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ABSTRACT

The objective of this research were to study the appropriate extraction
methods of total phenolic compounds and antioxidant activity of Thai herbs such as
banana blossom, ginger and garden spurge and to study the drying of herbal extracts
using encapsulation technique by spray drying. Then, to study the optimal process of
the herbal tablet products and to study the physical-chemical and microbiological
properties, sensory evaluation, nutritional analysis and shelf-life of herbal tablet
products. The result found that the highest total phenolic content and antioxidant
activity from banana blossom extraction was the ratio of banana blossom and
solvent of 3:10 kg/L, extraction time at 15 min. For the garden spurge extraction were
the ratio of garden spurge powder and solvent of 1.2:12 kg/L, extraction time at 30
min and the ginger extracts by cold extraction method (compression). Then, the
herbal extract powders were encapsulated by spray drying. The herbal extract
powder was developed suitable formulation to study the sensory evaluation using D-
optimal mixture design. The study of four main factors including 5 — 10 % of ginger
powder, 20 — 30 % of garden spurge powder, 26 — 31 % of banana blossom and 30.5
- 40.5 % of dextrose were used elaborate the herbal extract tablet. The result
showed that the optimum of herbal extract tablet was 10 % of ginger powder, 30 %
of garden spurge powder, 26 % of banana blossom and 30.5 % of dextrose. Under
this herbal extract tablet, the total phenolic content, antioxidant activity, moisture
content, water activity and hardness were 314.12 mgGAE/gsample, 75.9 %, 2.56 %,
0.201 and 42.5 N, respectively. The shelf-life evaluation of herbal extract tablet was



performed by storage at 35-55 °C for 5 months. It was found that degradation rate of
total phenolic content of herbal extract tablet during storage followed the first-order
reaction kinetic. The herbal extract tablet had shelf-life of 1-2 years and the storage

temperatures and times were significant effect on total phenolic content of herbal

extract tablet.

Keywords :  Encapsulation, Herbal Extract Tablet, Total phenolic content,

Antioxidant activity, Shelf-life evaluation
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a a

InTegnsiusyyadasziiUiianlunsinssiiionUiinaesansinueyyadasely

a a o

MageUssaneng o ndeulaun Msleseignsiueyyadaseaigiinisvinatveuya

a [ L3

a AN a £ v & 0o w a v Y ad
DATLANNLOY (DPPHe), LazUse@nsn1nn1snnNUaIsaIAUYBINanNnuana18NIn1815U8 s

o

a (% aa v L3 A

nwalen SauAsiag wavaue, 2558) Ingldinesinganduasanlaslnloiines uas

—~

BaszvinaanInIenIn Lo Anury YSinauidase f1d uavdus) veansaninayulng

5. nImanngmanzadlunisesnwuunIaaeLiienansivanzay (Mixture Design)

L4 wa

Y93n138ndlansansainayulnsdaihundnszinguantininisnin laun d1a21uTu @1

q

ANULTY AU Basy And wazdu 9 vewmdndueiayulnsdade



Uszlgvinaininazlasu

1. n3uIdnsafasaznsviuwisasatnayulng nsdninuansdidguazUsunaasiu
auyadaszvaInIsHannseunalulasansainayulnslaemaialulasiouna Ugadumenis

DU UUNUN DY

[ a a

2. anunsadhayulnsuuusgulumsiiuyadr g Aunianisinensauindselevigeanse

HUILAA
3. landnSuaiayulnsdadn Fadundadusinaunsasudseniuldie nnniazain ety

AU ey
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ad a v
NWYNNYIVDIUATNITATINDNES
arwdnluiesiuayulnsine

Uanaie (Musa x paradisiaca flower)
Uandreluiivayulnsnegluaed Musaceae fideinemaransin Musa x
L. U VYl @ A a & A v o v va H
paradisiaca flower Ialginlunvayulnsydanis fvdugn drsuldfueivin aaussunmn
[ a a o v a Aa [ I Ao v
2-5 was lululudes msimzinvesluvudduiuudsuddagauiungidu Tuguuey
YU VIR UTZUI 40x200 WwuRn Yaneuazlauluuu seuluiey wivluiseu falu
auuuddendusuladeeunituasiidamefnadonaudden fulu wiaduasdiu dau
wsninzAnduaruiisnwaguuulAsovthadsruuiinianns @uiiunaneaiau) diun
| < 1 Y = ¥ a A 1 a 1
aoanssnandiunaralusedlAadinaunsimudilerssueniseiluau gauaeuiulu aen
sonlude Nvarsuantatedeldvioras inulszausuaingilaungunentgesnn o nau
nruilillenundunady Wesdldwiglunanivlsezivazngnsitll walunaan §u
N3INTEUBN WWINFURIAUINAUTTI 5 WuRuns 813 10 wufues winlunsinaud
aRnlundu vwindurigudnalauszuna 0.50 wuiwes Wevgnndlelluszuia 6-8
Wou ndleailanuruinlugnieufiazesnlduasrdsantunalsfazunsuasonuin nane
IzaonUalazATandeiloniy 8-18 Wou WenauyIgavneAnNauaI39nIsAnUau (1
g5 IRnYAIEnS, 2559)

ANBUZMMINGNUANENIVIUANA Y

4 v ooa a v

Yavinadu : Uanay %ise Uanaie

YoaLiy : Banana blossom

9296 : Musaceae

A a & ..
YOINYFERNS : Musa x paradisiaca flower
nsveneRug : 19 Wi e

1%
o

Preduiuy dnsadu Urgediun Jesiulse

a

assnan  dmsundsliuuyns aslnuauyi

A& antanaluian



29 1 Uanaae

11 : (@1g3ilagenans, 2559)

U (Zingiber officinale Roscoe)
U93neglued Zingiberaceae ¥oaney Ginger ¥8iINeA1ans Zingiber officinale
& A v a v § va & -~ A & a A a

Roscoe wWudiwauan Iwminlanu wWaenusnduiniawnuwmaes iweludulainfuveniane

' A o Y Ao £ P = v v ) < a =
wsndenseaauiisntudunausenaumeniunselauluvudeuiu lu Wuvlialuimes 9an
Sesaduiuluaemnd luguvenindss 9 ndne 1.5 - 2 gy, 8713 12 - 20 9u. ndsluvieduidu
susaianeluaeuiseiunay Tauluasswauwazaziluniuiuaiduiion asagaesening

[ %} Y] [ < ¥ a (%] < 1 =] &
nmufumluszinlAasdudensn aen dv13 eensiuiulutesuinianionssusdlusin wn
U YUETUI 15 - 25 g3 Y0 9 aeniinudadervuuasgulas o vesessu mu
VAU AN 199U LAaZISVEBDN WILADNTUAIETSI NAUABNLAZNAUTRINAUADN &
1 =l v ’O/ 1 = v 1 1 = v Yal

ae9ay 3 nAu uin uavviansh laundunendhuvie diuvaendunienineeeninasiil 6
(Y} [ [} 1 L4 [} I3 a ~ aa 6 1
gu Wa nay wie I darraudnansuseaa 1 vudaduayulnsvlaniivsslovise
suneluvane 9 a1 wmsizgaulumednmiukazussinnianudidgyeg1auindesanieves

1 a a a a = a a = a a = a a = b4 = I3
191 U Feduke Indud 1 3018ud 2 Iendud 3 Fa8ud Ludualsiiy 519wan 519
whaiduy srleanesa wondadilushiu mslulawse wasiduleduuuindneieg Fauselewd
Y89395U 15187301501l e a1 lddnazdusin widi du lu aen WAy wasnante

719U (NSUANYFIEATNITHINE, 2549)



ANWUZIINONEANENIVDITY

] '
S v a a

VDNDIOU U

YoasTy : Ginger

Ho2ad - Zingiberaceae

Foineneans - Zingiber officinale Roscoe
nsveneug : 19 w1 vde

A3INAN : ANDINNIIBIBA YIBUTIMIBINISAAULE

DINT 2 U4

1 : (@nduidpayulng nsuinenansnisunme, 2549)

Uuus198% (Euphorbia hirta L.)
W uns¥anTnegluied Euphorbiaceae ¥ainenrans Luphorbia hirta L. §adu

unswan, snlanuas(lne), nauwiinendw), liledeat, vriedes@u) Wuitsauindn

IS =

Hydvnmileudiuy uanfsnuavnanlauaulnafusitiu setisenly AMudssnuag 9

IS =)

Hvudinnaudes a19ue1 15-40 9.4, Tueonnsediuiu dnvaed o adieUnuues 811 1-4
a3, Yaneluunandy grululdadnluwindu veulufisesndnidn 9 adefludos nansluding
a <

addae wiwdunanslukazidulude 9 eenlndlauludn 3-4 wdu viesludivuduinia

wides Fenenesndngeniu Yenddinendeseanlunsyynuiudungunay o 2-3 nau Id


https://www.disthai.com/images/content/original-1502184775499.jpg

v
A aAs oy

Feruihauns ngumiaiidusinguinanssyana 1 9.4, nendeglififunenuiefifduann
inasfiiimanedusguugiunen $aladl 1 su dnwavnssnaussnammasy Iiudueenun
nnasaen ivatedeemnasindoduduiuncdy 9 3 1@y nadnvaznsnateen
aumAsy Tsosusn 3 508 nAEMUTEANA 1.5 1A sennonnaentl SnnuTuiesiumis 41
auukawfisn$1evily asswansiedu sagu wWisn Budn 1udfy 90 dhu wikeiusy 18
dniavegradoundu Taanuuaiise wuedlu Yaazluden Hluven ffivuluuas Hidh

wy v les (nn.dele Fewafingns, 2523)

ANWAZNIINGNUANEASVDIUIUNT1YEN

' ' v
IS o/ a o =

Yaneedu : UuuswEn, antvuuna(lng), mﬁwﬁmﬁn(wwé’w), TiheBeaen, thedeeEw)
FoaiTey : -

Foredh ; Euphorbiaceae

Yenenenans : Euphorbia hirta L.

Msveneiug : uanAsiu

assnaal : Tuifie Tuihu uiekudy aldsnavegradaundu daainuuaiiise wuesly

2T 3 VIUUSIVEN

N« (an.Fele Fewiingns, 2523)
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(Y I

anseAyinuluayulnsing
a1susznauluedn (Phenolic Compounds)

asUszneufiuedndunguarsiinuinnluiiy fnuandiduasiueyyadasy du
mMssniau Jesturnudemeiiinainsdsansililean uazdesiunsaiiansnousiisens
nquignduunmulassadramanioendundudosvatengy Searsngunailauess
(Flavonoids) \lunilslungugosmdnififinsfnugniduoyyadasy wazgniuld
Usglotiduemsen uasieesdionsiussunsvasluilagtiu ansusznauiiuedn fe ans
ﬁﬁqm‘lmm%ﬁaﬁﬁmﬂamaﬂ%a (OH group) Unawuezlsunfn (Aromatic ring) Aaus 1
yyuly anslunguilfefinaantifasansilad woldlufis dn waesaliialy o1uvseenld
Ju 3 nqulng 9 fe

1. #ueamly nsnflusdn uareywus 1wy Gallic acid, Ellagic acid, Tannic acid,
Vanillin, Catechol, Resorcinol ua Salicylic acid 18wy arsnguiinuldlunalivaissia
191 Raspberry Wag Blackberry

2. Mialwswiuosd 1éun arsuszneviluedninauviueslsunin faeldanivou 3
AsUBUINZRY wengaaanlavatenagy laun Hydroxycinnamic acid (Ferulic acid, Caffeic
acid ¥ 58 Coumaric acid), Coumarins (Umbelliferone, Scopoletin, Aesculetin % 39
Psoralen), Lignans (Pinoresinol, Eugenol %38 Myristicin) wulgluseuidda ung uavnum

3. slalauees Wunqudrdnuesansusznouituedn ldud ansiifgnslassadiady
C6-C3C6 wundovoonlatlunanrungu Lewn Catechins, Proanthocyanins,
Anthocyanidines, Flavones, Flavovols, Flavonones W@ ¢ Isoflavones a1nn1 ﬁﬁ W U
Flavonoid T¢tegnenireunn et fn wald suiaedeshuiidommainds wu vmuiily
Tugnaedl Catechins agfisfanay 30 vosimdnuis wasndoinduasdrdylunisoangs
#rusyyadaszuaz Chemoprevention g Anthocyanins 1uansfifidluiie diunqy

Flavones, Flavonols kag Isoflavones aznulavnlunazidainduansidiussloviisosnanie
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Class Basic Skeleton Sample
Simple phenols C @_ OH
Phenol
Phenolic acid CeC, OH
HO
OH
o}
OH
Gallic acid
Phenylpropanoids CC, HO
OH
HO =
0
Caffeic acid
Flavonoids CC,C

Catechin

i 4 lpseasnvesaIsUsenauiiueanngusie q

7« (UnsU Wugadssn, 2556)

a15Usznouiuedn (Phenolic compounds) Lﬁumsﬁgﬂa%”]a%uLﬁai%'ﬂizimﬂu
nszvIu-mMaiulnuaznIsueiusuesiisuiazia fafusUuuutesasUsenoufiuednly
fyusazyiadedanuuandaiull Tulagtunuirdaisuszneuiluedniniulaseate
wiupuLENINNT1 8000 wiin Faurnguiidilassadiesnedne Wy namfluedn (Phenolic

'
J I

acids) WWaufanguiidlassadradulndwes wWu andu (Lignins) Tassadisfiugiuves
asUsznavfuedniziAnannsusveduanatniadus 1 Tuanatulusumylensen
¥a (OHgroup) I@aﬂé’lmaﬁ\‘mén E]'H]Lﬁuf'lmaimaqalﬁa’s (Monosaccharides) ﬁ’mm
luanae (Disaccharides) w38 ledlnuaaailsa (Oligosaccharides) Al LAvpnaEafing
wniigelulinanavesansusznoufiuedn Ao nglaa (Glucose) wonanidamuinenaiinig
sffuseninsansuszneuiiuedndiefuie s nieasusyneufivednfuansussnoudu 9
WU nIAAISUBNEAN (Carboxylic acids) NsABUNSE (Organic acids) ®¥dlu (Amines) Lag
lusfu Tutlagtuasuszneufliuednléfuauaulalugvddusendindu (Antioxidation) uag

gUEAUN1INaEIUS (Antimutagenic activity) MAnanauyadase (Free radicals) wagnis
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Tda1suseneviiuednlunistesiulsasig q lnsaniglsailaviadentazuziss lne
ansUsgneuiluedinasvinvihiiidneuyadassuaylossuvedansiaunsassnisiiaufizen
sondwduredluduuazluanadu o smensiiezneulalasiauunenyadassodnesingd A

Ufisemalull

ROO’ +  PHH ’ ROOH + PP
RO +  PHH — ROH + PP

Lﬁa ROOs, RO» A® Free radicals, PPH @ Polyphenolic Compounds

a

Weasusenaviluednliesnoulalasiauwneyyadassluuds syyadasyuss

(%
K%

a15useneviiuednvzAeudadliiadivsnin deluisliviuiasendusely Bslunindueyya
daszvesansusenauiuednuiraiindensaiunsasiudiiveyyadaszdulaie Jevinlv
aslsznou

