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Abstract

Project Code : TRG5680097

Project Title : The Development of Production Process for Inulin Powder from Jerusalem
Artichoke Tubers and Its Financial Feasibility Evaluation.

Investigator : Asst. Prof. Dr. Weerachet Jittanit Kasetsart University (Principal investigator)*
Assoc. Prof. Dr. Sarote Sirisansaneeyakul Kasetsart University (Mentor)

*E-mail Address : fagiwcj@ku.ac.th

Project Period : 2 year

Inulin is a fructose polymer that acts as a prebiotic fiber in human digestion system and
has been increasingly applied in food industry as a functional food ingredient due to its
functional properties. Thus, the objectives of this research were to (1) determine the suitable
production method of inulin powder from Jerusalem artichoke tuber (JAT) and (2) evaluate the
economic feasibility of manufacturing inulin from JAT by applying the pilot scale experimental
data. According to the result of comparing between drying JAT by hot air and superheated
steam, it appeared that the superheated steam drying is unsuitable because it required longer
drying time while the appearance of samples after drying were unacceptable. The result of
inulin extraction and purification from the JAT powder indicated that the process developed in
this research could efficiently extract inulin and purify the inulin extract. The manufacturing
process of inulin powder from JAT could be divided into 2 schemes consisting of (1) the inulin

production without purification procedure and (2) the inulin production with purification
procedure. The result showed that the inulin extract should be concentrated to 30 °Brix prior to

spray drying by using inlet/outlet drying air temperatures at 190/90 °C. The inulin powder
manufactured without purification procedure has the similar quality to the inulin grade
Orafti®HSI; however, its purity was still lower. Moreover, the inulin powder produced by applying
purification step has lower inulin content than that of Orafti®LGI but its glucose/fructose/sucrose
content conforms to the Orafti®LGI specification. The economic evaluation disclosed that the
production costs obtained from the pilot-scale experiments in both cases are much higher the
prices of Orafti® inulin powder; thus, it is not worthwhile to invest. Nonetheless, if the producer
can lessen the main costs as the proposed assumptions, the investment in the inulin production
from JAT at the capacity 110,000 kg per year would be economically worthwhile under the

constraints that the sales growth must not be less than 4.185% per annum.

Keywords : drying, economic, extraction, inulin, Jerusalem Artichoke
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[ Fresh Jerusalem artichoke rubersl

Harvested 1n October Obtained
from Shanxi province, China

| Pretreatment system I

l Ground into particles

90 'C extraction time 20 minMulti-stage countercurrent
solvent : solid ratio 13:1

Extraction (hot water)

i Filtration

,Filtrate(containing inulin)

l Centrifugation

Supernatant

(80 'C, adding lime [Carbonation

II

to a certation pH A )
: Filtration
value. and then intro-
ducing CO:2to0 an- [ Fiitrated
Refining | other pH value 5 .
< Decolourisation (active carbon)
processes LR . A
Deionization (anion and cation
resin exchangers)
Concentration and drying
\ IInuliu (purity = 95%) ]
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Inulin Glucose/ Average DP | Sweetness Functional
Product )
content | Fructose / (Degree of properties
name o
Sucrose | Polymerisation)
Orafti 'ST- | ~92% ~8% >10 10% Standard Inulin gel for
Gel high dispersability
Oraft ' GR | ~92% ~8% >10 10% Granulated Inulin
Orafti®HP 100% 0% >23 0% High performance Inulin
for fat replacement at low
temperatures
Orafti®HPX 100% 0% =23 0% High performance Inulin
for fat replacement at
high temperatures
Orafti®LGI ~96% ~4% 28 20% Low sugar Inulin
Orafti®HSI 86% 14% <10 25% High soluble Inulin

nn: http://www.orafti.com/Our-Products/Inulin (accessed on 9 August 2012)
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(Elﬂiu%’J’Nﬂ’]iW’fﬂ’ﬁm’]ﬁ]’mNﬂidﬂm’)@&lﬂﬂﬂid ﬁﬂ\‘iﬁ]’]ﬂ‘ﬂvl,@mﬂ’liﬂiuLLﬂvLTUY]ﬂ’J’]ﬂJ@l’]8J

°llﬂLﬁu@LLu“ﬂWﬂNﬂidﬂM’]@]LLa’] mmﬂmuslumﬂa’mmumma&m g39)

2. WRUARNNIUINIETITN NI LT
2.1. Jirayucharoensak, R., W. Jittanit and S. Sirisansaneeyakul. 2015. Spray-drying for
inulin powder production from Jerusalem artichoke tuber extract and product qualities.
Journal of Science & Technology, Ubon Ratchathani University. 7(3): 13-18. G'fiaagjsl,u
gmﬁmﬁla Thai-Journal Citation Index (TCI) WazdAN Thai Journal Impact Factors =

0.125 GINANZIULIMLENEIIUULINILLANIILI

a W@ & &
3. mywNawIag ol lomu
a =) s =) ! g =) v 6 % =)
3.4, oy @nuUsRaanemnalwiensle wialimswnlddszgnalslasnegsias
yanan )
aau lul
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3.2, @ulouny @msmnuaulouiodsnuidpifennasmsnuidfsuudasssioy
2909 LURIBIDN 10U)
aau lui
3.3 139850 (RLaSaansanuuia/asninseuaanuaulaliniiniig
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AU INITWINAIIWITHULAZWIANTTN TUINEUNT 29N el luruaainiais
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3.3.1. ﬁnLauaNammmumﬂLﬂmluﬁﬂsz‘*gw’immis:ﬁuu’mwma The 18" World
Congress on Clinical Nutrition (WCCN) 32w3195uft 1-3 $wanew 2557 luwada
Léad “The study of spray drying for inulin powder production from Jerusalem
artichoke tubers extract and the product qualities” @Tﬂﬁﬁﬂgwﬂmaﬂmmuuﬁw
LN I@sm‘ﬂmwﬁLauaiua’luﬂizqw”?ﬁﬂﬂﬁif?lﬁgﬂﬁmsmﬂ@sJ
ﬂmzmmmﬁmmﬂizgu%mmif: IwanunlwsaAnemaasuazinalulad
N%ﬁ‘nmﬁﬂquaﬁmmﬁ (Journal of Science and Technology, Ubon Ratchathani
University)

3.3.2. mLauaNammmumﬂLiJéﬂuﬁﬂszqu%ﬁmﬁzﬁummm@ The SCEJ 80th
Annual Meeting; International Symposium (Japan-Thai Symposium in Food
Engineering -Forefront Research on Food Process Engineering-). 19-21 March
2015, Tokyo, Japan 53%510’3’%“71' 19-21 JuAY 2558 IuﬁﬁﬂraLéad “Development
of inulin powder production process from Jerusalem artichoke (Helianthus

tuberosus L.) tubers and quality determination” @y%ang InlutanaIIURLMELAN

I

3415935 (@MIRanIBawnIsewamsiniseln)

AU MNNNANTITALABIKlATINNG “miﬁ'@umm:mumwﬁmwaﬁgﬁuaﬁ'@mﬂﬁuLLﬁu
mi’uwgawﬁg\imiﬂsuﬁumaLﬂmgma@]g” lagsanInN@wINIZLIUNIHAARIBURUANR
nnaunuasiuidlsansnm wa:amﬁv'aamwmlﬁ‘fa%lamammgma@;uﬁmﬂq@m%mm
ATV IUTEINA Ing %aImamsftmmma%waaﬁrmmg?lmjhﬂﬁmséquwm’]mﬁ'a
RSN ARUNAI LTI TITINNT T UM TG (Journal paper) 31w 2 aiu (lasuns
aavsulnadunuan 1 ady sawamiﬁﬁnsmwméﬂmqmg@%ﬂ 1 a1y wasaniladnng
ﬂ%"uLLfTVLmU‘nmmmwiTaLauaLLu:mnémaﬂmg@ﬁLLga) wazlasunmsanuwasluansas
JLAUT@ ‘ﬁ'a%ﬂugm{a;&a Thai-Journal  Citation Index  (TCI) 31%3% 1 a1iu tialaiiu
Lméa{agﬂﬁ;ﬁuﬁﬂﬁﬁﬂﬂéuﬁuéa"LaJ LLazImamsf‘:ﬁé’mﬁ’;ﬂaﬁfumgumswamqﬂmﬂsszé’u
Tudiafnsn19en3anssuems 11wn 2 au uazingimaasuazina luladnisennns

& Qs Qs ¥ ' a W L !
2 wan 1 aw T9azidun 1698 1edrundasind Inglumimawissusswaimas luluawea
= ) o A a a o
4. Bug (17 wikRe MIAENTIA3)

4.1. Mﬂﬁiﬂ%“lla’i]ﬂ auamum Liad “ﬂiﬁ&l?ﬁﬂﬂiﬁﬂ@]a%a%ﬁ]’mLL?JOLEJ‘S‘IY]LQEJB’WTY]I%@] ﬂ’]ﬁ“ﬂ’ﬂ,%

Uiﬁ“ﬂ‘ﬁLLawLLﬂiillL‘]j%ﬂ%ﬂuwd" @G%ﬂﬂﬁ’]%l%Laﬂﬁ’]‘iLL%Uﬂ’]EILQ&JT] ANEREY
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AMAKNUINT 1

NAN1ISNAaBLUaIAY

¥
av A

Tuuiddedl ladnisnaasaiesiulussduiesufifinis enaaouwuINIIwazan1Izdmsy

N1SNAABINLAAINNITANTIVNBNAITINUITUNEUNT WAL AITAAIATIE Lie lRaTula Tl umunsay
neufavihunldlunisvnanaasedmsunseuIung pretreatment wagyiursnununz iy nsumdy

v

naudunungu msadndydu nsibiuians waznswlsjuilundndasidyduns Jman1sveaes

1Y

Ueswuaunsaagulanail

ASEUIUNS pretreatment WasINUEIRILAUNZ T

lonmansiuiunyiudn 1 dlansy udanaen wazidluansavaiensadnsn 0.5% w/iv
diodudansiindina antuthlualaslddanumndssana 2 fadwns semdesalaninuay
wals! wituuAuns Yuivuldluansazanonsadnin 0.5% wiv falwasdaiuaztluanlutiiien
100 °C Juwan 2 w1 (Takeuchi and Nagashima, 2011) Lﬁaammﬁﬁwmmauau%ﬁwaé?\lua

agan@inad (PPO) Minliingeduinaluingiu wazdelvndndueilidiniuadng (L9 ge nasain

1% (%
o a

nszUIUNMIMINTULALRE Tugnanguvndiadaensudt idlfasdiei wagviniseuuislaeiados
DULTILUUNIN TMITULAuRzuSesasULnATiTEeUesedly Bosuutuderlifinsdousty
furestuunungu gumgivonninseuuisilife 65 °C

MnHaMINAateULTsTULAuRz Suduandlumsemuang 1.1 wut msaanvildiaui
Sufuvestunnungfugeniinisliann eglsin Wesuuadunm 3 $alus nuharuduvesiu
uiume Tuikunsanazanasnniusdusefuitliiunsan uandeduanmsouuridl 5 $alus
Aruiuresuiune Tufinanaediasniifegailian wasnuiszesnatlunseuusts 4 dalus s
wuumnuarliaan fegreasiidmnduoglurag 6.95 - 7.63% wb SdlidnvazUnnguesduuiu

peuNLAILazunzana I nsunisut lluadunnuazIuNg dnsudvssdulnunsTuilaSeuifieu

sEININIsadINwaziiain wunTuLnuazIunaneu s uwiakalaElaRunIwuUlLaINTIA1AIN
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& aaa a a3 ) ¥ L4 1 aaa .1 = i I
Junaanufizernisiaduimasuulildioule wu Ufhsenuaaisa lneianusaulunisaindu

AaseUnsen

a & ] v & X A 1 A o v v
N1FIHUINT 1.1 AUTU (% wb) GU'E)QLLﬂu@]gqu%usﬁu%NquﬂqiaqﬂLLa%lﬂJa'ﬂﬂ LN@UWIU@‘ULL‘VN@I?Q

a

d' v ci o
bATDID UL UUDIAVIDEUNN 65 C

Y

S8 UNITBUIAY ANYU (Y% wb)
(#21319) FuuwnunzIulsian FULNUAZIUAIN
0 82.1° + 0.07 89.4° + 0.28
a b
3 9.0 +0.28 8.2 +0.05
a b
q 7.6 + 0.06 7.0 +0.06
a b
5 6.6 + 0.06 6.2 +0.01

]

NUELAR AN BTNLANAAUlULLILULEAIDIAULANAIRE1iTudAey (P < 0.05)

ANFILATTLAAINATUAISI9UIINNTIAAT 3 TN

< 1 [
nsuntdunandannunsiu
-'-&J } 4 Y] 1 Y] b4 YV 1 [y = a a
1NNTNAFDUUBIRUIUNITUATILNUAZ T WB UL WUk TAUsEIU tnelinnsweuieu
5enine 1) Msld Blender Louanenyu waiunawldennlg Rotary mill 7AEERNAIMNTTUNYAT
a % 5 19 . . gj 1% ¥ . . gj 1 d' U
UMNINYIBELNEATAENSAU 2) N15UARE Fitz mill Tudumauksnkabd Pin mill Tudumsunfanivu

[y [y

AUAILAYIVINANA N1 WU AID819IUAAIY Blender Wag Rotary mill duagneIuna
fpg1aNunnIe Fitz mill wag Pin mill iiasannuiotndaluniunIndsaunlenzwnsd 100 mesh A
a d'du I =] [ 1o (v d' 1 dl' o 1 (v

fulanidnuasdudauazliiugnzsunssogdnnuninasninuuini 1.1 (b) udidlodudauniunsiu
Puanle Fitz mill wag Pin mill 99980710W38LasAUAIINARN S 9911115 LUNIULAS D958 UAENUIN

waRunaNNI9EnITUITAUASL D AYDINILINATINT LD TOUABALLNTY 100 mesh azTaula

lngdeuazlailneIAegUERITNG AINTNKWINT 1.2
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(a) (b)
AMEUINT 1.1 dregrantennunzyurunnie Blender waz Rotary mill (a) H7INIUNITIOUAZLAT

100 mesh (b) KIMWEDAULAZLATS 100 mesh

ANEUINT 1.2 A8 19T bNUALIUAUAAIE Fitz mill wag Pin mill FIHIUN15IoUNZKLASS 100

mesh

= o | o i o U a a 1 ' o A 17 . .
Wiehudwnungiunualauvinisadndyau asnudn wdwnusguiuame Fitz mill way

a

. . = o a v A [e] A A U a a ' [ =l PN
Pin mill bHBUNNIANUING UNAU 85 C Laylazannduaunananwlaunungdy aziin1sazaien

Y Y

Anudeunungiufiuanie Blender way Rotary mill wazudununziunumeie Blender uag
Rotary mill @250UNIUAZLATI 100 mesh AINAlUAITINUINT 1.2 WazAINNUINT 1.3 lagwinnIs

azangfAUIIINNINAENBU (Sediment weight) A¥ilA108 F9a1M)B1AILUIIINVUIAVDIBYAIARS

@

wtaknuneTunsausegsllwindu Tnenswdawnunsiuiunaie Fitz mill kag Pin mill agiaune

v ' v
aa o o

a a I o g v ° ' ' o A v .
auﬂqﬂwagLaﬂﬂmqﬂﬂ'ﬂW'ﬂWWU W7 llNﬁu’]ﬂJ']ﬂﬂ'J']LL‘ﬂﬂLLﬂumg'Ju‘WUﬂﬂ'JfJ Blender wag Rotary mill
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va o

Fearareleandy dnznautesndt Annwadanaviliidedndulaldisnsuawdunungusie Fitz

mill tag Pin mill

ANSIHUINT 1.2 USUnunIneznaukazinananlaainnisanaldaknunsiuaietindau

Sample Powder  Water Total Sediment Extract

weight  weight  weight  weight (g) solution

(9) (9) (9) weight
(9)
utsunumg Tuiuadae Blender uag Rotary mill 10.0 70.0 80.0 41.1° + 32.2°
3.602 +5.816
uwilwAunzTufiunsie Blender waz Rotary mill 10.0 70.0 80.0 228"+ 43.9°+5,
LAIIUAILRTLNTI 100 mesh 8.182 614
wiauAupzSuiiuagae Fitz mill wag Pin mill 10.0 70.0 80.0 8.5 + 64.3" +
0.559 2.319

CY

MBS AoNuINLANARRUluLLIfLanIisnNLana e silited Aty (P < 0.05)

ANFILATTLAANATUATITINNIINNITNARDY 3 T

(a) (b) (c)

a o

A 1.3 (a) asavangduduilaannulenungiuiiunaie Blender way Rotary mill, (b) @15

LY

a a «

avarsdudunlaanuleunungiuiunnie Blender wag Rotary mill Wd15oUMEALLNTY 100 mesh

Y

=)

wag (o) ansavarudydunlannulanniunguniuase Fitz mill uag Pin mill

31



a

ANSENADUAY

Y

naaInUAILAURz TuauLrnduL TN URZ LAY TURBUSRALIARNISNAABLTDIRUA KT

'
(% [ Y

nsanaduduanudanungiy lagldisnsaindudundnsdanin nuns (2554) dumsiudaunu

1%

prTuwsoulagliiiunisanuianametisou TudnsdiuseninantwnunsJunaztinsewdu 1.7

turedaunume Tunsiinin 1,000 n¥u WWnhiifgaungd 85 °C U3 7,000 nu winirlulfenu
Fouuuu double jacket TimnuSoumemuiia senitenisadaauaulvioumgivesdiunausening
wluruny Tunazihdousgisedu 85 °C wiouranmunaonian WWuan 60 unit udsanduiislili
By mnduiludusdsssnninuneruduiudaeedos Basket centrifuge sefasnILENAENOL

a

azLBunde Refrigerated centrifuge figamgil 4 °C AnaFIsou 8,000 rpm LWutian 20 unit léans
afnatinaoundesaoudidla Lwisﬁ’aﬁmﬂauaawuagjLﬁﬂﬁaaLﬁammiaﬁmaaﬂmmaam
centrifuge  F9ABIVIINITNTVIAILNTZAIBNTDY Whatman No.d (Auaztden 20-25 um) wag 5
(rsadon 2.5 um) sndumeunilaileusnaznauazidensen nszurumsienansadnisvinli

Usansuazmavhwisansanadudydunalegldinieavihuianuununes (Spray dryer) Asuansfianin

NN 1.4

[
o

AINNISNAADUUDIAUAINGTD %uﬁuﬂ’ﬁaﬂmﬁyﬁuﬁwﬁﬁau Taglanusaukuy double

1%
o v 6V

jacket waglimudounuuiTeu 9 avusilddrunanvesudeiiunziuduinniominig Lag
Auseilonasniiaiy nudgungilvesasanalidesasiiosanliiauwivglunisuiusedu
v v | PN v & & v . P

nsiaudeu d@runisuenaznauiiusenoulusie 3 Tuneume 1. 14 Basket centrifuge iiauen
M¥NOUNEIU 2. 17 Refrigerated centrifuge LHBLENAZNDUAZIBEALAY 3. NTOIAILATEATYNTO
Whatman No.4 uaz 5 Judunsugaiing WeRiansanudinuimndesnisiiaziinusunaiied
dusunisanaliuinTudmsunisneasdlusesu Pilot scale 3511510599 3 TuRUN LNz aY
A v P &= A o =~ a Y] ' & ]

\Heanndedldgunsalis 3 viia dnsgadeUsinaasadaluudastuney wazldiaunlunisnses

1%
LY

= ) o ' a Yo . =
flatil FadimsimuinssuIunsaananlunisnaassaseelulngldiiniunanuwuy double jacket &4

(%
a (Y

AuANgMIIAY Electronic controller AiRaRsluinnIugsldmainnuewmesiui uavidonld
Basket centrifuge UugUnsallunisusnnzneuseniissviinied lnglaiudouninuazdenuosgs

n3849 Basket centrifuge Tillanuazidununnuiveiennznausenanaisanalilauiniign
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NTDIABNTLATENTD
Whatman No. 4 lag 5

=

WINAZNDUNYIUMIY Basket centrifuge fMdnduarndugie activated carbon

l

NT94LYAN activated carbon

Whatman No. 4, 1 (10 um) kag 5

WINAENOUALLBLAAIE Refrigerated centrifuge

N599AIYNTLATENTD
Whatman No. 4 (20-25 pm) wag 5 (2.5 um)

FuAUNINLAURLIY

Carbonation

QQ

AIng 1.4 nsneaesadessiudmsunseuiunisadn nsiiliusans wasnisiuiadududung
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o Y a Q‘
NSV lAUIENG
ndanildasafafiiunisnseseinzneusenuda iarsadadlduwinliuiansse

[

NSZUIUNITANSUBLLT UL DAITRL AN UBLINA LA LU AT LAY LasiIdRFLasNAUAIENS

Y

aunuiug lnesawladisnisannauiddeves Zhi-fu et al. (2011)

[

N3EUIUNNTANTUBITUTTUABUAS
1. dhasaindyduanudununs Tukunisnseswdiunuuly Water bath A3UANgMANN
80 °C

2. Wuansuaaldeneanled aruaiunisinaianulunsn-ing neduaswealdeusenlyd

a a A1

Y ) 1 5 [y = 1 |
ﬂ]umzmmmmL‘Uuﬂim—mwaamaﬂmauauummﬂumﬁzmw 10-12

kY

v a

3. ufrgarsusulasenles adlutinadndudu aunseiAIAULdunsA-A19anadLnae

Y

[

Uszana 6.5-7 neanisiiufingasveulaeenleyd hiadndydudmalilndy

Y

14
o U a d

4. dnanndu ulﬂi’]ul,mmmﬁl Refrigerated centrifuge #igaumgdl 4 “C A273157 8,000
rom Wulaan 15 Wil

5. Y1UINT99HIUNTEAIENTEY Whatman No.d was 5 wilenensznausan leaiulaiduii

£
o

afimdydunduiniasm

a !

dosnihatadyduiiunssuiunsaiveduasifdhmady wasdinduiifinanuiaze,

il FdpslinsruriumehinuiansiiuAuierdnduazniu dufe NMsidnduaznaualgnaauiy

Y

'3

g
TunsAnwudeewu leneasaduaiudusiug 2 sis Ao Luukazdun uazhuuin iy
duuudinsanlddmiunmsnsesinuiily aduihadadydun ARunTEUIUANT ANSUBILTY WUl

audusiuAnuunatiuseansnnlunisiidadnaznauuinnituuutdudin Tussufidndiaznaunie

[

! L & a dy
NINTUNUNURNNITIYASEDYARNIY

1. souusn Yuhadndydundvimamuusrsimuaugamalivuuegfigamgd 80 “C v

Y 9 9 Y 9

wetuiutiuAUTuIuSesas 5 Tagunin WE19AMUL5I59U 100-150 rpm Luan 30 Wil

2. NTBUBININIUDDNAIBNTEANENTBS Whatman No.4, 1 (ANuagLden 10 um) bag 5
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LY (3

3. A1sidnanaznauseuNasdlnuiunsauiuiufsesas 5 Taeuinidn weiininuse

59U 100-150 rpm flgaungiivies et 10 wniiviesunindveniaindyauiiuinaniaganias

Y

4. NTDUBINIETUDDNAIBNTEATENTES Whatman No.4, 1 uae 5

ndyduuMsidnduazndufignmgl 4-10 °C wesenisthluvilmdung

9

[y

5. \uSnwan
PRBLATDIVIWAILUUN LN DY
nneasslessu Jgminvanmsiiunsarududuiasluluaisadaiendaduaznau

Ao sedldnszaensasfiimuasiBenlunisnsesmalsvunileninmiauioyn1aan waznszey

[

nsetgniudty vilvdesUigunseatunsestsy o Jufanisagideinaialuiunssuiunisnses

noaums wazldszeziarlunisnseaunn

mmﬂsgﬂﬂuwﬁmﬁmw‘iﬁgaum

v
a a < a o a Y

A v oA Y ca v A o v |
ﬂLumi'VlfﬂaENL‘U’PNGILIL‘WE]LL‘UiEU‘mﬁﬂ(ﬂauamﬂumamﬂm%auaumuu wﬂ%LﬂiENVI’ILL‘mLLUUWU

