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## 5470222221 : MAJOR CHEMICAL ENGINEERING

KEYWORDS : MULBERRY/ANTHOCYANIN / SPRAY DRYING / VACUUM
TANAKORN SRIRATTANATAM: ENCAPSULATION OF ANTHOCYANIN FROM
MULBERRY USING SPRAY DRYING UNDER VACUUM. ADVISOR: ASST.

PROF. APINAN SOOTTITANTAWAT, D.Eng., 120 pp.

Spray-drying process is commonly use in industry for producing the powder products.
This process is most common and a cheap method. Spray drying was used to produce powder
from solution or emulsion. The solvent is evaporated from the sprayed droplet by hot gas to form
the dried solid powder. The temperature used in the spray drying is normally higher than the
boiling point temperature of solvent since the solvent have to quickly evaporate from the sprayed
droplet in a limited time. However, most of the heat sensible materials such as vitamin probiotic
and enzyme are degraded during the spray drying. Therefore, the spray drying process at low
temperature at vacuum pressure is investigated to prevent the degradation of those sensitive
materials. In this study, the anthocyanin as a model of heat sensible material which was extracted
from mulberry experiment was encapsulated in maltodextrin with DE10 by spray drying under
the vacuum conditions. The pressure used was 0.34, 0.54, 0.74 and 0.93 atm with drying
temperature at 40, 50, 60 and 70 °C. From the experiment, at the atmospheric pressure with the
air inlet temperature lower than 100 OC, the dried powder could not be obtained. However, at
vacuum pressure with drying temperature of 40-70 oC, the dried powder could be obtained in the
product pot even the temperature used was lower than the boiling point temperature of water.
The decreasing of pressure increased the drying rate which could be observed by the decreasing
of wet bulb temperature of the air with the decreasing of pressure. The spherical powder was
obtained from both ambient and vacuum pressure. However, the size of powder from vacuum
conditions was larger with smoother surface comparing to the sherive surface of the powder from
ambient pressure at 160 °C. The moisture content was about 8-10 %. The retention of
anthocyanin during spary drying process was 90-98 % which was higher than the conventional

conditions of 160 OC.
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2.2.6 myounFIMUUNUHBaR 1ITA199[10]

2.2.6.1 msauntianvunudeadlele3outiseIn (Superheated Steam Spray
Drying)
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2.6.2.4M32UNAUHNUVUUNUHBY (SPRAY FREEZE DRYING)
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Comparison among Four Drying Operations

5D FD SFD ASFEFD
Drying time Short Long Long Medium
Powders Agglomerated or irregular Cake Spherical and porous, mono Spherical and porous
Product quality Medium Good Good Good
Energy consumption Low High Highest Medium
Product capacity High Medium Low Medium
Operation Continuous Batch Batch Semicontinuous
Invest cost Low High High High
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FIG. 1. EXPERIMENTAL VACUUM SPRAY DRYER
(1 and 2): Temperature controller. (3) Water bath. (4) Temperature sensor. (5) Drying tower.
(6) Temperature sensor. (7) Baffle plate. (8) Far Infrared Rays heater. (9) Spray nozzle.
(10) Temperature sensor. (11) Digital manometer. (12) Temperature sensor. (13) Vacuum pump.
(14) Cold trap. (A) Compressed air. (B). Material. (P) Circulation pump.
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NIANTUN (citric acid)
i&ule (fiber)

i1 (ash)

ANNAluNIA-A19 (pH)

X .
ANUYBU (mristure)

2.24
491
1.35
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4.71
ND
ND
4.05

ND

1.68
21.35
0.47
0.21
0.07
43.48
25
50.65
3.66
930.1
4.16
6.87
0.72
1.06
1.51
2.03
1.52
5.9

72.95

28
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{ 1 ] ) v d
A1519%N 2.4 muﬂizﬂaumqmﬁmmwamau@%mmmwugmm [25]