Tuednmantiuandnuiueuyadaszatlans 2 Wi Asjiseseluld

ROO™ + PP*  ——>» ROOPP
RO’ + ERi ey > ROPP

a 4

= = va ¥ a v & | 1 =
aqiﬂigﬂ@Uwu@aﬂwmﬂmaﬂJUWLﬂua"lﬁmqu@@ﬂ"?ﬂﬂsﬁuuu aqﬂqiﬂWUlmuaﬁu@qﬂ ] VDINY
1 < [ Y] 2 U a I3 v [ i v a
i wén (eun damdes ddas wande 413 wazn) wa (dwn agu &1 wazninlven ) Tu

(aun 1 waziaIounanig 9) aen (loun ndreld) wazdiudu 9 (daun Tuma uagiiren)

'
= [

aﬂiﬂ‘izﬂau?\luaaﬂﬁlﬂuwiﬁﬂ A Ao Flavonoids kag Cinnamic acid derivatives Lag

1 = 1

anunsanuldlufeunndiuvesiiy udagdanuuaniiuluiuve suliauasysunn (yniu

WuganT3A, 2556)

@159 1B YYadaTE (Antioxidants)

a

a150uYadase (Free radicals) ©3@ Reactive Oxygen Species (ROS) Wuly Llana

a @

= aa = 1 I~ & v & av 1A
ﬁi@I@@@u%N@Laﬂ@i@UIﬁl@L@EJ?@%JJ?@Uu@ﬂLLazllE]']EJﬁUQJ"Iﬂ ﬂ@LﬂUINLaanINLaﬂﬂiLLag

aaa =

Jathdenmaiinuisenall Jeiuisedulaanadie 9 aelusumedielvsiiduaios

a

uwrasiinliiineuyadaseluiau 1 2 unds Ao 31nA18lus9n1g WY MTEHINEYD NS

o w 1

nmavmglanissenidiniewazainuraanieuensnmenilumnsesuliineyyadass lawn
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[y

a a & a [ v a = a a ao 14 ! s
ANAATEA NSAAE wafivlueinia Wudy eyyadassiivaneviia vilanddgy laun ges
ponlgnioulassu (Superoxide anion) lalasiaumeseanlan (Hydrogen peroxide) lan
sONTausAdLAa (Hydroxyl radical) Welloyyadasziindu Jufinn1svinangluanadu 9
sewlleaiuilugnlddmaliiianisdnaurenilelliosnnie asiseaiierguuulunii seu
A9 wazRanssa auvaduannnvesnisialiazesng 9 wu lsailaiaden de

v a [ s < < ¥ a ! =
n3¥an AuAuladings daluwes vy wazuzise Wudu Undniglusienie dinaln
Jasiunislandaineuyadase Ingerdenisvinauvesarsmueyyadaseiasis@ulusianie
i Loulwsl Superoxide dismutase (SOD), Catalase wag Glutathione peroxidase Hudu
winsasansinuenyadasydiliiiesauazindiin Usenauiuilonguindy s19n1eae
afaasiueyyadaselavesal AMNT1INI8TIAITTUAIAIUEYYATATEAINAEUBNA Y
WU (Usanwal, 2559)

v a a a a 1 . . AYey o avY 1a a o

asinueuyadaszvseatsieufoanduaud (Antioxidants) N3InAud laun Inniud
a a a adaa A kLl I a a a1 . 1 A
38 Faey lwdualsiy Innduie wazngnwAliniag (Phytochemical) 1y Indfiuea
(Polyphenol) uaglolananlau (Isoflavone) 1lusiu Jagtuansiuenyadasegninanldidu
druNaNvIHAnfILES N IANeYn YenanddnslvansiueuyadaTesIIUYIAtY
WndvAud wazgdluyusenaudug lundnduangaainnisy Wy a1siuyaluenis uas
\AT04d197149NF3Y
adasyiiu 92138011 35 DPPH
(DPPH radical scavenging assay) 18 DPPH fim ayn1adassiiafesuazaiunsas
a P2 < = & ay 1 a A vy
auinnseulasn wewdsululuananliilueuyadasy uaziiislasuszneulalasiauain

Tuanaduazyhliansisnanlilusyyadasy

O2N 02N
CgHs RH CeHs
N v H
N—N NO, ————» N—N NO,
CeHs CeHs
O,N O,N
2,2-diphenyl-1-picryhydrazine (Dl’l’l'l) DPPH: H

< o

Nl 5 NsMAaeUgNERIueNYadaTLAIe s DPPH radical scavenging

flan - (uednwed, 2559)
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[
£y 4 a [

fafumnuannsnvesansiusyyadassifnuiidunisinudseaniamuesans
fuoyyadasylumssindafu DPPH feglusUeyyadassiladesiiegluasazats (Hould
DPPH fiogluguauyadaszunn maeldauite) Inslunisnaaouiiazli DPPH (idshad)
yhufAseriuansiueyyadasslusseznaniidmun mnnsganduuasiialdfiniueniady
517 wiluiuns azuUsiuduaududures DPPH fefunisanasvesnrmdudures DPPH
(Fgauas) vsuanfsanuaiunsalunismineyyadassvesaisituayyadasy (wadnwval,
2559)

o/

NIRUANAETEARY
nsafindnefvinarareduitnieifiuslovdinnlunisuenansuagyitansliudans
WU MsatnlenansUszneuuTineeninuvasiAalusssuud wu Tulsl aenlsf msara
LenasHANSuTieanNURIHANNAWINUFATEY ndnnsvesnsadafe nsldiviazaned
wanzaNazateansifeInIseonanannandneilagnislinuieusienisiuade (egwn,
2554)
suwuunsanaanayulng
1. ansafinweaan asatlusUuuuvesvaniifivharaefiangan wu dwieionuea

2. ATafALUURURILTY WSsuANaITadavaLanlaenIsIEIesiYinazatueanlld arsana

¥ v
v A 14 U 1

LAUTY URDNISNANTUNANAUN F1TENAUSLNNTINTADULINAILAUINIAIUD I
3. @15aAAUeILTe 1WUNISUIaITaAMaINSRa15aNALUUAIILTY Wi TkaLAdlagnIs

Wy a15978 Wiy Talcum asly Wetheliansanniidnwauzidung

Tnsannayulng
1. NS94, N15AY (Decoction)

wangdniuatnduduaulnediuds wu Asi 1n wWlon Ssanunsanuaudon
Ieluszoznamils
2. Maduinan

ylasnsduasulnsantuinazornlueaiesduludwald wdniunsesdieinan
unafiensnninuazihduaneanantu nsatauuuiiasatnayulnsaglinei dndedldans

[y

AUURA
Y
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3. NNSAYINIYUTU
Y o g v & ¥ o s A o P a9 o v ° o
Wiuilgasifuihduliduiisnnsemuanuiougs vsetduugnin daldsdlv
warliANuSauUsTII 150 99 LYALTeE LIDLESANTZUIUNITUININTDIAEEIVIIUILND
LENANLLAT LN WDNANNAY
4. NNSANAPILLIANDTDA
& o A ve o = a & & o Ay v
Wunisanaildmivinarate Ae Lofiaweansgea (Ethy alcohol) lWun1sanaile

asadaniluysinamnian

nsafaLeu

nsafafu e nsuendivesimdetfuainirgiviisnadaoenun Tavada
2ONUIINAIUAN 9 maﬁmqﬁuﬁ?u FadulnaJufivdnuaznaliivfindg q nsatmiuagle
ddeituanusnadusng 4 vesiieinuasnalsl wu na wia 7 lu ren wazden e
o1deduneutudaiigumgiivieslaeseivlilinnagneundrihduvesnituuianiuldoy
vioonvaeldgunniviandosiioussiugaiiotrsdundenmintusenin siadinmsatnsosl
runsrUIuMsALSeunieansaile q aagtiensd saU1R AINSTINVIA AIRAILAL
asswaavasTiinuasalifulingy q Logfe (@a1suidoayulng nadvermaninisuwng,

2549)

wealaLAndn3u (Maltodextrin)
& & a A a & I3 . av v
woalafngnsu Aeaslulawmsnuszianlndndnailsa (Polysaccharide) Nldannng

doaliianavedanisy (Starch) wagk1unistalasagaunsdiumensavssioulslindnlagnis

a I3

goantatnlng wiaiuess vseutwinduuissin uealamndgnsuildnwuzidunasomnand

¥17lfisa vselisannudndesaiuisaazarsluiilas anANTUTRLINg 1zl UTIlu Ty
urAANlSALeY NausalalAngnsuzliiniziniu darnuniasuazazatsulladne ueale

Wndn3uiian Dextrose Equivalent (DE) tioanin 20 Usenaumie (1—4 wag 1—>6) - Ol-D-

(%
[y

glucopyranose-linked residues (Nickerson et al., 2006) Aauyawindlnse (DE) wionv iy
'Y ¢ & & H aa | 2 & a = Y] a ¢

Tawesigudvasiimanglaanileglunealanndnsu T DE JnanuTuiuvedeuledos
luaaniinisinaslidusunisdesnds Ineninaiuisavinnisdeswtalinaratduiinia

nglma 100% Nazdian DE og#l 100 Aatiupn DE Migedefianumanuuinnindn DE s uealn

Aa

Lﬁﬂsﬁm%umm DEWLANA9AUAEHANUANIUAI N8 AMLANATNAY WU ANETNITH TUATS

a 1

a A 3 d 2 Aa = o ~ wa 1 o
agany QNWQNLBQﬂLLﬂNLLaSQQWNVTu@ N@aimLﬂﬂ“Umiu‘Vlllﬂﬁl DE LUDUNUDIALUFUUANINNY
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@ yd’{ v ada a 1 [ 4 L% Q.II 4 % 1
Aldvuaguisnislelaslada wndswesanisy (11alwe du /5s 917) wazdnsrdiuvesey
lalaaseaglulamn@u (Klinkesorn et al., 2004) n1stinuealamndmnsuluasasaienaunis
WMuisuunuees atisannmsmdeifaiiufnveaniedenionigiudunounau fatu
wealawngniu Jainldidusgaglunisvinliuis (Adhikari et al, 2003) uenainiiueals
wndgn3udaudu Wall material Adniusaztosiuans Nianulineaaiuiou (Onwulata,
2005) Msiiuuealaingniunounsyuiiuunudegagyilfansaanamieasle
wealawindnsu dansluana fe (C6H1206 )-H20 Iailundndueiussinmideaiu
nalaalesU Usznaudieniieves D-glucose viany o vieideusieiu wisulnainnisdey
luanavesanisy n1slales ladamensalalnsrasin vselneoulsdueariezluaa el
Anansazatenglaanadwes (Glucose polymer solution) Nila18817 a1sazaeilazgn
nsonavy it v lidudunnuielilavealafndniuansenihunlglaunanise
ndalng 9197 Tudvznds duss Wi lnevaluiteundnay 361 DE oglugas 519
& ¢ a i Y v = = A a 1 2
wealaindn3uenreglusvarsazaredutduvsogunsdvrlisinduldiivaninunseninu
@ L4 [ ) PN =K 1 1 = .dy }% 1
antioy daduansnlidounsiesossnieliminduyszuiadovas 3-5 AuuIuLY (Bulk
density) aglugag 0.31-0.61 niusegnuIAnwuRwns awnsalduealaindnsulaluusunn
Mmngauiueinete s wazninfivewealanndnsuluesuiaty q awisnavarels
Tuihigaumgiviesansazaienlienvaslanseyuiviveiianvewealaindn3unuiunldeu
a1sazatefladauantinisiuauluie (Body) waziinnuviaiiadaue Weoduda
Seuteu mafuvealanndnsuazyilranuniavewandusiiniy vinlrdndiuresily
a o ¢ N a Y = & v o
HAnduaanas N15WagURUAMILATTIAY HAUAINITOAAAINUTUIINDINTALA AN
(Lowhygroscopicity) Jstasannisiuasunlamienienmaeindn s unffldnvast T una g
Tnglamzuealanndnsunidan DE 61 qfigadonudensi uazaunsaniuaunisiinduinia
Iolusgradvinlinandunnlanediiniatesas n1slauselevilundndueionnis esin

va aa

& ¢ a a A & = o
ll@ai@Lﬂﬂ%mﬁu&lﬁu‘UmV}ﬂﬂaqﬁJﬂigﬂqﬁ aquqiﬂagaqﬂlmu@qﬂqﬁwLU'L!?JE]QL‘V‘@'J"UQilﬂ'ﬁ

'
[ =

dranldlusmisuszianeng 9 wu gu uu dwaldl WJudu vieorafuludnwazindung

©

[ Y [ 1

lngasasainnazateuiney desldiluasiiuusuia Yreuiuaileduda Shwiaug
Hu wazdnorenisnusnwlunandusiauumiiu 51190 Uagmelaing d91A1endnansi
T dududseneurane 9 M wagdsanuisaldsiuiuaisdu e (wnan, 2552)
% < & a a [ L
stduealaangnsuluNan N uNe1Ns
yealangnsu (Maltodextrin) 19lundnfagio1m150871903199219 Wi siiuwea

Tue1w13 (Food Additive) §ainduanslulawnsniigesite Sanunsagadudngsnanelauuy
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Fenfufuihmanglaa fduiednailulddudumesdmiunansuidlindanulssaom
s qlunEndusiomaiitegunm osdniudiidesnisaauautmiin onsdmiugae
sy emnslusius lundedasiomnsuisdduoaladndniuiiefinilo (Bulking
agent) 19y isnielunsiuiia (Dehydration) 95U UszLam emwinswe ta3esdiumns e
30U UUNUay spray drier 30 drum drier Ussnne1m1ske 1y LASesRune

ﬁl a
LATDIUTITAYUARS

INIﬂSLEJULLﬂU‘?gLa%'u (Microencapsulation)
lulasteuuaugiatu (Microencapsulation) fianseuiunisweiuaIsu1eviin iwu
Andu e15nwlsn ansdueyyadase Wudul dmenedwesiiegluglveuaugatuuise
uakan Bund lulasuedga Fadvunesaus 1 9uds 1,000 luaseu2 weuselevnlunisag
Mvesansnaeanslidau nMsvievuansidanuliedanindeus, 4 wu gneendladindie 13
[ a < ! < v o v [ ' = o X 2 o
souas gaungiinazaulunsanig Wusu asvilvansaenaniauasinnvuuaziiuinm

T@e17uU nTzUIUNISAINafIrletdesiualsnssmedne uanaindunisuiaisimdu

aaa

vaamaneglululasualyasiatisannsviniugisevesansuay azanaenisualuldau

IWNENITaAIUANNsUanUdesasivdusnandenislunaimunzauladdiussle v

v

HieannNuduliodumsldasiesnmeliniivendennanitnewiu mvilulasualyads

gninludssendldlugnainssudie 9 vianeslin 1wy Snw1savIRved0IITIININNUING S

Y 9

o § val av v ) a a a aa | a | ag v =
idsanlaenuy sherinmluvangviianiianuhveesndiaunasiasaindivigydely
Tussnirsdweoms tagldiue1sdn (sum arabic) §aduun (alginates) wazlusAuandnilu
asvievuliasansanlaung (Taudin wvusnw, 2557)