RV RV

o v a v Y o a [e]
NE)EJI@EJWMU@I‘VTQM%Q@J&MGU’]L‘U’] 1AU 150 C LLﬁ%QM%QNﬁ@J‘UW@@ﬂa@ 90 C Iﬁﬁlﬂ’]’iﬂ’J‘U@N

gaunilanvieeniilalagnsuiudnsinisluavesiegiud a3 (Feed rate) 110073

a a

‘vmaaqLﬁaqé’uwudwamwmiﬁ’]LLﬁ@é‘]’ﬂﬂﬁinawmmLLUigﬂiﬁﬁwaﬁ’muauﬂmﬂLﬁumﬁmﬁmsﬁmuﬁq

Y

I v 1

auifeInisle egrelsiniy Jymndainuainnisiwisuunulesfe dnsgaydediegimg

o

LY

lesandyaunsluinzinuiuegiviniiusetng dsegludnuariduiiudundnudadn q fnseu
wanduly fuileandgmilmeaeunssnriniuiegwdmiunsesiuiuuunudessiuu 2
110 Ingrnusnagldauludunouveinissueiesfenisriudosiisssuam soaunseiisgumnives
aureents 90 °C fhwiaiiuiegeand 2 wddsu Tasvalufl 2 dhiunseuutiedl 105 °C
Uszana 3 Falusnud Weusenevmafiudhesnaluil 2 iWhduieieseuursunuvanluil 1 wé e
Tgaumnfianneenasil 90 °C Uszaa 10 wit FsAeiuvinnsteudiogradniaiesiuis arnwa
MInRRsssnaNUINazTIBanmIgadassiogiaiemnmameinuenanieluasle

wasntulaveaenilefeuadiug (NaCs) uluasfmiiiiedlisienuoun1ANByGuLaL

ATy linsingAnvesnedyduntgluiaIeinuisuuunudeganas 19931n91u3d8 Y09
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(Adhikari et al, 2009) linleAguaBiunangglunsHantinaedagIuaeIsnTyuiUUNY
Hoe uainudtanusaannsinzinveseiinaglasaluasosiuwiswuununesls lusnwideils
naneuiulgAsATunUTINN 1% wiw  luansazanedydu Fanudvilidanisanagnauiiu

Y

ANVULFINNRUINT 1.5 FetiuTanaassusuusunaumsiulafeuadiunlvanasdu 0.5% w/w lag

a

agangfgaumndl 55 °C uaidiansazang e lUMuikuuniudey 31NRan1sYuiawuUnukae
ansavangdudulaeeuiisuseninansailiuladienadiun 0.5% w/w wagnsaiildiuleneuad
e Weansazang Byduneuiuleifsuadiunianududuiniuse 11.6 °Brix ldgungiauidy

150  °C wargaumgilauvieany 90  °C wuiransazareduaunldladulodeuadiunlaouunm

=

NANSIIHA (yield) winiu 74.04% vosUFunaenddluingiv wavarsavaredydunifuludeund
walAUSINUNARA NG (vield) Wiy 75.40% Fanansnanduansliiiiuin msidulafeuadiun
lailavreiuUsunaunaniueing (yield) innin warUsunandndusindunsainlulapulefeundium
SN 1 a U a1 = a O a a = U a o § v a £ a a N
AflAnUsIaglusyaunuianela Snvansiiulaieuadunddnariilinuusavsvedyaund
landansyiuiaiuunuresanas aely Jnaulanazldldnsifulafeuadiualunismeassnely

~ & Y al Y ° v ' | =~

esanlunisneasadessufniuanldssogiianlunisiuiswuunudeeliuiuiiesain

a 4

Usnadngiundewdnasoviuiuuunudesiivsuiades Jaeraduanvaivinlildusuna
HAnSUIINa (yield) Aoudnegs esannisinefnvessdudunisluniasiursdsliasauuinausiy
Iinurndanmmiley wilugnamnssuaseavaedlduSunaingivinnuasldssagiaruulung
° Y =9y ° v a a & o oA A o ! Y] Y a
usie Felanaaesiuisansazatedyduduna 5 iluaiies edunadtazdenslausunm
a [ 6 A 1 r.:" 1 a a [ L3 IQI' LY q" o Y a
mamm%mqqaqmdm GzNNamwmaaﬂwmwimmmamm%maaqmazmu 70.36% mmmqﬂﬂamm

AUNTANIG5E 82N UNTIALUUNUNDEAY F9b9LUINIEINSUNITNAaRasalUINdn1IEnN159in

wirltluniIsnaastlosduauisa lulglunisneassasaalula
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S Yoas

?:u Tahiv 25 27

=S 1/0/40 @
=

AMEWINT 1.5 ansazangdydunaainmsiddlafenndiun (@) Usunm 1% w/w uag (b) Usun 0.5%

w/wW

N13ATAATIAETANALDLDUBUNY
ansaftndyduuardydunsildnnnismassndewugninu Iaa1Usina reducing  sugar,
ihaauasndnlnledlnudnanlss Carbohydrate usiagngu A Hardness wasdn Inevdnn1sieden
faog9Re 1iesniraiadyduilldainudartuneuiiduiuiavendsfiazanslddelndae
Refractometer aglutaaszana 8-10 °Brix lunisimdsuansazaneisusuandydunsdddnaduom
1 n¥u udufuthndu 9 ml ilelilfasazansfifinnududuyssunn 10 °Brix Ssasgaelianansn

Wisuilsunanisinseninausasiegndldiliesanndegrasusuiiianududueglussdvasinaue

Au uddshasazansfinanniouaanaluinang q seld

PMNNAN1TINA1UINU reducing sugar #1835 Dinitrosalicylic acid method (DNS) A9uans
Tugsrewand 1.3 wuannszuaunsasueluduinlmlsunuiinaanadla 210 6.95 ¢/L wde 3.07
a o 4 o o v a a v s @ 08 Y a K < ¢ Y
o/L dnaliohlumdnduazndumensaisusu Avilrdsunaimaususudnailsaanaaguiu 970

3.07 ¢/L \Uu 1.43 ¢/L

37



a a a

A159NUINT 1.3 USunad Reducing sugar Minuluinadnduduilaanndunaunig ¢ wazaisazans

Y

YIBURUNIUTUEURUBUEUNINITAN

Treatment Reducing sugar (g/L)
A9UN"T carbonation 6.95" + 0.00
7a4n13 carbonation 3.07 +0.01
NaIN3LAL activated carbon 1.43° + 0.01
DUAUNIIINNITNARBS 1.68° = 0.01
8NN3 (Orafti® HSI) 25.07° = 0.02

v o

RUIBLIAG AIDNBINUANFANAULEAINIANULANANDETTYEAY (P < 0.05)

ANFILATNLAANINA LUAITIUINNNITIAAT 3 9N

wanNil asaindyiuuasdyiunsiliannsmasesiesiudigninuinmanudutuves

wenauaznsnivledlnugnanlse (FOS) laud wWinlna (F) nalaa (G) #lasa (GF) 1-4aalva (GF,) Ua
F o a o o a a .

Ina (GF;) 1 -Winnysludaialna (GF)  meiaTadlasunlinnslvesvataussauggs (High

v a

Performance Liquid Chromatography; HPLC) Lﬁa'vmuammwmaamsaﬂmauauﬁlmu%’umauﬁm

Y

9 WALBUAUNY AIUAAINALUATIINUINT 1.4

PNEanIsAaeaniliiuInssuIunsAsuawtwi e ansnivawasnglaagnida

H @A a = o v v a a ada a £ = v
sanluuaziimaglasanivsunanas seilileansaindydunianuuiavsuinduiasssauyes
Reducing sugar i1 3lunnansAEeduaUnIUIIN Reducing sugar A1 Ails1A1EANIHIBYAUNE

U3ua Reducing sugar g9
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a a

A5G 1.4 USurautiananaznsninledlnudnailss (FOS) wedansanndudukazalsazans

Y

NBYAURINIIINNITIRaeLlowuy

Treatment Composition (g/L)
fructose glucose sucrose  GF2 GF3 GF4
7a4n"3 Basket centrifuge 3.50 - 37.98 21.45  24.41 9.52
NOUNTT carbonation 4.21 - - 20.73 26.36 10.48
7a4n15 carbonation - - 6.88 10.83 18.62 8.72
NAINSLHAY activated carbon - - 6.50 17.83  23.51 8.46
ANTAYANYIUAUNIIINANT - - 6.66 16.15  20.27 7.54

VG0N

1%

yenani miaﬁ’@%ﬂﬁuuaz%ﬂﬁumm nn1snaasnesdu gegniiundiasiey
carbohydrate usaznguaniulasidudiilodisuiu Total carbohydrate 13y dmnasing q leun
Winlna (F) nglaa (G) glasa (GF) 1-palna (GF,) Ualna (GFs) 1F—W§ﬂ1mwiﬂu%aﬁa‘lwa (GFy) wag
dmadu o fuanseonuiu Degree of polymerization (DP) daeiededlasuilnnsiflveanad
amiam‘wqﬁLLUULLaﬂLﬂgﬂuiaaauuaﬂm% Detector %M pulsed  amperometric  (High
Performance Anion Exchange Chromatography with Pulsed Amperometric Detection; HPAEC-
PAD) lmgldmedutl Carbopac PAL wuim 2 Hadwns x 250 fadiuns fnniAmdeuiinldde
asazanelafenlansenlan (NaOH, HPLC grade; Fluka) sty 150 Jaaluans wazaisazany
Tnulansenlannnuidutu 150 Sadluans/Aafsuueding (NaOAC, HPLC grade; Scharlau) Aau
g 500 fadluans AruausmsInsinawitiy 0.25 faddnsdewdt ensiuaunmyesansadad

wauAlalutunaueg 9 warduduns uaiUSeuiisuiuBuaun1enisin Orafti® HSI) Asansualy

ANSINUINT 1.5

ﬁ]’]ﬂﬁ\laﬂ']iﬂ/l@a’e]ﬂLLﬂ@ﬂﬁLﬁU'j’lﬂizUUUﬂ’]iﬂ’]%‘UE]Lu%u%jﬂﬁﬂiﬁaﬂiaﬁﬂﬁﬂ%m']mNﬁ’ﬂiﬂlﬁ]\‘i

(%
o

umanglaa Winlvawavglasaanas aulaseauunsgulu®anism dadunianisAnaduaudie
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v aa )

BENEO-Orafti @aludvionilaruntsnisnatnunniiantutlagiu ddefmunnudnvauzuas auaudd

WTINUINVDINAN N UNNNAINNAYAILFAIUAITINUING 1.6 UDNINT INHANITNABDINUIN

v a a

WAIIINNITHENAZNOUAIY Basket centrifuge AnNNUDIBYAUTLAT DP wade 6-10 WWuduluguas

Y

v '
a a A

fma (W3nlna, nglea uazglasa) 38.1% Feanusondndudydunansafilinumiuuazdule

Y9

91v13lee waziilavnthadalusiunszuiunIsAsUBUTUAENUINFIDg199E Tl asidudvattiinig

Winnaanadan 17.47% Wy 0% anuan1snaasdlulasnusananvinlinsiuiinszuiunisans

a a A

UaLutevI e sain s yaulanuuSavsiuanTLTMINLeNa15971984 (Zhi-fu et al., 2011)

Y

A1519WUINA 1.5 Carbohydrate wiazafaAnduilasidudilioisuny Total carbohydrate 84

'
a a a a Al

ansannduduLarBuiunldanmmeassiesiu Wisueuiuduauninism

kY Y

Percentage of total carbohydrate (%)

Treatment
glucose fructose  sucrose DP3 DP4 DP5 DP6-10 DP11-20 DP21-30  DP>30
$89n15 Basket Centrifuge - 14.65 23.45 14.97 7.78 6.50 18.32 11.55 2.78 0.00
ABUNTT carbonation - 17.47 0.00 13.14 8.46 7.68 27.64 19.48 5.38 0.75
a4N1S carbonation - 0.00 9.07 13.30 9.68 8.88 31.59 21.24 5.80 0.45
WAINSLAN activated carbon - 0.91 7.42 13.26 10.07 9.37 30.17 22.14 6.52 0.14
'Slﬁummﬂmwmam - 0.49 7.79 10.05 9.04 8.45 29.01 25.62 9.55 0.00
Orafti® HSI 0.88 6.22 10.81 5.17 22.21 12.04 27.04 12.18 3.44 0.00
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ATNHUINT 1.6 NGUNGNTu9dyAUENe BENEO-Orafti wazRnaudmiganting

Y

Product name Inulin Glucose/  Average DP (Degree  Sweetness Functional
content Fructose/  of Polymerisation) properties
Sucrose
Orafti®ST-Gel ~92% ~8% 210 10% Standard Inulin gel for

high dispersibility

Orafti"GR ~92% ~8% >10 10% Granulated Inulin

Orafti’HP 100% 0% >23 0% High performance
Inulin for fat

replacement at low

temperatures

Orafti®HPX 100% 0% 223 0% High performance
Inulin for fat

replacement at high

temperatures
Orafti°LGl ~96% ~0% >8 20% Low sugar Inulin
Orafti“Hsl 86% 14% <10 25% High soluble Inulin

fian : http://www.orafti.com/Our-Products/Inulin (accessed on 9 August 2012)

Wethdudunanudnlaainnismeaasauleniu delunseuiunisudalaiiutuneunisvinlya

1%
Y

U3ansnanisAsuatutukarn1sidaduasndumensauiududlunsiadinssnusnadiie

a a ¥ a

W3gulguiuBuaun1enisA (Orafti® HSI) naus1ngin duduiudaladiusuiaiangeniiduduns

Y

NSAUINAWUAAIIUAITINUING 1.7 FI91NNTHATIIANAYIUTU NGB Y R UNINHER

a a J

Tga1nnisneassnaaninslutuduino1ainannsiwaaenaanlanadluluinadnduause g

Y

(%
[

JunauAIsUBLuTueYiNUfAsewazyinliiinnisanaznouvesuinialitanatan 1Usiu way

a o« d' ~ s = a = = [ H U a a = v
gaauusu ﬂiugﬂsﬂaﬂLLﬂanjﬂmﬂqu@Lum ‘?NE)'V\]@JLLﬂaL%ﬂﬂJl@@@u‘VmﬂL%a@@giuuqaﬂﬂaiéau QNN
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[
U

dnsiituduneulun1siusgynsiudnnilsiunaunaINnIsMIndLaniy LilemInwaaGewd
a YA v .
waunaeaguAan1sly lon exchange resins

(%

AT9NUINT 1.7 UTHnauivesduduiiniananniiung Junagduaun1ensnn

A1a819 Ash (% db)
Syduhmarmainuiung u 6.96" + 0.06
BYAUN1IN19AT (Orafti® HSI) 0.03" + 0.01

]

o o d‘ 1 v = 1 1 a v -]
NUELAR AI9NBTNLANANAULEAITIANLANAISaEsiTEdATYy (P < 0.05)
ANFLAYNLANINALUANTIIUIINNNTINAT 3 61
= S v oo & a ! a Y A a a A a I =
\Wesannludusiuinisiianyigiuiusunaangdudydunsindalaninnimeas da1ive)
INUSUUBARTUNANAS I UE1TANADULLDINIAINNTLUIUNITASUBLUTY A9t UlUNTNAaRINAn
a e{' a I 9 . =~ § vax o w = Y
waageuivaundesglagly lon exchange resins 39l4i8N13nTIvd0UNAVRINIITALARLTLLM Y
Basnmsaiuansazaiy Ethylenediamine tetraacetic acid (EDTA) &#aduisn1swiusunauves
2+ 2+ . . J H a o o S v A
Ca, Mg~ uay divalents ion au q Tui TneUsunu EDTA fldaviludndiulnenseiulsunu
lopouniley waznaaNMTInAzgnuandlugUvesdn Total hardness (ppm as CaCOs) fauansly
a
AITNHNUINN 1.8

'
a

AByAUTH LAz TuRoUTINRINITIANTAEAE AT LN DU UNS

[y

1NA1SLAUAI9819NE

[y [y

szauaudutulnalAssivinaindyau u1iasieAl Total hardness wudA1 Total hardness

YOIUNENANAINTEUIUNNT Basket centrifuge fALadsiniu 1,065.75 ppm as CaCO; datnalein

(%
o

1hafandsnis Basket centrifuge fiiA1 Total hardness gestsiifienaiiiosanuiuna Ca™ wag Mg™
ﬁﬁmﬂagjué’ﬂui’mqﬁmémﬁu Ao 28 wag 16 mg/100 g F0819
(http://www.foodcomp.dk/v7/fcdb_details.asp?Foodld=0101: accessed on 31 May 2014) Lag
Slerunsruiunseiventudsdinsiusnadeusonlasaslurliusina Total hardness iy

v a

\u 5,202.31 ppm as CaCOs wanainsiisuaadeueantenadliluinaindydusenitsdunounis

v a

vautuneliiinueaideulossuraundesgluinaindyiuase 31ntuA1 Total hardness wanas
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Wnteailathlumdnduaznaulnedunaauiusiug n1sanAanunsea1slag ion exchange resin Tu

2o v a P a a a ° v a A = 2+
nsnmasiltisdutanlasulessuriinlaion nesduvinlminniswanasulansleossy A Ca

a a [y

- [ + a + i - LY = ra o 1 a
Iumaﬂﬂauaumlaaau Na 2845%u lng Na %lﬂaaiumaﬂmmu %QlﬂLﬂﬂ@Uﬁiqﬁﬂ@ﬂquﬁiﬂﬂ
Y

Y

uienafinasouTinaudfidngs nuan1maaeswuithatadyduiikiunisnsesieisdu 5 seu W
A1 Total hardness flanasanudinisiiunauiusiudusznn 10 wih wandleldisfunsedaeiu
ﬁmmaummﬁmﬂu 10, 15 way 20 s9U USuad Total hardness ﬁL‘%uﬂqﬁa@ﬂusﬁN 602.12 -
674.37 ppm as CaCOs LansBemuBuivensiuTlas it fiuaniuasulesautuiha ngyauY e
asatnfinsesinusdu 20 seutwdrninseswrinusdulvl 1 sou vlian Total hardness anad
1#89 192.68 ppm as CaCO; %aé’ﬁmlﬁdwagjslumj'mﬁmssﬁw Usueniediasiivsinaunadvulossu
vasndoogluthataneauans

a a N

M1319NUINT 1.8 Nan15IAA1 Total Hardness ¥9tnainduauLarasaza1eiaIeuNBUAUN

Y

Number Treatment Total Hardness (ppm
as CaCO,)
1 iharfndyaundants Basket centrifuge 1065.75" + 108.38
2 thaffadyduvdanis carbonation 5202.31° + 250.30
3 tha TPByAUNAINTIAL activated carbon 4720.62" + 83.43
4 ﬁﬁaﬁmayau (carbonation + activated carbon + resin 5 cycles) 433.53° + 0.00
5 ‘13’1&5@“15514 (carbonation + activated carbon + resin 10 cycles) 674.37" + 83.43
6 ﬁﬁaﬁ'ﬂayau (carbonation + activated carbon + resin 15 cycles) 626.20" + 83.43
7 ‘13’1&5@515514 (carbonation + activated carbon + resin 20 cycles) 602,12 + 41.72
8 ‘13’1&5@515514 (carbonation + activated carbon + 192.68 + 41.72

resin 20 cycles + new resin 1 cycle)

Y

NUBLNE FIENBINLANANAULAAIDIAINLANANIRE 19l TBdArY (P < 0.05)

ANFILATTLAANINA IUATITI9UINNNNTIAAT 3 9N

nasanilanaassidauaaideunnaundesglagld lon exchange resins WAINUINENTH
ane1 Total Hardness Lo 3sinsdiiegednannuiiesgrivsunasininazdeuwlamsel

281915 FINANITIATIEAUAAIAINITIWNUINTA 1.9
43



91NNANIINAAEINUIT TngRusudu Adeudaunuaziulidiasiniauainiemnaoinie

010011159 JUSunanonsuaulnadesiutume 4.61 — 5.18% db wiat1unanaluuiunssuIuns

Y Y]

AN 9 WU AR08 19TIHIUAITANSUBLUGUY Wagmdnduasndumisrsaiunudus wadslddnnsvinla

1%
o

U3gv5m8 lon exchange resin fiiUasidudLingaan fis 6.96% db wenanidsmuinunanndydud

H1UN13NTRIMELTulivnaaasundadliuiniaziinnganiidudunianisaiuin awveil

Y Y

anunsnanUsinandlaainnsyulunishd lon exchange resin AilasannnisanAnunsesalag ion

exchange resin Tunsnaaeslildisdunaniasulooousdalafon lnalsdurinliinnisuaniudeu

a a

a 2+ Y Y] + a = I 0 § ¥ a Y a | Y]
Ia‘ml@a’em A Ca quqaﬂﬂauaUﬂUlaaau Na UD9L39U Q\ﬂllﬂ'ﬂ%ﬂill']ﬂJLﬂ']LUaEJ‘HLLUaQWHELWUﬂ

Y
widayanlianmsnaaesiiiviiinsgnininUsunasiigeasineusuiugadiunisasuody 39

fn1sauAutayarau waINUIIUTINANNgElaMAN131NAUTENOU LA T TTIYIATDILAY

[y

Az Iuniiussnas 1wy Inunadey uag Weanesa ileggedis 561 uay 723 mg/100 g fog19an

(http://www.foodcomp.dk/v7/fcdb details.asp?Foodld=0101) Fadlefndu %db Aazdaun

v a

M1919WUINT 1.9 USnauivesradyiunienism wlawnung iy uaziiainduau

RV

Number Treatment Ash (% db)
1 ydun9nsAn (Orafti® HS)) 0.03" + 001
2 wilunungTu fwienaniemaaes 4.61° +0.02
3 uwilunungu fwiennaantuduniwasianndnsusiemns 5.18" = 0.05
4 Ve ndyaUaaNIS Basket centrifuge 516"+ 0.04
5 vharasy yau (carbonation + activated carbon) 6.96" = 0.06
6 ‘L’TJ anmdy 5 (carbonation + activated carbon + resin) 4.34° £ 0.29
7 ﬁgﬂaﬁﬂﬁl‘gau (carbonation + activated carbon + resin 5 cycles) 536" + 0.04
8 ‘fﬂaﬁﬂ%l‘gau (carbonation + activated carbon + resin 10 cycles) 5.19° + 0.04
9 ‘fﬂaﬁﬂ%l‘gau (carbonation + activated carbon + resin 20 cycles + new 4.53"+ 0.06

resin 1 cycle)

Y

KRUYL1ES C‘Iﬁamﬁ'ﬁﬁ/lLLG]ﬂG]’Nﬂuuﬂﬂﬁﬂﬂﬂ’nmu@ﬂ@ﬂﬂ@&ﬂﬂ Hedn
E—

[

2 (P < 0.05)

NaNSNAaRdlAaINNITINAT 3 91
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[
LY al (% 1%

AoulinmaaenSENfIegNanBUANBNATILAD AATIENUTUMAT Total hardness
a ) a Y o o &w = o = PN '
WiguAuusunana1ndanudunusiunsolueg19ls ¥991nRan15naadtun1seaNuIng 1.10 wuin
a a a 2+ 2+ . . a H v A
Y3110 Total hardness nusuanUsuiuves Ca , Mg wag divalents ion 8u ¢ VBIUANANAILIN
Na9IN1S carbonation LAYANAILLONIUNISIANKNIDIUANTUALAENTDIAY
a P a a A A a a a 9 ° )
SPunane 9 souTiniinisasusdulmiiieinuszansnmlunisuaniuasulossuniy dmsuna
M5IAUSINaamuUIEATuYe 5.30-6.05%db Tnatuasiduiin iU uwlaamdin1snseanieLsau
winlaun lugenmassnuan Total Hardness USunauarndalanananauSuna
s ieglutnanin 3nuITeves Fleming & Groot Wassink (1979) wuiniunungiudsenauld
MEANTY 80% wazUDIRde 20% tnevanlatiuusznaulumeBydu 85% i 5% duiwdodu
lUsAunazeInUsenaudu 9 Jeesnlsenausinandenndesnuisunanifinlaainnismaasei 39
anusaazulainnisviliuiansaenisuaniasuleosusiuisduaiuisaanainunszang (Total

a a

5 o a + o 2+ M s s Yy
hardness) ‘U@ﬂmaﬂﬂauaﬂ(ﬁfﬂEJmiLLaﬂLUaEJu Na nu Ca LLmlﬂJﬁquﬁliaaﬂLU@?L%U@]LQWI@

Y
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'
a0

MDUAUNNIUNTLUIUNIS

[y

A1519NUINT 1.10 USunauA Total Hardness waziUasidusiaivastings

$9 9
Treatment Total Hardness Ash (% db)
(ppm as CaCO,)

#&9n13 carbonation 5539.50" + 417.16 575" +0.22
W&N9LAN activated carbon 4720.62° + 83.43 5.40° + 0.02
ﬁﬂﬁﬁ'ﬂﬁgau (carbonation + activated carbon + resin 5 cycles) 264.93° £ 41.72 6.05" = 0.29
‘1313 Uﬂ@iﬁu (carbonation + activated carbon + resin 5 cycles + 173.41° + 0.00 561"+ 0.46
new resin 1 cycle)
‘1:1;’1?1 Uﬂa‘%au (carbonation + activated carbon + resin 5 cycles + 81.89 + 8.3 5.88" + 0.28
new resin 3 cycle)
fﬂaﬁmaﬂﬁu (carbonation + activated carbon + resin 5 cycles + 52.99 + 8.34 534" + 001

new resin 10 cycle)

]

v v PN ' Y] & = ' I Ao )
KBUNELIAG G]’J@ﬂ@ﬁV]LLWﬂm’]\‘iﬂUIULLUQWQLLaWQ@Qﬂ']qMLL@ﬂ@WQ@EﬂQ@Ju&Jaq Y (P < 0.05)

NaN1INAaadlaaInn1sinAn 3 91

o

NTeYALIBIRIAUTENBUVBIAUAL IUNTLISInanAD Inunaifey Woanasa waaduy

wazkuni@eu (http://www.foodcomp.dk/v7/fcdb _details.asp?Foodld=0101: accessed on 31