Y 9 Pl
Tisau  [Tdsdu Tds@u  shena anualsen pH  anudu

Wiiveu (%) A30(%) (%) (%) (%) (%)
UATINHTNT 60 1/ 156 lifidoya 147 2631 1.39 6.00  90.27
35 60 1/ 126 ifideya 131 2181 1.51 590 90.15
e fIFoa v/ 11.86  61.19 3.66 112 119 400 16.58

2.4 uauls laseniiv [26,27]

a 1 H [ v a <3 3|
uouls lyentiulsznonlidrenguuesansilddnatengu Flndvzmuiluddy &

[ Y a [ Y A o Y a I A
uas 129 nazidu agluwa livarestia Wn aen 1 qaqueuls lsntiuiluasiawise

1 Y v Y = ° a A< 2
aza 1@ aunseanaeenilaie sazainlumnihsdaemsiitluveaurad Ins
U3 Inawenuiu Tagdsisainnadiafes uenainaaautialumsldaudiarsuouls la
a 9 1 g 1 o

eniudsgnnunilse Teninogunin selunisingeaen Ganuawisalunmsdueyya
a ~ ~ Aa = o A @ = wa v A A A Y
pasz anANUdsINIzINa lsameInurnasaaeaaz il sagaantiamaiindudanmii

wou 15 laeniiwduensdinuiaula

nnnsanedua i luanavesweou s lvetiulsznoulUdre lnalagiadu
' 1 Y v

(glycosylation) 1Az PFARIY (acylation) FIANUIADYTURITTIZIUBYNUNTIAUAIAIY
I 1 Y a = Y dy 1 = 4 aa
Wunsaars anudou vawweuls lyertiusziiTaseadaiugiueg 6 unuials Iniiau
(pelargonidin), Taentiau (cyaniding) ,‘W Todiau (peonidin) A8 n3au (delphinidin) ,ﬁ 1 UAY
(petunidin), 11837a3A1(malvidin) #a1aseas1avzlasuutlaslasnisuasudumielnalnd
a .. A o 1 A o A Y a o '
an (glycosidic)NA@MHU 3 W30 5 uazdeusaldasunasldlasmsedaasuveany

=

¥ 4 a
uWﬂﬁﬂUﬂiﬂﬂu‘ﬂit’j’
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O~

OH glycoside
Ri=R.=H Pelargonidin
R;=OH. R=H Cyanidin
R;=OCH;, Rs=H Peonidin
R,=R,~OH Delphinidin
Ri= OCHj. R,=OH Petunidin
R=R,= OCH; Malvidin

517 2.19 Tassadrana lvesuou 15 laseniiuf2e]

msasvdsunaeu s leeniiuTneIsdiesanimeos wdea(pH differential)

Absorbanee

630 750

450 550
Wavelength, nm

~ A a ) ad A a =
sUn 2.20 mwmmmi@ﬂﬂammwamauiﬂ%mumanwL%ﬂmwgﬁm%a [26]

an A a = 3 axqg Yo A
serarios wreatluITn 1 FnuunlugaaMnI TN IMIINENATOUAMNINUDY
Y

@ I a o =Y a A
dnuazwalifae Taedsmsnazdiasmasamlsuia T Tumes nuou 15 laeniiu
(monomeric anthocyanin) Niog lagazuouls laeniivazmamsulasunaclaseaiie

. 1 1 QU ady tiy o =
anthocyanin chromophore 3¢%7319A1 pH 1.0 N pH 4.5 Taudsmsiamseiih lwmlSuw

a2 - L4 A
wou 15 tendiiulurimald 1017 enslddnnsssumna wiomsosauoula

Y v
Tasvanmamiuravidsuiausu s lee1 iz iz Ianmslasuainig

A A 1 axn 2 0 < g .
AANAULTINAT pH 2 AN Tﬂﬂ']‘ﬁﬂ'liugﬂu“ﬁu@!ﬂuﬂi\ulﬁﬂiﬂﬂ Sondheimer ba& Kertesz I@]EJ

g E g}.z v Aaw =2 P = Y Yy A a
Tunssusnoz loan pH 3.4 liag 2.0 ﬂ'lﬂuuuﬂ')ﬁ]EJiuﬂﬂiﬂﬂ\‘lul,ﬂilﬂWiﬁﬂH']ﬂuﬂ'ﬂLWNLﬂiJng