Lasrusznavveadlulasualya

lassafreveslulasuadga Usenousie 2 daundnfe arsignvieviy wazaisild

v P Y o & a I = ' a . a

viovy ansignvieviudniluvesnainievetude5 1380971 wnUNala (core w38 active %38

load %30 internal phase) Wy Anfiusesindsus er5nwilsa gnguuas @uarsiiuda

1 ¥ v L% = 1

oy Snilndeunes Sundn a1svenu (shell 1o wall %38 carrier #38@ coating material)

9

(Y Y

Fellprudrdglunisivualilulasuavgaiinuaudfniuiifenis dreg19vesansvieviud

o ] 9
1%

Heuld wu Aven-59n Tshulalaslaian (Protein hydrolysate) dumdasiiegluguavatein

(Soluble soybean) A15131uUU (Carrageenan) WaalwWain (Phospholipids)weadlalalnlsd

'
va

Tou (Polyvinylpyrrolidone) 1usiu ansveuifnisiinauaudfnamnsouiiuiiduus o 1o

o [y

fimnudanguuaziinuuiusuiieams awnsavitbiiaddadu (Emulsion) Bafniuans
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ununansldmlagliviufAsefuansununans sausesdanuniindifesdluan g iy
vowds uaglifuienisililasuedgadosdsielafovaeussmsiidunumrenaand
‘U@Qhﬂﬂﬂmﬂﬁaﬁu Hadeiddaylududu q Ao madenviinvesasvieviu uagnalnluns
Uanudegasiigniieviu Im8ﬂaiﬂﬁaﬂdwaﬁﬁﬂ%uaguiﬁ’ummfmLﬁuﬂsm@m PUNNT AUAY
wazyiaves oulsy WWuduy
2. msuundszinnvedilasuauga

lulasuatgadivaeyseinn Jusgfudnuuzuasarsununans arsviesiudild uas
FBnswan Taemludinduunuszianveslulasualganudnyuzvosaisununans i 2
Ustavilug) 4 Ao lulasuaugafiununansiamungnuteriudeansvioriu iFent lulasuauya
LUULAUNAT9LFEd (Mononuclear core) (3UT 2.4 n) uazlulasuaugaiiununatndng

v 2 1

FuuLINgNviRviuilgasveuiienda lulasuadgauuunalgwnunas (Multinuclear

q

core) (3U1 2.4 v) Bellpuldlunszuiunisndngt insiganunsasey o YanUaeeaisununand

Iplusveznaenuunilulasuaugaluuwnunan iy

12

27 6 lulpsunvyauyssemnneuanyayvesaIsununan n. lulpsuntyauuuununa
1987 9. [ulASUAUTALUUYAIEUNUNAIN (MUY 1ABUNUNAIN UAEYENAY 2 Aora
iovj)

737 : (Toudim WsnrusSnw, 2557)

\n3DsaUURILUUWLEeY (Spray dry)

wAdAN1sBULTMUUNUNeY (Spray dry) 1udsnsfidenlddmiunisviuiees
ansara1edunid ansusennddadu (Emulsion) warveuvawiiaeing 4 lnendnsmiilaae
oglusUvosnsuiy Fddeultlugramnssumaaiivaze s wandusidrunilninns
uwsnuuusesfiinsgludagtuldin uuns evnaiin swerddon mssuusiaesd
wonanaglddmiuruisegenniiudidaduitnsnivselevdogrwnnlunisanauin

LazUSUINSVDIVDIUET INANTIVULALTHAUINADLTDINUY VN IAITNITDUBAILUUN UL DY
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naneduisnseuursifivszansawnazdontunldouusiaiunan fusinarsuszia lu
Uaqdu

mMsvhursuuuudesdunsussUnandusiomsvietagitidnvasduvouvan
T dunauisansazarefiuresvarazgnaalasdusiugunsaiiviliAnasessosaiely
viosouLazazessenarduiaiueiniafeuiigunall 150-300 ssmiwaidua vinlsAnns
sunpvaniogunniinaeiiueynianuiddvuaduinuguinats 10-200 lulasiuns
wAnSuTanTeardimuduliiuiosay 3 vlvamsaiulilduuazmndeniniunm

w3nsdleflddmsunszuiunsvhuisuuuniudes Aewn3oseuniawuuriues ( Spray
Dryer §u SDE 50 ) sl 2.6 Buainnisldvesvanaduirdossesuronariinruily

SEAUNMLNZaLRNISAA LT NU LT LAY INTUTIENKER S AT LAa1NN159IwIATIaanNN

'
o

AMIUFM0819U0 AN UINYIITIa1L50 lT b s usvinazane aisuszin ndlatu

(Emulsion) 3@ suviuasnle

N 7 1ATe90 ULIUUUWLEDY 31 SDE 50

N1317991UATOID VLIS UUN UNO8L5N21AN151 A Air compressor wazlUnaLAoau
WAILUY WUy (Spray dry) ¥N15A9AIANG 99LKIAIUAN AIAT Aspirator wag Inlet
Temp. MumMuuaInduseIundtaglagungiinuiimua il WUa Pump Liteviing

Feed Wnare1n Uszdnad 1-3 undl Lilevianuazeinidawazleaiunisgaduainiy Feed
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F9879 LDLATAAUNTOULAILUUNUNDELAD Feed 1nazen ayinAuayaIniiannadla
angmeeInid Un Pump, Inlet Temp wag Aspirator LlAUM8E19310 Collection vessel Un
a Y a .
LT84 d@aveUn Air compressor
Ve N1TB UL UUN DY
v 1 I~ % QA' Y o [
mia‘uLLmLLuuwchasJtfduﬂizmumiaumeﬂszqﬂm%mmumiLLUig‘Ummiﬁqﬂ
Uiy Faenmsiiseaniseuwivensegluguvesansazaneiiluiofeiunioarsasaned
lahlduilowweiiu Wuasazarenansyninaveanduazvaanal (Slury) Useveaunainy
Yaamal (Emulsion) #ann1svinniaazaiiunisiaevinliveunalsanauandinduazesd
a = v ! Y = o v ! a YR
wieveadn o udluaiiululunesuwmidionniaseuluaniu Turazineiduilosainen
YaavaivuiadnuinUszain 100-200 lulaswas vilrdnunRunYudunisiiufiunly
nsenelaulakazAINSoY N133METLANTUUUNUNRIVBINEATBAVAIDYNIALAN 9 B8

59057 (Tudie wsnusnw, 2557)

MENNSAUFIUTBINTOULTILUUN L BY

doomamangninduaressazduiatuonadouneglunosuuriaasyilinly
psszmeliegnesiniii "\]1ﬂ‘lfum%@ﬂa’lwﬁuﬁﬂﬁwGlﬂaflaﬂLLE”II’JQﬂLLEJﬂEJEJﬂﬁHﬂmJ%EJULﬁEJ
ihluussyelunszununseuuiauuunulesUsznauie 4 umeudsil
msvhliesvariioynipsunidn senenveamal (Atomization)

nsvilimesnadlifioyninvuindn 9 auievesvesuaddaudAydimiunis
suwhuunudlos szanlusiliiasiuiiialunissemeduandy seleuanudeu
Tasnnuaznisanelowsnaduluegediusyansam
nsvhleamainszanedluazens (Atomization of Feed)

nsruidunisvliveanan (Feed) wurlosnsyanesnaneiluazens ngldwian
WU ?z'faﬁa’jﬁL‘ﬂuﬁauﬂizﬂauﬁwﬁmﬁqmmLﬂ%qa‘uLLﬁaLLUUWuNaa (Spray dryer) 1@
YauATDsULTILULUTLHeY &I 3 ¥ila fie

o

1) ¥adanuunau (Rotary Atomizer) gunsninudoswiadvewnannelnaasuuaiumsulng
fugagudnans Tnsauvuaziiaay 15350UUsEaNAl 1,000-10,000 S0URBUTIvBIMAdTAN
asuuIUMLUIzgRIIBIBansuinanszeduaressuIneyARALUT s 30-1200
lupsou

2) Wanuuuusesiu (Pressure Nozzles Atomizer) QUﬂiﬂJWuNaaﬁuﬁmﬁmaamm%lviamu

| v a v Y] = o § v N v a &, 1%
ﬂ@ﬂﬂ@ﬂﬂ?ﬁ@ﬂqﬂimﬁqqﬂﬂugﬂ GUQQ%V]']GLW‘U@\TLﬁajwaaﬂﬂqﬁnﬂﬁjﬂﬂﬂigﬂqﬂLUU@S@@\TN@EJI@
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Taeiilidedliorna oyniafildazivunnedeUszana 120-250 lunseu Tasvuineyninaz
WUSHUATIAUDNTINS LAV UNAILATAUNLA LAITWUSNARUAUAIINAY

3) Kranwuuandveatna (Two-fluid Nozzle Atomizer ,Pneumatic Nozzle Atomizer)
pUnsniniudessiindvounaiuareinmazivasiuivesiade (Nozzle) Tvasvilfuaivan
uaniduazessiesiilesanmsinaiuveseinmasoauiiganeluidanisuiusasing
Twavesennirazgaslunisnszaoduavessemeinarisideuldfureanaridnumia

acdaa

gafeg3lsAnuisd

o a

AR NTUNNTNGIUA N AN AR ALY

5 —

2771 8 WadnveunSesoULTIUUNIADY (LUUMYY, LUULSIAY, LUUFBIEILYA)

i (ufiiey Wawnaunsd, 2012)

N13FUNATENINELRIMEATBINAINUDINIATOU DYNIATDIBIMTIETURATUDINATY
dieliluemsmariuanudouainoinmefeuriliiannissameiieantu nsfmun

Arn1svesnisiaasunveseIniasewdudsdrdyAnesmietann d19ianienisivazes

[ [
Y = o

anAmzaufazyilinisaiglouanudouiniulisgnsinss mildfesluiugauszasd

VBINTOULI SNYUTLAZAMNNINVDIDMNTNRDINITOULI

UaieNdnanonanNugiaINNITULAIRUUN U DY

o

AN YDIHARATAlF NN TeULTILU UYL s TN afUNER S e T vy
Jursanandiliseaudeunasdimundnvazvomansarisosmsidudueutuiulade
19 9 AARIINNIHER Ruriiiey nowduned, 2012) Toun

P931N13NUNTE8 (Atomize speed)

dasniaunsraneiinaselassairsuazuinveseyn1aiilé (Particle structure and

. P % a a < I
size) 1ng1ilaens1N15Un UV LAaIAIY (Feed rate) s AsaTuNISHUNSEaNe
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(atomizer speed) finalivurnvesayniafildianas AunuILUUsIN (Bulk density)uas
NERAUITAETiAUITLILLLTZIN T 1TRIINAIATENN AN TOUNUTTUYDIINTEMIN
aunAnlngle

AavantAlunsdou (Feed properties)

USuauvaeuds (Solid content) 209a158a18TNAADAN YAULUATUUIAVBIBUNIANIT
elusuanuruuiusiy wenaniinisteuaisazaremerunsiiuvunion1sangumgl
aufeuvnd1azdwnalieun1anlainumey (Coarse) wagilinuduvendniamnile

a = a =1 = PN =4 o 1%
Wasuwlasly Wesnndinaveswdsiiindusiuiuunaveseunanlng@uiilinisssive
s v ] Aa A < v !
iindiluasasaneNiiviinaewdsiesnd

w1invesiian (Type of atomized)

¥1inv0IAnil 2 WUU A Rotary uay Nozzle FulNaADANYMLYBIVUIATYDIBUNA

1 (% v a Y AY v o d' 1

wanenafiy lngiaauuu Nozzle aglvianwurvessunansladldnuaeivienunii

n1stnavedeniea (Air flow)

gn3InstraveseniAanslueseuwisiinanaliatvefiegluiesounsia(Residence
time) vas0uNIAVIaLIAIMElUNMTBULATIAENTY H19RT1NTINATRIRINARRAIAINALLIAN
a 1 v - = Y oo & = S & = £
Megluiatauuiisvatoynianienanldluniseuwiaiudy Usinaiignssieduntud
HalAuTLanaazddmadanunNvaINand N lavdluiuauanTRnINIE NLaE
il L1y N1siaURizeduiniaduiiesainanusoudinalindnduanlandutaziion au
Ingl wananildnsinisinaveseniadiinaseusunamrandaile

9o ilun15eULYY (Drying temperature)

gaungivesauieulunisouuneniavidn (Inlet temperature) Wazv10n (Outlet
temperature) INafadnwMzUINENAMIN sgugiv i ninTulaeN §nsINsinannay
dwaliiinnisseimetieenluliegiesiaiil uenainlloungividifgs dadinaliaiy
nuwidulsngsudlatanas Mliialaseasaniisngu (Porous) lueyniansuinninly
Uuzfgun)ivIoenizdimanoUsinuauTuveHani ailaellaiiugungiivieenlgdu
fnalvivSunaanuduiivieanas sadunsivuaguvgilauiouvieenaguivisuiu
AuFuvINanduTigavnedudd navesautulundndusigarineazdimasonmuninly
ATUFIG 9 1Y N15aEale (Solubility)aa unuiwiudsing (Bulk density) vuin(Particle

size) NM3AAAINAY (Hygroscopicity) LLazmqmiLﬁU%ﬂm (Shelf life)
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N1399NKUUNIINAABIRUUEIUNEY (Mixture Design)
HumsosnuuummaasiiemdndiufiansauvesiododalSunadus 2 Jad
FulU TnedandniwmasiuuSunamestladonanunavdondy 1.0 (3o 100%) @uenanie
sletadenilsfivsinadifintudoninlndasedu q fidndiuanas Faunnsnsainnisaassd
Tailouuunay (Mixture) ishuUsusaziududaszainii MI0nLuUNTMAaes WUUEILRE
fuuuLHuNSeeNLUUR D
NN5BAKUY UULDNGTSINBSH (Extreme Vertices)

O Y o 1

Jun1seenuuunsnaassuuuniivesiindagdiu (Design with constraints on proportion)

]
aa v [ 2

NI0UWUUNAT311A (Constrained Mixture Design) na1afsukunIIaasilseaululnay

4

Jaseldgndudaadu 0-100% Insaraudu 30-40% (0.30-0.40) #50 15-25% (0.15-0.25)

a @

2w A A o & & | ) ~
sy anneiiluuiiieninanydnlulasiugiulunimageuuisedns wu Tluniswda
2 M15UNlANNdIuRaNveInginu ( Gluten) lUsAuaznAlNIUGB4 (Soy Protein
Isolated) WAzl WU éfaqﬁmumamaaﬂqmuuaﬂﬂiauasnmmﬂﬁamﬁaaimﬁuaﬂwﬁaa
50% (IgluvSunauwinfusiinay 25%) 39a1u1sadusdunautfiorinnissatduneiule fau
1 al ) A A o 1 = [~ ~ a [y 1
drunauvengwularlusiuanaInamaeiningl 50% Jslidunaulavasiiieniu wui
#InTunEInI 30% azlianusatulimdudouls saiudeenanivusanizusunn Tusiveg
drunannmazyiadu 25% 25% waz 30% auaiau laglndanninuSuiadusd v
1 g.J/ (v 2 I a & I v} ] @ 1 1 gj a a | =