' '
v a1 14 =

May 2014) datulunisuandyduaniiung JumnaiunsamuanuSunaa idseauireudiensily
NN 9 FBUNISHER Wagndvdngiudwssiumailldinaidesegusiaaminuslnalulsunamiuid
Ya a [ ! o [ 1o & ¥ o v ! [ ! <V v 2 & =
nsidauduludidsenavluemsmivienalddndudesidauisinfnannla nfeuiaenatinig
waneAnUTElevlvawssInsie 9 wa1dlasnaie wu Inunadsuagyiausiudulenealunis
PuAuaunavesdilusianeaz ey biilasuiulng Weanesaszinusiuiusaadeslunis
afnsegnuarily  drearuaunsUasenasulunsunindvesasiulawse ludu uaglusiiu

& ! I~ I ! [ v = <
mvAvaunavasnnudunsanazaslnden waziludiulsvneuvesausnazludunas waadeudy

drudsznaudidgvenseanuaziiy ealuaunTTIINTeiila nauie wazssuuUsEam wag
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Frevlidenwdeiadosimefinuiauna wunideuasyinuiiuduseadenlunisaiinseanuas
flu wagninsneduunidil@eudn asvildanuduladngs wazilulseiila  Wudu

(http://www.vcharkarn.com/varticle/42022: accessed on 31 May 2014)
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http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%A1%E0%B8%81%E0%B8%99%E0%B8%B5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%94%E0%B8%B1%E0%B8%99%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B4%E0%B8%95
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AB%E0%B8%B1%E0%B8%A7%E0%B9%83%E0%B8%88
http://www.vcharkarn.com/varticle/42022

AAKNUINTA 2

o Y o/ 1 o/ Y v s 14 a wa
ﬂ']i‘VHLL‘VI\WI'JLLﬂ‘I.JG]3’Juﬂ?ﬂﬁﬂi@ﬂiﬂigﬂU%aﬂﬂgUﬂﬂﬂi

JUADUNISLATIUADYNIUAZAT pretreatment AILAUAZIY
ASLA3LUAIDENRILNUAE TUNBUEN MUY AT TUN D UA IR UATNEUINT 2.1 LSUAUIINAIT

PrmunuazTugaunyinUssunduszezing 1 92lue Wislia1unsadnandoALAueanaINiiulg

o
Y [N

yasinunzIulaietu Tnglunsmeaeddsansssaureslfifinisuasseruinsesaslideniden
] ) - a ¢ s 4 ! ) A A

wnunziueen Wasnnuanisinsgviesdlsenevludenuiuns iy nuinivsuiuaisiulawmse

wagBuduastaandlun1AnuIng 10 dsannsdeiiiuneuuay asdiunuseTuludueses

alantitianununuseuna 2 Jadiunsegniaddlannniasnald wazwaluaisazalensadnsn 0.5

1% " Y v (% 1%
o

v ad ¢ 2@ A o o a ao A a = i o s a § v o °
%wW/v ‘V]uwwalamLfﬁ"ﬂLW'P]EJ‘UENﬂ']iLﬂ91ﬂu’]G]’]aV]WUN’JGU@QSUULLﬂu@&JUﬂbLa@ WQIW&%L@@U']LL@%U’]VLU

anlutinfen 100 °C Wuan 2 uwil WeannisvihsuveeulwineadNusasendina (PPO) Nyl

v
a o Y &

Angaduimaluingiu wagyilvindndueidaininuaing (L*) a9 vdannnssuiun1saInduuwnung iy

q

gnangaumafiatlaenisuii Adliaziian udrFeaindignIzuiunsounis
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RALNUAZIU

&

wrvUszUnduszeziian 1 42lus

&

a 14

AeuazdntALAuanA8LUs

P

dlasiununziuliiduuduune q vundseana 2 wy. drewnsasalan

A AUVUTY 0.5% W/

anb

Rl UE1ITAZAUNTATN

P

ﬁ$Lﬁﬂﬁﬂiﬂﬂ?ﬂﬁﬂﬂﬁZﬂ%ﬂwaﬂﬁaﬂ L%UL’JQ'] 5-10 W

&

<

antudRaaluLa 2 U

&

M lndulaewrludiuszun wWuwan 5-10 i

&

ﬁ%Lﬁﬂﬁﬂiﬂﬂ?ﬂﬁﬂﬂﬂZﬂ%’lwaﬂﬁaﬂ u‘flunm 5-10 U

&

L4
BULNAN

ANHUINT 2.1 TUNDUNTHHTUUAIDEIITILAUAL TUNDUNITYLAINILAUS DU
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A1519WUINT 2.1 YeyaniuTuveIuLAUng JuNa UL ILIATRIR ULIMIUUATIgN

Talunsaseaung

a

Y

65 °C

=

LAUNNTBULTAS (W)

ALTU (% wb) (NsNean 1)

AMUTU (% wb) (NMSNAFBIN 2)

0
15
30
a5
60
90

120
150
180
210
240
300
360
420
480

90.67 + 0.33
86.40 + 1.40
81.56 + 1.06
75.60 + 3.06
65.78 £ 4.20
44.10 = 7.80
18.77 = 7.79
1146 + 1.23
8.19 + 0.17
7.33 £ 0.33
7.20 £ 0.81
6.40 + 0.13
5.75 + 0.37
576 + 0.39
556 + 0.41

86.87 + 0.35
86.98 + 0.92
84.11 + 1.88
79.92 + 1.96
73.09 £ 4.91

52.22 + 15.31
33.21 £ 19.28

11.61 + 4.34
8.67 + 2.60
8.06 = 1.78
6.78 + 1.37
6.16 + 0.63
6.27 = 0.72
553 + 0.56
521 +0.37
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1381 (W19)

AMUTU (% wb) (NMSNAanIn 1)

AUTU (% wb) (NSNRaIN 2)

0 92.45 £ 0.23 93.81 £ 0.15
15 91.68 + 0.19 92.78 + 0.11
30 90.90 + 0.06 92.61 £0.03
a5 89.21 £ 0.12 91.88 + 0.24
60 88.41 + 0.25 90.58 + 0.37
90 86.82 + 0.23 89.82 £ 0.42
120 82.86 + 0.34 86.12 + 0.19
150 78.07+ 2.07 83.07 £ 0.84
180 62.12 £ 1.59 78.82 £ 0.05
210 44.25 + 2.40 61.46 + 5.97
240 34.50 + 2.69 46.88 + 1.56
300 5.60 + 0.14 13.06 = 0.17
360 4.74 +0.12 12.13 £ 0.32
420 4.76 + 0.31 5.15+0.05
480 4.81 +0.18 504 +0.23
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Fluad 0 Fluad 2 Fluad 4 Fluad 6
Tndela 825 +0.55 89.0" + 1.11 88.7°+ 055 857 +0.38
a0l 1 nang 825+055 813 +077 827 +000 738 +1.03
madilevn  825+055 749 +056 687 +021 364" +038
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A o w 1 1 A [ Y Y I a a o 1
LlIEJ‘L!’]G]’J’e]EJ’NLLﬂ‘lJG]S’J‘UVlN’]‘Llﬂ’]TVI']LLMQ@’JEJI@UWi@UEJ’J@EN‘V] U 120 °C vJusseiian 6

]

NulUTnAE TANALAAIFINITIHUINT 3.2 INRANITNAADINUINANAINNEING (LX) hasAELnang

Y Y

(b*) 28319819970 3 USHIaYOIBIaULINIIAINLANAAURE1lTd 1A Neada laeiaei
UshadlnaniUaiinnuainunniign wasdiegneusnamadilotndaimiuainuasadinioatasd

a1 & = = | o oA o v v v v Y]
gousidiandunsgean wenanndmnseuiisuadvesiiegafiniunisyiuiameleunfeugingeiv

F98 19NV IgaN S DUTINANITINAIAFINITINUINT 2.3 UL TALIUINFTIDE1INNIUNITN

wissgleinfougindeasiiriinuainadesninudiiaduadasdivaeaindnun

A139NUING 3.2 Andvestuununz Juiliuieiglethfeusindafigamall 120 °C Wuszeziian 6

Flug
AU Ad
L* a* b*
1. Tndida 38.84" + 0.83 3.93" + 0.02 20.50° + 0.48
2. nans 35.23" + 0.12 5.85 +0.11 23.69° + 0.72
3. ymadilet 21.01°+ 0.19 6.25" + 0.82 6.42° + 0.50

o w

v o a | Y H Py | ! Y] =
PUBLR FIDNYITNLANAIAUIULLINILAAIDIAIULANGN9RE 9T Ted1Re (P < 0.05); L* uanang

o

ANATIN9 (0 < L < 100) Tuue a*(+), a*(-), b*(+) way b*(-) wanIAN dwAd, Fa87, F0a09 hasd

[ 1%
o a [J

PY1R3U MIUAIPU; NANISNAABILAANATINAT 3 ¥

=

HANIINARBI WA TULNURy Tume et TousIndaaamll 140 °C LAAIRINITI

)

NWINT 3.3-3.4 LazAINHWINT 3.6-3.7 21NNANITINAIANUTUVDIFI0E1LNUAZ TUNAILALIFAN <)

a

wunHwnlduuAeIiunsIeaeInaamll 120 °C win1sldgamaiiletsoueingsd 140 °C 9

Y

danalirauduvesiegaiidnmndnsdinldaungil 120 °C dufesnsnNsiuisgeuilaiiy

'
al

gaungiivadlounTeusings tenleunTeugindanaamgil 140 °C azilAn degree of superheat

]
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(%

votlatTauindegendn (Ussanas 140 °C - 100 °C = 40 °C) @3¢ degree of superheat Migedu
LU NAANISAIULUUN N URIUDIF 19088l U5 UAUVDINISYITWIAY Wanand Favinlile

a1u1sasUANNTUIINGIDg 1 AUR L TUlA luUS UL nTuLkas USRI IITIALEI U

a

o LYY X o o 2 ! LY [ [ v A 1) I
AMMIUANYASIUBFNNTVDIYULN UASIUNAINTINIULIINGUNHU 140 °C WJuszeeIan 6

Y

[ '
v v a

U WU H20819LU0Ne7 1, 2 war 3 UShalnad i Ualillodunaniy waviaruineanun Sty

[y

aauull 120 °C Faa1adninannisidegraunuagiuiidianuduaiwasdudaiulounduss oy

[

nauu Jndsuaieudunisaindunnusziuduszeziaiuiu diudredaununsTuiieglnd

Pt leunousndanuInNTdnwar NawiIwazten

'
=

=] 1 & o I ! o a o Y Y v a a °
AINNUINT 3.3 ﬂqﬂqqﬂsﬁu%@\imqaﬂqﬂLLﬂu@]%'Ju‘WV]']LLWQW'JEJI@U'H@UEJ'J@EN‘V] m‘ViQ@J 140 °C

q

AL USLIn AMUTU (% wb)

99 0 Y9N 2 9N 4 9N 6

Tnéu1da 81.7 + 0.34 81.1° + 0.22 80.9° + 0.58 76.9° + 1.62

e 1 naNg 817+030  7837+102 6787 +328 6127+ 219

e f

masnleth 817 +034 60.1° + 0.43 265 + 361 19.5 + 0.01

& dn 817 + 034 720"+ 257 753" +070 645 +1.29

2107 2 nA 81.7 + 0.34 729+ 1.34 64.7° + 7.46 39.6° + 1.65

madnleth  817+034 722°+1.00  17.3 + 045 18.3 + 0.03

C

g 817+03¢  762°+057 7207 +£081  60.1° + 1.91

e 3 naNg 817+030 758 +012 69.9°7+020 508" +1.03

madleth  817+030 630" +173 2085 +048 199 +047

Y

NUBLG FoneTLAnaAUluLLIRILERDIAMULANANBE 1 TTyd ATy (P < 0.05)

NaNSNAaRIlAINAITINAT 3 91
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MC (%wb)

MC (%wb)

MC (%wb)

100.00

60.00

—®—g1n 161
40.00
=@ o1 1 nas
20.00 .
a9 1 Ter
0.00
0 2 q 6 8
Drying time (h)
100.00
80.00
60.00
=0 01 2 7"
40.00
=@ 07m 2 Ny
20.00 v
279 2 Terudn
0.00
0 2 q 6 8
Drying time (h)
100.00
80.00
60.00
—®—0q 361
40.00
=@ 01 3 Nas
20.00 ¥
a7m 3 Tetudn
0.00

0 2 4 6 8
Drying time (h)

[y

MC (%wb)

MC (%wb)

MC (%wb)

100.00

80.00

60.00

40.00

20.00

0.00

100.00

80.00

60.00

40.00

20.00

0.00

100.00

80.00

60.00

40.00

20.00

0.00

w

2 4

Drying time (h)

2 4
Drying time (h)

6

2 4 6

Drying time (h)

6

=@ 1 161

—®—g1a 26

21m 3 #1

=0 01n 1 nNas
=@ 1@ 2 NAN

217 3 Na19

—0— 101 1 lodh
—0— g1a 2 lovidn

219 3 lothdn

MWHUINT 3.6 ANAUTUVBILNUAL TUTYIWAsE et TausInEigamall 140 °C anauian

YDINBIDUWIY (FUMUL8Tle) Wag fumrisvenia (FUaAuvINile)

66



v v

A a 1 2 1 d' @ Y1 a 1Y)
LHBWAITUINTNAYUBITULNUASIUAININHNUINT 3.7 %SLWUIQ’JWV]iSEJSL?aW 2 Falus

[ [
a o Y =

o | ! Y] PN a Y v 5 v a = a o &
WQ@EJ'NLL?‘I'U@]S'JUIUQ"I@V] 2 ‘UﬁL'Jmiﬂaﬂ']\‘iLGU']SU@QVL@‘U'W'@‘UEJ?@EJQ AzUNTIUALUALUUAUINIALINY

[y

@ 2/ A o 1 [ Y & Y] 1 a Y 1 1 a
bNUBY LL@SL%JEW]’J’E]EJNQHVIWLL‘VI\‘ILTJ‘Hﬁz‘EJSL’Ja’] 4 uag 6 TN WUINEVRIRIBE1MNUALTUALIAIY

1

WUNINT9T U9t Tasusalnaniadivesletisousindesieg1aasiidiiniatduuinay

1%
Y [y

“eg18idumady dnaulvd U TuLiINTeU U1sTuwALnilen duUSMEY o Julnuag Tulld

g fanvauziun Jaanvazlsnguesiiegsludnvasdluduiidenis iewinazdwmasie

o v Y

Aunmvasandiungukaskedydumniidegisuniung Judsnailuiiunssurunisianty

Junaunaly

=

v & A ° DY Y v a a °
mﬂmami‘wmaaﬂLLa(ﬂﬂ‘wmmﬂ LﬂJaﬂiﬁ‘UQUﬂqiquLVﬂ@’JEJI@U’W@UEJ']WENV] m‘WQlI 140 °C

9

'
o

duly 6 Talue fMegruniunzuluuinalndmadivesletidougindsasirimnuiiumiign Ae
& o Vo & Aw =~ ) & v Ay &
18.3-19.9% wb FINYIFGINIIAIANUTUTIABINITUIN 1UBIINTEAUAIUTUGANIYVIABINIIAD 8%

whb ieazmandensihlvualunsutsnungTusely M q mnldeseswiursuuain Tnefuun

1% d‘ < [

a o A= Y 3 Yo ! i A & .q'
gauniiaueunt 65 °C 1uszezhawviriume 6 il Aaglafiagaunune TUNTAIAINYUR N

1% 1%
1A |

F99N15ULA7 UENANNRTINUITULAURETUNLFANATLResre et Sousindudusseaziian 6

Filus Fauazanvailedudanldamnsallualiuialunaniung Suiedilvaindyaule
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a

Mwnuani 3.7 fMegrwnungiuiviuivigleundeusindsigamall 140 °C Wuszeziim 2, 4

9

uay 6 FALUE U USRI 9

diethdegaunung Tuiunsvihuisigletifeueindeiigamgdl 140 °C Wuszesiian 6

9

NUNUTAAE TANBLARIFINNITIEUINT 3.4 FINANITNAABIRNINAIT WU LU ULRLITUNITV LA

melourFeugIndengamgil 120 °C uiindegeildomumail 140 °C szliAaualnedesnituasdl

)

AALAIGIND
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=

ATNHUINT 3.4 Advostuunusgiuiviuiselotiseusindigamgi 140 °C Wusseziial 6

9

Fla
AU AN
L* a* b*
1. Tnar1dn 36.71° + 1.25 5.84" + 0.32 20.95" + 0.49
2. nan 27.06” = 0.99 891" = 0.23 14.55" + 0.56
3. madileih 20.74° + 0.57 3.26  + 0.19 2.48° + 0.26

o w

v o a | Y H Py | ! Y] =
PUELAE A NWINWANF1IIUTURUIAILARIDIANULANAN9Rg 9T d e (P < 0.05); L* uanang

o

AMUEINS (0 < L < 100) Tuwie? a*(+), a*(-), b*(+) waz b*() waniaAn awna, dlen, A wavd

[ v
o a [J

PY13U MUAIPU; NANISNAABILAINATIAAT 3 ¥

a

NANISNARDIVINLAIFI08 19T ULNURE U8 lauN S UsIN TN Ui 160 °C UAAIAIAII4

3

a - PR & ) | ] v Ao "
NUINY 3.5-3.6 LagAINHUINT 3.8-3.9 AMNNANTITIAAIAIIUYUVDIAIBYINUNAUAZIUNALAUIANG €

wudnflwwdlduuieiunsaaesigumnil 120 uag 140 °C

a

) [ [ 4’{" YY) r.;/ 1 Y] [ ) PP o [~

AN3UAN WU LUBAUNFUBITULNUASIUNAINTTVIIL AN GRS 160 °C \Wusyezlian 4
009 WU H20819l a1 1, 2 ke 3 USnadlnan W Uado N aN Ny LaTa T ULAINUN TN LY
gaunnil 120 wag 140 °C dumegawnungiuiieglnamatiletseugindamuindanvazuiuag

1%

= aa o A a Y o ::4' = 1 ] ° a &
AU WU IALTA LLazﬂﬂaUIMN ﬂﬂLLﬁmQIUﬂWWNUQﬂW 3.8 ﬂ\ﬂllL‘Vill']%all@]@ﬂ'ﬁu’]‘lﬂNa@L‘U‘ULL{]Q

wAuRg IuLavannayau
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MTNNUINT 3.5 ArAuTuveIiiegliunz Tuviuihelourfousingangamgil 160 °C

RIINTAIE s AT (% whb)
Flaadl 0 Flaadl 2 Fluad 4
T uUn 79.3 + 1.11 85.1" + 0.59 68.2" + 4.04
00l 1 nang 79.3 + 1.11 44.1° £ 3.77 32.4" + 0.07
matleni 79.3 + 1.11 20.7' + 0.05 13.7% + 0.50
Tndn1n 79.3 + 1.11 78.2° + 1.04 56.8" + 1.41
0071 2 nang 79.3 + 1.11 52.0° + 0.05 18.0° = 1.31
madleni 79.3 + 1.11 15.9% + 0.41 123 +0.29
Tnan LU 793 + 1.11 713" + 5504 54.0° + 3.12
aail 3 nana 79.3 + 1.11 68.9" + 0.00 47.2° + 0.69
matlerh 79.3 + 1.11 13.8° + 0.50 143"+ 0.19

v o

U U ‘:{I 1 U 0’./’ = 1 1 al o
RUELE AIDNEITNUANANAUTLLLIAILERSDIANULANANBE 19T HedN Y (P < 0.05)

NaN1SNAaadlaaINn1sInA 3 91
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MC (%wb)

MC (%wb)

MC (%wb)

100.00

80.00

60.00

40.00

20.00

0.00

100.00

80.00

60.00

40.00

20.00

0.00

100.00

80.00

60.00

40.00

20.00

0.00

(@]

100.00
80.00
£ 6000
=0 a1a 1 d g
g 40.00
19 1 nans
20.00
—0— g0 1 lovidn
0.00
2 a 6 0 2 a4
Drying time (h) Drying time (h)
100.00
80.00
< 6000
—0—n1a 2 ¢ &
O
= 40.00
210 2 Naa
20.00
=& g10 2 Lo
0.00
2 4 6 0 2 4
Drying time (h) Drying time (h)
100.00
80.00
\\. _g 6000
=@ 01 37" S
g 40.00
219 3 Nang
. 2000
—0— g0 3 lovidn
0.00
2 q 6 0 2 q
Drying time (h) Drying time (h)

=0 01a 11"
O 26

O a1m 3

=0 g1a 1 NaY
=0 a1m 2 nas

@079 3 nang

—0— g0 1 lotidn
—0— g9 2 louwdn

=0 g9 3 Lot

ANKUINT 3.8 AlANHTUTBAUAE TR uwiselaunfousnBaiigamgil 160 °C mMuUTINES

Viosauwie (sUAugeile) uay Muniivednia (FUAUYNe)
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al

AWHUINT 3.9 fegannuns Tunvihuismeleinfousindaigamgil 160 °C Wuszezna 2 way

3

4 139 84 USLIUAN ¢

a Y 1 1 o a o Y v Y v a a a o [
LlIE]u’W]’JEIEJ’NLLﬂum%’J‘uV]N’]uﬂ’]i“l/l’]LL%\‘IWJEJIEJU’]SE]HEJ'J@ENVI [LAZEARY 160 °C \Jusseziian 4

q

NulUTnAE TANaLAAIFINITINUINT 3.6 FINANITNAABIRNINAIT WU UL ULRSITUNITVLIAS

1% T v a A a ° U N o ! a v A ad v
ﬂ?ﬂlauqﬁa'UEnﬂENW quu 120 wag 140 °C UuAd m'JEJEnQUiL'JﬂJVHQL“U']l@u’]ﬂam]ﬂmﬁjﬂ ANLVUVDY

]

Fuwnuaziumndninanuiseinisiualaiedu (caramelization reaction) Fan1siinduiniasn

(% ] 1 ]
a o a a o I

Ufisermstualawduilunisifndiimaniinainiinalesygluannzaungiiauaziinnis
2

(%

geyidenn wenand Gafinain Maillard reaction &9@1f reducing sugar war amino acid u
mograduasaeu uazdanudousinletrdousindaduiisinsifinujisen suianisldaiy

¥

a a & o § Yo 1 a %
Soungamgigulusseriauiueravihliiegiuianisivgila
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=

AITNHWINT 3.6 ArdvosTuLiung TuiwismeloulSeusindsigamgl 160 °C \Wuszewiian 4

9

Fla
AU AN
L* a* b*
1. Tnar1dn 45.89° + 1.62 0.85 + 0.01 14.56° + 0.09
2. naa 36.14° + 0.73 10.86" + 0.34 23.18" + 0.25
3. madileih 21.39° + 0.28 4.26° + 0.25 3,67 + 0.24

o w

v o a | Y H Py | ! Y] =
PUELAE A NWINWANF1IIUTURUIAILARIDIANULANAN9Rg 9T d e (P < 0.05); L* uanang

o

1%

AMUAI (0 < L < 100) Tuuauei a*(+), a*(-), b*(+) wag b*(-) LanaA Fkng FTe7 FNa09 wavaun

{U PUAIRY; HAN1SNAFBILAAINNNTIAAT 3 9N

NNANIINITNAAIIWAII Lot SausndanandlAiutaauln wadanisvinuiaaielatn
b4 QI 1 d' o YV LY} 1 1 U nﬂ' E%4 o ¥ o ¥
Souenndsliinunsiaziunlgnumiieg1awnune Ty Wesantdsyesnatuulun1syinwie wazvinle
) | o Aw L o o A a v ~ Ana v oo A = a ) ° v v Py
fog1ellanvausiladulanias s owianiien waslamiuds WawSeueuniunisyiwismieausou
Feld5zesIandunii Aeg19lANNATEALDYIANUTULINAIN ANEULLaFUNA LA AUDINAR S9N
Andn wagddunulunsviuignnit duulamenanisneaaesiunaiiiungfuslgausoulegn

Pl UL N UTZEEIaI AT b UNI TV AILALES MAUNITBULAITUUIIASIS18aLLD 8RR

AMANUINT 4
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P
AARWINA 4
n1siNan1mMAaINMsIMIMkiuasdulusEauesUURN sUN IgaFsaun1sauLAatuUNg
RazUseLUTTELIAINA 29 LY lUNITNILIAS
N15UNaN1IYAaRIINNSYIWANTLAUe JUlusERuesU URNsunldUssliussesIaNfes
Tlun199iA9@101509 LA LA gLS NN TAS19EUNITOULAITUUINAINNANITNARDILAIUIAUNS
AINAIU YUY ST ELIANA BRI I UNTYINLAL A L LAUAL T U ULl UTEAUNADINT LUAD
dy n'a 1 [ | d' v LY} ] [ ) % v & 1 [
AMNTUAINITZAU 8% w1nsgIulen eliaunsauniiagiamaaainnisiwisi dunununesiu

lamuNdaInIg

ANSESI9EUNITIULMITUUINAINNANISNAADY

v { v o a 1Y = & a d' !
NANTITNARDIDULMILAUAETUIIUIUL 3 Alansy "NLUUUi@ﬂm‘WJ’NLLNU’J’]‘\]BIﬂUﬂWiVW]ﬁ@Q

a a o/

szauriesUuRnsdmsumsnssumedaulaunun Tuien1saindyiu meinIaseuLiawuunIni
a [} Y PN ° Y v v & Y  aa .