q

alaeua pH N1 1.0 uag 4.5 TuTuwesnuen s laeriiuidluTaseadanansanaou

aav ldndun ldeuan pH @z Tdaa1uTn598314 ionium A1 pH 1.0 uag lulidauTIaseaiig
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. A [ gi = 1 ' =) ~ = =
hemiketal 1A pH4.5) ﬂﬁuu*ﬂ%ﬂNa@]NiuﬂWﬂWiﬂﬂﬂau!Lﬁﬂ“ﬂﬂ'J13JfJ']'Jﬂ'ﬁLl 520 W TUINAT B9
2 "o Yy Y a Y A A a A <
%zmuagﬂUﬂanumumumaquau1ﬁ1%ﬂ1uuﬂaﬂuau1ﬁ1m81uuvuﬂﬂﬂ1ﬂﬁauua$ﬂa1mﬂu

9 a Ia ] = 1 [ c;y/ A A a 9 a 4
Iﬂi\iﬁiNWﬂamﬂiaﬂﬁﬂ%vlll!f]_lﬁﬂuﬁTllﬂW pH ﬂ\‘l‘LlulL@uI‘ﬁul%ﬂ?ﬂl!ﬂlﬂﬂiﬂﬁ\?ﬁﬁ?\i%lﬂa!,31’03

Y
anaz lumunsosmuianm lagldsi la

O-gly O-gly
Quinonoidal base: blue Flavylium cation (oxonium form): orange to purple
pH=7 pH=1

+H,0/-H* ‘

VR,

O-gly (o} O-gly
Chalcone: colorless Carbinol pseudo-base (hemiketal form): colorless
pH =45 pH=45

g1 221 mmuaaamsnlaou Taseainveweu s lyeniiufian pH 1.0 waz 4.5 [26]

mii’ﬂmmﬁ@.ﬂﬂﬁuum%zﬁ’ﬂﬁfhmﬁgﬂﬂﬁmmqummmﬁazmﬂ HaTMIMUINAIT 1Y
vhminTuana (molecular weight) 1182 molar extinction coefficient Vesasion 15 lyeniiug
ﬁmm‘ﬁqﬂiuﬁmmﬁ’wm wu Taginaueu s Teeriulu lnivz i Taeld malvidin-3-
glucoside (MW = 493.2) 1az 19 molar extinction coefficient 28000 Tagnaa1slusITURIAL
UszneudroueuTslwoiunateriia uazidou lamuarsudazsiia nmsiineuTs lseiiu
warnnarolusssunAi 18l @150 1M1Z191294 extinction coefficients W3 01111IN

Tuana 18 Taoueu Ts laentuiinnlusssumnaaiulvaazilu cyanidin-3-glucoside
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2.5 aluladmsHuiuas§1Any (encapsulation) [7]

v g I a 1 9 A Y Y a 4
msnnnuilumaiinlumsveduueariadrsooyma ideasdsznnwedmes
Y 4 a g 1
Ts@u Tuiu waganslulawsa 114 lugaamnssuemsuazen deaveunaiiniizielniles
gsdnnnmsdudanuaniminadeuyi lvesaunsanuasuas aANusou oondau 1aa
Y
Ju nazdimsauquonmitanlasslunstivesgaamnssuenildannsoldon 1 Taell
o zg A dy < o ] Y o o AY 3 Y A o
anwasansniniu malatzlumnihamsnveduasdiagidesmano 3 Tasansinon
< ' ] I a a U L4 y A o ! Yy 9 =
i (core)du Tgjaziluens Imiu ussig onlad msldnause hwivedudreash
] Y ,& dy 1 ] SIQ' d' a 1 A
Wory (Wall) aanswanii lugaaivnssuemsaiu gz ldaanmonnsssuma wu iy
v SR o | nm Y = 4 a 4 = Y]
dnd seasmihwuiaiiunuia vy 14 3 vuaa Ao msTulamsa wedwes Tusdu Tusiu