A uNaNTIALSINNUAB ALY aWINAU 100% a8nafnv I killiutiuas e druNauLRen
AdululanseolufdrunanlaMdululaas uonainingdinnisinanusndudadlvdaden
msfneluwsasdmeaes sy 100 wWesidus wilddndunidesimniadeundny
NounulUAIUNANVDY wWAALAINAABI91aN T8I 1UILLINLAFUTIANWILNEY 3 Uade
AN1150 M UNSNAaRIwUUNaN bty Tdrulundandusisnuiu 10 Jadufaweias (A - J)
woaulaaniztaded (B) @ (C) wazd (D) Tavia 3 Jadasanand Hdndrudadu 18 Wosidua
YosdunaNT e awnsatidade B C uay D univuadudmaaoaing q delldunauil
A9 9 T wazludiunanurazdmeassilaldandu 18 Wosiiuddiudn 82 Wosidund
widomuualildluviinunsivseilutiadensi (Fixed variables) Tuyndmnass (Zen uay

Ay, 2015)
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nsandaayulng

Tudagtuiindndusietayulnslugluuudig g 1nue wu ende giualga eda

2 H a 2 v 2 & A veo a A ~
wdeu 8111 wareasy WWudu negdalugduuuilasuaudiouann Wewindanuas
AR eNIEnInLazLall kazazaintunisiuusemudmsuansensuresenayulngi
v & < Y& o & v o« wado w -
anunsanendmdudinlaiudndudesanuandand Ay 2 Ussnshe auaiunsalunisiva
d'd dl' v 1 @ 1 @ A 1 d' 4'7 [ I~ =3 v
78 ialiwredalsazdaduunnsulseniunaiaus kazanuauisanandatdusdiale
ﬁimﬁﬂﬂ%ﬁlwﬂﬁﬂmiﬁwLmiigal,%ﬂ ﬂa'nﬁawammaqulwsﬁuéhmﬁdawm o viinlag
USuauimungay m‘%emL“‘ﬁJumeaL?J&Jﬂﬁ]’mmﬂst'fmi%ngLLazéf’;ﬁWazawﬁmmzau Town
H = & v v A a =~ ' ° v | v I3
11 waruseleniuea tJusu tngldesesnaulentkazinsodwss U buaunid wsalrauinan
auaue naNa1NaeauTiaf1g 9 udIININENAIBLATEINDNENTN (VUYYY WOURNN,
2558)
= a a v | = a A W

gudinayulng Aegrayulnsignaenlylisusisuunay 393 wasy veanuyue

A a v < o YY) | | o W =3 ¥
aeuBu TanvasuldmiuTuuseniuansyissne Tussvendeayulnsusenaulume

1. ansPanezdeliindaniziu Jeuldlunisweianisvihunsyaden lnewseudu
da15aza88ainig lawn WIN (PVP: polyvinylpyrrolidone) azialdie laa1duusuiunly
UseUnad 2- 4% Lagu1nunwiiawadniisu e 38ulua U I UILANIZEN UaNINNULTY
Wenanuaudy 10% taeud1nidn 819uw38ua1nwiesiudiusnad wdagnlnalaeusunu
wminuiailduszana 6% veawsayulng Wudu iuszunsuiiowiesunsyadonasowds
PlUB UL mehummmiﬂﬁl,miﬁéaLﬁﬂaaLLammmaﬁ’namImam‘%miauﬁmmzam LU
\ASasRRaTaLanANTUALMET (oscillating granulator) ISendu 9 J10eaTalawnes

2. aseuanga Melredauanlentuniafuenis Slidenld 2 WUy hUULSn
sanguislagnisyuin s1mreeutiagn laun udeilaneg ealdluusuna 8-10% lagumiin
YOIAFUKUUTNAD998N N IAEN1TNOIAD SIAIRBUTIWNIlALA AsEaRIswaladlaLhay
(croscarmellose sodium) wag leiRsuanisynaslaian (sodium starch glycolate) Lusu
wa gl uUSUNtesNN Aeo1aluluusuna 5% Tagunviinuessisu

3. a39emanasi(direct compression filler) Fagledaayulnsursisuianiy
LIARNTULAZAINNTOUAAAY RINRuNnenLalirpeuTs laun TulaseSaneaiiuiaglaa
(microcrystalline cellulose)dudu vofusniniisainifosndinazuandalaisy tws1enns

NBIAIVDIANTIUAY
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a = 1 =1 ¥ [ [ a

4. a1snavsanaunadu luunansd wu sudaunledssasuzwis suegldaaifu
wazoALle nausavuwaznaundueayulng susliiduasianzsassiailudnsidqun
YRR

5. @SLAITEIUMSPATUAINAL YenauTanaunauiiendAuaravieliednd
N a Y oa 1 = [ | < g 1 a I a 2 a
angslaguilaaansusissaruildloun gaslaa WWusiu arsussnduealundunalyd uazd
g v 1Y Yo 1) ' ) @ a ) ' a a
4 agdpaldsuniseensuan su. Iaendouaslilunivlagluasuindundnluung
naufdesonswseusiisu uwaneslaluuSunaudntos wWisldlvdnvinenisivansenisnenen
& ~ )~ wa 1 9 =
in Wesnndnuaudnoutiamien

A v v < P a a 2 @ = <

6. asnasau/uniiglimensulaladiy Assuiluivanusadsaniuvuzaengiide
WU wund@enafesalulsunm 0.5 - 1.0% vesisu Wurianiavesansvasau

7. a1sdaelua drelinaluad laun fumed silicon dioxide Tuusunad 0.25% w849
o ) v < a = oA 1 a 1)
fnsu 1Wuay usianilsresansraofuuineniu

U A 1 v [~ ra 1a [ 2 1 a a =

8. a13niufn Yavlredalidfnanuasiifivivueaon laun uunidi@ouaidoise
fumed silicon dioxideluuSuruynaniul nias (talc) nisuteslinmig q Tuduiun
winzay Wusudurlavilsvesansvaedutuiieniu (auysed, 2556)

A3099aLlin, IASBIRBNIinEILUUAINLAEY (Single Punch Tablet Machine) 18u
A0 0aNRUUNIMALEULaZRaTnwIIBmuIzAun1THAalugRaInnITNTUIALEN
1S9UNARDIMSLESHVUIAEN USBAaIN1SNARTUNNA WL AT wavWauINERS el 91U
lurieanauviselsmeuianundneayulnsdug

Aaau TR lUAIsImendaeLuuaniAe Ju SPT-SERIES

. NANINMANVEDAMNINES

. swmgﬂamw‘h inlsge

. LLiamaﬂaﬁﬂLamammzﬁumayulwmﬂﬂizLmn

. annsaldndneilonaasdlduionounsnanass

. Ilavauuresinosiniuazsuuuldtonyu Feaunsaldlunludlvinla
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77 9 iA3emaniine wUUINIGEI §u SPT-SERIES

nsUszdiua1ensiusne (shelf life evaluation)
a < a v s = a ] | £% a = '
n13UseidiuengnsiiureIndndueiniag Al1un1sAuienad s gunginialy
WipualdUayavainandusiuddildtoya 21NNTEUIUNTLALUTIIINANHEASTUIHIUNT
WUs3U MINAMAIMIBIDIMITANAIVITOIIANTSIHBUIF YR N STUHBIINMTIUREULUAY
L I a a 6 13 a v 6 I aaa a a
MeeuAd MEAMKAZIFUNIE N1IVAdeUIYNISINUTBINERTUYIB NS 2 T5Re (RS

W) WaNYS WawAny, 2553)

a Y

1. nmsnageuluan1izund lnenisiunandusinaaeulinanitzrivauuniidusiedng
a 1Y (3 [ Y a v ¢ 1 Q{' o
HANSuTINTIvERUANAINTUSTYE Y UNTEN AR S uadeuRuamAuliiluieusy
o % @ la v =2 a [ ¢ [ ‘:l' [ < <
AvueegnsAUALAsIAuILAmand s Feuauamauliiluiiseusuilueignisiiy
YDINAN U9
2. manegeuluan1izse lnensiundndadilinannemuauiiaunsasinsidoude
VoAUl WU aamgliainitung ArudutuveteanBiaugenitung Wudu an1ienns
=] & o Y a d' = g & = = & o o 1
Nuwmadagilvianisdendaisntussesnaldlunimageudsduasainuuiianluuls
& < a a = o < o A a
nadueignisinuiiangdniu evsyiianilaliongnisiiu 60 Tufianngdndivag 15
Fuian1izise MatuegnIsiy 1 3N dannzsavsvindu 4 Jufiannzdnd
JaunaransvesUfiseuaznsmengnisivemsaie Insdsunuamimisg
ATkardInIn sen31en1swlsgiuarnisiiu Sy Tngussasdveinisulszuuaznisiiu

Shwmanfie AoIN13AIVANAILUIANNY FRIlTURATeRefintusgranunzauivelila

AN YDA TN USINARBINTT UJSein99 Tuemnsiifinduseninenisudsgy
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WAZNISLAUSNEILAATUAEDRTITLANA1TIAUY Tawn A1AsuLUaI1LATl WY anTLAdy

a

Ufsensfinuinia nsiUasullamigdunid wu nsiienausaliaungd n1sieunlas

q

NNIPAM WU N15URBUE MSWenTuveIniy NsUAEULUAIMIANAIBIMNT LU N3
goyidednndiu nsidgunlaswedlusiu wasnsiudsuwuamianiu Ysvamduda wu 113

WasuwUamemuanuueileduda nsgaduniusa (3aunn, 2548) Uiz wmai liddnay

Ao o A

AnTusgninenswlssunsenisiiuinm deadionuisesneg fdfynanduneiteiu

aaa |

AUAINYRY NEnduTgavine NuSInadeInIsuariiettesiuu]Asennne luemns

o oA

saunaransvesufisendunisfinednsinisiiaujisenlaetn anuiavewdnsiueid

Nndusianan (NSAUNY Walnys uazAuy, 2553)
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a v dd

NUIBNNYITD9

o

(@lsvua alsvindm wastesni é‘f&mqﬁ 2554) ANYIHAUBIRUNNTNITOULIILAZES

GU’JEJE]ULLMW]E]F]MJWWWGUENN'@‘UU YINNSLABITO UL UUN UHDY mauﬂuimumuﬂimawaq

[
o L3

0 a a fﬂ ! 44 ayv A= A
UIMNAALNINBDUNIYVIYINNBNITIDULUN QWU’J‘UEJUQQZLI’N]QUizﬁQ 87 ﬂﬂ‘mmmmulﬂléﬂu

¥

M58 ULINAUUE IAMELATEIRULAHUUNUNBY Lasfinyinavesgumunilausaulazysuu
wealahndm3u (DE10) Faldiluansviseuuns senunmvesdulzsnnauazindulesnfugy
a v v a ¢ a a Y a

Naududu 12.8 asruindeaniuunisnaassuunaneiiea wlsgungiiaudouin 130
150 wag 170 samwaldd wazUSunnuealafndnsufisesay 37 40 way 43 209U LN
W9 YINNITNAADY 2 B AINNITNABDINUIN HARSUARALATANTUSouas 2.04-3.64
WINTFIUWI UagAuausaluazateuInnifesas 90 nsiiuaamgiiausouvinlala

¢ <& & a aa a = 08 Y a a a

Wesi@uinandnanauaranmniingauiuly (170 ssriwadea) vilviusunuasituednanas
pg19fiedAty (p< 0.05) AstlumniansaUesiduanananuarUSunuvosasiuedanidy
NUTAN1IEULTIMNIzaLAD aungiiausaunlIsagluyla 130-150 aeAlwalduauay

USunamealanndssuiovas 37-40 11msgIuwiig

(BNs S9ANAN WarANE, 2560) AnwiNglnunagnzlunsannasannUdenaa
T wasiwesdudseusuna asusenouiiueansiy USunaaisusenaunaliuessdsiy uay
gnIfueyyadaszvesdudananleiivinazargiilagldndeilaninuduin 121 aen

wawed suludfen 100 perwadyd wnusaludusaay 40, 70, way 95 lngusunns

'3
[ a

wudruainanasnnadiusunaarsusznauiiuednsiu AuaIunsalun1sImig wazgns

(%

19n puyadasranIndinainanly uidwaianluvesdugiuunaasaliuegdsiy

Do

gendnduannain wWhsnua waziwwesdudridainanudenna waglunadalaenisauly
Unsien wardiuannainfanananieunlaglivdelianinuau dgnslunisiueyyadasegs

nidruadafianiazdu o (IC50 = 0.236 + 0.008, 0.579 + 0.021, way 0.733 + 0.002

& v & a a Y] & ! v a PN ° v
ﬂiQULLﬁ@IQIWLVUQWLUa@ﬂNa EL'U LLaSﬂQGU@\TﬁlI"?ﬂLUULLﬁaﬂaqimqu@Hyja@ﬁigw@qﬂﬂguql‘uisﬁ

NARAUMLESLIMNS wazltidueSasdieng
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(MULADU a2 UNT WAzANE, 2558) AnwInTzuIuNsHARRIENUzU AT eals
Wngmsusnaiu 3 seeu ($sas 10, 13 wag 16 Tngvmiin) autanienen nwazniseeusy
vosuilnasovuuysiheifunsduzunviifasuealadindniusietu Taoidslusunysihe
Sovay 15 voshmiinuds man1sinmeiamenenmwuiouayeiefunsdsuluis
uealaiindriudesay 10 femnuainaian wasiifuuealafndriuiifosay 16 Taduns
wazAAniosgean (ps 0.05) Suinmihdasy (aw) ogflutag 0.92 -0.93 (ps 0.05) aghdlsf

a = I a < ¢ a Y a1 < ! v
G]’]ZLIGUUQJ‘L!EJE:I']EJLG]@JNQE?@JSU’]’JI%VI&J@J@ﬁIWLﬂﬂ"?ﬁ@lii&’i@ﬁlﬁ% 13 UAIAINULYILAL A ‘Wﬁ\‘i\‘i’ﬁﬁu

a0

M3AEIgedn (p< 0.05) lnemsifutealmnndnsulunsduzunlviosas 10 auuleiedia

'
v [

AMuwllenfniuian (p< 0.05) wonanndnisiuuealawndniulunsduzuilviovas 16

q

a0

nuvunleiedarnnugangunazAininuiniginniugean (p< 0.05) Haann1sUseLiiy
AuNINNsUsEAIMduRanuignaadeuBulviazwuunseousuTIneglu e uiiavaunn

anunsaiuRsdurusuealanndnsusesay 10 f9 16 (mtdndewinin) (p< 0.05)

(UATUAT WENANN ket Fagisedy, 2557) Anwinisinseimusinauag
Wisuifisuasuszneviluednuazgrsnmsdueyyadasylunieshuimaliieisumsgu
1$un USumansfluedniianun 1ael433 Folin-Ciocalteu wagqunisdnueyyadasziieis
2, 2-diphenyl-1-picrylhydrazyl scavenging capacity (DPPH) waz33 1, 10-Phenantroline

(Phen) 21n1mua 10 Aae1e nudnaseshutauslnedvsinaasusenauiluednuinian

] a

Ao 2765.00+0.00 Lulasniunsaunadinde 1 daddnsvesiiegiunsesiuiiuzgunaunglad
waglumewiniu 1749.760.02 lulasniunsaunadnsie 1 adansueeiieg1s waztiaduuag