gaungil 65 C AsandlunsanuIng 2.1 gniunldasieauniseuniaduuneniels Non-linear

regression LAEHANITVIAADINIAIUIUNIANDATIEIUAIUTU (Moisture Ratio, MR) Aegun159 4.1

LAIUNANLNUS UM UNUANNISD UL TUUNNAILEASLUANS19NWIN 4.1

My —M
MR = +——2 . (4.1)
M; — Meq

Tneit Mg @udanuiiu a nan t e 9 lussndnaniseuwis, A1 M; Wudianuduisudu
t L

way Mgq  urnnuduaunavesing Swasiudvan1iedildluniseuuis Saiauduvioiund

W ldmunaiufowduauTuIIASEIULAL 91NNITNAABINIAIAIINTUANNALAEYIAABIBULTITY

wiunzTuiigungl 65 °C aunsyidminasdl wuin Arenuduaunafigaugifnaniamim

9 9

0.0371 + 0.0020 (WIATFIUKY) %38 3.71% db
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AIFIRNUINT 4.1 LUUTIADINARAFIEARSNNANTUN A 9EUNITO UL TUUNUDITULNUAL U

Model Mathematical equation References
Lewis MR = exp(—kt) Ayensu (1997)
Page MR = exp(—kt") Agrawal and Singh (1977)
Modified Page MR = exp[—(kt)"] Yaldiz et al. (2001)
Henderson and Pabis MR = a exp(—kt) Westerman et al. (1973)
Midilli et al. MR = a exp(—kt™) + bt Midilli et al. (2002)
Two-term MR = aexp(—kyt) + bexp(—k;t) Henderson (1974)

Two-term exponential MR = a exp (—kt) + (1 — a) exp(—kat) sharaf-Eldeen et al. (1980)
Wang and Singh MR =1+ at + bt’ Wang and Singh (1978)

NANSUSUEUANTNIIEIUAMNUTUNA1UIULAIINHANITNAADINUANNITOUMAITUUN AR
TuAN5190UINT 4.2 ASRAITUNINFUNTOUBLAILAEINNTDSUNEN1SHUALULUAIANUTUYDILAUAE T
JENINNTRURILAANANAsNAMIsaR AN leulddmTunsussiivauwiugIvaaunts Ao

U a l:‘ U a - . . . 2 1
AduUszaANSN1IAnaUla (coefficient of determination; R") Wag A1 root mean square error

A I o Y a1 2 ' v
(RMSE) Iﬂﬂﬂﬂﬂ’ﬁ%iﬂﬂ'ﬂmLLNUHWW@Q@JV’W R Ej\‘il,l,agﬂq RMSE uay
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ANTINUINT 4.2 ANASTIAN S UANNNTOUMTUU LA ANISAD RN E1 1S UNTUS LI UAMULLUEN

NHULAR:

YDILUUIADY
Model Calculated Values
parameter

Lewis k 0.0198
R’ 0.9918
RMSE 0.0004

Page k 0.0067
n 1.2733
R’ 0.9998
RMSE 0.0000

Modified Page k 0.0197
n 1.2733
R’ 0.9998
RMSE 0.0000

Henderson and Pabis a 1.0429
k 0.0207
R’ 0.9935
RMSE 0.0003

Midilli et al. a 0.9964
k 0.0065
n 1.2824
b 0.000006
R’ 0.9998
RMSE 0.0000

Two-term a 0.5214
Ko 0.0207
b 0.5214
k, 0.0207
R’ 0.9935
RMSE 0.0003

Two-term exponential a 0.0026
k 7.4617
R’ 0.9916
RMSE 0.0004

Wang and Singh a -0.0080
b 0.000013
R’ 0.7203
RMSE 0.0150
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n

Z (Measured MR value — Predicted MR value)’

Z (Measured MR value — Average MR value)’

S

(Measured M, value — Predicted M, value)’

n

Jlefin1sandn R wudn Page model, Modified page model waz Midilli et al. fifn R’ gauay

a

a 0 = 1% ™ a Y] ) & Iy i o v
1uA1 RMSE a1 "\]ﬂllﬂf]'ifﬁ']\‘iﬂﬁqwL‘UﬁEJ‘ULmﬂUamﬁqﬁﬁu@qu%um@Q%uLLﬂumnguﬂLUﬂqiaULLWQWQWVQN 65

o ! | oAy U 1 ayy o & o PN =
C iz‘mNﬂ’l‘l/lblmﬂﬂﬂ’ﬁwmaaﬂﬂuwmlmWﬂﬂ’lim‘mEJI@EJanmi‘VN 3 @UATT ANATNNUINT 4.1 019 4.3

Q’lj vy ! d’lj av v o v !
wanani ledinsasuaimnuduiilaainnismaasuazainmsviiuglay 3 aun1saanadlilunisng

NUINT 4.3

y=1.0014x
1 4
» Rz =(.9998
s 0.8
=
& 0.6
d
2
Z 04
a
0.2
0
0 0.2 0.4 0.6 0.8 1
Actual MR

a

= Y 1 & Py 1 [y v a o A v
ATMNNUINT 4.1 mam'5'1mum'1mmsnawmmummu’tumiaumeqmmu 65 C ‘V]VLGH]']ﬂﬂ']'i‘VIG]ﬁaQ

Y

Wisuiguiuaann1syitunelaglyd Page model
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1.2

y=1.0014x

R*=0.9998

£ o8
k=]
2 06
o=
=
2 04
-¥

0.2

0

0 0.2 0.4 0.6 0.8 1
Actual MR

o Y 1 & 2 1 [y v a o ay v
ATNNNUINT 4.2 ﬂ']@Wiqﬂ?u@ﬁqﬂﬂjumaﬂsﬂu&ﬂumS'JNIUWWE]‘ULL‘WQ“V]E}@U‘VIJT@J 65 C Vllﬂﬁ]']ﬂﬂ'ﬁ

U

naasaUsyuisuiuAannsyinuelagly Modified Page model

1.2

y = 0.9998x

R*=0.9998
0.8

0.6

Predicted MR

0.4
0.2

0 0.2 0.4 0.6 0.8 1

Actual MR

= Y 1 & -y 1 [y v a [e] ay v
ATNNUINT 4.3 mamwmumm%mawuLmummuiumsaumeqmmu 65 C AlAa1NN13

Y

NaasnUssuRsuniuAIannsvinuelaslyd Midilli et al. model



AN519RUINT 4.3 ANUTUVDTULAUALTUNLAIINNTNARBILAINASYINIUIELABENNTS

Time (min) Moisture content (db, decimal)
Experiment Page Modified Page Modilli et al.

0 8.177 + 2.194 8.177 8.177 8.148
15 6.561 + 0.213 6.623 6.623 6.620
30 4.898 + 0.654 4.916 4.916 4.919
45 3.590 + 0.602 3.489 3.489 3.491
60 2.378 + 0.600 2.399 2.399 2.397
90 1.045 + 0.328 1.061 1.061 1.056
120 0.415 + 0.249 0.446 0.446 0.445
150 0.131 + 0.003 0.190 0.190 0.193
180 0.092 + 0.004 0.091 0.091 0.098
210 0.084 + 0.006 0.055 0.055 0.065
240 0.075 + 0.003 0.043 0.043 0.054
300 0.067 + 0.002 0.038 0.038 0.052
360 0.064 + 0.004 0.037 0.037 0.055
420 0.060 + 0.002 0.037 0.037 0.058
480 0.057 + 0.003 0.037 0.037 0.061

¥ y & ° Ay ° %
A5 IFaUNTITDURAITUUIMINUIE 522 aNA 91T TUNI SIS

PINATATNANNTOULAITUUNNWUINENNIT Page model, Modified Page model uag

Midilli et al. TaNuiuglunISYIUIesEeLIa luUNISHIWAILAUALIY A9t 39810150 tUselevy

IMNFUNTSIAANTIUNSYINUNESTazaidadltlun1siwiswnusziule Tundazendiag1an1sAule

el Page’s Model

MR = exp(—kt™)

NFIVAAST N1NNNSUTEUNUAIAINLAENISIASIEvan0e8 laiTady; k = 0.0067 n = 1.2733

mR = M= Mo

a Mi - ng
MMy
Mi_ng

soensliindndasifinnudu 8% wb Fsdadu db (edie) langns
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M

M — W
¢ 1-M,
_— 0.08
7 1-0.08

M, =0.086 = M,

NnMseaesiunsTulinnutwsusu M, (Yowb) = 88.77%

0.88
1-0.88

=7.33

oty M, (db) =
¢ M, (db) = 0.0371

wszazduknuaadhuluaunis

Mt_M

&g — _kt?'.‘,
Mi_Meq P .
0.086—0.0371 0.0067 « (1275
733-00371 _ “PC0 )

0006?05 = Exp[_ﬂﬂﬂﬁ? " t1.2?33)
[n 0.006705 = —0.0067 » t"*7**

—5.0049 = —0.0067 = t+*7%
—5.0049 _ .o

—0.0067

—5.0049 _ .o

—0.0067

747.0003 = 12733

FR747.0003 = MR/
t = 180.55

Mt 21nN13YUElag Page model TunsouMmBuLAUAETUANNANTUITUAU 88.77%

wb TlaPnuTuanauds 8% wb fadltszeziial 180.55 WU
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[

AFuUsEAMENISUNIANNTY
AdNTIdIUANNTUNYIUNELRY Page model LanIMInITINUINT 4.4 uazitoyailunlyly

[y

MIMANELUTZANSNITUNSANAY (Do) VosTUAUNZ IUTIgaunaTTun YU 65 °C

LY ]

MTNKUINT 4.4 AIBRTIAWAUTUNLAINNITIIUE (MR,) Ine Page model wag (n (MR) v8q

-y 1 v A o v o a o
TULNUASIUNN LNV UL 65 C

Time (min)  Time (s) MR pre Ln (MR)

0 0 1 0

15 900 0.80916  -0.21176
30 1800 0.599389 -0.51184
a5 2700 0.424122 -0.85774
60 3600 0.290199 -1.23719
90 5400 0.125777  -2.07325
120 7200 0.050266  -2.99043
150 9000 0.018815 -3.97309
180 10800 0.006662 -5.01128
210 12600 0.002247  -6.09806
240 14400 0.000726  -7.22823
300 18000 6.75E-05  -9.60343
360 21600 5.49E-06  -12.1129
420 25200 397E-07  -14.7397
480 28800 2.58E-08 -17.4715

(Y] a £ | -’-&J Qy 1 Y al o v o

ANFIIANANUITEANTNITUNTAIUIU (Dage) GzJawuLmummumqmmﬂumimLWN 65 C

a o o 1 P @ J [ o Y

SUANIINNITEIAIINAITIHUINT 4.4 W INFdannsINTEnI1e In (MR) AUsTewtIa1lunIsyiwmend
dl d{l U U U U o U o U dy
AMKWINT 4.4 LWewIAIANTU (slope) wasnsvasnandmsulalunisAiuiunsi

NAUNINNUIAIN Fick’s second law of diffusion nsdifluianusa Infinite slab;
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8
MR =

-

T

exp

-

- H‘Dwz
41"

In(MR) = In

.8]_
T,

'Dwﬂrj I
| 4r’

(% 1 A <@ 1 1 (% o 4 1
PNFURUUANNIIAINGT Wandennsmsenina in (MR) Auszeziarlunisiuis Ay

a0 1 U De }rz L2 gj ¥
FUYBINTMAINANTANINAY — (—fl‘;—) Aaluazle
4]7

D.rs = —slope =

FULNUALTUTANIUY 2 mm LagyIUIASLALIULAZINTIDULINIIFATUA1UBI0IR T4

WNUAT L = 1 mm = 0.001 M PUUELUSEANTNITHNIAIILIUVDITUBAUNL U

4(0.001)°

Doy = 0.0006 x —="75

Doy WU 1.9138 x 10 m/s

0
10000 15000 20000 25000 30000 35000
5
[a's
=T
£
y = -0.0006x
-15 Rz = 0.9782
*
20

Drying time (s)

a

ANRUINT 4.4 PEUTUSIEINS In (MR) waz natlunsvhuifigamadl 65 °C

Y
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N1SNAABI LYAUNITOURAITUUINTIIUIY5ZELLIANA B LY MUIN1TYINLIAS MINSAINNNUS u R 0879
aun1seuLItuUInulagldnan maaensaldunung udiwiu 3 Alansu gniiun
PNAABILTYINUIAIAINUTUVBIFIDE 1AL U B U UNANSYINUNEAUNANSNAADID ULAILAUAL Y
FuuminIwdu 5 Alandy Weazlans1uIaunIsHINaIaINITaVIUIEANAINNTUVDIAIDE LAY
v} v 1 ) ¥ [l AI a LY} 1 a (Y] I a U aaa o
aeiulaniugunndesna b niiuUsunus18819910 3 Alansu Wu 5 Alansu InediSnisAiuia
= ° v v s o 5
syezaMglunIuAIeauns Page’s Model Al
MR = exp(—kt™)

NFIUAIAIN 3NNNSUSTINUAIAIRAENTIATIZYannaglllBady; k = 0.0067 n = 1.2733

MR = Mo~ Mo
- M, —M,,

Mt_ng k
_ = —kt"
M, — M, exp(—kt")
dioamslinandausidanutu 8% wb Gsandu db (mafiew) IFangns
M, = v

i 1-M,
M. — 0.08

¢ 1-0.08

M, =0.086 = M,
4 Y 1 < a [y 1 1 v a X a2 v a
NNNTNAADIBULAILALLNNATI819TW 5 AlansU NUIMLANAEIUTAMUTUSUAULRALINN 2 NS

U d‘ A
NPaD9 (ANNANUINY 2) AD

M, (%wb) = 93.13%

0.93

fatu M, (db) = — - =13.28

i M,, (db) = 0.0371

wnuaasbuluaunis

Mt - Meq'

————— = exp(—kt")
Mi - Meq
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0.086—0.0371
13.26—0.0371

0.003692 = exp(—0.0067 = t"*°%)

= exp(—0.0067 = t1¥3)

[n0.003692 = —0.0067 = t"*"**

—5.6015 = —0.0067 = t-*7%
—5.6015 _ .
—0.0067

836.0447 = 7%

17/836.0447 = MR/
t =197.16

Al 1nN13YElagauns Page model Tunseunsisdiunnunziudiuiu 5 Alansuain
- Ay v & v 9] PN Y] =
AUTUTUAU 93.13% wb THlaAINTY 8% wb Aasltiian 197.24 Uil (Uszanu 3.28 42lud) ¥
PNNANITNAADIDULAITURNUALIUTIUIU 5 AlanTu AalanslunianulIng 2 Juunuagiuazdl
& & v v v Y] = !
AMNTUARaLUdeUTENIA 8% wh azdesldiatlunisounisuszana 5-7 alus Gannnannig
° v v a ' ' a a Y ' a Y I
Mmuenatlunseulislagldaunisiiou 2 W1 wansinsiiinysunudegsan 3 Alansu 1Wu 5
Alandu dawalrdesldszeriialunseuniegeluunn annandiinananzeInangluries
auIAEdlARudNTInSINNTullaiuUSINaieE1 IuternguuNiiveteIN1AmIY WeInMs

a « v & YR 1% ) | = ::1' Y v v
@IQQ«W‘QMGUENLﬂiENEJULWNLLUUOW@UL‘UUﬂ’]ﬁQWﬂqamiauwaﬂ"ﬂqﬂmquawLG]@%VLWﬂ'WW]"NLGU']W@Q@ULLMQ

e

Aatiugamgiivesenafsueing q aglurietseuuiadalladosnd 65 °C lagazAINdIA1RINEa

= o

wndeeiiieslanTusgiuiuiudisgraniglurieseunis deiudasuladiauniseuuietuuned
[ dn( o = 4 Qy ! [ v i 1 o v Nt

WanTuazannsaviuneseeganldlunseuwisguunune fuldegrsudugnelaanenldlunis
neaestnan1snaaewnldaisaunisviniy mnlduenveulnanigieinaninansvineileena

)~ d' Y
Nﬁ?qﬂﬂaq@lﬁa@u%ﬁﬂlﬂ
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AIANLANT 5
nsasavseulassaislusziuganavasitessuiuns Suanuasitatsilinunsauu
dionsfnwravesnmsanuazaneldluniseuuieiifidednunslassadsuestuuriuny Tu
%uudumzi’uﬁgﬂLm“%auéh&Jﬂizmuﬂmmm@mﬁu F1UU 7 Feg 1 N Insgilasaasnemg

nennelendesanssAluvameslelulasalay (stereomicroscope) ju Leica S8 APO (Leica

[

Microsystems Ltd., Germany) @4isiaz@Iog19isuazidenueInIzuIunIsnIunsall

(%

1. Funnusziuas (ldalin)  wins19deanameuInd 2.1 azidudegrandsannuylu

A19a2AN8NIATATN ANULTUTY 0.5% w/v LadaziinullagiauunzniInalann Wutal 5-10 w1l

1%

N 1 o 1% a d‘ [ Y 1 (%) T A
2. FULNUNZIU (AIN) BINDINDIINNINNUINT 2.1 %L‘Uumamwaﬁmﬂmia’miumLmaﬂ

Wunan 2 wd Mlndulasuslutinussun uwdrasidntinlagnsuunzndmaain Wuai 5-10 ui

(%

a ' 'y} | v v d P o ) o ' P d
3. Fuwnusziu (l4aan) sULTIA8LATIDULAILUUNIN 65 C 6 TakUe Aof9819ludan 1

= ° I = v el' a o I3 1Y)
sZNQﬂu’uﬂ@‘ULL'VNW)FJLﬂi@\i@‘ULL‘WQLL‘U‘UﬂW@WQﬂJVﬂN 65 C Wulian 6 GU']I@N

U

(%

a | o YY) d v o & o ! v i ¢
4. FuwNum T (@30) DUBLIAELATBIDULAILUUNNN 65 C 6 97119 Aasiaegnalutan 2 &4

° Y = v ‘:4' a o I3 Y]
Qﬂu’]ll']@cULL“Q@?'UL@i@\?@ULLWQLL‘UUQ']@V]@QQJ‘VTJ\N 65 C Wulian 6 GU'JI@N

Y

(%

5. FuwNUAETURULMIsELAS Ui UUlatSauInds 120 °C 6 Flu Aasadralutan

a

= ° v v Y v v v a a o 1Y)
1 sZNE]ﬂu’uJ']@ULL‘WQ@'JEJLQ%@Q@CULL“QLLUUI@UWi@UH’J@SQW ZUWJJJ@J 120 C L‘ﬂunm 6 GU'JI@N

9

(%

6. TuUNURZTUBULIAIELAS s UL UL e Saue1nBs 140 °C 6 F7lus Aadagraludad

a

= ° v v Y v Y v a a a o Y
1 %QQﬂu’]NW@ULLWQ@’JEJLQ‘%@QEJULWNLL‘U‘UI@UWﬁ@u&n@'UQV@mW@J@J 140 C Lﬁuma’] 6 GU'JI@N

(%

7. FuunuszTusuLameLeSasauwiuu a1 faus1nds 160 °C 4 H7lus Aadagraludad

a

= ° v v Y v Y v a a o Y
1 %Qgﬂuqll']EJULL‘WQ@'JEJLQ%@QEJULLVIQLLUUI@UWﬁ@UU'}@'UQW ZUWJJJ@J 160 C Lﬁuma’] q GU"JI@JQ

9

UBNIINMTAATILNLATIATNNNNLAIMVDINT 7 FI9E79 AaENaeIganIsALLUUaLneILaly
1asalauwan F98n15UF0819TURAUREIUN 3, 4 waz 7 TUIATIEAlASIasIeUSIUTURILAY
AMNANYINVBIRIBEIENADITaNTIAUBLANATOURUUABINTIA (scanning electron microscope;

SEM) 8% JEOL u JSM-6610LV (Seal Laboratories, USA) 8nde tilefaglimstunavesnisain

WALIDNNTOUMNNIA AN WAL LATIAS 19U DITULNUAL I W ULT AN LN D 9T
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HAN13ATIRNLATIEFNNINMENGEndasganssatduuvamaslalulasalay

HaN19ILATIERASIEEIIMIINIEAIAIENaBIganIIAtuuaneslalulasalaU e uLAY

[y

Ay IUNNLESEUAIENTLUIUNTWANANTY 713 7 FI8E19 QNUARIFININNLINT 5.1

ANAINNUINT 5.1 2ziulainlaseasswesiunnunzuas (ldadn) Usenavlumeiwaduuin

[

< o - 1 A v 14 A Y 1 [y
ANTNWIUNNN LasTFULAURLTUNHIUNNTAIN (5.1 b) maﬂwmﬂmqaswwqumﬂmwul,mummuam

a

(5.1 a) wazilovrleuwismiaia3aseuwiuuuaafiguugil 65 “C 1Wuan 6 Falus nulBuwnu

Y

' v v
v A o

ariuilaan (5.1 d) TadesnidusiuneTunsdilianudnihluouni (5.1 o) Ansafananiuans
Tidiudn msmndradednuarnngiuivesiuuniungu Taevilidvesegaduty ifesnn
Non-enzymatic browning reaction L%u Maillard reaction %ﬂLﬁmmﬂﬂﬁﬁ%mizMjN Reducing
sugars A amino acids Aifteglutuunungiu Iedaudoulusswitnismnduiusaiate uas
nMsanaeiinarilfansaaduresufsendinanoonmnaniasadiavestuniung Suuasyhuiisen
ﬁumnsﬁyu uaﬂmﬂﬁ Hughes et al. (1962) na1131 Non-enzymatic darkening reaction @1u13aLAn
91nUHA381521314 iron waz phenolic acids Aadu Fe”" complex wag o-diphenolic acid Fans

aInoNviinainliansaruvesU)isefinan1enunnlasiEs1aeiigkasinu§aseniuuin

[
[y

= 4 & i a0 v U v 2 a a
VU LAZLUDYULAUALIUNNIUNITAINTUNFNUDINA Fe ' complex Q%Lﬂﬂﬂﬂi@@ﬂﬁiiﬂ‘&ﬁu

' 1%
=< aa o

3 . a
Fe  bluish-gray Fafidiniumn

[y

ANMSUAN WAL IATIAS1IVDITULAUALIUNHIUNITHILAIAI8AELAT DI UL UU L BUNS DU

'
= 1A

gD a7 angf 120, 140 way 160 “C 1urian 6, 6 uaz 4 Faluamudsu 5.1 e, f, o) azuiulging

]

(% ' (%
14 U =

fuiiadeiueranies Jddeaduuin lnsewznsdildaamngd 160 “C Fsdnvasisingues

£ 1
a a =

fhegraludnuurdliidundasnisiazlivmunzaudanisuanidanunziuinon1sanaduau §9a197n

Y

nszvIuMIvwiamelairdeusndsneliiinnisildeuaniuzvessnegaliily Rubbery state 93l

Snwazidusrunie iesainaerdsznaundnnisludunnunziufe duAU wardIn1aIAg Teae
Wasuan il Rubbery 16ds insgesrusenaumiaiiliien Glass transition temperature ¢1 @au

gL eg1aldUINNaINNIN RN Non-enzymatic browning reaction &adiaiusaulusening

msvhwisnglotseusindudufissfisen
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(a) (b)

FuwnuszTuan (ldan)

(@ (d)

Fuwnusziu (ladan) suwienie FULAURLIU (820) BULKS
LATDIDULAILUUDA AILATDIDULAILUUDA
65 °C 6 Hlug 65 °C 6 L9

(e) G (9)
FULNUAL TUDULAIAILLATOIOULIAY  TULAURLTUDUMIMIBLASDIDULIN  TULNUAL IUBULINAIULATI UL
wuuletsauengs wuulesauends wuulesauengs
120 °C 6 ¥lus 140 °C 6 Fla9 160 °C 4 Flai

AwUING 5.1 amengainndesgansimiaineslelulasalay (stereomicroscope) wanslasaaing
YpstuLAunyuan (laann) (a), FuunungYu (@7n) (b), Fuuaunziu (ldain/ain) suukadioiniog
QUL ILUUDTN 65 °C 6 99119 (¢, d) uaz TuuAunzTusuuRdendesauutiuyletidousindsi
120 °C, 140 °C 6 $2lus uaz 160 °C 4 §3lus (e, f, )
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HAN53ATIZALATIESIWNINIBA RN FganssABIanATaUKUUHBINTIA
HAN13ILATIZALATIASNNNIBAINAIBNABIaNTIAUBLENATOULUUEINTIA (scanning

electron microscope; SEM) Y090 TuLAURY U7 3,4 uay 7 Qmmmé’ﬁmwwmﬂﬁ 5.2

PNAMELINT 5.2 audiuldin UsnaiuinvestuniunsTu wansdinldsunisainuazru

PN Y d' v Y] a Y ] ca @
AN NDULMIAIYLATDIDULIANLUUNA (A9ATNHNUINYT 5.2 a, d) Iﬂﬁﬂﬁiqﬂm@\‘mu%“ﬂaaﬂaﬂﬂmz