Taoan$ Tu'lamsmzidlunuiafitiautiou 1 uinnige

A v v Y 1 A Aam ] Y 1
matamsnmnunllaiu 2 wanluaq Aodn1na Wwu mMseuudeununureos
. Y ] \ Y A < e
(spray drying) N139ULHILUVUNABLIU (spray coling) NITDULVILVULIDNLUI(spray chilling)
< o o . an A ' J o . a <
HAZIONFNFTU  (extrusion)tazATNIUA 15U TALYD 512951 (coacervation) WOALD 151351
(polymerization) Ta19a (sol-gel) MtounalaanIasisa1ee 1z laanyuzunsoyniauaz
Y
VUIAVOIDYNADDNUIHAGUUIAAWA 0.2 D9 5000 Tu Taswas vzgniFonin lulasunilya
(Microcapsules) 819118 1najn11 5000 luTnsimasaziFonan uilasuailya (macrocapsules)

<3 ' '
pazdrvuaanna 0.2 luTasmas azisena1u Tuuallya (nanocapsules)

A Y v I ] 9 3 ] ~ [~{
sunuvveseymai lannmsannundsIadluvategduou wu oynan lidlunsa
naw (Irregular Shape) LUULNUIAY) (single core) NA1TNABINITHNOGT19IudDUTOUAIOES
A g @ . a3 A ~ Y v I 1 a
NAUMIT BUDYiaeUnY (multi core) HuuVUNT A1shdeImsnniNUagHateytialuoynIn 1
< o g . < Aa Ay v g A Yy v v o
A HUUMTIINAI8FY (multi wall) WUnUUATEIINARINTANNY 1 Fila HAINAIINITIHAIY
2 I dy = . [ A A Y v « I dy = [ L
YU uuURaNuIloRe) (matrix type) WUUUUNE15NADINIANAUNT N WL DREINUNIY

I <
Auliaoyma
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SIMPLE IRREGULAR

MULTI-CORE MULTI-WALL

51l 2.22 msAnnuzuUa1e [28]

2.6 MmsnnuasanaeuInlseniiualedTnse uuHIUUNUHoY

v [ a % Y 9 a Ao ~
f‘niﬂﬂlﬂﬂﬁ”liﬁﬂm!@u}ﬁllcﬁfﬂuui]”IﬂINﬂ wa“lummqmll’;mﬂma ’E]”I'VNTIJ’JFI]EJGI,HTJ

v

Y o v a o 9
2007 Y94 Seda waramue [2] "1@‘1/11m'5ﬂmﬂumiaﬂmmuiﬂc}fmuummmi@mm Iﬂﬂ(l“]f
ax 9 1 = 9 Aa aa ~ Y a
Mo uuUUWUreY HonsINsleuans 5 Nﬂﬁﬂ@]ﬁ/u”miﬂﬂﬂ”liﬂﬂﬁﬂﬂﬂ%%@mﬁ{]ulu

Y A ~ A A D] N 2 a
NITDUVLUHN 3 AN 160,180,200 DIAUFALTYET ‘W"U’J1L3J®3Jﬂ1isl"]fqmwgllaluﬂﬁﬂuQ‘Q"Uuﬂilﬂm

'
= a

a {0 o = =y a 4
pouls lyenfiudnnny ldve s uaniosaslasadtSinameu Is lsaiuinnigangumngi

Q U

a U

160 parusaFed uaz lanaaewldsuarsnlndlumis Taelddluuilavoalamnaasu A

v

9 1

1 o 1 S A Aa 1 o A v & A 9 Y ax
DE mqﬂuwmmﬂwaaimmﬂcﬁmu‘num DE ANNUITUATINITONNUNANNU Tﬂﬂllﬂ\i‘ﬂllﬂ"l

