+6.01  3.66™+0.02  0.398"+ 0.046
70 °C 0.30° £0.014  0.56’+0.04  110.50°+0.00  3.58°+0.02  0.401°+0.003
Talasel

640 W 0.14° £0.003  0.56™+0.03  183.56°°+6.04 3.63"+0.01 0.411°+0.010
720 W 0.14°+0.003  0.57+0.04  175.02°+6.04  3.68°+0.02  0.409'+0.010
800 W 0.56"+0.020  0.58"+0.06  187.83:0.00  3.66°+0.02  0.402"+0.011

1 H I~ 1 H [ H ?,’
NUIYLYIA ﬂ”l‘ﬁllﬁﬂxﬂu@"liﬁlﬂuﬂ”lmaEJiﬁ’JilLﬂENL']JHiﬂ@iﬂTH 1INNITNAQDN 3 B

] 9
a,b,c G]’Ji’)ﬂ“leliﬁ”lﬂ‘]J‘ﬁLmﬂﬁ"l\iﬂuiullu’mQLafJ’JﬂL!LLfWNﬂ’Nlllmﬂ@ﬂﬂﬂusll’f)\iﬂgl}f‘]y‘a

9 @ a

P NNBTIAYNADA (p<0.05)

=Y Y] o g’/ a 1 1 [ o a
Uu1a T TUsAURIN U Hal AMANAA UUIN 128 11T AUNUT

a d =

widlsdaztilFina lniugeige sesasnie ndllsaunsiwmionTaoms 1¥den luTasni

[

mas Wil 800 Tad nislddeuanion uagnslddou luTasnnmasluila 720 nag 640



64

a o w

Jadgamudrdvazmiulanms Feamvginazmde Iuihgeerhlntidsinaluiugs mazna

U U U

=%

o Y A <3 o 9 =S =Y o Y (% g’/ o 9y 9 Y
lumsiudansiagrgsildgadedsua lviiudes duiunmsudanldnanisszas
1 Y A o o = A a 9/3}/ axa Y [
auamalasuims 131a Ysuna luduvesndllsAunsnnan ldnsae it i lndineenu
1 o w [T 4 1 [ $ 4
oniumslgdou luTasnudiasldih soo dadvelinwinnfan1nzouq uazlndifes
o o a a o 1 < =Y ¥ g’/
fund IsauluFanayd og1alsnauSua Tisau uazdSuiannurureansouuiang
Y
#9357 11uana19 Y 1(¥REIAUMITNAABIVDY Wu and Mao (2008) Dnnaganunilsunu
) Y v Y = 1 Y Y Y
lusiuvesmseunielagldgou lu Tasnazdisunnnnmslddevanion
=Y o H a 1 1 1 [
PsnaTisauvesndlsaunsiinga ldlugnaniiziinieglusie 0.56-0.58 niw
1 [} o X 1 1 L a a 4 g’; %
aonsuMIgllsaugaaiosndI1 lumand 1Usdulu@amnaiyd Gosas 3.42) Dnnagall
a2 dy 1 ~ 1 (% @ L a a 4 o = A a Yy
YSHANUFU 1aLaT a, NUANANAUADNIIE IUTINaiYE TaonandlUsauinanlan
= dy [ [ ~ o a a /A dy " W
YSuannuauegluegig 3.63-3.68 Tuvazinandhugamnaydudsmaanusuming 2.73
s A VSN dy 1 o a a IS 9 1 d A a Ea
pandnran landsnaanusunnn e ludamnayiantios A1 a, YoIHWIGTINASE]
1 1T W é S 9 1 o =1 d' a 9}& = 1 ]
AN 0.381 Fadinttosnmand llsaunnaa lagelinoglusie 0.398-0.411
o =1 o g’; a1 ] @ o
WSuaan Taauoandd 1sAUMIMITang 2 33U ana1en UM I lae

l¥dovuanioureiivSumuanTnddini1i5oug Ngungiiniseuui 50 eesusaiGodal]

'
s 1 o a

" o a a o 1 @ " { {
Ysuaan Taanny 76.50 Jadniuaeniunend llsavezinminga soeasunefigungil