WU 1501.80+0.02 lulasnsunsaunadnee 1 1aaansveefiiod1s a1uaInu gnsn1sau

¥ a =

a aa ] = a4 0% = £ %
@H%a@aigﬂjﬂ'ﬂﬁ DPPH wu1n Lﬁia\iﬂmummalwaquﬁﬂﬁimﬂua‘q;ﬂaaaizmaﬂ Ao

Y 9
1%
] a0 (Y 1 [

2453.32+0.08 lulasnsudieadisio 1 Taddnsvasfiiagrauiojuiausiniy 2412.64+0.06

a

Lulasnsudieviide 1 fiaddnsvesriegrauasiniesnniiuzauniunslasuarlumemfy

a

2406.32+0.20 lulasnsudieviise 1 1afan5009M10679 AUAIRY LATONTNITATUDYYA

] = A A

a45292835 Phen unnandatasasnuiiauslnesidniitu 3131.61+0.02 lulasnsuine

q

()]

v 1 a a

adalnseo 1 Taddnsveaiiegne Uisjuwauvintu 2833.97+0.03 lulasniu inesadaia

afle

e 1 1adanT909R79819 wazinsosnuduzgunaunslasuatlumewiniy 2802.64+0.01

Tulasnsulesatanage 1 1aaansUDIR198719 ANUAINU
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(#3015 AW wazAmy, 2557) Anwraneiuanganlunsnanyidnnimigeen

Wiouv LIt nMimgseniiansiueyyadasysssuyigeiuselevddoguain s

a

imnmnzeenInAuIL 5 widl wazdldualutinoamgil (55, 60 uaz 65 serwadea)

3

[y

wazIaeing 9 (5, 15, 25, 35, 45 waz 60 W) Tushsdiusyninednndetivingu 1:3 lag

- Y] ! a' A o v o 1% o A |a a A & a
UINUN ‘W‘U'J']aﬂT]%‘VlLﬁquaﬂqulmﬂuqﬂﬂsﬂqjﬂ'?llﬂill']ﬂJLLQUIWIGUEJquanVIEjﬂﬂ@ Qm‘VieﬂuﬂJ

Y

65 DIFNYALTYE UIU 35 WY NNUUANWIANINEMAUIz AN U TVIRAIUIB1U1INA0e
3TNV UNUNS2AnelaanUsUS U MuRalamngasy (Sasay 20, 25 waz 30 lag

U mtin) uareunivd1190UATOWIUINKUUNUENTEATY (140 Uag 160 BIALYaLTYA)

]
a

NUNISRNNaalamngnsuSasay 30 Ve puasNaNanNIIT1INEINan wazia1ns

Y 9

1
IS o A =

ranefngaliaiunAusUiasiuunsUssamdudalunudnuazlsinguasdvesinguin

9 Y

)]

fian nsldaamafinndnvesnisyiuss 160 ssmwadoa vinlilausydmidiaudiinig
Menw uaglazuuunassamduiadianinfigungll 140 ssmwaldea edinsizvian
AmEnsalunIFueyyadaTy (EC50) ¥oanevn 412n1lag3s DPPH nudnda iy
4.696 Haaniunalianans

(8391, 2554) An¥INaTaINITEUIUNMITEmELasnIAkaanasUAdaUs L ulnlyen
fuvesasannandendinn uarAnwinavas Maltodextrin (DE10 wag DE18) siauTuna
woulnlvenfiuveansdaniudensimaiiiiunsiuiauugainianas A siuiauu Uiy
Hae wuiinsauearaiialinase Usunaueulnlegiiuvesansainainiudendennagiall
dudAey (p< 0.05) lnanssewmeluanizguyiniavsenisldnsaieanasinaiunsaine
woulnlgenfiuldunnninssemeluanneanudueinieund asadaiildainnissemesie
\A384 Rotary evaporator $3ufunmaifunsaueanasdn 0.1% fusunaansueulnlesiiuuin
flgnfie 11.6+10.60 mg/100 ml 1lothasarananiy Maltodextrin (DE10 uaz DE18) waz
v‘hLLﬁqéhst%qﬁwLLﬁqLLuuqaqug'm']mLazm%qﬁ’]LLﬁQLLUUW'uNasJ WU Maltodextrin flua
senssnuueulnleeiulusenininseuwiesifeddey (p< 0.05) Tnensdainansadai
Hed Maltodextrin wagnIuNTBULTILULAYYINIAFINTaSN B USINameuInleendulata
Youay 65-82 lurueinsdanasafniinay Maltodextrin wagk1UNITOURTILUUN L BY

anunsasnenUsuaeulnloedulaiiessesay 19-31%899nHUTNIE MaTaNgUILAENIY

AuSeuTigauinl 70 80 war 90 e waled Wual 12017 wudgamngiivasssesiian
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Y

HuaviliusunaneulnlseluanasedsiiiodAgy (p< 0.05) Lagnsdniin Maltodextrin &

AASITInvesUTaeulyeugend 102 wii
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O 00O ~N O U A~ WDN

11.
12.
13.
14.
15.
16.
17.
18.
19.

uni 3

Y89 aunsal ansiadl wazdsnsanliuauidy
AfAY

Uanane (Musa x paradisiaca flower)

A4 (Zingiber officinale Roscoe)

1Uun5198% (Euphorbia hirta L.)

1oalaLingnsu (DE 15)

\w3nslianazgunsalildlusmuide

\n3estsiinea nafloy 4 siumis Ju OHAUS PIONEER PA214
. Unnesuuin 1,000 daaans

. NITUBNAN YUIA 250 Hagans

R IAUSUINSAUNAN WA 1,000 Hadans

. FOUANAT

. ViADANEANATEARN

. aenNAaBINILNEEN

. IAnanaRn Yiaud

A3R9IANE1S (Refractometer)

. \ATeaLuEvABATIAGRY U MIXER UZUSIO VTX-3000L
AS28NTDILN
RV

NITYDU

PG
LATBIDUWAUUNUN Y 818 Best Spray Dryer u SDE 50

Lﬂ%ﬁmmi@ﬂﬂauum (Spectrophotometer) 1 MiniScan XE plasl

31



20.
21.
22.
23.
24,
25.

1.

Lﬂ%‘laxﬁmmi@mﬂauum (Spectro SC Spectrophotometer)
\3eeiaA pH (pH meter portable)

widosTarnanuu Ingld Moisture Analyzer $u AND MX-50
\3esind a,, lneld Water Activity $u AQUA LAB
wwesinAranuuds Ingld Texture Analyzer $u TAXTPlus

wsasmanLiing) LuvaInAed JuU SPT-5

GREIGH
@13582a18 DPPH (2,2-dipheny-1-picrylhydrazy) (C;gH15N505)
d19azany Folin-Ciocalteu phenol reagent (3H,0.P,05.13W0;.5M00;10H,0)
Wnuea (CH;OH)
asazvanglaifoua1suaiun (Na,COs,)

@NUea (C,HsOH)

yoalaLmngnsu (DE 15)

Lulaspsasialal waglas

10

2.
3.
4.
5.
6. linannaslsa (NaOH)
7.
8.
9.

a A a
LUNULYYUEALRYLIN

- <
Uananglag

11. gaslad

12. Ap0ud

32
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nsnssuaiaayulns (Uandae, dnuasviiuazdia)

()
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(A)
il 10 msw3guannayulns (n) vanae (v) iuusIvay (p) 99

Anwaniznmunzanlunisduanaayulng

a

WayulnsnnszuIuMItiuingnssuIunsiuanamenderuigamgiunien

Y

ayulnsfildaeiviinuvesudefiosansldluthegssning 2-3 samuind
yINsAnYIORSIEINTRIUANasamvinaraty ( 1:10, 3:10, 5:10 wax7:10 Atansy
Roans) warszevnanlunisduaia (5, 15, 25, uaz 35 und ) elilaan1izimunzauly
nsswainuarnsdiliussendldlunugeaivnssy
nsFnEsRsEue UL ETResYazans (1012, 1.1:12, 1.2:12, 1.3:12
waz 1.4:12 Alansuredns ) uazszeziatlunmssuada ( 10, 20, 30, 40 way 50 W7 ) el

Ianneivangaulunsauaiauaznisihluussendldlunuanainnssy

Anwnansfivunzanlunsaiaduayulng

a A

nsadadude Wuniswendiuvesihaningiuiiinadnesnun lngadineenuiain

diwsine 9 vaeingAviy lnvendetunsuludagamgiviednaitidiuvesinunldanu vial

9 Y

msananedldiIunIzUIUNTAINSoUNSaNTIAILA o TILUIUANE TAVIR AINGTIUTIR A

ANALATATINAMYBITILY 9 BEMeY
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] a Y Y| o '
Anwinsudaansansannayulnwslagldinsasauniawuunuslay
Whaftnanayulnsidanududy 2-3 eeeuing uaznauiuuealmandniy 5
s 3 ¢ S v 1A v I a a ' = o 1 v A
Wasidud 1nuudngiaTeseuwitiuuiudey Usuia 20 Ansdeniladiegalasldiaies

UL UUNUR DY Tgaumnividn 160 aeriwaltea

N193LATIANeETERRRINEYULNS
mslaTgivaIATIEY (Moisture content)
ﬂ’]iVTN’]uGUE]QLﬂ‘%IENLfU@Lﬂ%aG Moisture Analyzer tju AND MX-50 mﬂﬁ?ummmi
afnayulwsililunsasinszsiluninegiion 5 n3u l3aud Teia3esuaziA3edasisy

ASTUIUMANUTUDALUIR NNUUTDATIAANUTULAAIT FDUEAINAVLUDNAIAIIUTUY

MsAsIEiUSInainBasy (Water Activity)
nsasizRlaeldin3es Water Activity 8% AQUA LAB JU Series 3TE Useine
01301 TumsuLsNTNEDalATes Water Activity fisbiidunnatagieden 15 unit 9indud
naafnayulnsusazyinaduienivudliidadidmun leaeiiminade 5 nfu uganh
avugadliindduiaIsanagnyulaiieviniseudildinarlunisiinges 10-15 und
\A30sTa Water Activity azuanaigumgiifilduazanuTunanindass vhnsindwimuasn 3

A9 TUTNANNDUIUIMIAREAYYIANUS LI MU DY

a € 1
NN3ILAINCUAA

1A

UnaasainumazyininAdn181p309 Hunter Lab §u Min iSan XE Plus Useine
aawosuwaus lneviinis calibration WenaaautRlunsinavasiegadonsyuudu L*

a* , b* 9 ntudnsasanannazyialdadluaiuwnilanasUad1viinisinadveawsasy

H19871991UNANITINAIAINATEY WATUUNNKNANITINVDILARLANVIINISNAADIVINUAY 3

A39 (g L * @D A1ANNa319 (0 = @01, 100 = d@uM7) a * Ao adwns,d@led (+ = dune , - = &
WY) way b * Aa (+ = 88, - = dnEd))

mﬁmiﬂzﬁqm%‘é’ma%aéaiz 2,2-diphenyl-1-picrylhydrazyl (DPPH)
W3ENA1Tazay DPPH (2,2 -diphenyl-1-picrylhydrazyl ) st 1 mM Tutuniuea

%9 DPPH 0.03943 nN$1 a¥a18seluniuaaauaIsazate nus antuusuusuinsidu 100
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Jadansazlaaisazans DPPH antulilmnansazatatusuusunnseieniuea 1 : 3 (A25

= 1 A v
wissaldnnasuilonaanisidam)

a

N193ATIERNEAUDYLABATENINTIN1TNAAKUAI1NTTN15U89 Pomhirunkon

(2008) InstiegntasanaUIuLTIvEYR Uande wazlanegsas 0.1 nfuazangsieuun
ndu 1 faddns ntuthaisavasnansataudaziaiidesslusedufivangaudsuns
0.1 faddnslalunasannass uasUiunansazals DPPH (2,2-diphenyl-1- picrylhydrazyl)
At 0.1 uaduea S1uau 2.9 faddns welidniudsiisliludida 30 unit fgungd
%o (25-35 paAealea) nouafiogaaunu (Control) wioansazats DPPH 7l
feths (Blank) ansafinlagldin $1uau 0.1 fadans unufegrdinszt aRsmsiety
Soasunan 30 wiit UhdegauaziegemualuaAinisganduuasinueadu 515

WIlUAT udIAINAIAINEIN S nEaueuadasuilusazean1sdugy AsEunis

Sovazunsnsud (% inhibition) = [(1-(Sample-Control))/Control]x100% (1)

a a

Wa  Control A DPPH 2.9 1adans Naunuun 0.1 1adans

Sample Av DPPH 2.9 {iaddns waunuiasana 0.1 Uaaans

nAsIzUsINaEsUsZNaUNueAniauNe (Total phenolic compounds) #2835
Folin-Ciocalteu reagent
UnsasanaufazsiauniaszRnIUsinuasUssnauiiuednyianun f1e3s Folin-

Ciocalteu reagent AfauUasunInves Blainski et al,, (2013) lngn3uunasannun 0.1

nSuazatemeUInay 1 J88ans “a1NNUUEIE15aLaNgNIA1SaNALAasstnNI99719wan U

Weun 0.1 1adans ldlunasnnaasikaziiuaisazatslaneun1suasus (Na2CO3) Al

Wudusavar 2 lnsulasnausuins asly 2 fadans annduLAnalsazaly Folin-Ciocalteu

v v

phenol reagent asly 0.1 Jadans wanlwdniu aseliNounniiesivuasuIy 30 Wil

9 Y

waniluindinsganfuuasiauenaiy 750 wiluns AuismimUTinuasusenaul
waAnNauamguiuns NN IgIuNsALNada (Gallic acid) AUty 0, 200, 400, 600,

800 way 1000 UaansUsanT

nsAUIAUTEANS A WANSAnNUANSEARY

UszanSainn1siniAu Encapsulation efficiency, EE (Wilen wazAy, 2560) A9

] LY [

Sovarvesansanaiigniniulilululasuavga lnenisihUSunanguaisiivednnivunvesly

Y
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lasuAlga wasUSuiunguansiuedninslulasualganadalaainnisnivsunungy
asUsgneuiluednramualululasuauya (Total Phenolic content ,TPC) wag N15nIUTHIe

nauansusenauiuednnilulasuavyaniuisves (Surface Phenolic content , SPC)

= [ <

HasiavesUTununguatsiuednigniniiu daudasmiuisves (Saikia uwazaug, 2015)

Y

Auallanatl

UsganSamnisinifiuGesay) = (Usunaituednviamualululasualga ~USunailuedniing

lulauauga)/Uiafiuednimualululasueuga (2)

1 .msinseiviinaiiuednimuatululasualga (Total Phenolic Content ,TPC)
Tneingansana Usuia 0.1 nSu wWiusvinazane 1 faaans (Mvinazaielusnsiaiu 50 : 8
42 UY5¥NaUNIY WNIUDE NTABTTAN LATUINAY) YINISNIUVULASDINANANTALANY
(Vortex mixer) Wutian 2 w1 thluldeseatumisadunal 15 uail Aausiseu 5000