Tugnsundaauuazdn wazannnanuang (RINIMEWINT 5.2 b, e) aziulaindunniunz Jusuwi

—

FrunsanniianuunannniduniussSuitldain seiidesainnsaanvhliidedovemadeeush
Anmsgndoeiuudusmeddasaivemiinged uasdsnsuinnielufuiniungfusinni lng
Funaldannimuens 500 W dananslunwauani 5.2 (c, f) %agwquﬁaﬂdnLﬁmsﬁulﬁmmﬂmmwi
‘U@ﬂﬂ’J’]ﬁJ%ﬂ%’]ﬂﬂ’]EJI‘UEJ@ﬂEjﬂWEJ‘UEJﬂﬁi’)m%’ﬁ%%’jﬁﬂ’ﬁauuﬁﬂ INUII8Y8Y Hiranvarachat et al.
(2011) wanslifiuin Wemudususvmeosnluanwad avdwmalinusadsousias wasiinnns
godelaseasne

ANSUTULNURZTUNDULTAIA8LAT DY AUl e S0 UsIn 89T WUIUSMRINTN LAY

[

AMFRYITBITULAURg Tuarldnwaz lugnguliseniifed nfiouwiaieiasesvinuianuunin A

[
Y

wanslunImawINg 5.2 (g, h, i) Melleraifiownainnszuiunsyiuwninigletnseusindenelminnig

= v

Waguanuyaeseg sy Rubbery state Falldnwuzilusnaunilen lassadredadisnutiosn

Y 9

a a

1aNNN LU INSUAUVINTTAULAIIE LU aUINDY 2L AANITAIULUUYDILDUNNRIVDINAR AU

Y

Fuduusingnsalunfdmsuniseuwiameloundousinds nmsigunniunzfulinudugaiulugag

a

Susuillenmsmukiuswiunsideamgiveddeuseugendangeunn Jainlilasasisusiou

Y

[

NuRuAnanwaueldu Rubbery state 41n897U wonIINTIINNANISANBIUAIANULING 3 Lanali

a1 6

UIPNTINITTLMEUN I UTZNININTYIeae a1 S ULIATATANEILIN LEaLAgUAUNISYIILIAIAIE

U5 UlULATDIILAILUUDNN DNTINTTTENBUNNAIUTEUININTHIWAInNaliRnd nwuelATIAS 14

[y

meluguunupgTunfinnudugnguies WeawnuvzAse 9 unsiugesinsenitugadennung

(%

HuRalusenIen s luraeinsiuis@al dnsnisseme i Nansiinlseduindouiionin
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NAM195EMI19AUAUTBIUN AT ULAL US I UNURIYDIAIBE19UNN FINALALNALTIAUNVENETDII9

melulassadsvesduniung Susaziindugnguuniu
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(@ (b) (o)

Y

FuwAung Yy (da7n) aUWRIRILLATIDULRLLUUANN 65 “C 6 F7Lud

SEI | 45KV x - SEI 15KV
STREC | STREC

) (h) 0]

FuwAungTUaULIIsEAIatauwiawuUlatnfousnia 160 °C 4 $luq

ATWHUANT 5.2 AINEIBIINNEBIFANTIAUBLANATOULUUADINTIA (scanning electron
microscope; SEM) Lanslassaisvestuniungiu (lalain/an) Ausa@meg (100 wh) (a/d),
ANFAL919 (100 W) (b/e), Amsiaras (500 wih) (c/f) Wiseuwkedeirdesaunisuuuain 65 °C 6
Flus, uavlassadavestunniunsfusuursieinioseuuianuulothdousandadt 160 °C 4 alus 7

USLIURINTA (100 111) (), NMWARAVIN (100 111) (h), NMWAAYN (500 1) (i)
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AAKNUINT 6

U Aa o/ 1 o/ o U a a a n‘
Nan13anNnay umnmLl,ﬂum'auu,a:ﬂ'lsmmianﬂaga‘lﬂﬁu IEANT NI aumsvnamamams

9

v a

PERINTMIILAUAZ TUEUNTZUIUNSILIRLa U URaLED dindununzTunlaunadndudu

Y

wazthansanadllaludunsesuiunsyiiusgns sunviaunauiagns eninseuiunsivagay

TunIHEnBYAUNS

nan1saindyauanuliuiungJuniounsaunauianis

nsnaaesaindyduanuleiunzfuniaunidiuinannauaaIsasem 1

Y

1
av Y

v a a i Y% av v = v & Y
I'LN’]u’Jﬁ]ﬁluvLﬂiJﬂqimﬂa@ﬂﬂﬂ@auau‘ﬂqﬂLLﬂﬂLLﬂumg'ﬁu@rJﬁlLLUFJVHQVIVL@Mﬂ']iﬁﬂU’]VL']L‘U@Qmu

RV

WiounsAuINaNaNIaaIsiensIvaeud dnsgadeduduluuiastunsunintesiiiesla way

o

a0

USunamandniilalugves % Yield dimwile weiaanisiwsenilaluldlunisimuinssuiunms
anmsaly S?Nmzmumsaﬁmw%fauﬁqmamiﬁwmmgﬂL.Lam@fqmwmmﬂﬁ 6.1

d' ! a < ! = A a £ ! 3
IUﬂ’]‘WN‘Ll’JﬂVI 6.1 A1 % Loss ‘1/1LLEWNL‘Uuﬂ’]ﬂ’ﬁqw}ﬁ&lﬂflaﬂ'ﬁwLﬂﬂ?ﬂﬂﬂLL@ﬁ%ﬂU@@Ui'ﬂuﬂ’ﬁ

a

FI91NAAY % Loss MNATU %LﬁuiéﬁﬂmiqmLaaﬁLﬁm%uﬁmmﬂu%’umaumim%ENLLEJﬂmﬂau

o

fe Basket centrifuge Wwaz Refrigerated centrifuge WuReilAinAu 25.98% uay 22.25%

o

o v = a A = & =i ey vy ) 5w
mua1eu FedengeydeluluasstuneulidiulngfensnounliazaisirFagnuenasnunainiianie
MENINTDWATNTEMYNTBY IaennfiansaniisesAuseneuvesikiung JuSuiuLE wuiuseney
TUenutuUszann 80% wasuaduds 20% nsvewdatulsznouludieBydu 85% 11 5% diu

Mwmdodulusiunaresrusenaudu 9 (Fleming et al., 1979) At TundawnungTudelaainnisi

a a

Fnnunztullauwisnianunglainesfusenaurduduauuseunnd 85% db e FatU NINAENaU

Y

a

Auaqudelusie Beggidey

Y U v

1 a & = [ a1 A a
SZJENLL‘UQE‘VJUIMQJ, LﬁEJIuSUUG]EJ‘L!ﬂ’]iL%'J EJQLLEJﬂG]%ﬂ@Uﬂ‘\]SiJﬁ’JuVlLUUE)H

a a a

penauiniIzBagydeduduunaulume

dnsutuneunisyiliusansmeaisuautunuindinsagydenialu 7.81% Fsvautangn

Mineonluludunsuiiinan uaal@uueenlydifinasliluarsadnudninljiseinaneidu
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wradsuasusiunnaliiinanneiaiuisannaznouduiavuse q sudauinialianasuindn

a a A

sananansanndaduveudenfosnismdneanluiiioviliansadndyduliauusansuniu diulu

Y

[
[

a i v o & Y a ] & = = )~
YUADUNTITLRUNINTUANUURLLAIUNITNTDINIO1UDDANU % Loss Eﬂﬂﬂ\? 17.35% LUBIIINUAITATDN

AILNTEATENTINAINTUNALVUIN LNBATANINIUEBNAINATANRA YI1RBINTOIV AL TOUHIUYA

@ 1

nefifedld vacuum pump FefneliiAnnisagdsuiaanudunaziiareswdsluiunssuiuns

[

n3e9Renan? gavheidutuneunsviuisiigasesiuiwuunules 39 % Loss Mintudiulng
) H ! a a Aa v L d' o 4 I a A 1 o A o 14
Junsszmevesiadl druduiunsifadveglues swhuianuindvsnaldunindedunnsie
GRE[Y

PINUDININTINABDANINTZUIUNTAILATUADUNITANAIUDINITR AN T UK A A U910

[

NUIAINITOATULIUAT % Yield voanseuIunsianadl

'
a a =

% Yield = [Inansdyduntngae/wadudunegluwdwnups Tususununadal x 100

Y

wlawnumeiu 1,691 ASU EANNTU 8% whb)

Andusnauti (veaudutamun) ((100-8)/100) x 1,691

1,555.7 AU

fnvewdaneglunlaunune uludydu 90% (Beirao-da-Costa et al., 2013)

nudannungiu 1,691 nfuaziidyau (90/100) x 1,555.7

= 1,400 nsu
andyauiildaninevdamsihuiaouriules = 536 n3u
fatfu unudld % Yield = [536/1,400] x 100

= 38.3%
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M1519NUINT 6.1 MIvidunauaasATed 1

1. n1sena HUAANIREST % Loss
1,691 g
11,837 ¢ [
v
13,528 ¢
3,515 ¢
A\ 4
WENAENOUNYIUAIY Basket centrifuge 10,013 g 25.98%
P———
“ o
wENATNUAZLIEAMY Refrigerated centrifuge
' 2,228 ¢
= | OSS
N309A8ATEATYNTEY Whatman No. 4 (20-25 um), 5 (2.5 pm) 7,785 ¢ 22.25%

¥
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TN .
2. mliuIgnslag Carbonation AUAANIAAT % Loss
7,785 ¢
101 g |[—>
\ 4
7,886 ¢
Wunaaideuoonleadly aunsyils pH tharfansit ~10-12
‘ == LOSS
i CO, adluthara au pH venhafindunansie 6.5-7
Famgaudin CO, Neliliau
616 g
v
N38IA28NTLATENTES Whatman No. 4 (20-25 um), 5 (2.5 um) 7,210 g 7.81%

¥
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3. N15NNNARAZNAULALNIATUNNIIUG

dUNaN[ET

% Loss

Wisnsauiuug 5 % adluihaianionumgil 80 C
a

NIUFAABALIAT 30 UN

' m=P | OsS

ﬂﬁaﬂmemuaaﬂé’wmzmwmaq
Whatman No.4, 1 lag 5

‘ 90U

WUHIAUALTUR 5 % adlutnanis NIuRasnIan
10 Wl viveaUNIEVRNINAINILAAT Neuniivies

== | 0ss

ﬂ‘i’e’]ﬂLaﬂwﬂﬁﬂuaaﬂﬁlﬂﬂizﬂﬂﬂﬂiaﬂ
Whatman No.4, 1 lag 5

’ — 901U

l

7,270 g

363.5 g

363.5 g

1,388 g

6,609 g

17.35%
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4. nsTiuieuUNUDY AUAANIAHT % Loss
6,609 g
> 15LY
6,073 ¢
MunslagldiaTesviuminuununey (Spray dryer)
Pifigaumafianvduazuieeniie 150 uaz 90 C
. v
a a - ° 1 [y [0)
FUAUHILINNAAINWAURNETY 536 ¢ 91.89%
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a a

n1maaasaindyauIINLluiuneIuLaZNISATUIMENAANIAFTIIATIN 2

Y

a a

NHANITNAaBsERnBYANIINudwA LAY TUNTRUNIAIUIMANANIAE1SATIN 1 vilinsu

Y

' [ [ 14 1%
a

TeyaiNediu % Loss  Mindulundaztuneuinindulutunsulauin uaziieinisusuls
Al ) ° Y a £ e v o a b} A Y !

nszuaunsildlunisaianaznisviliusgnsielamuinaunauiaasdnass tiedglansiui
aa ) ~ A a % ~ Al ) ° v

nszuIUMsNINsUSuUTeliuseansnmanndeeiiiesle lnenseuiunisuldlunsadauaznisvinla

[V
v [

a £ vy 9 = o &
U3anansed 2 lasinsusullasuainnsveaeensan 1 Asil
¢ ludupeumsanameirfeuuasunnlddmiluinniunazamuaugamgiinlgyn
muANangiuuudidnvseiindununissiuiuy Double jacket fewuiia iielilauadienadsiu

ASNANLUTIN DT

® MsuunpznauluTENINTUABUNTANALAEANSUBLUTY 9814 Basket centrifuge 713

INT0VUINALILALUNITHENAENBULINUNISLY Bench-top refrigerated centrifuge WazNIEA1Y

= = (% a a a 6 1 a 5 o v a a PN

N394 tosandanumanzaniunsuaaluldsndydninnit azdawzdunaun1smInanLaynaud

fadld Basket centrifuge SafunszAunsasiamdnmsuiutuAgslivuindnuineenainaisana
Ivnniign

e iinsiiiunseuIunM s liusansdnuilsduneundaainnisidauiududaiidnduay

nau Av N15lY lon  exchange resin  tieanUSuauAadsulossuiinnAsluaisadatilosann

NTUIUNITAISUBLUTY

'3 ' (%

(%
a v a b4 % o

Fenszuumsntdlunsadauazn1svinliusansasei 2 niounawan1sAmuInaLnaLIaaNs

LEAAIRINNNLING 6.2
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A159NUINT 6.2 MFTirdugauasaIsaTen 2

1. nsanna AUNDNIATNT VEHRTY
VBN
1200
: 100%
8400 g >
. ¥ —
wAumz R - 1 = 17
9600 g
=% Loss —> 616 ¢
i 3¢ 1|
A\ 4
afinsnen¥eu 85 °C 1 Hlus fedinumuaugumgd 8984 ¢
—>| 477g
nau 7 23688 | | 31.5%
WINAZNOUAIY Basket centrifuge
lgensaeniinuaziden
\ 4
6139 g 68.5%
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wENA¥NOUATLIOYAMIY Basket centrifuge

¥

o a Q‘ .
2. msviliusguslag Carbonation AUARNINENT VDI
\‘E:ﬁ-\ R v
guihanialiifigamgil 80 °C 6139 g 68.5%
Wuuaadeueenlaacly aunsests pH thatansi ~10-12 45 g > +3.71%
a H v s [ I v
iiin €O, aslutharin au pH vesafadunatsie 6.5-7 6184 .
Jangawdiu CO, Nelilidu § 12.2%
— 1050 g -26.9%
5135¢ 45.3%
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3. nsfdnduaznaulnenediuiusiud AUAANINENT VDI
5135 ¢ 45.3%
513 ¢ +42.7%
s s { o Y
Wnnssuiuiug 10 % adduihaianiigumgd 80 °C 5648 ¢ 88.1%
NUAGEALIAT 30 UM
‘ . = weeu > 513 ¢ -42.7%
WONRSEUALLIUARAIE Basket centrifuge 5648 g 45.3%
=¥ ey > 3719 -3.9%
NIDUDIHITIUDNAIUNTEATENTBY
Whatman No.4, 1 lag 5 475{ 8 41.4%

100



AL .
4. nM3viliuIgnslag ion exchange resin HUAANIAHT VDU
4756 g 41.4%
PJ1ianmuInsasnusTusanasuleosuvalafey
l \ 4
5. NISYNLAUUNUR B8
Yranmduautinan
Y 4756 g 41.4%
Solid loss Tu
LASDIBULT UaY —>| 4485 ¢ -18.8%
W2aUIsLMERaN
MuwnslagliaTesviuimauuununey (Spray dryer)
Ao a % P o
ilgauuaiauvniiiazyieenae 150 way 90 C
l v
a a %’ cI) 1 ‘Uu 271 g o
DUAUNIUINAMINLAUALIY 22.6%
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[

INNANITNARDIE m@gaumﬂme]qLm'umsi’uw%fauﬁgaﬁwmmauqamamm%ﬁ 2 falanaly
ANSHLINT 6.2 T FIMINLBINTNTINARDANINTTUIUNISRILAT URBUM ST AU s Ty
NBRAUTTEY NUTIENSARIMA % Yield vaensyuiumsldnudunousisl
% Vield = Bnansdyauflsanyne/anadyduiogluutunuss Sudusuihanadial x 100

Toudannuagdusuay 1,200 05U (HANTY 8% wb)

Aonduinausts wosuduiammn) = ((100-8)/100) x 1,200

1,104 Ay

fnvewdatndududu 90% (Beirao-da-Costa et al., 2013)

PNUAURLIUNG 1,200 NuRLiBYAY = (90/100) x 1,104
= 993.6 N3y
wanadyduiliaavnendamsvutsuuuriues = 271 3y
ety wnuenld % Yield = [271/993.6] x 100
=27.3%

a a

Weweuiieu % Yield #ldannnisvaaesanndyduainilaununsTunsauieruinauna

Y

v
v a

WIAINI 2 ATINUTN NINAaBIRTILsNle % Yield Buauns 38.3% uazasad 2 19 27.3% uagan

NSANUIUALARLIAANTATIN 2 WUIIUTURBUNITHENLIIBILENAENBUME Basket centrifuge {N1s

[y

godeveudanis 31.5% Faveaudddutuneuiifownunzunavaretinlivun Snvimegnauiiuen

¥ [%
a a o v

panunMssaennnililadunaindudugn delu nsyuiunsanal

Y

%

9bASUNTHAIULND I
finnsgayiduBydudosas uazmdenznauanmsanales Wewinduduauisaazaslalutiiou Tu
A1SNAADIEUNN A I TARAIUYDILAUNLTUNILAZUNFOUNTLAU 1:7 ANUIUITEVRI NBAT (2554) T4

nadaliwungay Tun1svmeasanaluIlafnednsd@iurewnuns JuNdwaz N sadlunsannd

wausaly
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N1SNAABINIDATIEIUNITAN AVDILAUAZIUKNLAZUITIRNIZHY

[

Tunsfinwdnsdiuveandaunungiunasiimvansadlunsainduduiu lenvuaaniieh

a

Mlunsmeassfe dnsdndanuasiusounoun 1:20, 1:25, 1:30, 1:35, 1:40 Uag 1:45 gauunqil
[ A [0} = 0] Y] [V 4 a wa
waztIa1lunsana 2 @an1ie Ae 85 C 30 un¥l wae 85 C 1 3l naaadluseauioslfuinisiaeg
TiAuSeudae Water bath wuudidl Shaker Ingguiiluniyue (Flask) Willaamall 85 °C udr3ufiy
wlsunuagiuadld wwdinaomaan Waasuailunisaia diarsadailalunseslaeyansendl
N3¥A19NTOY Whatman  No.4 (A1uazlden 20-25 um) deivinansanalainsesls agnaui

wideeguunsyAunsel wazthludnalulesidudvesdiuaisainiinsesld (Permeate) nxnoud

wide (Retentate) wazn1sgeyideiindulunisnses (Loss) lag

Permeate = [Uhwiinansariatannsesla/dminveadaunung Julasinisudu] x 100
Retentate = [Wwitlnngneuividesguunszatynsasivtinvesdunung Tulazinisuau] x 100

Loss = [(Uvinvaskdaniunsiumazinsuau — dnninansanalannsesls — dmiinmznaun

A 1 goj LY J Y goj a v
WiReaguunszawnses)Ahninvesidniuny Tulagdnsuau] x 100

Farusnduesansanadilaiodinlszdiuaidesiduddiiiazasls (Solubility) 21nams

Solubility (%) = [Brix/100) x 1hninvesansaiinlal x 100

YNIN VDTN LA TUS LAY
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A15196UNN 6.3 Wesiiudvasdiuasanniinsaals (Permeate), mrnaufiwide (Retentate), N3

£

gapdemiinvulunisnsed (Loss) uazAlUesiduddiuiiazangld (Solubility)

Usziiuanel “Brix Y83a15ann

JA:Water  Condition Permeate (%) Retentate (%) Loss (%) “Brix  Solubility (%)
1:20 85 °C 30 min 72.68 + 10.14 19.33 + 7.49 7.99 + 10.14 354 56.86bc + 2.58
1:25 85 °C 30 min 80.72 + 8.55 14.84 + 6.42 4.44 + 2.13 3.0 62.96b + 6.66
1:30 85 °C 30 min 88.42 + 0.39 9.06 + 0.40 2.52 + 0.01 2.8 76.75" + 0.33
1:35 85 °C 30 min 90.10 £ 0.51 7.69 +0.49 2.21 £ 0.02 2.5 82.70° + 1.82
1:40 85 °C 30 min 92.27 + 1.05 6.79 + 0.26 0.94 + 0.79 2.0 75.66" + 0.85
1:45 85 °C 30 min 84.71 + 8.36 5.66 = 0.25 9.63 + 8.12 1.9 74.04° + 7.30
1:20 85°C1h 71.27 + 2.57 21.40 = 1.69 7.34 + 0.88 3.5 5238  + 1.89
1:25 85°C1h 81.06 + 0.96 15.27 + 1.67 3.68 = 0.71 3.0 63.23b + 0.75
1:30 85°C1h 86.88 + 2.78 11.25 + 1.66 1.87 = 1.12 2.8 75.42° + 2.41

e MsnwsnuandaiulukdLansdenuwaneegelidedifgy (P < 0.05)
AFILATTRARAINALUANTIUIINNITNAGDY 3 41

Qll Y & 1 k% [ al A
INHANITNARDIUAITIHUING 6.3 LAAILLIAUIT NTEYTELIANUNISATA 30 W1TIrse 1

F2lue AonTdrundannunsTusedSeussauireiiuliailesifuidiuiiazangls (Solubility) Tu

[ " Y
a a a o v U [

asafadyduldunndsiuegrelidudfy dwlu Jufeniavldsseviianlunisadiafidu As 30 Wi
o [V Y] 1 qoj 2/ e v 1 v gé’ [ 1 1 yél % ' (Y] Vo f < I3
dwsudnsduheunlanuin msldunludnsidiu 30 - 45 seuminudaununziuliailesidud
vpsdrufiazaeld (Solubility) lusgauilndidssiy egralsiniy Tunisnaaesseluazidenld

9n51dU 1:35 Wesannlvien Solubility Migeiign
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AMAKNUINA 7

[

Han193nTzimasAUsEnauluwlauniunsdu asanndydy wasdyaumns

[

a1safaiilaainnisiiudesnungTunnaindydunazaisannndsiniunssuIunsinle

o

Ugnsgniuninsiziinesrusenaulagly

Y

(1) Proximate analysis (AOAC, 2000) WemUSinesrUssneundnusassi

(2) Spectrophotometer WomUsinamilulawmsaanunuasUsuna Reducing sugar
content

(3) HPLC method (Zhi-fu et al., 2009) ovnUSuna Sucrose, Fructose, Glucose,

Fructooligosaccharide (DP = 3-5) uayayau

a 'S I3 yad . .
NaN15ILATIZNIBIAUsENaUlaeldIS Proximate analysis
Tuau3dedlaleid Proximate analysis ¥nsiesigmesauseneulusiegtenalul
1) wlakAungTuilaanmwnungiunlideanden

2) WasnNkAUALIUNKIUANTAIN

a a N

3) BuAURA (Basket centrifuge) Favunefe dufuraiwieulagldulanunzfuuarauionun

LY

a

afniuiseuludnndiu 1:35 Ngaungil 85 °C 30 urit thluusnmznausie Basket centrifuge uas

U

PLAINIELAT DIV AL UUN U DY

a a r-:ll

4) BuAURA (Carbonation + Activated carbon + resin) Mangfa dyaunsnIeNNkTwAY

kY]

a

nziuiloniUden afameinfouludnsidiu 1.7 flgaumgll 85 °C 1 lus dilduenaznaudie

Y

%4 s

Basket centrifuge LazyinlAUIANTAIEAITUBLUTY N1IANINFLALNAUAILNIOTUANTUS LazAIdn

9

wraldualeeausme lon exchange resin

NANISILATIEALAAIAINITINUING 7.1 INNANITIATIZRLAAITIALTUID9AUTENDUNENVDY

'
tY

wlawnumgdu wWasnununziu wasduiune Aerslulawsn dednlngsdudyduiues n1si
& 1 v a Aa L3 1 ¥ = %3 1 %) 6’5 & ] 1 1
WasnvaanuazTulUINIMeIAUsENaUAN 9 AateAdsiuLdannuaziuuaviaUdsnuIuani Taimns
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UanUannvuadiiknune T uaon T UABUNITASUAIDE19L UBI1N N UABNYDILNUAL TULNL T