A 1 <

M3fnIUa15gegalinl DE 20-23 aeun1uil 2010 Renatatazaaiz [29] Td¥imsAnADas

Q

a A v . ya Y 1 A a
nouTs leeniiunanan1an #ao1ly (aca) Tasldismsevunwuunudesiguugi 150
[ ] g @ a 4
DIFT AT 0N 1NIouas 15 nsu/ani Taeldarsnidlumic 4 ¥ia Ao uilauea Taand
a [ a Y Ly o [ 1 9 Jd a Y
@3U DE 10 taz 20 nuozs1on uazuilaiudilzvds nu vilaea lamndasutaziuoy
= 1 v < a { o ] o [ 1 o
s1nazldamstnmnuasueu s leertiunlndifesnunazuiluiudilevasaz 1damann
< y 4 J a ] a I { %’ o
nudesngaiiosnnuilwealamndasunaznvezsiniuuilsiamisaazarvir lai 1@
a 19 I~ [ ' 1 o ) v §
wamsnmnuluserinszuIumsovuauunudes aruuilaiudrdenduiuuilan
¥ v A 1 Y 1 1 Aa v I 49! ] )
azaeih ldenidioaglunszuiumseuniauunudesss lumansinnuiunaazuiany
I o 901 . .
Wunsveatlwennuravesrimalsl 111 2011 D.M. Jimenez-Aguilar tazaae [30] laAnwn

= = A o o=t an Y 1 2 A <
ﬂQﬂ')’liJ!ﬁflEJT’U@QﬁWi‘ﬂﬁﬂ@iﬂﬂ‘UQﬂJflﬁiiﬂﬂﬂ‘ﬁﬂ'ﬁﬂﬂuﬂ\ulﬂﬂwuI’/jf]f] Tﬂ&lnﬂ‘immﬂlmum
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H o VA A a 2 A Ada < 9 A
35% Iﬂﬂlﬂﬂuﬂ W‘]J'Jﬁlli.l@LWNQNWQNQQ%U?]’NN%UT]NG],ULN@@Hﬂ1ﬂﬂ$u@ﬂaﬁ LHagiyaan

Aa A [ Y| a A Ao <3 Y a2 A dg!
’qm‘ﬁgua\mazLW?J’e)@151m'i‘iJE)umﬁ‘1J33Jm@LLEJuT‘.ﬁ'lclmmmnﬂﬂ!ﬂﬂ'lﬂ%zuﬂiu1mu1ﬂﬂlu

a

il IngurnivIeeniinidias Tasiguugl 140 ovAusaiFea oas1iloud1s 9.1 uag 9.6

= v (%

Haaans/Aui alionsimsaatgadve o 15 lsentiunlszuna 4%
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adl o A a v
IHAUUUINUIDY
Y S
3.1 aquasany

[l < 1o o @ [ t4
3.1.1Waﬁnauﬂﬂllﬁﬂﬁjﬂﬂizﬂ’guﬂﬁfl"ULLﬁﬁlﬁ@ﬂLL"\Niﬂﬂhlimuuﬂqa WHIAUNT I TN

v I

UFIBBa 11 (Morusalba)

3.1.2 wautleuoalamnda3u DE 10 (Maltodextrin)  52@Y food grade 3AVIHN CT

Chemical

3.1.3Tnunaiennan 156 (Potassium chloride, KCI) 910138 Ajax Finechem
(Australia)

3.1.419Reua AN (Sodium Acetate, CH,COONa.3H,0) 91N1THN Ajax Finechem
(Australia)

3.1.5 n3a'laTasnaesniuiudesas 37 (Hydrochloric acid conc.) 910U J.T Baker
3.2 MIsnaaes
= ¥ a |l
3.2.1 M3wseNaInaLeuls lsentudnHaiNey

(% a 1 PEE [ o
msanamsueu 15 lyeniiunnwantouaz 1935 sved jaunazauze] Tnoniih
' Y v axy Y A < 1o o 9y = 9 o
MNP UBUNEIAIITMIBULR AT 910 TinnTuga mualdaziBeadiensnuae 1k
1 A k) 9 o a 9 ) I ?,’ ~
nipUNMIUMIVALANNLAIanaaTueU 15 lsaniiudiearviazaretluiinlsainlooun
o 1 ] =Y o 1 =Y ’é A aa g o 2
a1 wanuaudSua 10 n3u asdlsuaninlsainlesu 100 Taaans aniuiiilaidu
o . 4 gy A & 4 4 o
A 1 52109 1asn 18 ldueno1nnaznouesnale1a3 01 UMIgnnaznaUNAMUE159 1
[ a A a = 3 =1 [ A 3
4500 59UNDUIN NOUHNY 4 Der¥aed 111na1 20 U wena Ui uveariaioen