1 =1 gj ) 1 4:1' < a I a 1 = a 5
saudowdl anntuiduniluvesradluinsisimuiunanguaisilusdnnmualulules
LLmlsgamﬁ%suaq (Brown azAy, 2016)
2.n1smdsuanguatsuseneuiiuedniiiilulasuauganiuisves (Surface
Phenolic Content, SPC) NMsn1UTuanguasiluedniilulasuavgadniuain1uisves
(Saikia kazAmy, 2015) Ingtnea1sana Usuia 0.1 n5U Wumvinazaty 1 4aaans (Fvi
ara18UsENBUMILLUNIUDA LAZLANIUDA TUEAIIdIUN 1 A8 1) ievinaelassasielulas

° ) ' v = ‘ I3 q &
wAUga NSHaNENSAagRIeLATaINaNETazan (Vortex mixer) WA 2 W19l 97N
i lUldesastlumsaduan 15 Ui 1211152990 5000 SaUABUNT washendiun iy

< o & o i P a ¢
YBIWTIDBNAIBLULLUTUTNHTUVUIA 0.45 luasou Mnduthdumluveamailyiiasizing

USunaunguansiluedniiislulasuauya (Brown uazaay, 2016)

nsAnwaunadaasayulnsdaln
MIneapINIsIENIsusnwvemdnduriiindndudagulnssadailaainnis
mansfeaunussylaninldgelesdfiuuas udniluiiusnwinigamall 35,45 uass5

= A o a o ¢ &
DAY ALYY A LW@Wqﬂqﬁmijc\]ﬁ@‘U@mﬂqwmqﬂL?"IﬂJLLﬁ%ﬂWEJﬂ']W‘V!ﬂ b 2 d@umv 1utan 10

FUAMTUASLATUTLSUNER AdNYMEAIUA1E 9 TYIN15ATIE0UNITIATIERUTUN

o
Y

a13Usznauiuedniianun (Total phenolic compounds) /2835 Folin-Ciocalteu reagent
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91n@un157 3 (Kanpairo et al, 2012) @1u1saviuigangnisiiuinwivesaiusunu

a15U5ENaUN U ANTINUATIANALNADUS U1 UATINIUDIUS U1 S LAY

-1
t =-ln0.5xk (3)
1/2
t = AIA39TIN
1/2
1 4o A loaa o w
k = A1AWonsIN1siaU NS unURil

UN3e1aun15ouAu 0 CA — CAO = -kt @)
Uise1aun15ousu 1 -n (CA / CAQ) = kt (5)
UN31@UN5UAU 2 1/CA — 1/CAO = kt (6)

£
=2

Wa  CA ey AUsunaaEsusenauNueanianuainnIu
CAO  vaneds AUSunauansusenauuednavunanyasudy (1 t = 0)
k D 9ns1UfNSE1 (reaction rate constant)

=< -3 [ L3
t MU srazlalunsiAushe (@Unn)

N1399NLUUNIINAABIRUUEIUNEN (Mixture Design)
nsnaaeiiemgnssnzauvesayulnssainlagiSooniuunsmnasauuunay
(mixture design) kU D-optimal éhEJIUiLmimﬁ”]L%ﬁ];;ﬂﬁwuumﬂa%’aﬁﬁwmﬁnmLLU‘Uﬁ
uatisfinu 4 Hade fe neafmituusedidosas 20-30 mataudndioiesay 26-31 us
afttefesay 5-10 uandndlnsadosay 30.5-0.5 lasthmiindeuiuing (ngasiigaslaa
$ovay 0.5 waglaadosay 2 wasuunidoudosas 1) légnanisvaaesionun 15 gas &
wanslumn9 2 wdvhnsuszifiugaawmsinuUszamduda Hedonic-7-Scale Tagnis
IRZRUUANYRY 7 T8AU 1 aviuu=llyeauuin 2 azwuu=livouliunas 3 azwuu=l
YOURNTDY 4 AZLUU=IREY 5 AZWUU=TaULANT0Y 6 AZWUU=T9UUIUNATY 7 AZLUL=TBY
17N (Granato kazANy, 2012) 1A8n1INAARUAMAINNIUSEAMFURAALAG 9 laun
dnwag @ nAu 58917 wazauveunu lnoliineaeududiuiu 30 au W engnsi
MUNEEU 1 gns LLasuaﬂmﬂﬁﬁaqmmﬁmiwﬁqmﬁﬁmswmaaummizmmé’mﬁaﬁlé’%’u

nsgauTuNINTIgN
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#1399 1 Faudsiinisanelunsvignsauulnsenidn

fruys Low level High level
weafauSER 20 30
nsaiauanae 26 31
ANGRIEN 5 10
Wnglnya 30.5 40.5

AsAAsIERANEINsalun1sazane (Solubility, %)
$INNSIATITIRANLAINSDLUNNTAT AN lARALUAI9INITNNSYBY Bakar et al. (2000)
lpgdadmngg 1 nsU mewnIstemation 4 duriaudufuiindulsunm 100 a8 U599
a a < ¥ v [l v [~ ‘gf a [y} 5’5 o a
aslurIanata@d N aAwTaIN UM eI UL UL laReItL 3nHUTIE15aza8 N b bU
wigauen (Centrifuge) 1unan 10 un9ifAL57950U 5000 Seuraud wonaduazaieila
25 fiadnswildmeegiilloy MntuilvsussreinduiueenmenIaseuaiougumall
105 asamaatdealduan 24 47lu9 Lazdai TN naINIsauRAINSaNIvinnIsantuiingin

ASNAABY 3 1 @NNITAANLINAIANNANLNTRLUNTaranglAanaun1SAasalUT

wawiwwesshedsiazaela (n5u)

Solubility = x 100 (7)

1ALV

N15A5129AMULUTUSU (Analysis of variance: ANOVA)
Huiinsesghanuuandaseninsaiadsveanguiiegefinisnnaes 3 41 39
Jun153A5129 99189152 1I19AURUTUTIUTZAINNGUVBINITNAGDY AT ALY
wsununnglunguuesnsnaassardidiuald Soniimunainndouiisyfuaudesiy
¥oway 95 way Wisuilsuauuand1avesAnaislaeds Duncan’s multiple range test

(DMRT)



NNFITLNUNTIINNADN

nsinseuayulng

L

(Wunsway, vanaae, 14)

= =
AN TN TIEVILMUIZEY

Tunsadeayulng

Anwinsudnsaayulnsing
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L J

w3 pIuuIL VUL BY
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nsiAsziunauulnsanadudy

e patlumsainayulnsrauiuim

arsusznauiuadnyianun

® Snsduanulnsdaiviazay
wpalSunuansUsenavfluadin

[0
L

WA

N15IATIR ALY NS

o Aduasmuiiy

® difianssuvani (a,)

® USinauansusznauilusdniiv
o qvislumafusyyadasy

®  @uAwnsalunsazany

®  Yss@vbnmnsnniAuaTsane

asdimneiuaz

FersaiNanIsIRaDa

DINT] 11 AISTNUEUAITNADS

Y

nMsATsiRannusayYlnsnia

® AFLaTAIINTUY
® @ifanssuvaniy (a,)
o  UsuisuansUsznauviusdnviavius

e gwsluninueyyadasy
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uni 4

NALAZIITUNANITNAAD

Afeilfvhnisinuniimsatnaisussneuiiuedniammnuazgvdlunisdiueyya
dasvvesayulnsing Tnedduusivhnisdnulunisadaldun snsdruayulnsdesiih
avans wagiaalumsartn ntuhasatalufnyiBnsiuiesaindunseymalules
eTsnslulasieuuatgadulasliinadanisouuiauuuriudes aavineyinismantizd

[y

wngaNveInsUIuNsTalannmteunalulasasainayulnslaevinlundndosiansadin

v & = = . . =
ayulnsdnidneaziinseeniuuNIINARBILUUNITIgASTIMANEaY ( Mixture design ) &4
lunAdeilladnwinavesduusnivru 3 Muds Ae gasilaa waglaa wazuunii@ey Mo
wUs9ase 4 fudshie madnuunswdn neainudndis weainda wasnndlnsaiionians
Tunsdadeimunzan ntdurinisfneaaautAniued nmenenim n1susziiununm
MeUszramduda vin1sdmTIaliassauAIlaguINTg dMTIaneiyingl Lagenenis

usnwvesmdniaiayulnsdain

4.1 wamsAneAsmsadasUszneuiiuadnimuauazqnslunisdiuayyadaszvag
ayulns e 1w Uandae dhunsdi wasls
4.1.1 wamsfnwnanfmnzaslunsadiauandesousunumsusznouiiuedn
v

P a ) P a o a v a
INNNTANWITLELLIAN G I UNSANAE1SUTENDUNUBANNINUAIINUANAILNLIAN

(%
a o

wane1eiu Ae 5, 15, 25, uay 35 Wil lngnivuafgamvgiiuinen (95-100 aeALaLTeq)

A1)

wazensENUanNAeneivazate (1:10 Alansumedng) wuitssegnallunisanauanaie
fisvsnasoUsinuasUsznauiiueanimuniiatnldegraditodda (o< 0.05) Feszeziani
THlunsadnansusznevituedniimunldgeaniie 15 it aunsnafnldarsusznauituedn
Ve 37.87 fiadndurensy Tnoaonndesiuauidoves ($aun thedml wazemy, 2559)
AnwnsatnansUseneuiiueanimunainildenndrevieunauisinemaianisaindien
yharaefianizdinigaingd wuindedeiifinadensatnansusenoufiuednioun Téun
yinuesiivinazats (on1uea U1 wazdvinazatenaNtn wazoniuealudnsidiulae
dmidn 1:1) dasrarulaetminuealdenndreveunsareiinazaie (1:7.5, 1:15, 1:25

wag 1:30 Alanusedng ) aaumigil (60, 80, 100 wag 120 aerwalfes) wazian (5, 15, 30



a2

Wa 60 W) HaNISANEY NUINTIF8AINA1ITNARBUSUIUEISUTENBUTUBANNINUANAN R
19NN UADNNAYNDUNDILAY FYiNazaenaNUIkay wnusatudnsd@ulaeundn 1:1
I U o d' d' [ a| a 5 a d' d'
Wusvhazarewmuizaunaunsaannaisusznauiusananua o ludsuiuinuin wis
USunausvinaranenaunldlun1sanauindy @1uisaanna1susenauiluadnnanua laiudu

[
Yal 1 =

gauniinaziianlunsadaiiudulsinaasusenouiuednnivuniladiagea

50

=
g
a;;: a0 37.87 -
= - : 34.20
(t; ........ I .E o =
= 30.16 I
& 30 5
S I
aag
[
s
= 20
=
]
=
[
EE]
3
2 10
=
i
=
[
o
=
5 15 25 35

13an (W)

N9 12 UsualasUsenauilueanyiananainnsanauanaleisaaisiie <

4.1.2 wavesdnsausefvinaratsvesUSunuansussneutiueanisuslulande

NASANYINITIEILNUANAR8RBAYINazane (1:10, 3:10, 5:10 way 7:10 Alansuse
a09) Tnmunszeznailunisduuiy 15 wift fguvgfivuion (95-100 esasadea)
Wuin SnsiaulandrerevharanslunisafaiiovinaseUsunaasUssneuiiueaniianuni
annlagelitudAty (p< 0.05) Iﬂaé’m3'1dauﬁmm'ﬁaaﬁ’mmiﬂszﬂau?\luaaﬂﬁu’wmmlﬁgqqﬂ

Ao 3:10 AlanSuseding Awansluguning 13



a3

60

=
3 48.68
< 50 45.66
" g_:[_ . 44.01
= a0 -
B 39.98 ' =
@ 40 -
B
ot
ES
»Z 30
o
[i{er]
(]
=
= 20
(]
o
aa
2
-
= 10
e
=
[
ot
=0
1:10 310 5:10 7:10

ans1dau (Alansu/ans)

279 13 US1nadar5usenauilueansianunainn1sanauanalgien s 1a1uyana 16926397

&8¢

4.1.3 wan1sanwafimnzadlunisanauiuuswaraeUsunaasuseneuiuean
Y1993A
= ! o ) a o H P
INNSANITLELLIAN UM TENAE15UTENBUNUBANTINUANNUIUNS AN TLIA
LANsiNaiu Ao 10, 20, 30, 40 Way 50 Ul lnef1vuaigunaiiulLaen (95-100 841
WaYE) hazoRIIAULIULSWEVARMIVINazaNe (1:12 Alansumadans) wuIszeLIantunis
v 9 AN faa a | a a a o A o P AN v o W
ananuusvERiidndnaseUsunuasUsnaviluednniuaiianalaeg1elidudfey (ps<
0.05) Beszuznanldlunisadinansuseneviiuednnavualagegafe 30 w1 awsaadala

an5Usynauilusdniianun 31.33 daansusansy



aq

40

=
=
£ 31133
ot
e
& 20
25,58
1=
= 2338 | f
& . 2T’7 21,12
= ' i ,
P2 20
- d
" d
(]
=
=
=)
[ev]
[l
10
-
ir=
[
e
=
S
S 0 i L S —
10 20 20 40 50
13an (W)

NI 14 USiaasusenouilueanyisnunannsanauiiusIvaumIaIfg 9

4.1.4 wavesdnsarusefviaratsvesUSinuasUseneufiueanisualy

Yussean

NMsAnEIsRsIdILT UL ERiefYazane (1:12, 1.1:12, 1.2:12, 1.3:12 uay
1.4:12 Alanfudiedns) Tnsimunszernailunisiuuiy 30 unit fgamgiituien (95-100

a 1

parwaldud) wudn snsdiuinuusididearatslunisasaisnsnaneusuim
asUszneviluednimuniiatnlfedraivedidey (o< 0.05) Tngdnsidruiiauisaadin
ansusEneuTueanviavunldgean fo 1.2:12 Alandusodng dwandlugunind 15 davinag
Tianuseudmsunisauannddnanenisisaliseviiwadivunndinazlanydos
asddgfiognelusenuuaszideszeznailunisadinuiundt 30 uidt fnavilviuauna
asUszneuiiuedniouaiiatnlianas nsanaweslSumassznouiiuedntiainuniin
nnMsgramdeuiiszeznanlunsataiiunuAunsmenzay o1evilviiustieaisosues

asusznaviiueaniinnisilasuwdaaliiluansuiindy (Dahmoune wazAmy, 2014)



a5

70

2

< 55.91

1 v

s 1

£ (

:% 50 46.57

(%, 4359 I : 14233 "7

s 1 - o

£ 40

aag

o

‘€ 30

=

7=

=

e

< 20

e

-

[

-

< 10

=

ot

5

0 — A 222 e s 020200000 e

1:12 1.1:12 1.2:12 1.3:12 1.4:12

ans1dau (Alansu/ans)

29 15 USUadd@rsusena U Wean i avun 910N 1sann LU 1YFVIon 181U UUTI1TEIND

G828

4.1.5 {avaINsannTewaUsunuansUsenauNueaNNaun

nsatnasd1fyandelaeisnisadadu (nsTudn) Fe3sflans gingerol Mioglungu

v
v v £ o

vosansusynauiiuednimualivuseanmvgligeisiuiavinisainmedsnisadadu waz
AoIN13TNININIANTUANY 9 Avsnsirlaarsanannauldiudouudas Smith wazamg,