QU

60 1az 70 peruwaGod ey st laglddou luTasnddas Idihgeziifsua
A A A Aa o 1 [ o = 1 Ao w 9| v I
uanInageigane 187.83 aaniuaoniunand lsau doudmaslaih 720 wag 640 Tadil
=Y [} 1 [ Aan g’/ dy [ Y A 9 1 =
YSawaaTea luuanaieduluniaada (p=>0.05) natimsizmsiunianlsnainuniiezi
<3 { %’ [ 1 9o’ 1 o o
msgadetSinavewishazaroi 1d ldnumsauuduvesihsznaemsvudaldun v
a 1 1 { o [l < =Y
ISunaaalaaianiosninsainldnarlunisiuiaios ogralsnautlsuanan laa

d a a =Wl [ Aa a o 1 [ s = é = 1 1 o 9
VOIRIGITINIATINAUNINDY 153 Haansuaeniunad ldsau FINANDYITSHITINTITNIUNN

Y an 22 ES ¥ /A 9 Aq ¥ ) a A 1 =] '
RGN ‘VN‘L!@”Iil“]Juﬂﬂﬂﬂ!ﬂﬁ/‘lu”IL'JEJLE?J@]‘LW]GI,GHL‘]JH'J@]ﬂﬂ‘]Jllﬂ'ﬂllLMﬂ@'Nﬂu i]\ithﬁ'lllTiﬂ

Q

' dy Y1 A A Y = Y1 < 9 a o Y .
Ha¥ 1aniisuanan Inaunniedes dauinezilums ldmatiam sty spray dried

{ o <3 0 ' . .
nlgnarlumsiudasann mldaenanimelasuinise1ns 13 1du1n Gaiani et al. (2010)

Y o =2 ~ a a A A o Y 1 A~ 1 o 9
ul@‘ﬂ'lﬂ'liﬁﬂ]&l']LﬂEI'J'E']‘Vl‘ﬁWa"U'E'NQm‘ﬁﬂulll,ﬂ3'EN‘VI'ILWNLL‘]HJW‘LW\J'E']ﬂﬂNWﬂﬁ@ﬂﬁﬂﬂigﬂﬂﬂﬂT\iﬂWU

] Y
a S

dy a = U a @ = = 1 o Y

Wummmwﬂﬂmuun wmmﬁmnwummm"lwuﬁluwﬂﬂmuuu BITSUINDITNULNN
@ = ] ya d' %’ U d' = A

ul‘lliJL! uazTﬂﬁ@luﬁ]xag%am‘n%aummnnm Tuvaznuan lagwuuTNUUAUNAN NITINL

Lg Aa o o tdyl 1 A Y o 9y 9 a =) 1 o
W‘LJ“VIW’J’dllﬂﬁl!’(?NNaﬂi%“ﬂU@EJNNWﬂﬁﬂﬂ’qmﬁ{]ﬂJﬂGl“h"ﬂmﬁri‘ﬂ ﬂﬁ“l‘lfqmﬁ umfﬂzuwam"lsuuu

ﬂ" o
NUNUNNITUNTUD

1 (B 1 <3 e Y] 1
uaz TUsAued 1N uadanadaan Taa@aniios UoNALHEINLIINIL



65

@ A I Y o A A o = I~ 4 1 A A a I
ulslliJu%ﬁlwuﬂ'JWMLLSIIQLLiQGlﬁﬂUNﬂﬂulﬂﬂiﬂﬁﬂulﬂuﬂﬂﬂﬂﬁgﬂ@‘UiJWﬂﬂ'J']W\‘]‘ﬂﬂJlﬂ‘;ﬁuLﬂu

4 o = ~ Y [ s = a a d v
@Qﬂﬂigﬂﬂﬂ ﬂ')'liJﬁ’lﬂJ']ﬁf]Gluﬂ1§a$a']ﬂ"llﬂ\inﬂi'lli@]u°l/lllﬂLV]fJUﬂTJL'JfJIiJiQ‘IULGBQWWmGHEJﬂQ

waaaluzii 4.10

100

80

(e]

o
o

o

60

40

Solubility (%)

20

N\

2‘&0‘
o
e
0
O
o
O

)7
9%

7 A

1&?7) )
Y
%
2

2

4
90;“

! o = { A = [ o a a J
31 410 aAnwamnsa lumsazasveand lisaunnaa laiisunund Tusiusanaisg