9 G

Y o Y J 9
ll1“?]31“hlﬂﬂﬁ@ﬁﬂaﬂﬂﬁ]ﬂﬂﬁﬂﬁu%!u@ﬁIﬂﬂglslfﬂigﬂ'lyﬂi@\j whatman No. 4
G 4 U
3.2.2 ﬂ]i!ﬂﬁﬂua]ﬁiuﬂ]ﬁ@uucﬁﬂl!'ﬂuwuﬂ]@ﬂ

S = o 9| d A a°l [
fniL@liﬂll?ﬂiﬁZa”IEJ%%miﬂuiﬂEJ‘LHNE’ILL‘]JQ?J@ﬁImﬂﬂ“])’@]iullﬂﬁzﬁ”lﬂﬁluu1ﬁﬁﬁﬂﬂ

) g’/ o o @ &}
LL’(’)UI‘TJ"l“BEJ"qu mﬂuuuﬂﬂﬂumu%umsazmmﬁﬁﬂmﬂumaLﬁm
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3.2.3 My uuHIMUUNUHBY

b4
(Z

@ A 9 1 ° a 4 2 A A
ﬂTi‘]JT]J‘]J?QLﬂﬁ@Q'EJ‘]J!LﬂQH‘U‘]J‘W‘LlPjﬂﬂﬁlgﬂ'ﬂﬂﬂﬂ'ﬁ@lﬂﬁﬂq‘]Jﬂim‘]J’N%ulWiJ‘ﬂ’]ﬂlﬂﬁﬂﬂ
Yy o ]
pULHIUUNUHDY (Buchi B290 , Switzerland) TagazAnaIllugaInAunuAIoagueInIa
. A A 9 [ [ Yy
(aspirator) WaRALDIDINIADININD NI NANICFYYINIA ﬂ'J']iJﬂuﬂlu53‘]J‘]J§]$ﬂi‘]Jﬁﬂﬁ\i]lﬂﬂﬂfl

o s Y Y 9 adq 9 ) a & A °
ﬂ15ﬂ3U')’]a'JGlWi’)Tﬂ']ﬁllﬁalaU']u@fJfN qmﬁﬂvuﬂiﬂf1Uﬂ13ﬂUllﬁ\1ﬂ$QﬂﬁlﬂJIﬂﬂﬂﬂ@]\uﬂi'ﬂ\i‘ﬂT

[ v J

v Y A o o Y ) A Y o 3
ANUIDULUVNINUNIAY 1000 Q6 llﬁﬂﬂﬂzwulliliﬂﬂﬁ@Q?JULW@iﬁWﬂNWNiuﬂTiigmﬂLﬂ

v . H ]
LAZANAY 1ATITANNAY (pressure transmitter) 13NV NDUMUAVD I BIDVLNDTANNNAY

A v Aqy A Y 4 a &
‘V]ll'l’)ﬁ.ﬂ.uﬁgllll Iﬂﬂﬁﬂﬁ@ﬂﬂi%ﬂgﬂﬂJHTQLﬁuN”I‘Llf!“f]ﬂa'm 16.4 1 UALUNT ﬂ?Jﬂq’flJinﬂ]ﬁm@Q

%

A ' { s T @ o o
U3HN P.V.R srl ju PVL 35 Aldziivina 35 gnuisnmasasd Tue amisominnuauy

'o 9 a a J
agala 0.5 Haaus

Exhaust
air

Air

Heater

pressure
transmitters

Product pot

(4

~ A Y ' Aa & A o Y v
319 3.1 wIeseuuUVNUdRENARAUA T oA NYTOUNUTU Y INIA

o a 9 s a % A a v ' v
mmiazmﬂ‘nwﬁmgﬂmaaTmﬂﬂcmiu%mﬂum@mmum "l‘lJmuﬂiz‘U’Jum’imJumLmu