2004) TpeldTsunnvanludmindoslmi Inetdwnarvinnuasenawayiudududng

Y

% IS

wavinisanaiudasnenistusnaulsundsadadisldludunaunisvinurssaly sakanslu

AN 16 Ieganusaannudndutuleaisuseneuiusdnyaun 30.63 Jaansusensy

2INGT 16 N15anATeaIeIsnIsanaiiu (n150vusn)



a6

MnmMslesgiansusgneufiuednfiaunuazgslunisiuoyyadassvesaisarn
ayulwsiia 3 vdia Idud druusvds UBndae wagds lugunuuinadadudu wudd
unswai Uandae uards Tusuuuuveshadaidudy fusinamsussneuftuedniionun
fi9 55.91, 48.68 uax 30.63 HaAnsusansy swd iy wonantithunswd Uande wards
fnnsnaaeugqnilunisiueyyadassveniataduduiiviunudosas 63.98, 41.25 uay

30.58 PUAU LABAAININNGTIN 2

S o a

M3 2 USinaansusenauiluean i avunuaznIsnnae v nsn 1Mo yada sy yeva sans

IUNTITAY Uanale uasda

. A a1sUsznauTiuedniavun qyislun1sdueyyadasy
nyAU N 3
(Haansunansy) (Sp88aY)
YUV AN 55.91%+2.85 63.98%+1.95
Uanane 48.68°+2.77 41.25°+3.84
A9 30.63°+3.55 30.58°+6.78

)

wewe ¥ Anadeneniaewsnesniuluaeduiiestuiinnuuanssiuegelided Ay

NszduAnuTeiusasay 95 (p<0.05)

4.2 wan153nsziautanIsinunenwkasalivasnsanaayulnme 3 vianlaain
o U4 ad o v a o L4 1
nszuIuMIwiaeIsnislulaseualyatulagldmatianisituisuunusloy

HamMaUasuLUasnaudimanenmiaviaiivesnsaiauduvesayulngns 3 viia

a 1

(WUUS1BEN UANA28 hazT9) NUININNISANBINITIATIENE NWUZNNNIENTNYDINIANTA

ayulng derUsuuaiuruedluyieiesay 2.26-3.35 AruTunaindasyegluyie 0.189-
0.219 Fadureglunaeiunsgruvesayulngsaunednsogy une.1441/2556 FaAUTuna
Adaszaziinuduiusiuainuudaaiuisavsuenisengnisiiuinwvesa misla
- T da = ' = = = o a

WesnudeglueniaAlinaseani1sideudsves01ns F901m15UTHANOULTIAITHAY
Usunanhdasztiesndn 0.6 wenandaznuinvsuauealaindniulundndusidinal
USunauanuduanasiiosinuealanndasutiognnnuuiazaanisiuiidufoumsed

Usualululeanlsntioy (Kanpairo kazamg, 2012) @aRalikandaginadinnuaiumn 3



a7

Aflaaenndesiuaneglunaaiuinsguvesayulnssunsd15agU uny.1441/2556 fiA1

Anuduliiiusesar 6 vasumin n15IaA1da81A309 Hunter Lab $u Min iSan XE Plus

'
a o v (%

Insaudnvuzaiudvemdndudomsdunisvivenisnuniniiddgveniseensuves

o

Auslan L* flemnuadnsvessaninayulnsegluyie 49.13-59.31 a1 a* Wuuinuansdsaay

Y
Id

Judunteglugag 5.38-12.52 A1 b* Wuvinuanstsnnnuiludivieseglugae 16.27-30.16
FatlpuuanaAuegNlTed1AYNIERR (p<0.05) KWAEAUAINITALUNITALANYVDINS
anulnsannnisneassmudiuszdnsnmeeinisazateiuiovas 80 Fellmuaunsalunis
el' = av v 1 N o & =
avaneiigs 1WesanemsHlanInnIseuwskuunuregasianvasilunsinaulasi wet
I -d! ¥ = 1 a o % a [ 1 a
surface aglaysaudanminil wet surface agluuSunamnagilniluviiudenaiiia
= [y [ v v [ = P o % [

nsfsneiuesdunalreunarsvinsumiuluneudadisiluazarsuiagyiivlya
Tunsazateuinu Asiunislyeamglanseunluniseuwiasazyiniveyniansdiauinduy

1 A o S % o8 v a a ax a ¢
wet surface HovaslaulUazatgurdevinlwlszansnmlunisazaisfiu (Wsswds 194

AR hazAMY, 2545) AILARINAlUANT19N 3

MI5N7 3 AANTAN I IUNIENINazIATYesssanaayulnsys 3 vidn (WuNsIvEy US

nNaIE hasds)

. ANd
5 AUSH8 .
nnAU P AUTUNE AIUEILTD
ANUYU
o ¥ Tun1sazane
ANGRIG . UDATY L* a* b*
Seuay

Souay

SuusvEY  3.01°20.21 0.189%+0.14 54.31°+0.22 6.32°+0.25 30.16%£0.40 80.96°+0.15

Uanae 3.35°40.36  0.219°+0.16 49.13°+0.19 12.52°+0.11 16.27°£0.25 85.29°+0.22

29 226°+0.22 0.198°+0.24 59.31°+0.29 5.38°+0.36 24.80°+0.33 81.42°+0.25

Y [

wneme * Anadenenmasinsnesieiuluneduilifednuiinnnuuandieivegadidedey

[y

sgAuAuaiuTouas 95 (p<0.05)



a8

(%
Y

NNTIATIERATUTENRULANT IMUALAEgVElUNTATUBYLABATE YBIHAR
ayulnsng 3 vila nudmeadadiuussdniivsuiaasusene uiluednnamunuinigad
YTy 143.31+5.68 mgGAE/gsample uanandksainuiunssdvndiinisnaasugnslu

NsNuenYAdaTTINNTIanTosay 70.52+4.21 AILARAIHATUANTINN 4

M15999] 4 USuIaa15UsenoUiueanyiavinuaznIsNAao Ugnsn 1Mo uyada sy YaIANa15a1n

YIUUTIVEY UAnaIe bagde

AU ansUszneufiuedniiavun qwéiumséhua%aaaiz
NG (MSeae/Ssample) (Soway)
s 143.31°45.68 70.52°+4.21
Udnae 71.60°+3.45 55.95°+3.66
QR 71.36°+2.09 27.17°+7.61

v o

e * AnadeneniaemsnesasnuluaeduiliiedduianunanseiuvegsivudAy

Nsziuanugoiusesay 95 (p<0.05)

nnsfnylszansannsiniivveslulaswavgaresdsuaasusenauiluedn
fanunainansataasgulngiis 3 e 10838 Folin-Ciocalteu assay Tasnismaaaafinaiy
Usinuanududuresarsieviunealafinaiud DE 15 fidosar 5 lngtwiindeuiuas
wuiszansnmmstnivarsddauesayulnaiis 3 slinfiuszAvsnmmssnifueglugag
£ouaz 88 — 92 MILANINAlLANS ST 5 FeimudenndesUMLITeves (Mahdavi wazAn,
2016) Han13deszyiegsinaudenealadineFud iuarsieruuanideUszansam
NTEUIUNIFIGALAT AN MNTIFTIGR Fsanneivunzauvesnszuiunisiulasidunay
égLasi'f’uﬁm%’U Barberry anthocyanins Usz@nSainaesnisiniivansannvesuweulslaseni

919g30eTouaY 92.83
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#1399 5 Uszdninmvesarsvionulumsinduansdsenauituednyiaviunvesnannayulng

) L. Usiwansuszneud . 3
V- Uaunaansusznaunuean o Uszdnsnimnisnn
Gl Y wednMiIveslulag )
. YNURUR LAY
RIENA wAUgya
(mgGAE/gsample) (mgGAE/gsample) (%jaaag)
Y v 14331745 68 11.47°+1.75 927+1.35
Uanane 71.60°+3.45 8.59°+0.96 88°+1.98
39 71.36°+2.09 7.74°+1.15 89°+1.36

o

mnews * Anedenenmasdnsaiiuluneduiineiiuinnuuanssiuegedided Ay

[y

NszAuaNuTeiiusasay 95 (p<0.05)

4.3 wansAnENIZMIIEENYEINSTUIUMsSALina NN seynalulasansainayulns

Nnnsmeasaiiemgnsinzanvesanulnssainlagiseenuuunismaasauuy
Way (mixture design) WU D-optimal shelusunsud§aguimuaiiadeihnsinuuuudl
fvuatisfinu 4 Yade fe mafminuusindesas 20-30 mataudndisiesay 26-31 ns
afindsfonay 5-10 wasdndlnsadosay 30.5-40.5 Ingtmiindousung (ngasdyals
aSovoz 0.5 waglaasosay 2 uazuuniieudosay 1) Iansnisvaassiaun 15 gas &
wanslumed 6 udwihnmsUssfiunmuniwnisiulszanduda Hedonic-7-Scale Tagn1s
IAzLUUANYOY 7 S8 1 Azuuu=llyauuin 2 askuu=ldveuuiunans 3 avuuu=li
YOULANRY 4 AZWUU=1A87 5 AZLUL=YOULANTRY 6 ALUL=Y0UIUNAN 7 AZULU=T8Y
110 (Granato wagAe, 2012) ImsJmimaauammwmwizamé’uﬁaé’mﬁw 9 lawn
Snwniz @ ndu savd uazarnuveusa Tagliivaaausiuiu 30 au andutignsd

winzanluAnwengnsiiusnevesmansdueidely
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GERRIVAGH HaAinTs maatauusdy  wadavdndis indlnsa

(Feeay) (Feeay) (Feeay) (Seeay)
1 79 233 28.5 36.8
2 5.0 224 28.6 40.5
3 10.0 215 30.9 34.1
4 57 24.6 31.0 353
5 10.0 30.0 26.0 30.5
6 5.0 28.1 26.0 37.4
7 10.0 25.2 26.2 35.1
8 7.6 27.6 28.6 32.7
9 5.0 30.0 31.0 30.5
10 53 20.1 31.0 40.1
11 6.6 25.0 26.0 38.8
12 10.0 20.0 26.0 40.5
13 50 27.4 28.8 35.3
14 9.1 20.0 29.3 38.1
15 10.0 24.6 31.0 30.9
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4.4 namsAneAMaNTANMAAT 119n1Enm NsUsTuAMANUSEEMANRE N3
densradianzinaAmelnuinig densaameaieingl uasengnIsnuinyIvas
nAnSastayulnsdadle

4.4.1 samylasgvinuandinmanil Menenm gasdiunauvemsaniaayulng

goudle

nauIseflaeianisitufinsnevaues (Response surface methodology, RSM)

M9 13gAsTianzandae D-Optimal Designs Intuthdoyafilduiadiaununinaouiiag
(Contour plot) ¢helUsunsudsaguneada udhdeyaramadinsesianuuUsusiu uay
yhnsiuaAinuLan1wesAnadelagds DMRT dmsunisvaasswesdiunanaziiiun

L wa

MNsnsvdiaszinuantinameiiunienmkasieivessainayulnssadiaduansly

q

M151990 7 wud1gnsh 6 JUSutuatsusgneuiiuadnyianuauinian 348.57

mgGAE/gsample flgnslunisiueyyadasyiosay 77.4 ASuuanuduiesay 2.48 A1

USuauindasy 0.223 And L* 87.25 a* 5.23 b* 20.33 LazA1ANuLie 42.5 175y

F19N7 7 AaENTFIaN AN Ign Uazindvesarnayulnsala

AN AN A . | P
AN @suseznaudl  gmblunng

UYsunas  Usuned

gns P y ufe @ ueAnviomun RIVRIIHG
AITUYU UM * * *
L a b @ a v
3 p AY) (MGea/Ssample)  DEATLIDEAE

Sovay  9dsY
1 2.55 0222 8356 521 1998 425 265.35" 70.1°
2 2.54 0.202 8435 435 19.87 a2.2 265.73%" 70.2¢
3 2.48 0.198 8232 4.21 19.85 43.1 286.84% 75.6%°
q 2.49 0.221 81.59 465 18.59 43.2 303.75" 74.6°
5 2.56 0.201 86.65 4.88 20.78 42.5 314.12° 75.9%
6 2.48 0.223 87.25 523 20.33 42.5 348.57° 77.4°

7 2.66 0.214 80.86 b5.11 21.65 43.5 260.42%" 70.3°
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10

11

12

13

14

15

2.56

2.11

2.55

232

2.25

247

2.46

2.66

0.232

0.219

0.211

0.236

0.220

0.215

0.199

0.198

82.10

85.62

82.25

88.25

82.86

85.18

85.88

82.54

4.99

4.56

521

511

4.87

4.65

4.22

4.98

19.65

20.47

19.55

21.63

20.55

19.8

19.07

21.22

43.8

41.2

aar

42.3

42.6

42.3

42.8

43.5

298.32
293.63
274.25°%%
277.46%
260.30%"
302.89™
256.59"

302.02"¢

73.9%
72.8°
74.3°
74.2°
71.5%
73.8>
735"

72.5°

Y

mnewn * Anadenenmasdnsiiuluneduiifeiiuinnuuanssiuegedided Aty

LY

AsLau

anudesiudosay 95 (p<0.05)

Design-Expert® Software

R1

348,568
256.593

D

Actual Component
D = 35.500

AA
15

AT 17 URLUATNADUISUAZUNLAIN 3D
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1757991 8 YoyavINNITRATILIAUUUTUTIU (ANOVA) USinalarsuseneuilueaniu

AR TayUINT RN

Model significant
R 0.9612
Adjusted R2 0.9481
Predicted R2 0.8526

P value 0.0329
CV. % 3.80 %
Std. Dev. 1410

a ¢ aa A v a ¢ 1 2 & | Ay A A
AINNNSIATILINNADANDAS19FUNITNALAANEAT A1 R? WuALTiNa AN
AULALNZANVDILUUINEDY LUUINADINAAITAAT R? 11NNI1 0.80 d@1SUNISNAADUAINY
WINNZEY INUULS A AUN15DNUINB LT IUNSYINTUI8@15UsEnaUNUB AN INUATUNER

wanSauriayulnsdnde

Y=619.65A + 535.76B + 1053.37C + 304.70D - 1865.73BC - 1271.46CD
+ 4370.10ABC (8)

4.4.2 NansUsLluAMNINNUSTA AR

NanNIINAaeuUNIsERNsUNIIUsTamdudanainayulnsSadinvaaduslandiuiu 30
iﬂﬂiugmwumiﬁm TaeleisliAzuuA1 LU (7 point hedonic scale) Aunaniue Tu
#1579 8 Wuignsil 5 deazuuuvesauveulasINnTigaegil 6.3+0.57 Avuuuagly
sEiUroUUIUNANS-TRUNN WandI AN ninsadaayulnsdaladuiseusuresiuilan
dudnuarusng lWazuuuee 6.7+0.76 azuuueglusziuveulunars-vousn a 1¢
AzuuLeE 5.6+1.32 azuuy sglusziuveuidntes-veutunans savd Ifazuuuegi
6.3+1.23 Azuuy sgluseiuveutunans-veusn nau ldrzuuusgd 6.4+0.35 Azuuu oy

TusgavrauUunans-sauLIn
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. . R ANy ANNYDU