Y " = e a A 1 o
myiaanuausalumsazarsveswand llsauniawstiatiauanalany Tay
" = v o a a S L) R A
MIazaIeveIned 1UsaunUIWad lugawdisdliainsazarominuiesas 85.55 Falia
~ o A A a 9 3’; asA 1 1Y) < Y 1 A 9 a
ganga mendllsaunwaalansaeditliswanannu@anios na1ndemsdquugl uas
o v { o o { S { ' o { a 4
mas IlihngeazinIinendTusaunlatamsazarenunnwend lsaunnaa laiie 14
gl tazmaa uihe
Y . Yy _ v ’a g
M3A5799 1n598319N199a010 (microstructure) Tagldndosganssmisanasou
y o . 3 = A a Y =
HUVABINTIA (scanning electron microscope, SEM) maqnﬂiﬂmummwa@”lﬂ WIeuiney

Y o a a J o {
AU Tsaumudandisd lananagii 4.1 894.15



66

a 9 9 A Aa

517 4.11 Nl sAumnnan Tnsdoudounomnnil (A) 50 o3rwaFaed (B) 60 03fsalme e

L1 u Ll U

1ag (C) 70 eIANBAFIT NA1AIVE1Y 300 (11

a 9 9 A

51 4.12 ndllsAunsiinanlaodouiouiigungl (A) 50 esrwaiFod (B) 60 oarusaidod

Y u

iag (C) 70 DIANFAHEE NA1AIVEIE 1,000 111



67

a 9 9 =

~ o 2 A a a =
ﬁ‘lJ‘VI 4.12 L’JEJTTJSWL!NQ‘V]Nﬁ@liﬂﬂ@l@ﬂiﬂuﬂﬂmﬁﬂ (A) 50 paFLsaLtrae (B) 60 DR K ALy

g U £l QU

1ag (C) 70 o9 IyaITed NA1aIvee 1,000 111 (A0)

51 4.13 g TsAumiinga Taogon TuTasm NMdsau (A) 640 Sad (B) 720 Fad uag (C)

800 3¢ NASIVLY 300 111



68

o/z*x

£ 4

LEMR sS¢ |:.r--1g(

(2

51 4.14 ndTsAumaiinga Taagon TuTasm Nhdeau (A) 640 Sad (B) 720 Fad waz (C)

[

800 3¢ NAEavee 1,000 (11

EMR Sc CHU

(2

5109 4.15 G TsAUTINASS NTEIv818 (A) 300 1911 Lz (B) 1,000 (11

Y



69

=< 9 o = 1 Aax Y A ]
HaNISANY1 AT 19N 199001AY038 [ SAURINYINITNITe VNI NadD
@ J* { a o 4
anvazuazvuIavesoynand llsaunaiinga 18 msiudalaslddovandou U 4.11
o J J { < { {
naz 4.12) vz ldeoynandlsaunsilizlsadronaniiinnuiumasuyuge Tagh

A Y a Y o qylk a AN Ya 2 A 9 Ao & o
’qm14QJJEJULL?NQQ?JLL‘HDIHM‘VHG],‘HWHN%ﬂumﬂﬂ"l,mﬁﬂummluﬂ31luﬂi‘vqmﬁﬂuﬂ1ﬂmﬂzﬂ1

U

a I {0 [ o % 1 'o
IdmeoymalianyazNounin oyninveand llsaursdinnuduulsvesvuia liainaue

1 o 4 1 { d { 4
dyumaihmiaTaglddenlulnsni UM 4.13 uag 4.14) veligiinilumdenyuiiesauiio

A o Yy ) a kX Aa 2 o &/ g A A 2 Vo A J
L“I/IfJ‘LIﬂ‘lJmﬂﬁlfﬂmeJi@u l,!,azilwuWTI/ILiEJ‘LIﬂJquJmmul‘V\I‘I/\h‘I/uWiJQQ"IJu Llﬁﬂ\ﬂ\lﬂ')']llwuuﬂi

= a o o Y ] ' v oY a
VDIVUIADYNA ﬂ'liﬁﬂ"lelHﬂEJ’Jﬂ‘]Jﬂ5$°]J’Juﬂﬁ‘]ﬂ'ILLWQI@]EJIGB]’I,NIﬂiL’JV\Ii’J‘JJﬂU’E]aGIiWTG]fuﬂ

= J

wuheyaai Idnamsiuialasly luTasnvfizdieiusivae@ounaaeuiisnay

U

Ay ¥ = < ~ 9 v v g Y T A 9y o 9
61§ﬂ1ﬂ1/]hlﬂi]%iJﬂJuWﬂmﬂiﬂﬂLm33JLLU’JIU3J"[]$§]’]JﬂL!L“]JHﬂ6L! LLG]L‘JJ@IGM’Jaﬂuﬂﬁ‘VHLLWQ