) d‘ 1 U dy
WuﬁjﬂﬂﬂﬁﬂTJS@Nﬂﬂﬁu

A A o ) A Y ' A
- Qmﬂ{]llLﬂ'ifN“I/nﬂ’Nllﬁﬂuﬂﬁl%}ﬁluﬂ1§ﬂﬂLL‘H\HL‘U‘UWHFJ@EIVI 40, 50, 60 tiag 70 DI

=
EBIGHL
- ANNANaAAINNUITNMATHUANUAUN 0.93 ,0.74, 0.54 1AL 0.34 LT (atm)
- y
anurutundlauea Tamngasu 20,30,40 % lagrimiin
v 9 dl Aa Aaa 1 =
99313 ouasi 3,4.5,6 uay 7.5 Naaansaoui

9 '
nminihensdeganla llamsziauiaa o ae'll
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3.2.4 mavfsunaseaazwald

Y Y o a ] Y A @ (D 3 Ax
ﬂﬁ‘l’ﬂif’]ﬂﬁgwahlﬂ‘ﬂxﬂ”m’)miﬂﬂﬂilﬂmNﬂllﬂﬂ‘mﬂﬂ]lﬂmEJ‘]JﬂiJ”IJiiﬂﬂHJ?NLHNVI‘JJ

Y v
naviua luasazarenimsnuelos
3.2.5 maasamfSinaasueuls ey

a a Jas A a =
msasmUsmnaasuenls lwentuez I e savivlosui®ea ¥4 Durst, R.W.
9 =) = d A 1 =
1ag Wrolstedaromsmsouasazate Inunaidounae lsauvliesifian pH 1.0 (in5ouTae
J o ¥ A aa g o
msway TnumaFounas 15 1.86 niu asluiisieeinlosou 980 Haaans) nuulsum
Y a Yy Y s ~ = a @ s
pH mensalaasenaeinuduauiing pH 1.0 uazmsouasazaie lsReuozsaniivimosn
a0 = = a [ go’ A Aaa
A1 pH 4.5 (w5eu Taomsnan TsRouozdan 54.43 n5uluiihdsiennloou 960 Tadans)
ES [ ' I Y a E o o ] A )
nnuudiuat pH 1 4.5 drensalalasnaesniudy thasanananio Uy 199919020
g’/ [ 1 [ ] 1 @ 14 2’, o [ YA
f15a2a18%9 2 MwsaaIumsananariouaeasazateivves 1:100 vamiviia 1 dann
ﬂws@,ﬂﬂﬁuumﬁ’mﬂ%a UV-VIS Spectrophotometer (UV-1700, Shimadzu, Japan) 1821

ANTAANAULAINANNGN 520 LA 700 U TUmAsuIMsauIavialSuaeu 15 ls

U
Y
o

giuntegluihananarioumuaums 3.2

A=Ay - A700)pH1.0 — (A~ Asy) pH45 (3.1

520

- - 2 Lo (Ax MW xDF x 1000)
ﬂimmuauiﬁ”l%mummﬂ (NaanINneang) = e x1 (3.2)

A, = M3gANaULAi 520 w1 Tuas

A, — AM3gANaULAs 700 w1 T3

MW = 170 I1anave4 cyanindin-3-glucoside = 449.2 N3uav Tua
DF = dilution factor = 100

€ = molar absporptivity = 26900

1= pathlength (L5UALIAT)

=Y A A0 & Y o [ 1 A a
mim‘ﬂ'immuﬂuiﬁul%mu%ﬂmﬂﬂ@%muam’mﬂemmaummaui‘ﬁ%muu%

U a o v v so}
teglumdlafieunuueuls leentiulumsazareTasiwauilanin 0.2 nfu azaelusi
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Aa A o o 4 g}/ a
Usianloou 0.3 Haans uanirlazarelumsazaretiwimlosna 2 ¥iia Usuas 30
Y 1 Y
Haaaas 1miuh ldaseminisganaunasdieniess UV-VIS Spectrophotometer 910111

i lUnFeuneusudsuameuTs leeiiuluaisazaie

317 3.2 19594 UV-VIS Spectrophotometer
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3.2.6ﬂ"|§'3lﬂ‘ll‘l~ﬂﬂ!!a$ﬂ1§ﬂi$§]1fjﬁ'€!‘lﬁ’)ﬂi’)1§ﬂ1ﬂ