1 o a a

USunadydueguin dmsududuns (Basket centrifuge) azuiulainfiA1u3una Fiber anainduds
wAuAyTun wansliiuindunounisain uazusnnnazneueenday Basket centrifuge @11150a0
U3 Fiber 1 ilosan Fiber uduitliazansir Fniazduegluninagneuiioglugensesos
Basket centrifuge TudiuuadBuduns (Carbonation + Activated carbon + resin) Wu3niusune
Tusiuuay Fiber anasnindyauns (Basket centrifuge) uandliifiuinnszuiunisasusiuduanansa
nlushuiiuzuuogluasatalduin wastumeumansosinediadaanld Activated carbon uag
N13N5899Y Resin Tawanuuna Fiber Tuasadale udazifuimdsiunszuiunsmsveiuty
UTnadandindy Ssmadifennmafuueaidsusenledlunszuiunisasvaiuduisenasilid
wratfeulosaunndtsegluansadn dawddnasiinsihansadalunsoarius@u uinalnnisinau
yoastufunsuaniisuyszques lon exchange resin Saduriinluiion Aunaaieulossu il

luainiiai1unsens (Total hardness) anad wavsdusunalaiey Gawaniuasuyseaunainisdu

Wananluansadia Wisihluyhwiwagiaseiusinand (Ash) Janundudunaivsinasinlianas

o % ! o a ' o a a
AN UINT 7.1 @Qﬂﬂigﬂ@Usﬂa\‘iLL{]\uLﬂumgﬁu LWUannLNUAZIU LLazaﬂéaum

Proximate result (% wb)

sample Moisture  Lipid  Ash  Protein CHO Fiber
wHaurunzSuusaaden 4.98 071 346 113 79.55 9.50
WaenunungTufladn 671 051 535 124 7503  10.66
BUaAUNS (Basket centrifuge) 636 039 400 649 8277 1.08
Sgaum (Carbonation + Activated carbon + 4.44 0.10 5.61 1.9 87.95 0.56

resin)

RUIBWR : N1TIATIZNNN 1) AuAUE1 B AOAC (2005), 925.45 (B) 2) lviiu AOAC 2003.05 3) 1ii1 AOAC
(2005) 923.03 4) TUsAU (Nx6.25) In-house method based on AOAC (2005), 991.20 5) Ralph
Shapiro, 1995. Nutrition Labeling Handbook. Maroel Dekker, Inc. New York 6) lniuas AOAC
2002.04
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nan1sAAsIzvsunuaslulawnsanaruanas Reducing sugar Ineld Spectrophotometer

Tusuidedlale Spectrophotometer  Liiew1Usuruaslulamsaianunuas Usuiu

a a

Reducing sugar content luansazatsainudsinuaziunazihainduaulutunousg o laglunis

Y

WSEUADEN9ETaTANENWTILNUAE TUTENN15AIT Lpsantnanmdudunlaannumastunauilan

Y

Usunaveaudefazaaladaine Refractometer  oglugiaUszana 8-10  °Brix lunswnsey
arsazaneisusuInLdaiunsTualdmantadiuiu 1 nfu wdniudnndu 9 ml welilsansazaied
= Yy v . = ' v = = ) ! ' o ' v
Jaudududssunas 10 °Brix  d9azdeliaiuisalSeuiisunanisinssuinamasmagiale

Wasndegrusuiuiimanududusgluseaulnalifseiu uaidauhaisazatgfanaiiniouriadn

analuinaeg o aely

a ¢ Y] a a ¢ v & a .
NANTILATIEALANIAINITNHNUING 7.2 "\]’]ﬂNﬁﬂ’]i’JLﬂiqgﬁLLﬁﬂﬂiwLMUQWﬂiﬂqm Reducmg

sugar  anadesNNINIIBAIDYNHIUNTEUIUAITAISUBLUTU da1uUSunal Total carbohydrate Ll

a £y ! gy 1 I 5’1 J U a Aa o Y a Q‘ = 2
wWagulvuntdnszwinsiidregnsdiutuneuds o Tunsadndudunazinliuians tesainusune

Y 9

astulawmsadulvgjAedydu
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AN319WUINT 7.2 USH1ed Reducing sugar ag Total carbohydrate votansazatsanileinung iy

a a

uaziainduauluTuURDURAY 9

Y

Sample Reducing sugar (g/L) Total carbohydrate (g/L)
JA_lab 4.95 £ 0.21 94.17° £ 0.15
JA_lab 100 mesh 6.39" + 0.34 128.10" + 0.17
JA_aeluens 12.28°+ 0.88 100.78 + 0.09
W&InT Basket centrifuge 5.24° + 0.19 129.32° £ 0.15
189N13 carbonation 1.26™ + 0.21 108.04° + 0.04
WRIN1SLAL activated carbon 0.78°+ 0.18 109,94d + 0.04
Resin 5 0.54° + 0.16 112.17° + 0.26
Resin 10 0.56° + 0.11 109.92" + 0.11
Resin 25 1.80° + 0.24 60.98" + 0.11

e : fdnusiuandsiuluiniuansisauunssednadideddy P < 0.05)
Afiuandlunismaaeadusiadefldanmsinses 3 6
JA lab e Yhafnannunung SussiiwTenantesufiing lushsrdms : th wihdu 1.7
JA lab 100 mesh fte thafaanuiung fursiiwieuanieosfiRnssouruazung 100 mesh uéa

ANALUDRIIEIUNG - U1 AU 1.7

A

a °

JA_@01duems Ae Wiainanununs TunaiyIenaInan1iueus analudnsidung : Ul windu 1.7

a a

Resin 5 A9 Unannduau (carbonation + activated carbon + resin 5 cycles)

Y
v a

Resin 10 A9 1ainduau (carbonation + activated carbon + resin 10 cycles)

U
v a

Resin 25 @9 1ainduau (carbonation + activated carbon + resin 25 cycles)

U

Nan15IAsITneenUsenaulagly HPLC
UaNaINNTLY Spectrophotometer e UTunuAslulamsavianualazUuiu Reducing
sugar  content  wad §9linnsly HPLC  LfiewnuSuiey Sucrose,  Fructose,  Glucose,

Fructooligosaccharide (DP = 3-5) Lagdufiu KaN1TIATILALEAIGIATIHLING 6.3

a [

Tassas1vesdududunsdudnanlsausznaualsitniansnlnaliausafua gL dunsinae

Y

Y

= o v =t = oA A W
Wuszle 2,1 veaninina Uaegasuvilsonaillaanavenglaa 1 wilefiweuseiuluianaves

Winlnaludnwagnsiennieluluanavesylasa duduiilassasredwlngilu GF, wazlasaasng
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a a 41

WUU F,, Unaanties duduiiAn Degree of polymerization (DP) flaus 2-60 3011011 60 (AN,

Y

2554) drSun1TIATIERUTINUBYAUAALUAIRINTTVRY Hermann et al. (1998) uay Raessler et

1
a

al. (2008) FBUIUIBNMFTandaduenlaainnisdesdyduluiinaveusudnailsd (nglaauay

Y

[

Winlna) Inen1sdesdyduarldisnisdesmensaudrinUsunadnanglaauas Winlnanindu &

=

ﬁl a L U 2 1 ¥
L@Jamwﬂimmﬂqiﬂml,aw\liﬂiwaﬂau (Gfrees Ffree) HAEMAINTEREAENTA (Giopal, Frora) NIIFYLAY

o

[ ' £%

o A a = ! < [ =3 o v -
iaduannsdesluanalasaidunglaauas winlnanazarunsamunnglaauazWinlnangn

gp8aanU1NNSNWNU (Fructans) @18811be (Hermann et al., 1998) f9auns

Grructans = Grotal = Gfree — /1.9
Frructans = Frotal = Frree = 5/1.9
Aadeves Degree of polymerization (DP) m1l@a1ngunns
DP = Friuctans / Grructans + 1
warUSunaYes Fructans Tudeensauiulaain
Fructans = C (Fructans + Grructans)
farin C Al Aaunansgosamedydudeth iy 091
NaMTIATIEiUSIne Fructans uazen DP LedsvesasazansanuilnunsSunazinaing
yaulutumeusing 9 wansimsamuand 7.4 Mnwanisdunuandifiuinuiain Fructans dn

WosninAn Total carbohydrate Tumsiawuan? 7.2 Wantes wansinasiulawsndiulnglusiodis

o))

98uaw wanv il DP iafgvesduduluiieganuinegluyie 7.26 - 9.87 aegludrusiiu

a a v ® = '
@HaquQﬂqiﬂq LASA Orafti HSI sﬁﬁﬁﬂ"l DP < 10
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ANSI9NUINT 7.3 USuaieawazn$ninledlnudnailss (FOS) veasansazatsainudaniuns Ju

1% (%
v a a

uaziainduauluTunauRIg 9

Y

Treatment Composition (g/L)
fructose glucose  sucrose GF2 GF3 GF4 Giotal Fiotal
JA_lab 376 0.91 1292 837 8.55 532 19.89  86.77
JA_lab 100 mesh 3.72 0.82 14.06 9.10 9.24 610 2118  96.72
JA_aoduemns 8.74 0.93 15.49 8.61 7.15 4.49 1991  95.29
WAIN3 Basket centrifuge 3.48 0.00 13.77 9.83 7.76 562 1848  97.14
WAIN3 carbonation 1.21 0.57 1520 1113 829 599 1880  96.98
MaINILN activated carbon 000 000 1342 996 782 542 2246 11679
Resin 5 2.43 1.02 1220 880 6.97 497 1592  84.06
Resin 10 2.41 0.63 11.72 8.81 7.21 479 2305 11875
Resin 25 1.30 1.01 7.67 5.50 4.82 297 1169 5295

nuUELe : GF2, GF3 wag GF4 WUBHY 1-Kestose, Nystose wag Fructofuranosyl nystose
Giotal WAE Fiora MUN8E4 glucose uag fructose NinaaiilaaInMstaududumensa

JA lab fg thafnanuiunz FuranesenniesUUanig ludnsidiuns : 1 wirdu 1.7

JA lab 100 mesh #g WiainaNkiunz TuNnSEL NI JURNITTOURIUAZENTY 100 mesh waa
ANAMIONITIEIUNG : U AU 1.7
YN TURITLHTEUINFDITUDIMIT ANALUBRSIAIUNS : U1 WInU 1:7

A

a °

JA an1ueumis Ao annanwn

a a

Resin 5 A9 Unannduau (carbonation + activated carbon + resin 5 cycles)

Y
a a

Resin 10 Al W1@nnduau (carbonation + activated carbon + resin 10 cycles)

Y
a a

Resin 25 Ao Wnafindyau (carbonation + activated carbon + resin 25 cycles)
Awansluniseastduatadenlaainnisinsedt 2 61
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dl Ly 1 dl ! o %’ U a a
AFI9NUINA 7.4 USUad Fructans LagA1 DP LQﬁEﬂJENﬁ'ﬁaBa’]EJ‘UWﬂLL{]\‘ILLﬂUWSUULLﬁSUWaﬂﬂ@Hau

Tutupourg 9

Treatment Content (g/L) Average DP
Gfructans Feructans Fructans
JA lab 12.18 76.21 80.76 7.26
JA lab 100 mesh 12.96 85.60 90.00 7.60
JA @nniueImng 10.82 78.39 81.38 8.24
7a9N3 Basket centrifuge 11.24 86.41 89.01 8.69
7a4N13 carbonation 10.24 87.78 89.23 9.58
NAINSLAY activated carbon 15.40 109.73 114.15 8.13
Resin 5 8.48 75.21 76.17 9.87
Resin 10 16.26 110.18 115.42 7.78
Resin 25 6.64 a7.61 49.49 8.17

a v & ' a v 1 av &
ANNNANITNABDILUNIANUING 6 WAT 7 WAASLALAUIN NTTUIUNTANAUITUI NI

a a Y { [ a

anansaaiadyduniuiunguldegraliussaninmuazanunsadigliansaindyduiiauuians

Y

o w

nnduleegnafidedfn ImﬂLmeﬁumimémmayaumﬂLLﬁumzi’uamimﬁwam“ﬂu 1) ASHER

o

wadydulagliilinssuiunis carbonation Fanansueinlaagiusuin reducing sugar 8¢ uag 2) N3

a a

nannsdudulneldnszuIung carbonation Fewanimeinlaaziiusunm reducing sugar i ognslsh

Y

a1y {idglafnumaassuuinidulunisidaduasnaulaensuiudug waznisanusunnueaidey

anAsluansaindudumesdu ielvunzauiunswanluseiuinseunnddu dnegazidealy

AANUINT 8
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AANUINT 8
ATTNAIUILUINIINITANIN A AN AU ATNSETUANdUALaZN1TanUSUNILARLT s NA8LSTY BTy

wuanedmiuiludszandldlunszurumsunanszauiingas

[

DMWIINNTEUIUNTEAD

[

nBYAuIINTIRAUAE TukarMsYIasannduauliusans Avaunduly

[y

MAeiluargnuaniseazidealunianuini 6 wag 7 azaiunsaaindyauainiununy Tulaegiedl

[ a v [

Andududauusgnsuindulaegreilied1dny udnszuiuns

o

UszansSanuazaunsavigliansa

fanandalumanzaufunIsHanluseeuingee nnRansuluadI LY ITUABUNISANIRF LAY NAWTAENS

[

] o o ¢ a = a 1 a a v a ~ Va o q v saa
ATUANUUR LLﬁgﬂqﬁaﬁﬂimqmuﬂaL%UNW@ﬂﬂ’NﬂLUﬂqiaﬂ@aHaUW'JEJL?UU Luaﬁﬁ]’]ﬂﬁj'ﬂﬁ]&ﬂ%@ﬂﬂimmu

9

[y [ = Yo v 1 a 2/ ' & 4 P
anwazlulansesagainadsaunsalalanuiegisluliunadeslunisnsessazasilazAodinig

L)

Va o =

WALUNTEANYNTBIUBEASI YNIAAAANUALUARILaLE8aUn A9t ulI89banenenufne

Y

NAARIILUINIDUlUNISAYRAnaznAulngNIa T UNLTUA waznisanUSunLAaLRsuNnnA19luaNS

1Y

afindudunlelsdu NlenumsnzauiunsHanluseaudisemIngliy fseazidenluuni

(% v a

nszUIUMIAiAdYANIINTILAUA TuLazN T Tainduauliusans Ngniauniielvd

ANUIgaNiuNIsHanlusEAuTewINEWY NIBUNNTYINANARNIAATT QNUAAIIUMITINWINT

[
a

8.1-8.3 lagnszuiumstazgnideuiisuiunseuiumsuandydunsilaanulunouning dan1sia

1%
(% o

NUINT 6.2 F9USENaUAY 1) NSEuIUNsanawdanunziuaeunsey (8nsiaiuktawnune iy : Ui

wiiu 1:7) Ieglddsniumuauaamgil 2) nszuiumsviliusansusenaumenisasusiuduy n1s

v o . v i

manduaznaumeaiuiudus uazly lon exchange resin WpanusuaaaiBuslessuninnaislu

(% dl' 4 & 14 6 o Y & L4
d@138NALUBIINNITUIUNITIAITUBDLUTU Iﬂﬂi%@‘ﬂﬂimiﬂﬂiaﬂ?jfyfg'lﬂﬁﬂ 3) A5 LD Uk A e

a <

= ° v ' = PN & v s A i a o éa
LATDIV AL UUNUN DY FI1NAITINNUINN 6.2 "ﬂglﬂﬂu‘lﬂ')q U'ﬁlﬂmslla\‘iLLSUQVILVﬁE]QQIUNamﬂm%E]

(%

waunsmamanunuagiuUssuifisuiuusunavewdifegluingiunuiung fusudu e

[ v a

Wiy 22.6% luragnszuiunisanadyduainiiunung Juwaznisiansainduaulusgnsign

[ ]
= I

WU LN LT AN AU UNSHAR WS ZAUENT99UNN DU Nanukandlum1s19NuInT 8.1-8.3 &4

Y

1%
|

Usznaunig 1) AsEUIUnSanmkdasnunsiunl8unsou (@nsa1uwtawnusedy © U1 winnu 1:35)
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Tngldiniumuengungiivarligansasiifisuasdemnniu e polypropylene-fabric multifil
bag model F254-3 (USENUAULL SumoutuLua mInRa $1ifn, Useinelng) Tnethansatndinses
nnsasdnrugansonfudnsutionun 3 seu 2) nsvunailiuiavduseneudienisans
vty Mtdnduwaznausiegiuiutiug uwazld lon exchange resin ieanU3unaupadeylosoy

PanAsluansanaiiosannnszulunisesuautu tnalunisidnwaadeuleasunnnaiduansans

[ '
o a

SUN9E warndu ALlUSEUULATRINTBY tnen1uldnsaasTu 2 vie (898 Pure, Serial No.90503, USA)
someldnsoandaiinaisusuuden 1 vie (8% Pure, Serial N0.90532, USA) 1u3U 1-5 50U 3)

N5V TR D URILAIAI8LAT DIV LTI UUNUE D8 FI91NAITIWUINT 8.1 — 8.3 ztiiulaqn USuia

[%
[

Youdeiindoaglundndueidydunniinananunuegiulssuiisuiuusunaveswdaniioglu

(% k' IS [ -

moRAUNILnURg SuFuEY danvadu 33.71, 37.67 uaz 41.35% AUAWU NaAINA1ILEAIITLTALIN

ASLUIUNITANAUITUTTANUMUIZENNINNIITN5:AY Ep9nTRUSUNUNANARUINTY TAI1Y

ﬁ%ﬂ’)ﬂi’mﬁ’m’j’] Lﬁ@ﬂ%?ﬂﬁﬁm’ﬁﬂ@@ﬂLLUUﬂi%U’JUH’ﬁIﬁLﬁUizﬂUﬁaLﬁ@ﬂléj

113



A139NUINT 8.1 NMINARBILAZIINaNnRINaa1IATIN 1

1. msanafeulfau AUAANIRENT Yu
Yo
300 g
(veosuds 283.35 g) 100%
10,500
A\ 4
10,800 g
== LOoss AN —1952.60 g
U598
\ 4
afaseteou 85 °C 1 4lug MYIINIUAIUANGUNYI 9,847.40 g
—p HENDU 11240.6 g
==y LOSS 10 —220.31 g
ﬂ'ﬁ"j’ﬂ
WENMZNBUAIY Basket centrifuge
lgensesinuazden
N 17
9 "
\4
8,386.46 g 56.23%

!
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o a £ q

2. M3 liuguslag Carbonation AUAANINENT Yu
VDI

A 4
8,386.46 ¢ 56.23%

e a
guihainliilonmgll 80 “C anduduueaidoneonlanatll || 3572 ¢
UNTZYIN pH U1ainAIN ~10-12
A 4
8,422.18 ¢
AIUANINTEN 80 “C AN CO, adluuann au pH 289
wafadunasfie 6.5-7 Jamgaiiu CO, Halilmdu
‘ —) Loss 31N —>| 783.29 g
U1sEnY
7,638.89 ¢
MENOUNAINIUNITAISUBIUTY
- GenaU —»{128.99 ¢
Loss 210
- = > 345.54 ¢
n1sUu

\4

WaindyauinIuNIAITUBITLLA LENANDY 7,164.36 g 48.04%

4

!
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3. N131NAINANUNTEANUALNAULAEYANTDITTULAL HUARNIAET IFTTRLY
AISUBY VB
7,164.36 ¢ 48.04%

nthainlunsesiuynnseaiusenaumieLsdu 2 vis

WazAISUBY 1 vie 91U3U 5 58U
Loss
—> > 350¢
MNNI1INTBN
UNNIUYANTOI v

6,814.36 ¢ 42.80%

!
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4. v bidudulagnisszme AUAANIAAT Usua
VDI
6,814.36 g 42.80%
UnhaindyauiiiunisasusiuduuagnserIuganses
wnhliduduann 2 “Brix 1Ju 30 °Brix
1nBn1552Mesae hot plate stirrer
==y LOSS AN —» 6428.36 ¢
sz
o v
ULYUYU 30 Brix
386.00 g 42.65%
386.00 g 42.65%
Solid loss Tu
/ —p  A3DIBULR WAz —>(283.95 ¢
SJ'Jﬁﬁ']iSL'V]‘EJ'E]E]ﬂ
MuwnslagliaTesviuimauuununey (Spray dryer)
Tifigaumafianvduazuieeniie 150 uaz 90 C
100.17°¢ 33.71%

duaunamafmniiua Tl

(voaudie 95.54 g)
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ATNUINT 8.2 MINARBILALYINAUARIIAATATIN 2

1. msanadeunfau AUAANIRENT U
LENIDE
300 g
(voeuds 282.30 g) 100%
10,500
\ 4
10,800 g
== Loss 37N —> 8789 ¢
Uz
A\ 4
afadetihdeu 85 °C 1 Falus MYIINIUAIUANGUNYI 9,921.1¢
—)  AENOU >11,099.53 ¢
w=fp  LOss 970 —1360.78 g
ﬂ'ﬁ"ju
WENMZNBUAIY Basket centrifuge
lgensesinuazden
R VR
9 L
v
8,460.79 g 59.34%

!
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cay o X .

2. M3 luIguslag Carbonation AUAANINENT YSu
YBIY

A 4
8,460.79 g 59.34%

guihainliilonmgll 80 “C anduduueadoneonlanatll || 57.86 g

UNTZYIN pH U1ainAIN ~10-12
A 4
‘ 8,518.65 g
AIUANINTEN 80 “C AN CO, adluuann au pH 289
wanadunasfie 6.5-7 Jamgadiu CO, Halilmdu
—) Loss 31N —>| 535.00 g
U1sEnY
7,983.65 ¢
AIHIUNIASUBILTY
— AZNaY —»{206.25 ¢
Loss 31N
- - > 359.68 g
n1sUu
LENAENOUALLEEAMIY Basket centrifuge

v

WafndyduiunsasusuiuLazuenaznoy 741772 g 52.82%

4

:
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3. N13NAINANUNTEANUALNAULAEYANTDITTULAL FUARNIAEHT IETTRLY
AISUBY VB
7,417.72 g 52.82%

nthainlunsesiuynnseaiusenaumieLsdu 2 vis

WazAISUBY 1 vie 91U3U 5 58U
Loss
— > 279.21 g
MNNI1INTBN
UNNIUYANTOI v

7,138.51 ¢ 44.50%

!
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4. v bidudulagnisszme AUAANIAAT Usua
ENIDE
7,138.51 ¢ 44.50%
UnhaindyauiiiunisasusiuduuagnserIuganses
wwhliduduan 2 “Brix 1Wu 30 “Brix
1nBn1552Mesae hot plate stirrer
=y LOSS 3N —»6,700.49 g
Uszme
o v
ULYNVU 30 Brix
438.02 g 44.34%
438.02 ¢ 44.34%
Solid loss Tu
/ —p  A3DIBULR WAz —>[326.42 ¢
NQﬁﬁqiSLV]ﬂa@ﬂ
MuwnslagliaTesviuimauuununey (Spray dryer)
Tifigaumafianvduazuieeniie 150 uaz 90 C
£ ,,
111.60 g 37.67%

duaunamafmniiua Tl

(29uT9 106.36 9)
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ATNHUINT 8.3 NTNAABIALYINANAAUINATTATIN 3

1. msanadeulfau AUAANIRENT Ysun
YaIude
300 g
(voeuds 283.20 g) 100%
10,500
A\ 4
10,800 g
== Loss 37N —> 258.52 ¢
U9zIne
\4
afinshethdou 85 °C 1 Halus sefanmuauauenmgdl 10,541.48
==y LOSS 10 —336.89 ¢
ﬂ'ﬁ"ju
WENMZNBUAIY Basket centrifuge
lgensesinuazden
S 1
9 L ¥
\ 4
9,422.34 ¢ 65.54%

!
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P .