A 2 o q ¥ X o 3 Y 9 .
LWmju%1/1ﬂwmummmaumﬂwmmuuazmiﬂmﬂumuu’aﬂm (Leonelh and Mason, 2010;
o " = Aa a 4 ~ A o I

Park et al, 2008) ﬁﬂ‘]%lm%"U’EN@Hﬂ'lﬂl;')ﬂTlli@]UPNl“lNWWﬂi"]fﬂ (qﬁ;ﬂ‘ﬂ 4.15) Maﬂ'ﬂﬂ!glﬂuﬂiﬂﬂﬁu
=\ ! 9 ° g‘/ dy A am o Y A o 1 Y 1 A %

UAZUUVUIAAD UV INTUUTUD ﬂﬂulu@ﬁﬂ’lﬂﬂﬁﬂ?iﬂnl'ﬂﬂﬂG]'l\‘lﬂuﬂgﬁQWﬁiﬂﬂgﬂi'l\?ﬂﬁ'l\iﬂu

a 3 o Y Y} Y} =2 o q Yy Y A g A A

@ﬂﬂﬁl?ﬁ11uﬂ’l‘iﬂ’ll!’ﬂﬂllﬂﬂ spray dl’y Slf’]ﬂ')ﬁ?l!’f]Elll'lﬂiNVl'lslfVillﬂ’f]‘lalﬂWﬂ‘ﬂ!ﬂu‘ﬂﬁﬂﬂaﬂ WURTI

=
158y

: ) - . . .
51U 4.16 g 158U Te TwanrumsiudauunuresNULUIA 30x40 U1 TUINAST (Shah et

Y

al., 2012)

=X a9 9y o

1 1 o
ﬂTiﬁﬂ‘]sl'leUf]\i Shah et al. (2012) WUNWANN ﬂﬂ1ﬂﬂ15ﬂ1llﬁl\‘]uﬂﬂwuI?Jf]fl"llf]\i!’)fl

[ [

Tsau'le Tmantdnyszaasdn 4.16 azmiulawanianyas Indifeenund ldsauns e

U

g’/ @ =2

a A J dy =1 Y ' ' Jd o

FIN Q%S UFRMsAnYINanIENUvdan 1L lumsouuauuuNUrpeaelanFUYDa
TusAuuandudiu (milk protein concentrate, MPC) oyn1nfinan laainnsosnudosniinisuls
Auguugin 1y (70 °C, 107 °C, 155 °C wag 178 °C) anwawsnlumsazalonagmsidon

annvealUsauialaely focused beam reflectance measurement (FBRM) 1481 polyacrylamide



70

A o v

y 4 a o Y A 1 ] 9 o
gel electrophoresis (SDS-PAGE) 1W9UIWAA mmqWmfm"1ﬁl”lﬂﬁmmuﬂamﬁgamiﬂmmu

(%

d94n319 WUMEUMANKIUMT IFgunglmlanymenay (spherical particles) Tuvmzinig

9
a 1 < '
ldgunglgeaziinnunauiosnil waves FBRM Fldifiuimsazalevedoynin MPC 92

P4
= a =

= 9 = A 49! U dy Y < [
aﬂmmaumﬂ%@mﬂugwu Tﬂwumem’fmwummu AIUNAUDY SDS-PAGE 615611’“1’?14!’31

q U

[ d' ] z 1 A = 1 9 1 " =
di ldazarein dwlngfomduz laeanudouninnindlsdu (Fang et al., 2012)
IFUIRBINUNTNAADIVOI Maas et al. (2011) NIMsANBIANBUZDYNMAVDIWNUTNOATHIY

o Y ' ] 1 AN YA o = U I 2 ¥ o U
mimumuuuwudaﬂﬂwmmumﬂﬂ@uaﬂymzuﬂu LLﬁZE‘]JiNL‘]J‘L!‘VIix‘Iﬂ@lJ DNTINYINUI

a o

Y a X ' 3 A v Y 9 '
miizmaaanmmmm@ﬁuaﬂnmmnﬁqmwﬂuqq ﬂz‘wﬂwmmzmﬂﬁmmmmuqqmwa

U

o Y R AN YA 1 d‘dal A
TITGlWWﬁﬂV]Ul@NGUH'WIGLWiUU HAZUWUNIVIVIE