M3 Iavauarmnszaealvz 1HnalinnsnszIRaRlea (Light scattering
. v & . . o Y &y y
technique) AYATDN Laser Diffraction Analyzer (LA-950,HORIBA,Japan) Tagazthmantleanla
MNMIBULHIMV DN URBEINTZ 8 1UET iso-propanol 1AWIMT TAULIABUNIALALNS

NFL1YA)

b

A
portico
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3.2.7 madaanuyulumanil

a 'd = ﬁ’ o a 4 o
ﬂ15'Jlﬂi18‘Vi‘Vi”I‘]Jill']ﬁ!ﬂ')']iJ"IfuﬁluNQLLi’jﬂﬂgﬂ”lﬂTilLﬂﬁTgﬂ Tﬂﬂmmu‘i’jﬂﬂaﬂu
1304 Thermogravimetric Analyzer, TGA (TGA/DSC 1, Mettler Toledo, USA) Taegniwanilae
= A a o A 2‘1 1 a =y [ Y 9

’]Jiiﬂm 10 uaaﬂiu‘l‘ﬂauiutmmmtmqmwgu 25-150 93A YAV ﬂ@]i"lﬂ']ﬁclﬂﬂ'niﬁ'ﬂu 10

= 1 = 3‘/ 2 Py a =y I = Yy
DA UBALKYTADUIN ‘l]”lﬂl!ﬂﬂ‘]JVNul'WIQﬂ!ﬁﬂvll 150 'ENﬁ"IL"IiﬁL“]SEJfTL‘]JuL'JEﬂ 30 4N Iﬂﬂﬁl"lfﬂ'lclf

a Y 9 A o aaa 1 = 3’1 o D gol o A [

ﬂﬂﬂcﬁl%uclﬁﬂ?TNi@uﬂ'ﬂﬁi”l 40 UAANTADUIN i]']ﬂ‘Ll‘Ll'Jﬂ‘]JSIJ"I'IMUTVFHﬂVIﬂWlel‘]JﬂﬁQi]']ﬂﬂTﬁ

Y 3 v A
DULU Tﬂﬂhﬂﬁﬁﬂﬁﬂﬂﬁi]zﬁflﬂWngﬂﬂJﬂWWHﬂLﬂﬂﬂ

3 19 3.4 17509 Thermo gravimetric Analyzer
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d o [
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(kg/kg dry air) @unNv100n 105 C 91MA l1iaR180A31 41.3 ke/hr
MIMUIOUNMATILAMUINNATUMNT Q = Cs(AT) + HA

Q= wumad (kcal/kg)

Cs = ANMUAANUTOUTUNIZUDIDINA (keal/kgK) = (0.24-+0.46H)
AT = waa19guuLUeI©INANUIAS19 (°C )

H = anuanii luoimet (kg/kg dry air)

A = anudeuurdsveansnareilule = 597.3 keal/kg

9 a =1

immaawz“lﬁi’f'i;miqmwgﬁ 0°C

PUNIAeIMAYIE Qin = (0.24+0.46 x 0.006298) x (160) + 597 x0.00628
=42.61 kcal/kg x4.186 kJ/kcal
=178.36 kcal/kg

UNAYINIAVI00N Qout = (0.24+0.46 x 0.006298) x (105) + 597 x0.00628

=29.25 kcal/kg x4.186 kJ/kcal

=122.44 kcal/kg
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=(178.36-122.44) x 41.3
=2310kJ/hr
wf3masarsidemwdun
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W1 =15manineuieumss i
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M = 0.166 x(60/40-5/95)
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#oaldNa U =MA = 0.240 x 2256 = 541 kJ/hr
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