2. M3 lu3guslag Carbonation AUAANINENT Yu
YBIY

A 4
9,422.34 ¢ 65.54%

guihainliilonmgll 80 “C anduiuueaidoneonlanatll || 45.89 ¢

UNTZYIN pH U1ainAIN ~10-12
A 4
‘ 9,468.23 g
AIUANINTEN 80 “C AN CO, adluuann au pH 289
wanadunasfie 6.5-7 Jamgadiu CO, Halilmdu
—) Loss 31N —>| 636.77 g
U1sEnY
8,831.46 ¢
AHIUNIASUBILTY
— AZNaY —{ 171,79 ¢
Loss 31N
- - > 443.03 ¢
n1sUu
LENAENOUALLEEAMIY Basket centrifuge

v

WafndyduiiunsasusuiuLazuenAznoY 8,216.63 g 57.45%

4

:
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3. N13NAINANUNTEANNUALNAULAEYANTDIUTTULAZ HUARNIAEHT YT
AISUY VBN
8,216.63 g 57.45%

nthainlunsesiuynnseaiusenaumieLsdu 2 vis

WazAISUBY 1 vie 91U3U 5 58U
Loss
— - »(338.59 ¢
MNNI1INTBN
UNNIUYANTOI v

7,878.04 ¢ 49.79%

!
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4. nmsvilvidudulagnisssive AUAANIAAT Usua
VBN
7,878.04 ¢ 49.79%
UnhaindyauiiiunisasusiuduuagnserIuganses
wnhliduduann 2 “Brix 1Ju 30 °Brix
1nBn1552Mesae hot plate stirrer
== LOSS 970 —»7,383.94 g
sz
o v
ULYUYU 30 Brix
494.10 g 49.53%
494.10 g 49.53%
Solid loss Tu
/ —p  A3DIBULR WAz —>| 372.16 ¢
SJ'Jﬁﬁ']iSL'V]‘EJ'E]E]ﬂ
MuwnslagliaTesviuimauuununey (Spray dryer)
Tifigaumafianvduazuieeniie 150 uaz 90 C
121.94 ¢ 41.35%

duaunamafmniiua Tl

(vaeude 117.09 @)
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USUNUVDILTITINUA (%) VasaNsanALarduaUNT wazvawdaiandsly (%) Wakuwsas
Y Y

TUABUNITNENIINNIINAGRIAINDYEY 3 A3Y (ot 1-3) laasUaslumsmuinit 8.4 Tneisusuain

Y

USunaudannunz T uivinduae 300 NS nUSuiumnudueenly MnasfeUSuiuvend WL

Anlu 100% oudunungiuly 1) vimsadadietiseu 2) yibiusgnslagiiunisaisueidu

[

3) fanAuaznaulagnisnsowIuIsIuasuSaRInAIsUaY &) vlidutu uas 5) huskdlmbung
sxfimaihdetnanusasnszuiunisliumuSunaemds Jsainnanisnaasinuil wdenisatame
1h¥eu ansafndydundsnuenmniiiinaveaudsiamnoglutag 5623 - 65.54% wipdnifemis
fofinsgapdsveaudsdutuneunisuenninndanisafadieinfeuniniignfie 34.46-43.77%

a a

WoannkdawnumzTunlalun1sannduauwssuanktakiune JuNdUaankagH1unN15aINAaUN1V

Y

wisvhlmsausenaunindudly cellulose Mhilazarsinaniudenuaresausenoudu ¢ Nliazatei

gnindneenivluduneuil mntudutunsunsvihlivianslinenisasueiudu nendnn1sveisnis

be

[ o v H [ P ! [ a [y 1 v 1
Lilumsmammmaimaqasummaﬂ LATAITHADUUANY 9 Franlushutaziy iWuau wuinlu

unouiliinisgadeusunaneds 6.52-8.19% lugluuureinenaulAaiuuAISUBLUR TUADY

2ee

sosnAensrdndnauuas ion exchange Taeisdu aziuldininisgaydoveudsainnisnsosinis
Fu 2 vio wazudnAmAuouvden 1 vie $1uau 5 50u oglutie 5.24-8.32% Lilethansaialuvinli
Wuduan 2 “Brix \Ju 30 “Brix Inen1sszmesag hot plate stirrer nudnfinisgeydeveaudadnton
0.15-0.16% dmiuiunougninedomevhlidunsismahuiuuurudes Bianisgapdovonds
MNNIEULNMINUE 6.67-8.94% 21nn1sandnsvastdluiosouuiauazsie Uinnmasudeinun

nlavesdydunaiisuivisunavewduulununsiusudu fie 33.71-41.35% naileinainnis

'
al

WANINTEUIUNITHARBYAUMAIOTUIE LYY Wudn nszurumsananlivSuunandnfg

Y

NOAUAIT ATHINLUSHULNBUNUNTZUIUNITLAUNANYINARDINDUNLIN (AIAITIHUINT 6.2)

a a

ASEUIUNSUAUSOALUS LN UMaNAR D LA LN LAUIN

Y
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ATNHUINT 8.4 USuauvadudanianun (%) vesansannwazdyfung uazveudeigadely (%) e

NIULAREIUNDUNITHNER

Lot 1 Lot 2 Lot 3
Processing step Sample Total Solid loss Total Solid Total Solid
solid (%) (%) solid (%)  loss (%)  solid (%)  loss (%)

JATP powder 100 - 100 - 100 -
1. After basket centrifugation extract 56.23 43.77 59.34 40.66 65.54 34.46
2. After carbonation extract 48.04 8.19 52.82 6.52 57.45 8.09
3. After filtration extract 42.80 5.24 44.50 8.32 49.79 7.66
4. After evaporation extract 42.65 0.15 44.34 0.16 49.53 0.26
5. After spray drying powder  33.71 8.94 37.67 6.67 41.35 8.18

MAMITATUReUNSFeRd ndulneudaRamAnsuau uas ion exchange resin iaridn
waaldeulesauannszuiunsasueaudusenanasadn Tngldnseuiunisdamnssamunnd 8.1 -
8.3 fdulevimInsivaeunaveImMsidauaaleunigsnsinmsaiuaisazaiy Ethylenediamine
tetraacetic acid (EDTA) SadudsnsmuSunanes Ca™, Mg waw divalents ion 3u 9 luh Tag
USinas EDTA #ildfazidudndrulaensaiuuiunailessuditley waznannnsinazgnuandluguvese

'
a0

AyaUAHUNSTUIUANRA

[y

Total hardness (ppm as CaCO;) Nan153aAN Total Hardness wa4inan
wagyiliuIgns 31nnsmaaes 3 ASS (experimental run 1-3) QNUAAIAINITINUINT 8.5
nNanINaaeIaskiiulii neusuduasaindyduinnsadaseinfoudiusunm Total
a Yoo Y] & P a 2+ 2+ aa
hardness LIUAUADUYINGIAD 1,116 - 1,794 ppm as CaCO; vupgannUsunad Ca- wag Mg y11uIn
agua L IngAUENAY AINANTNTIUTIAETUMITIHLINT 1.9 Werunseuiun1saiuaiududs
InmsfuuraeneenlanasluviliuSuna Total hardness Wa@uidu 2,394.28 - 2,910.45 ppm as
CaCOs Waiguiuusuna Total hardness 3MNATEUIUNISHAMANAINITINHUINT 1.8 FeTUSU6U
Total hardness 5,202.31 ppm as CaCO; aztiiulainu3unu Total hardness anduneufnmuIid
A o XA a a Ny Y oA v . ~
ANANAY mmummﬂmnﬂaﬂu%ummqqmawﬂfﬁ Ao Iﬁuqaﬂiaq polypropylene-fabric  multifil
bag model F254-3 fflaumngaulunisdnayniavuimdnliuiniu Jaausaidangneuwuin
= Q’./I = -]

BNMARTUNSIINATEUIUNITANSUBLUTURaN U INEsanalauINN1 Bnvadinisunasanaieu

mansesdindumisaenningilugainsenfuiingneuasidenves CaCo, og8n 2 sau T3udu 3
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sou FhlansadaiiuenlaiiUuna Total hardness anaaflowSauiieuiunisldgenssauuuiiy
ndudlodiasaiaiiniunszuiunismivaudulunsesiigldnseusiu 2 vieuazldnsosudafim
AISUBU 1 Yo ToUKINIIAT Total hardness anadinge 668.53-1,009.62 ppm as CaCOs; FUDYNI
Y3104 Total hardness Tuansarinsyduainnisadameuniou wlieaannszuiunIsaIsuaudum
o 14 v a a 1 =2 [ 1 o w a Ay [ ' [

inlansadaiinauldfisUseasd n1snsesseuwsnlianuisamdanauilld Jsnsesansadnsaluilu

59U 2-5  TRENUINNAUYDIEISANAAAAINININUIUTOUYDINISNTOY LuLmelnuUsunes  Total

'
v a

hardness 1aAAMINTILIUTOUYBININTEY InBMINTesansanndydu 5 seu Wansadanldinduly
aUsgasAuaviu3uia Total hardness 80.85-87.06 ppm as CaCO, @43nlaineglunauuinseas

U1unang (75-150 ppm as CaCOs) (Y17, 2546)

dl U ! 901 U a a ld' ! U o Y a Q‘
M1TWNUINN 8.5 Han13IAAT Total Hardness SU@QUWﬁﬂﬂ’e}uau%EﬂuﬂiﬁU’JUﬁﬂﬂLLﬂ%V]’ﬂ‘Vi‘Ui?jVIS

Y

1ANISNNABY 3 A

Total Hardness (ppm as CaCOs,)
Treatment

Experimental run 1

Experimental run 2

Experimental run 3

After basket centrifugation 1,166.04b + 153.28

After carbonation 2,910.45a + 787.13

After filtration 1 cycle 668.53" + 91.72

After filtration 2 cycles 528.61 + 53.86

After filtration 3 cycles 23321 + 46.64

After filtration 4 cycles 155.47 + 26.93

After filtration 5 cycles 87.06" + 10.77

1,714.29° = 218.11
2,394.28" + 192.69
963.93" + 76.17
621.89" + 107.71
217.66° + 26.93
186.57° + 0.00

80.85  + 10.77

1,794.87° = 157.02

2,876.60" + 501.86

1,009.62° + 169.30
608.97" + 55.51
336.54°° + 83.27
208.33" + 27.76

83.33" + 11.10

neme fvnysnuandiulunedulifiediuwantisnuuanasegaitedday (o < 0.05) AdaUTILaAINE

Tuss19unaInnTInen 3 91

Y

(%

wananildregrantaniungiu arsadndyiuainusiasiuneu LLazﬁi‘gﬁumﬁmamlﬁmﬂmi

NAADIVY 3

ASe gnUNIRTI9TATIERUTIIaIAa WEnlnledlnudnanlsd uwazdydu e

= = a H [ a < 3 a a Y 1 A a J
Wisuigudsunainna Winlvledlnudnailed wavdudu Tudegraniunssuiunisudnunay
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a o

Supau lngdsnsimseiildlueddeidsdmmnuddoves Judprasone et al. (2011) lne

TUaEBeAretUNBUNINTITIAT ezt lukandlun ANLINg 11

AIFNEWINT 8.6 WARINANITNTIIATIZRUTIIRE Winlnledlnudnailsd uasdydu

TusegnafitnunszuIuNIsNaALAazdunau InokansArUSuiutina Winlnledlnudnailss wayd

[y

yauitiaszilddeininuiweutiuiuny Tuniearsafndyduanusastuneunionsdyau 100

Y

31 MnwanIneaewandliiui wladueeu @Wden/ain) Tusunamaninlna nglea way

glasaisusi aglurag 0.15-2.38, 0-0.14 wag 0.01-0.91 nfusio 100 ndutmdinuisvesuianiuny fu

a a

muaeiu WewdauniungJusaindydumeinfou laansaindyiu wuiUSunadinians 3 wiad

kY

Y [

vy a X ' ° aa o X A v Y Y] y
wuAluNLNT Ul TedAYN19ada (0<0.05) ntiflosannisldmnuioulunisadauaznistu

IEIMNENSAineBNN1aINNINGIEY Basket centrifuge Usunaeasudelnsianizdiuilidazaeign
o Y oa < ! Y oa o 1 H v

wgneanun vilruSinavesdalagsinanas dwalvuSunudadiuvesunansnlna nglaa uaz

= & 2 v 1 oa X & A o o A 1 [ 4

glasa Fulwrewdenannsaarangladaniiuiu venanilidethasaiailaluiiunszuiunsvinli

USgvslagnisansuaidy wuduTinanhalianast fe winlna duwilduanas wivsuuglasa

o w

\uguegeiduddgymeada (p<0.05) LasinmsansvaiutuansamInUsuannaluianas

a o« r-ﬂll | ~ v v & w1 X & v Y ‘:4' o
Lardaaaluau ] bTU I‘Ui@]lﬂ:@@ PNUU ﬁ@a'ﬁum@ﬁfgiﬂiﬂiﬁﬂ%u UNIINU mﬂ‘mmm‘sau% 80 C

sgrientsasusuutueIailiiinns degradation wesdydusinatseiniutnia winlnled

1%

Tnugnelse w3 aa‘gau fanwduasld dmfunsruiunisnsesansaindydumeldnseusdusasld
< a 4 | a goj [ [ v
nseadaflIAIsuauNUIT awnsaandIutaniiaaninlng nalea wazglasaluaisainasls

VRIIINNTLUIUNTTLMBLAZNTEUIUMSTIUATUUTURY Wudt USunanhanan$nlna nglea uay

o w

ylasaliiinsdsuwlasedaiifvddgymata

o

a a a

Usunaamininlealnudnals (GF,, GF, wae GF,) wavduau luansainduduwasduauns

Y

a A L% (%

JUsunannniningauAswdalnuny JusgelltudAunegtn tnadsuna GF,, GF; way GF, LSusudl

q o

USuey 2.54-4.74, 1.28-2.61 wag 1.95-2.75 nsume 100 nSuuivunuiavawdawnuneiu dlonu

nszuunsinliusavsuasyinlmlunsiivuna GF,, GF; uag GF, Wisdudy 3.26-4.03, 3.93-4.04

1%
Y

wag 4.12-4.27 n3use 100 nuthminuiavesdyiure Matlilleunnszuiunisannaigiisounasnis
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iliusgnssenisasveiudu n1snsesieldnsensTulazudafianaisveuuienauisanidn

a a o

gudovunne 9 Tunlawnuegiu iliansadadydunlamniiuwsagtunsudanuuiansuiniu 1oy

O]
d' = = a a a i o U a a a1 Y% T v a o ¢
LN@LU?EJ‘UL'V|?J'U‘UilﬂﬂJ@HaUIULL{]QLLﬂUG]S'JU aqiaﬂ@@l&auwN']Uﬂqiaﬂ@lﬂ'lﬁuqiau LLAENARNEUN

¥

gavinefe Buduns (MiunTEUIuM Y iuTans mMsvihlvdudualensseme waznsyiuiewuy

9

Wurloy) NUIYINBYAUANTUIN 51.86-55.14 nTusie 100  niuumnuiIvesduduns Uy

73.82-79.25 waw 82.49-96.22 n3usie 100 n¥utwiinuswasdyduss suddu

o 1%

MNaNTATgiuuniduandiiiuiinssuiunisnandydursannmnnuas Suiilssgneld

'
o A =

AUNTONANBYAUNITIIANUTANTEe tufe JUTUMBYEY TuYe 82.49-96.22% wariliUIunaniinia

Y

Winlva nalea wazglasa s 0.56-6.1% uansliiuindydunsiindalasinnulndidesiv dydu
1% ® ) = Y a a N a a a

N9NNSAN 1NSA Orafti LGl Aesgazidenenedlunsnemuini 1.6 @USunadyau Uszanm 96%

wariivSinaimaniniva nglaa wazglasa Uszuna 4%) laefiuSunaveaudaimuailiveBydu

paeuiuUSu el slultaununz Jususu windu 33.71-41.35%

'
v A o

winndean1snandudune laglddiunseuiunisinliusans dufe draisadniiniu

nszvunsaimihfouigamall 85 °C WJunan 1 9alus uduennzneudie Basket centrifuge 11191

a a

Thdunswilaeinsosiuisuunuley agldndndyaunsiiinnuuigvsanas tufe Jusuiudydu

Y

Tugag 73.82-79.25%  wazdluSunanianansnlng nglea wazglasa luyie 2.83-5.63% wsiagla
USinamandnundu dufelivsunavesudamsuailivesdyiunsieuiulnaveawdsdundauny
ArIUENAY WU 47.29-57.36% (919899 nUayalunisenuIni 8.4 lagin Total solid in JATP

(100%) - Solid loss after basket centrifugation - Solid loss after spray drying)

[y

aey auseasuladn nsrvrunmsnandydundviinnulndifiesiu duaun1nisa inse

Orafti LGl Usznaudie

a

1) nsaftaudwnungiuseihdoudasdin 1: 35 figamgll 85 °C 1¥uan 1 Falag

2) NSLUNAZNUAIY Basket centrifuge I@EJWQQﬂ’iaﬂ polypropylene-fabric multifil bag

model F254-3

130



5)

6)

NS IUTEVERIENITAISUBILTY LasuanazNaumiY §insas polypropylene-fabric

multifil bag model F254-3 5899157 3 50U

nsnsesasanadydunuldnsensdu 2 viewazldnsowdafianesuauuden 1 vie

U 5 SOU

[
a a ¥ Y =

nsvinldansaimaududutuiuain 2 “Brix W 30 Brix lmediudae hot plate stirrer

Y

a [

nsvilidunawislaainsosiwisiuunulos Ngumngloiniavidl/ateen Wity

Y

150/90 a9ALaLTYa
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ASMUINT 8.6 WanIFATIzIUTINaiena Winlnledlnudnalsd wazdydu luiedrulaniungiu asaindyduusasiunou ua
NARBY 3 ASY

[

(%
[

ee

DUAUNS 9INNTS

Sample Sugar (/100 g db) Fructo-oligosaccharide (FOS) (g/100 ¢ db) Inulin-type fructans
Fructose Glucose Sucrose GF2 GF3 GF4 (g/100¢g db)

Jerusalem artichoke powder (JAP)

Lot 1 0.76° + 0.11 003 +001  091+044 254" +010 261007 275 +006 51.86" + 0.36

Lot 2 0.15% + 0.02 0.00" + 0.00 0.01° + 0.00 3.86" + 0.06 2057 +0.13 246" +0.10 55.14 + 0.02

Lot 3 238°+105  014°+003  009°+002 4747 +0.16 1.28" + 0.09 1.95° + 0.07 5447 + 1.13
Inulin extract after basket centrifugation

Lot 1 161°+012  020°+004  1307+010  371°+036 4187 +016  3.82° + 006 77.79' + 0.08

Lot 2 204" + 0.04 0.06° + 0.01 353+ 019 2147 +029 4037 +005 395 =006 73.82" + 0.15

Lot 3 058 +029  017°+011 208  +0.70 184" +0.15 370+ 041 368" + 0.40 79.25° + 0.84
Inulin extract after carbonation

Lot 1 010°+003  000°+000  177°+007 363 +021  412°+011 414" +022 82.66" + 0.01

Lot 2 0.05° + 0.03 0.40° + 0.14 6.87° + 1.40 708"+ 060  253°+116 235 +138 76.74° + 0.73

Lot 3 009° %002  1.10°+0.86 722" +1.98 505" +209  324°%+163 418" +0.79 71.70' + 1.09
Inulin extract after filtration

Lot 1 009°+001  000°+000  146* +014  319°:008 400" +062 3877 +0.19 84.22° + 2.13

Lot 2 0.09° +005  000°+000  253°+004  281°x014 352 +062 3717+ 111 85.78" + 1.36

Lot 3 014 +008 000 +0.00 386"+ 009  361°+005 4137 +004  4.14°+005 82.41° + 0.09
Inulin extract after evaporation

Lot 1 011001 001+ 0.00 048°+001  362°+003  431°+005 457" + 0.02 82.84° + 0.02

Lot 2 0.06° + 0.05 0.01° + 0.00 4.08" + 0.09 383°+012 4097 +013 438 +0.16 79.60° + 0.01

Lot 3 0.09° +001 001+ 0.00 4.61° + 0.06 393 +007 4247 +009 4397 +0.11 76.31° = 0.03
Purified inulin powder

Lot 1 0124000 003 +001 041°+003  326™+011 3937008  4.12°+006 96.22" + 0.04

Lot 2 0.09° +002  0.03 =0.00 3767 +006  4.03°+002 438 +005 4.27° + 0.04 83.44 + 0.07

Lot 3 014°+003 003 +001 393"+ 014  345°+020 404" +005  421°+0.14 8249 + 0.15

e Asnysiuananiuluunwewiiegiazngy JAP1-JAPA) uanstianinuuansnsegeiitod iy (P < 0.05); Han1snaaedlaainnsind 3 41
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a
AIANUINT 9

[ Y v Y

msvinansanadydulidudunaznisuusguidunindaeing

[

arsananlaainnisiudanussiugnadnduduiasiiunssuiunsinliusansgninuniu

[

mavibiduduwagniswdsyudundniosing Jsldnanisnaaosdsil

(% v

nsAneInsEUIUASasainduaulmdudy

AMSUNTLUIUNSYIAUTUTY WUITaIaInnsdnanaduauanwiaknune Ty daluniu

Y

A v

N3¥UIUNTT carbonation W MAGDIWITINTUAIELATOITEMERUUINIADYD Hisaka §1 REV-T
(Hisaka Works Co., Ltd., Japan) lngldammgil 70 °C megldan1izainunuaaayinia 70 cmHg Lile
YSuanududuresansaindyaulviegluszdu 10, 20 uag 30 °Brix wuiinsdifiansainiinnududy

1
a a =

1NN31 10 °Brix ndgymanudunilavesansaindydu davhiiinnisinisinvesansainusuiu

d' a v v Y] 1 [ d' = d' I aa v gj v
1NNAUI I UNUIVDINDISELNEFHIDE1S AIWEAIUAINHUINT 9.1 F9URULTUITNITNIUNSOUNI LA
AMuSauUU AN 18TAEN1IEUTTINNIAIUNTENILATEAUAMUTUTUNA DINITENU 1R8I S NWUY

YDIANTANATUT U LA LARIFININNUINT 9.2

ANKUINT 9.1 NMTNEAAVEIANTANATIUTIAUHTIVDIVDITEVEVDUATDITEMEUUUAINA
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20 3rix

(@) (b) ()

a a v 1

AMKUINT 9.2 FNTENADUAUNEINIUNTLUIUNITYINLATUTU

Y

(a) 10 °Brix, (b) 20 °Brix wag (c) 30 °Brix

[

ANSANEISLAUAIMUTUTUVDIANTENADUAUNMMUITAUNUNTEUIUNISHLAIRUUNUN DY

U

1 v a

Tunisnaaesiiwisuunulosduazlddiogaarsanndududslisiunszuiunisg

Y

carbonation 1vaaed Ll niluiiegendvsiaiinianglea Winlna wazelasa gindnans

v =

afnByAuNHIUNIZUIUNT carbonation  feg1nduTInMmamarlgeaziidymilun1siiuis

Y

wuunwelaEN LHesnAMENTRAU hygroscopicity waw stickiness At MINAN1IENITNWASH

'
a a =

Anwanunsaviuiadinegsansanndyauddliniunszuiunis carbonation lid ArAdagaunsaii
wiseesansatmByauilinunszuIuMg carbonation 1A Wiy
dothansadadudulushuiuuunudesiannznisiuiefiiiunmaaesdosiunuga
thifeldgaumgiianvdn 150 °C wazgaumglianviesnil 90 °C Usinginlduanmaassiauandy
A59RUINT 9.1 Feuansliiiiuin Tunsaifiansadadanududu 10, 20 way 30 °Brix leUSunams

Wieuduvesudaianuaiegluingfuimas (Powder recovery) winiu 67.78%, 82.24% uag 88.13%

AINAIRU A1 Powder recovery ARAUIMANNALNITH (9.1)

Solid weight of powder after spray dryving

% powder recovery = X100 ...(9.1)

Total =oild weight in feed material before spray drying
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Inensdydunlaidesniinadniesdinmuuini 9.3 Fmaininananuiounldsening

1%
aaa

nszvUNsIutuneiAnUfAe1n15AnduIea 1w Maillard reaction lasianiglunsdin

' ¥
I U ¥ ¥ =

WIENATANAT SAUANULTVUVUGITVU

=) U

B NTUIHANTINAIANMUTUVBIRIB YR UANGR A TANATNTEAUANNTINTY 10, 20 Uay

o

oD o E \ ) " a o w ' & A 9] o aa
30 °Brix WUINAIAINUBUNUAINULANANINNUDYINUUYEN QJJI@?Jﬂ']ﬂ'l']llﬁfjufﬂgaﬂaﬂL@J@Isﬁaqﬁaﬂﬂ‘ﬂﬂ

¥ v '
= v v a a ) (%

FEAUANUHTUGIUY FatiU HBURUNNERINANTANANETEAUANUINTY 30 °Brix FadlAnAa1uiy

Y

[y

Afian anvgpellleldansadaniseiuaiudutugsdu duningaudnadnsdiuseninausunn

[ '
a1 [ A

yonegluarsainseusunavewdegluaisainiziidianas deu Wethaisadadenaniluyi

= %

WIAIAELAS DIV UUN LN o TA TN 122009 NS B UL Y ULAEINUNISYNLINESAN AN SEAUAIY

Wntdusndt dupeldaaumgiaueidi 150 °C wazaamgilauviganit 90 °C FaviiuSunuauGui

a

aamdeeglundydudeusunaradydulunsinldarsadandseauanududuasdemininsanld

= L

asanafliszAuaudutusl naferA1AUTUYINIBYALNTnldanaulieldasaiailseAuniy

RIGTVERE)

'
= [y

MNANTUINNHANTIAAEVRINIBYAUNUT WeldansanailiseAuaududugeiuasding

(%

WiA1ANaTIe (L) anad Adlded aX(-) uazdAdwmdes b*(+) getuseedidedidgy Fernanand

ganndpsiunmaeuandtunmeuIng 9.3 anvgaininlunsglunswiosasadindudunisyau

[ [
= ¥ G’LQI =

ANuuduausadddszuziateuudulunsiiauseudmiunseurunisinlidudu g

nolAnu)fsenisiindunnia i Maillard reaction bsUy
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ANSI9NUANT 9.1 HANISYIILAUUUNUNBEYBIANSENALUNTU 10, 20 WAy 30 °Brix

ABENYME ANUTNTUYEETANRBYEAY (°Brix)
10 20 30
Powder recovery (%) 67.78 82.24 88.13
mm%ummmﬁgau (% whb) 7.540.12 6.8°+0.05 6.6 +0.14
L* 89.61°+0.51 80.91°+1.12 77.29°+0.32
a* -0.607£0.12 -1.10°+0.29 -1.32°40.22
b* 9.10°+0.17 11.14°+0.20 12.16°+0.15

NUBLNE FI9NYINULANANAUIULUIUDULAAIDIANLANAINDE19ITEE AT (P < 0.05); L* Laneds

ANEI8 (0 < L < 100) Tuaeug?l a*(+), a*(-), b*(+) way b*-) wansmn duns, dde9, dvdes uazd