GIP d Nau U6

: U510y g5
1 4.3%+1.11 5.2%+1.25 4.1°+1.16 6.8°+0.44 5.1°+1.23
2 5.141.02 6.2°+1.45 5.2+1.41 6.7°+0.63 5.8"+0.88
3 5.3°+1.20 6.5°+1.20 5.2°41.10 6.7°+0.52 5.9°+0.78
4 5.11.14 6.5°+1.12 3.8%+1.48 6.19¢1.17 5.6+1.44
5 5.6°+1.32 6.4°+0.35 6.3°+1.23 6.7°+0.76 6.3°+0.57
6 5.5%+1.14 5.39+1.22 3.2%+1.15 6.8°+0.47 5.2%+1.49
7 4.8+1.43 5.1%+1.11 3.57+1.32 6.0°+1.35 5.1%+1.44
8 4.79+1.32 5.51.33 4.1°+£1.18 6.29¢1.14  53%+1.26
9 4.6°+1.12 6.2°+0.37 4.1%+1.35 6.8°+0.42 5.4+1.28
10 5.2%41.21 5.1%+£1.22 4.5%+1.43 6.2¢1.44  55%+1.08
11 5.7°+1.42 6.2°+1.31 3.3%+1.13 6.4°+1.11 5.6°+1.59
12 4.3+1.22 5.1°+1.30 5.6°+1.11 6.4°+0.90  55%+1.13
13 5.3°+1.31 6.17°+1.13 4.1°+1.22 6.5°+0.71 5.6°+1.23
14 5.4°+1.15 6.17°+1.44 5.1°+1.20 6.7°+0.12 5.8°+0.72
15 4.2'+1.47 5.4%1.18 5.241.12 6.3+0.70 5.4°+1.03

a o

wewe ¥ Anedeneniaisnesniuluaedulfeatuianuuanssiuegelitedfgy

75

[y

siuaudetiudosay 95 (p<0.05)
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8w a LY (3 [ <
4.4.3 @'1qﬂ’]ﬁLﬂUiﬂM?%@ﬂNﬁmﬂﬂJ%ﬁlﬁﬂWiaﬂLll@l
[ o a [ 3 LY < [ 3 a §a =3 [ A
wamimmﬂmwamnm%agulmamLmusmmuemeaaﬂaqmLuamWaaaUﬂmumﬂuw

9undl 35, 45 uaws5 samwaldud duiiagann o 2 dUanvi Wwnan 10 #Uav Asuans

9 Y

| [

Tum15197 9 wudnludanid 0 nsiiusneigamginuanasduldiinavinliiune

o w a

asUsznouiluednyinuauanasiusgiited Ay ananseauaANeNusosaz 95 (p

o
[

< 0.05) wetlanusnelusze2Ia1NUILTUIUASY 10 dUAY azdaunalainArusuiu
ansuszneufluednviamuaiunltufianasdadefiuasy 10 dUani nandudayulnssadad
< o a a a a a = a O a | a
LAUTNYINQUNANL 35 93ANGALTEAUAIUINIUAITUTENDUNUDANYINANANINNEADE 193]
HedAynadaluszauanuoduiosas 95 (p < 0.05) 21nA15ILATIERAIUSUI
a1susenauiluendniimuanudl Weuitauguiasinswuanauduiussenineminy

aaa

duduresTunuansusznevituednianuaiiiatutuiat Wevdudures fisemanis

Ipsizvdengainnisadiansinuansauduiusnuiinisidsuudadiuiunm

ansusgneufiuenanvianun HuUfizendudu 1 i R2 gefigadmiedl 10 Tnefinnudy

yoansmiiunaivesn1sinfien (reaction rate constant) vesusazfnetng figamai

nafiusnwdng 9 fuansunined 11 feuiadenldugisesusunianiesnnieuldly
4.8 =

nslunsidgunlaseslisengreandindu 1Wu nsagidedniiuy nswdsuwladdves

HARAUN Lazn1saauRIvesansafynulunandug (Galani wazagg, 2017)

97519 10 HAYDIBNENADAUNAA TN SHALAIIUANA I LA DUSU IS TUOAATIVIURA

FZHLIAINIIAY qauvail (aseiealios)
(dUnn) 35 a5 55
0 314.12 314.12 314.12
2 311.58 305.24 301.29
4 310.22 300.78 294.66
6 307.71 294.55 288.77
8 300.45 292.06 284.12

10 294.63 287.56 282.79




CA - CAO

40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

-5.00

0.140
0.120
0.100
0.080
0.060

0.040

-LN (CA / CAD)

0.020

0.000

-0.020

56

Ufiieduduil o

—o—35-@-45-4-55 y =3.0579x + 4.539
R? = 09238

-

-
-
-
— -
=

-

Rz =0.9182

—_—
-
-
-
-
-

=
-

2 a 6 8 10
SEERAINSHU (FUMA)

y = 0.0552x-0.0641

R? = 0.9930
y = 0017x- 0.0099

R? = 0.9741

-

125%-0.0188
_______ Rz = 0.9143

-
-
-
-
-
-
-

-
-
———
-

0 2 4 6 8 10

srazIaNMsHiy (@dendd)

()
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Ufjfisendududl 2

000050 35 —m-a5 55
y = 3E-05x + 2F-05
0.00040 RZ = 0.9776
0.00030 05x + 5E-05
R? = 0.9281

0.00020 AT

1/CA - 1/CAD

Ty = 2605 - 2E-05

0.00010 R? = 0.9104

0.00000

0 2 4 6 8 10

-0.00010 )
szgzl1aMaAY (FUan)

Q)

N 18 wamaufasenguaugue (n) Ugnsensudunils (v) uasuinsenduduaed (a) ved

a15Usenaulueanyaiun

#1579 11 A7 R-square Ya9U5u 108715 5enaulueanyNiuauiasaua U e

R-square
YURUUN3EN
35 DIAALTE 45 3ATALTYA 55 A LATYE
UN5e19usu 0 0.9047 0.9238 0.9702
Unsendusu 1 0.9143 0.9741 0.9930

UNsendusu 2 0.8974 0.9381 0.9776
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9157991 12 MIANTYaINITNAUA5E1 (reaction rate constant) vavUsuraiarsusenauil

wodnvimn
gaumiin1sinusne (esAwaides) AAsveIsIAnUFASsusy 1
35 6.41x107
45 8.83 x10”
55 10.50 x107

2 o a o ¢ v & ax P oA a

Have391gNIsNUThwvewindaaayulnsdalialagitanieisangumall 35,45
Lag55 aergallud naun1si 3 aunsaviugeignisiuinevessunaansusenauil
woANINUATBINANS Y wuitfigamngll 35 ssrngal@eaiiengnisiiusnendunan 27
U gl 45 asAwalleaiieongnisiiuinyuluian 20 Weu uaraumail 55 99en

= = Y < A = = U a A 2 ]

waldeaiiongnisiiuineiduig 16 weu Jeaunssinsatudadean R? a9 vuieaudn
anunsaviweranIsnevaueslan lnefiuwilduanasegdnauvesaamginisinuinwd
UwInsINBAnUjisereentinduliiiininfeungliinaenndesiunisfinwives (Galani
wazAny, 2017) ynisiiusneidnuasnald 19 vl Moamgldeduszeziian 15 Ju
wuUIunuasuseneuiiuedniamuaiiuuiliuanasiiosnnusuuaisusenauiiuedn
Manuauedafinisaaeidaliiiinnisiuasusvamwesnsvinnuduludiueaas g

=3 LV Y] a o =3 ‘:l' < o ‘:l' aa <
nsiiusnwazwlsunduiveamginldlunisinulaedlenuinwiigamiingegnisiiuay

ANM1AY
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-al‘ a < o a o I3 v & / a =
MI5N7 13 N13UsdN1ENISINUTNYIVeNAR STy uInsoninnaUsunaaIsUsena Uil

wodniiimn
gaumgiinsiusnw (esrwaldea) 918NIINUTNYVOINARNS U Half-life (Fiow)
35 27.05
a5 20.62
55 16.49

4.4.4 HAMINTIVIATIXVINRATTING

MNMSENYIMIANMEmNzaureInsrUIuMsainanrseyanalulasaisadn
ayulnsnuinUsinasnnduvemdniuriayulnsdadaddiunauveriaindadosas 10 w9
afnthunTeAvidesas 30 naataudndiefenar 26 Windlnsatesar 30.5 ga s laadosay
0.5 waglaadosay 2 uazuuniifeniosas 1 dwaliiiuiinaqdunidmmn 3410° lalad

[ a i3 a1 Y 1 (% = a
fofegne 1 N3U Banuazs 30 laladsafingne 1 ASu smluLﬂummﬂgmﬁuaaasgulwanum

d1593U Unv.occo/oEdo

>
o6 v a &

NI 19 UaRINITATINNUTINIUTDIUN S IMUA Gasilays)
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4.4.5 HANTIATILAAUAIMILAYUING

MNNANTIATIZRAUANILATUINSVOINERSTayulnsSadn USunagns 24 nsu
(30 1din ) nulsndsnuionun 380 Alaunasiro100n3u Usnalusiu 5.55 n3use100
nSuuinaasiuleinse 88.52 nfuse100n3u wazdTunmaarianun 39.06 n¥ura100

N5U Aawandlumsen 13 wag 14

#1971 14 HaYeINITNATIRIAMA NI YN TYeINaR S ay Ul nTenln

3I1YN1INAFBU %%‘wﬂaafu NanN1INAgaau ‘VI‘IJ’JEJ
LN AOAC (2012), 923.03 5.47 ASUFD 100 NSY
ALY AOAC (2012), 925.10 0.01 ASUFAD 100 NSY
TUshu AOAC (2012), 991.20 5.55 ASuA® 100 NSy
Tugiu AOAC (2012), 945.18 0.42 ASuse 100 NSy
Aslulawase By calculation 88.52 nSuse 100 N3y
I AOAC (2012), 985.35 18.02 nSume 100 NSy
Ynaiena Phenol-sulfuric method o 5
2 39.06 N3UAD 100 NY
YNAUA (Dobois et al., 1956)
lALaaLnD50a AOAC (2012), 994.10 Tainu -
Ly Alaumas3neg
NAIUNINUA By calculation 380.06

100 ASY
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v
dayalavuinig

USuaugms : 24 n3u
naneusloe - 1 Wa (0.80 nSu)

FUIUNUILUILNARBYIN : 30

AAMIlavuINITHanilviieuIlaa

WAIIIUNINUA 0 NlakAans

14 2 a o 1
398asYIUTUIUNRUSUIRDIUX

lasfusrevan 0n. 0%

laladinasoa 0 un. 0%

Tushiu 0n.

andlulawmsananun desndn 1 n. 0%
¥hana 0n.

JCITETIE 0 un. 0%

* SavavvesUsunaansomsikuztiuslaede Judmsuaulneanansus 6 Yauly

(Thai RDI) In8@Ana1nAuABINISNANILIUAY 2,000 NlawAass
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uni 5

ayUuazdalauauue

dyunan1Innay

mﬂmi%ﬂwﬁ%miaﬁ’mmiﬂizﬂauﬁuaaﬂﬁu’wmLLazqw%iumaéhuawaﬁawmaa
asulnslng 1iun Uandae 39 wasrhuuswdn dahnsatndieisnisatadounazaiabu
wuthuseERivsinuansUszneufluedniiavan 55.91 fadndudeniu waznimmaaey
gvislunsiueyyadasziosas 63.98 unfign MIfnwINTEUINMTIUTIRA Aoy
lulaswmsimedsnisieusalgadulaeldasvioiuuealmnndmiu Muunan1izn1seuwis
LuUTiUResfifvuagavgiianfeuvdi 180 ssmiwaldvauavguvgiianieuvieenlugig
9 il 90 - 95 esmwaldua wuiauantiniuaduaznien nvesnsainayulng

(Uuus A B9 Uandae) lnedla1USunandassegluyig 0.189-0.219 dsagluseausiniy

[
a

0.6 iMliegdunidngani1sasyiiule AuTuiaaudueglutieiesas 2.26-3.35 210

9

nsAnwAAvesssataduduveanulnsis 3 viin wuiiaeden L* aglurag 49.13-59.31
JuArunuanatisninuadng A a* eglutie 5.38-12.52 WuAuinuanatisrduag uazan b
aglut3 16.27-30.16 Wuaruinuansieidimdeswasyssdnamnisinfivaisiluedn
ayulnsiia 3 winegluraedosay 88-92 anunsaurluuszgndldseninanssuaunisulssy
anSusiayulnsdade
mnmsfnwlunuidedlfvinsmgnsdiunaninsgilasisnsmfiuiaanis
noUAUBY (Response surface methodology, RSM) Fafinseenwuufitnau msu";qqmﬁ
wiNzaNsae D-Optimal Designs Hilvanun 15 Gk Fafldrunanusznoundnlude nearn
29 neafatunsedn neadauands uaziiindlnsa lnsgasfivanzaudisnaaounis
gousuvasuilnanyiwanasiilifdunaumesatadeiosay 10 neafniiuurwinies
av 30 nearinuandieiesas 26 Windlnsadesar 30.5 galsadosar 0.5 waglaasouas 2
uazuuniensosas 1 finsidengnsi 5 ilesndinmsseniuaureulnesiugsgaann
fuilaa Fsanmnsahlulszendifunandsiayulnssadadanddld uazanmmaaey
vislunsiueyyadasenuingasi 5 uargasi 6 flaliunnnstuseelidoddynisada
Fuihmsdengnsit 5 Fsliviunuansusznouiiuedn 314.12 fadnfusionsy qvdlunisdu

auyadaseievay 75.9 Usunuanuduievay 2.56 Usunaundase 0.201 And L* 86.65 a*
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v A <

4.88 b* 20.78 msTndnvarmadodudaiidinnuuds 42.5 Gasiu dmdunsiauineadn
ayulnsdaudle

SvEnavaunaranifiinaseUsuuasUsEne UTlueanwmualunsifiusnenuin
Sothdeyanaansmuansmnudiiussenitsaanduduresmamsussnouiiuedn

MUANAATUAUNET WeNdUAUYeIUHATENaNITIATIERUaLAIINNTATNNTINLERS

ANudNRUSHUIINIsIUAB UL AR USuaasUsEnauTlusdnianuaduU §ize1udu 1

'
a a1

\Hennsmuansnuduiuslansmidunseiian R? aanan lngaunissinsatugian R?
49 MUEAINIEINITAYIIUIENANIIRD VAR R Lz Niengn SN USn ¥ e ARl

v & aa ] A a ) =
ﬁi;IUIWi@ﬂLﬂﬂiﬂﬂﬁﬁﬁﬂqﬁgLiﬂﬁ]']ﬂﬂ'ﬁﬂ@aaﬂW‘U'ﬁW@qﬁLIﬁQ@J 35, 45 wag 55 svAasud U

v @

< v & A J & a [y & [ <
@’]Egﬂ’ﬁLﬂUiﬂU']LUUL’Ja'] 27,20 kg 16 AU AUAINU QUUN&@ﬂﬂJ%ﬁQUI‘WﬁBﬂL@JWQWﬂ

NATelannsaiuinwnaaumgiane luszuia 1-2 U legliibivsuaasdsznauil

(%
a Y

wadnanuagasly waznan1sTiATwRliusugaunIdnmun 3*10° lalallsefiagng 1

n3u Paduazsn 30 laladnasagng 1 Ny

Usymiinu

[

nfAY

[ a

Tngvusviinvianaiamenyitlinimeasdivsinaingauldiisme uaz

urliaisbianunsaniununandale
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