PY13U MIUAIPU; NANISNAABILAANATIAAT 3 ¥

(@) (b) (@
AMWHUINT 9.3 HBUAUNAVAIHIUNTEUIUN SIS UUNUN DY

(a) 10 °Brix, (b) 20 °Brix wag (c) 30 °Brix

Wetwanisnaassndnsziiiiednduladenseduarududunivangandmiunisudssy
U a a I a [y I3 { Y v oa [y . = a Al ]
ansannsyaulundndnging wudimnududunsedu 30 °Brix IANumsnzauiign Wesandigan

USunavesansanandesleudidinsosiuiwuunudeglaunn wu Tunsdindidegsansainiseiu
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AMULTUTU 10 °Brix 37U 10 ans ntnluszwmetieaniielvdsysuainuidududy 30 °Brix 9
= a ~ a & a ~ X ° v )
WaaUSUINSIAeY 3.3 Answintuy FeUSunsnanadlduindulsvinliaiuisauseninssesnaiwas

[ PN & [ 4 1 1% & [ 14 1 v 1 I & Aa
Waﬂ\i’]u%%ﬁusﬂum@uﬂ’ﬁm’]LLMQLLUU‘WUN@EJI@@J’]ﬂ YUABUNTNLAIUUN UKL IAI T UTUADUNI

'
[

v d ¢ Y] = = = v o = A @ & )
WUVJULﬂia QﬂiQUﬂﬁmLLagwaﬂﬂ'}uq@LﬂJaL‘UiEJ‘UL‘VIEJ‘Uﬂ‘UGU'UW@ua‘U i Lag Do UuTunuUNLUU

Bottleneck Y8N35 UIUNSHAANIBYAUIINTIUAUAL T UBNAINT A1NNANITVIAGEIaRIlAILT

a Y] Y v Y]

a a d' ¥ ¥ U . L d' U 14 4
Qmmwsuaﬂmayauﬂ@mﬂmﬂ%miaﬂm LAUAIULVUVU 30 °Brix ’E]QIH?%@UVIEJ@M?UI@LL@%I&I@@EJ

) L v v

\ aay v ) YR - A v a
ﬂ']'?ﬂim%lsﬁﬁ'ﬁaﬂﬂm LAUAMMULYUYU 10 °Brix MUY I‘Uﬂ'ﬁﬂﬂi‘fﬂL‘WE]‘VT']aﬂ'TJ%ﬂJ@ﬂﬁ@Ji@u‘VlL‘V]ll'wall

'
v a [ a 1Y

Tunsyhwiswuuniudesiioudsjuasaindyiudundndueing Jsimualildaisaiafiszduniny

WU 30 °Brix

NSANEIENT122VD9aNFaUNANZENAINTUNTZUIUNSTIUAILUUN U DY

A nfiagulanandn seduanududuiivunganvesansadindydudimnsunisudssuidu

(%

NANAUNHINIBLATDIILILUUNUN DY AD 30 °Brix Tusuidsddaladnwwiuiiusslddniiiond

(% 6

anvvesaufouiimnzaslunmsiuisuusiudesiieutssuasadadydudundnsasing Tog
AvunvouLsveININRae Ao Tdgaumaliavydnfl 150, 170 wag 190 °C uazemmgiianwioon
90 °C Usngilduanismaassdauandlumsanuani 9.2

Nnnan1svaassuandlitiiudn nsldgumaiiandeud 190 °C  TiAUesidud Powder

recovery ¥gefian annnAininInnsndydunsilannnsalldaungiiauseun 190 °C e

' '
o a

ANNIUAIER ArAIUTUNAIEINaLYiRY Glass transition temperature g9 HATNIANULNAR HIBYAY

AINA1ILAAANUTUIINAIWINF BN UBEN TRl Nzl milntpendnByd unenlaainnsalld

gaunilausoun 150 uag 170 °C Juilvidnsdnavegnglunsaviuianuunulestdssndt uay

'
a

ToAUasidus Powder recovery ﬁqwam (Cai and Corke, 2000)

q

[y (3

diup Water activity (A,) vedudunsdildl wandliiiuiwdndusifinnuvaeadeainnis

1935Y099aUNIIITpINilAT A, UesnI1 0.6 d1nSUAT Water-absorption index (WAI) wag Water-

v 9

(% (3

solubility index (WSI) mnnan1smaaeanud1 msldeumgiauseun 190 °C lindnsiueiniar WA
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wag WSl a9 dumneganuisiegdiaaautalunisgaduiilusenitamsazate waznaaudilunis

¥ oo
o aAa

azangl1nd avgainininannsldaungiiauseunasdnaliminnissemeiieaniatnavesslay

a 2/ ¢ !

Yea15ainog1959aL5y ilmAngnguniglusuaiansuinninnisldeungiandeuidinin

Y

(Macierzanka and Szelag, 2006) an1seunIANsilsnsuUNINAIENAlBUNAREINSaFURATU
Wlevata Jageduinuazazaietllan
dwfurianuvuiniuysng (Bulk density) Uu wud msldgumgiiaudoud 190 °C 1%

HARAUNNTA1AUNUILUNYIINGE TIA1ATUAAIINNTUAMININNTUYDIRUN AR TR

Y

a9 A wiuUsInguteyanivsslevdlunisldeanuuurunussysiue
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AITIRUINT 9.2 NANITVNLAILUUNUNDEUBIANTANA

a 1

DUAUATITULVNVU

a ol

30 °Brix NigaunQiising o

Y

gaumnilay Powder Moisture A, WAI (g/9) WSI (%) Bulk L* a* b* Whiteness
fouawnd1/91  recovery (%) content density index
aan (°C) (%wb) (g/ml)
150/90 88.13°+0.41 64°+0.13  030°+0.01 121°+0.06  4538°+480  058+024° 80.14°+0.76 1.63+097  13.33'+0.89 76.03
170/90 87.23°+0.47 684063  031°+0.02 080°+0.16  71.64°+497  0.62+037° 7672°+007 1607+ 025 14.72°+0.18 72.41
190/90 9059°+094  617°+0.14  031°x001  1.09°+0.18  77.35°+520  0.74+0.18° 73754033 241°+034  16.45+0.66 68.93

PUELAE HIDNWTNLANA1NUIULLIRILANIDIANULANAIID 195U Y
—

Aty (P < 0.05); WAl = Water-absorption index kag WSI = Water-solubility index

991191035989 Al-Kahtani and Bakri (1990); L* wandadd Anua319 (0 < L < 100) Tuvaueil a*(+), a*(-), b*(+) wag b*() WaniAn awnd, ade7, 23aed way

1%

AUNRU MIUAU; NANISNAABILAANATIAAT 3 D
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[

° o U 1 a e{' ! v a Y - Y a A
mVIiUNﬁﬂ’]i’;ﬂﬂﬂﬁi‘tAWiNNWﬂ% 9.2 WU mﬂ‘uqquuamaquwumNﬁiﬂ&lﬂ@]ﬂ&l%:ﬂﬁﬂ

£
v

Wty JA1ANaI kAT AIINYI8AR ANFRINaIdanndeInuAINaenUsINglUAIMNINT 9.4

¥ 1%
'

aninnnsldamgingu feliinujisenn1sinduinia Wi Maillard reaction Liday

Y

(@) (b) (©
AMWHUINT 9.4 WBYGUTLAAsBIUNTEUILNMSIURLUUN WD TITEAURMMANRN 9 U

(a) 150/90 °C, (b) 170/90 °C wag (c) 190/90 °C

dmiudeyalsuuvesansadin szognaldlunisviuiaiuuniudes waswadsaulnianlg

o A

wanslumnsanwani 9.3 Fsaindeyalumsnsuansiiiuiinisldaamg iigetu Wufe 190 °C az
! = o Yy A a o o v oA o o I
Pranszezaldlunmsiuidld Wewinansaiiudasinsteuarsadadiieaesiuiuuuny

logla wananil szeznamivlun1syiwiaianasiglmusuIunsIdnasUanasnie
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a ol

A1519WUINT 9.3 HaNTYIULUUNUHBEYRIENTafRBYRUAMINTY 30 °Brix Ngumniln1e 9

Y

IV HHGHEGY Vinawasansanaly  szeziianitldlunis wisuild
Yud1/v198n AsiuisuUnueey  viwisnuunueley (kW-h)
(o) (mU) (W)
150/90 500.27+0.06 35.61+0.45 2
170/90 501.70+1.45 26.64+0.48 2
190/90 500.94+0.79 16.98+0.51 1

KRUTYLIG) Naﬂ'ﬁﬂﬁa@ﬁlﬁﬁ]’]ﬂﬂ'ﬁ%ﬂa@ﬁ 3 4
E—

AMEWINT 9.5 UansdialaseasavetounIANdYaUNHUNTINURLUUNUR e AL g ilay

$ou 150, 170 uaz 190 °C lagldndosganssmididnasauluudainsin Maawes 1,000 i1 910

[

amandliiiudt meviuwisieaudounaamall 150 wag 170 °C lindndueinaniidnvuzaynia
Junsenauniouinunnin wareuniadidnvaziniziniuuinniinisldonmgll 190 °C anvnfe

aunANsduaunlaanMsldonmall 150 uag 170 °C FallA1ANUYUEINTT FIRT1WWINT 9.2 Azl

= LY

A1 Glass transition temperature AN WazHafnIuuIAe AzANaNUR Hygroscopicity ey

9

Stickiness  7111nN31 Y bAiRNYEYDI8UAIANIAINGTY Cano-Chauca et al. (2005) N&E13

[y

lnenalUndndueireslnfieInunila1nuTugindnaeilel Glass transition temperature #1137

[
[y

wenani lunwideilleiinsinAnaud® Hysroscopicity YaenanugHBUAUAUAAIIUAITIHEIN

7 9.4 Fawanlamdunisiudusasuieil
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(@ (b) (c)

a & 1

AIMMHUINT 9.5 NINEI18IINNERIANTIAUBLANATOULUUABINTIA (scanning  electron

'
a - o

microscope; SEM) wanalaseainavesoun A yauiiiunsviuiawuunukegnigaungilausou

LANGNNAY (ANS99818 1,000 w1): (@) 150 °C; (b) 170 °C; (c) 190 °C.

MTNHUINT 9.4 LAAITINANITNARDIINAINITAAAINTU (Hygroscopicity) VaINIBYAY KU

MIvhuRRUUUNeEMEauMglanseu 150, 170 waz 190 °C A1NNANISVIAABIARAILATUG

[
a =S v a

AUNIARIBYAUITAAAIUTUIINDINIALINBNDENTINGT IngoynIArNlFaInnIsiuianeamal

Y Y Y

150 °C 9zAAANLTUIINDINARIAGENSINER uaz WenamWuly 120 Wil euntarsilaaInnsvi

a

Wisigauugil 150 °C 2£lin15gAANTUNINNT BUNIARINLAINNTIWAINaMmaT 170 wag 190

Y

°C puaInu
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'
a0

ATNHUINT 9.4 Han1TMARBIIAAINIIAAAILTU (Hygroscopicity) YaenedyaU NIk UUNIUKBERIgaamigiauseu 150, 170 wag 190 °C

QN szgznanltlunivaasiganuiu (Wi)
ausau 0 10 20 30 40 50 60 70 80 90 100 110 120
YU/
290 (°C)
150/90 0 387011 422°4002 4784014  497°+004  514°:0.15 5654021 642016  661°:0.14  7.04'+0.03  7.41+017  7.81:008  10.090.12
170/90 0 318004  4.65+0.14  470°:021 4.86°+0.15 52974022 546™:035 559°+009 5779016 59174021 595'+0.12  599"+0.17  7.05+0.18
190/90 0 359°:008  4.02°+0.16  4.92°:0.11  518%+0.12  564°:0.14  584'+0.14 5944021 615013  6.22"+03¢  625+0.15 6374026  6.90°+0.09

.. a r-glj U 1 A a g ’6’ o % Y 1
MUBLAR  Hygroscopicity =  USHIUAINUTUYDIAIBYINLNUUY (Qh,0) /UMUNUYAIVBIAIBENN (8 g1y pasis) 100 ¢

[
[ N

nsnaaesnanandlagldiiegiau Petri dish wareaniglulauwmndasazansindelunsunaslsnauimussged manududinsveseniAsesas 75 + 3
uarguuniveseINA 30 = 1 °C
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N13ANENTEAUANMUTNTUVRIENTEANBYAUNMNNZENAUNTEUIUNTTNUAILUUANNES

Y

[
CY v 1

= ° 1 £ ) Y P o a PN ° XY |
LuaﬂﬂqﬂIUﬂqi‘WqLL‘Vi\‘iLL‘U‘UQﬂﬂaQuu @]'J@EJ'N‘WI‘UQ%G]@Q&Iﬂ'l']@JVu@i‘LﬁSﬂ‘U‘VIQQWE]VW%VI']GLVW]'JE]EJ']\T

a [y

anansazuEiuRIvergnnadls Auiuddldnaununisaassinvgldasaindudunseduanududy 40 waz

= U Y v

50 °Brix FUL0NAADANTEUANTATANTZAUAMUTUTY 40 °Brix U51ng3taanwazUsInguediiod 190 ubans

Tunnauand 9.6 Feldhluneaesiuiameiasewiuisuuannassely

td' U L2

2e13l5An U lanAaunssLAITANANTEAUAMUTUTY 50 °Brix WUF98198AuntnuInaunseia
TalanunsaldnisniuluseninanszuIunssemewuuUnARauRNILLle 9dnaulalasussAuAINUTLTY

vowegnasaindmsulinaaesiuiuuugnnasdu 30 uay 40 °Brix

a a v 1

AMNAUING 9.6 ANSANADUAUNSINIUNTEUIUNTYINEAIUTUN 40 °Brix

Y

a a «

INNFIURRUUNNAWeETaindyauNAUdNTY 30 war 40 °Brix lagldaamaiiuszunn 120

Y

a IS

wag 140 °C wud1 msviuiswuugnnadhimanganlunisiuidydu Wesnudndamduduasmileimvues

Y
'
a0

Anusnaiuiiliaufewilviyeduduiniunsiuiudieenunlaen AIInNwIng 9.7 war 9.8 Fuwa

[ 1 J a A o ' = aa 1 [ 14 [ Y a N [
(ﬂﬂﬂ’d’]’)ﬂ?@?ﬂLﬂ(ﬂ‘U’]ﬂﬂ’]i“ﬂﬁ]’)’ﬂEJ’N%JQN%Q@JV]’QQIUiSM’J’Nﬂ?i‘Vl’]LL‘VN MlmAansivasuansilu Rubbery

[
[

state Lieaandeg1aineiIgnniedensiininuiuea I Glass transition temperature N
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() (d)

AMWHUINT 9.7 MIMEIBYRUAILTTNTVIUAMUUgNNGS (a) uag (b) ANUTNTUT 30 °Brix; (c) wag (d)

AMUTUTUN 40 °Brix
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MWHUINT 9.8 Freganlaannsiuiauugnnas Tngldansaiaiaududu 40 °Brix

INHanITAaeandbiiiulasiuiiasatndydusmeinsesiuiawuunuey lagld
gaunniiauTour i IkarY18enil 190 kag 90 °C AR HBIINANIIAINATIIAREAIUIHID

wiunlnuaudRng lausuias Powder recovery wagfdin1snaniias Snnsduiuiomaanutaundy
o ado i
nsldgaumiingInI

dmsun199TIaAT pH war N1InTIeaunIdludiieg1Buduns n1InTIRng e

° LAY ! A a LY o 1 = IS Y [y a LY fa  a av v a a

dwsuiegannanluseiuintosny Fezliaulndifsaiundndueisyduranlaainnisuanlugs

RAAIMNTINNINNTT LR INtuNsARsEAUs0EdiauLAN1UeUsENSAUNISHERTUTEAY

WosU{URAN3
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AANUING 10
NANTSIATIEVDIAUTENAUVBHURDNUBIMILAUAL TULALAZNDUY
Tua1AedlATNSANIVDNEDNIANNATEUIUNTHARN WU LWADNYDIILAUAL TULASAZNDUY
AlAannszLIunsUUIMIBIAIY Basket centrifuge lmgagiiasiziinsnlsenousigdd Proximate

. A A ] ¢ ° ) o £ & L ovyvo
anaty5|s L‘W@‘Vl‘USLau@LLu’)WWﬂﬂ'ﬁI%Ui%IﬂsﬁuwLWﬂJf]zalla']‘Vﬁ'UﬂJ@QLV]a@V]QL‘V]a']u UBNITNUY \‘116’] 1

1% =

Wienveshuiusgiuluiunseuiunsaiaieiinsgriesdusenauiasninduaunsdnme delang

A1SNAABIRNIL

Nan15AAT1zIesAUsznaulagldis Proximate analysis
nAsUARNLALAY TUNNMBIAUTENOULUY Proximate analysis lnenisuiUdenvasi

a

wumzSusaznznauiildainnszuiunsiumiesdaeg Basket centrifuge mamﬁﬁqmmm 60 °C
Hunan 12 $alus antuthanuade Blender avldnsusiionnin wdaanduymsluiiaszsin
29AUSENBUMYID Proximate analysis IﬂEJ"L%’m'ﬁmeﬁmmmmgmé’aﬁ ALAL (AOAC, 2000),
TUsAu (AOAC, 1990), lusu (AOAC, 1990), Tee111s (AOAC, 1990) uay a1 (AOAC, 1990) lanas

wanslumIs LI 10.1

ASI9KNUINT 10.1 Han1sIATIETRIAUTENaUTaBUFNkNURE T ULarAznaulaaldls Proximate

analysis
Sample Proximate result
Carbohydrate  Moisture Protein Fat (%db) Fiber Ash
(%db) (%db) (%db) (%db) (%db)

WannwAY 86.60+0.22 5.66+0.09 8.10+0.20 0.47+0.44 8.31+0.24 4.83+0.02
Ay

HENOU 83.73+0.25 3.68+0.01 11.21+0.11 0.85+0.21 16.70+1.12 4.21+0.13

KRUYLES mamimaaﬂé’mﬂmﬁm’] 3 ¢
E—
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a a

Nan15UUABNVawRAUAZ U lUNIUNTEUIUNISEN AKASNAN DUAUNS

Y

'
a a a

FunUNFUIUADNVBIILAUAE TULUNIUNTEUIUNTAT LAY NAN DUAUNIILSUAUIINATUN

Y

a

Wasnunusziunneuwisigumgll 60 °C wnan 12 Halus antuthanuaie Blender 9zlong

Y

1%
a a o

wiseanin Mnduilaindydulaelindyauseunludnsdi 1:13 ilulianuiounaumgil 85

Y

°C wiauvianiunaeaan Luan 60 Uil uasleauwennInAlg Basket centrifuge Apwiain

a v

Tuyhuisuunures Ngamigiiauidl 150 °C gauugiiauviesn 90 °C wulneladduasanue

Y

1 = o a a avw Y ! Y] A
ﬂa']ﬂﬂa\‘iﬂUNQ@Eﬁu%lﬂﬂqﬂﬂqﬁaﬂﬂLlﬂjﬂLLﬂum%QULLUUlﬂJNLUa@ﬂ

a

HaN153LATIEsAUsENaUYasainAINURaNHILAUNZ IULaL YRS

TuauAdedlalyd HPLC wiamuSunu Sucrose, Fructose, Glucose, Fructooligosaccharide

a a

(DP = 3-5) uagdydu luthaindyduainudensiungiu inan1smaaesduandlunisamuni 10.2

Y

FIUNANITIATITAUSNN Fructans LazAl DP 1adY LEAIRImISINUINT 10.3 91ANaN1SAIUIN

[y

wansliiiwinluihadaaindenunungiulidudueguinneauais uasal DP wwasvesdyauly

a a 1%

o = v a [y ® =
G]’JEJEJNZLIﬂﬂﬂﬁLﬂEJﬂﬂUEJ‘L!ﬁUV]’Nﬂ'ﬁﬂ’] bASA Orafti HSI «931A1 DP < 10

Y

A1519NUANT 10.2 USunaienanaznsninledlnudnenlss (FOS) vasthainainiudaninuszy Ty

Sample Composition (g/L)
fructose glucose  sucrose GF2 GF3 GF4 Grotal Frotal
Waenunumzu 16.14 2.28 4.10 3.12 3.68 346 1158  84.16

A519WUINTA 10.3 USUNed Fructans kag@1 DP waguaddiannainasnenuns iy

Treatment Content (g/L) Average DP
Gfructans Ffructans Fructans
Waenuwnumz Iy 7.14 65.87 66.42 10.22
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YOLEUDFINSULUINIINS UL g BN AU NS UV WA B NS

Nndoyanan1sNaedfina1Iutiy wansliiuivisUdensiung uuasninaznauilaain

[
a v

N3rUIUMTUUIIBIY Basket centrifuge dUSunaduduge deu limsUendeniuniungiuly

Y

¥
a a S

ASTUIUNITHHFTIUAIBENNDANADUAY UBNANNT TUNTTUIUNTANAAITIZTANAIUNTENWNFBUSU

Y

£%

nmnazneulitosiign osainmnmdsninazneuminiuansininisgadedyauiatuuin msgly

'
a a CY

wdawAungTuilesrusenaunanysyana 85% db Aeduauiiuies (Fleming et al., 1979) ag1glsh

Y

A1 AnRgneuMinTulnuAa1se1mIsoguinaunsar lusuwianazuussuidueimisiasy

9 Y Y

Wesndanadivsunamsluledin/leems nasnsulusiunazludululsunngs waz/mielddu

1% '
& o = 1 a [ |3

AIUNAUVDIDIVITANI/NNTENILLAIANIUN LNodRaSUAVNINERNY/dnTU1 U9 a91ndl

q

£ 24

USurtauniluledngenaununisltderydause (http//www.united-

v

tech.com/industries/industries/industries/probiotics.html) 1¢
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AMANUINT 11

nsAnwaunnvesiliungJunazaydunaialalunsalinldingivuiuns Junuaniden/l

9

Janwdan wazan/liaan

nuansveasdiunianwang 10 wandbiiiuinlunszsuiuniswseudiegnunung Juiiie
annaua uiiu ldmsvenuBonsutunz udesanluBonuiung fuiluuudy Jauga fedu Ty
ATelEsleFnvIfisAnAefuns pretreatment sunumziu InefnwiUSeufisugunimues

a =

udalnungiulayd Qu%ﬁﬂﬂlmUﬂimwﬁL%’mmﬂULLﬂ‘lJG]u’JUV]UE]ﬂLUa@ﬂ/INU@ﬂL‘Ua@ﬂ LLaua’Jﬂ/LSJa’Jﬂ

dunaumsinssuiegnuleiniunsiunasnadydu

TupauNsessuieganlawnung Junldlunsfnmanningavuiune iy waasluninnwan
q' P ) 1 ' v o a v
7 11.1 Ineddmegnaudainuaziuimun 4 vila Usznausie

1. wluAungTuneIsuaniuiung Juniiudon/ain (JA powder 1; JAP1)

2. wdannungTunwssuanniunusgiundivden/liain A powder 2; JAP2)

3. wtsnusgdunwseuaniunuagiunloniasn/ain (JA powder 3; JAP3)

P

4. wannungTunwssuaniunueg iunivenidden/liain (JA powder 4; JAPA)

megreudannungiune 4 ellngnilvimseidinunimmisaiivaznieninluaiiusing 9
Aaroluil

&

- AN

- aeudunse-ag (pH)

- Ad (L, a* wag bY)

- NINTLAWIUINYBIDYNA (particle size distribution)

- Usmana wWinlnledlnudnanlse wazdydu (Judprasong et al., 2011)

- lassaieseiugania
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WnAumg Iy @eiug JA 102)

l

aevinANNEzen
|
: }
laivenwaen Uaniden
| |
dlanlidaunrul 2 Naawng glanlidnumrun 2 Naawng
| |
wilua1sazra1enInTmnsn 0.5% wdluansavarensadnsn 0.5%
| | |
| l | l
aanludiion 100 °C 2 wnil laiaan anlutuiion 100 °C 2 wril laiann

| | | |
|

Mlmduadlasuslutinuszun wazislvasiininuunzings
suwisuutuulngldiniosouuiwuunnfioaumgll 65 °C (AT < 7%wb)
UaneUkazUnazdun i duNedie Fitz mill wag Pin mill

|
l l l l

JA powder 1 JA powder 2 JA powder 3 JA powder 4

(wdawnuspziuiden/an)  (WwwnuesTuiiden/ldann)  (WanussTudenwden/ain) WiswnunsTudenwden/ldain)

AMNUANT 11.1 nszurunskaanteinuaziu 4 d19813 IN1UNIT pretreatment wanE1eiu (Uon

Waen/ldvusniuden wazain/ldain)
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¥
Y 1 [y a a a

wenanil MegrantaunungJugnirluritunssuiunsaindudulagldurfoungamall 85

Y Y

°C1fusvezinan 30 wil wdaanitu dhasadanlaluvhlmidudulaenisseimednaie hot plate

a v

stirrer lnszninen1sseineinruauaavgdfegslilimiy 100 °C nsziisansaindydudneu

O
a Y oa a < A Syy 0. « Yy v a X & o_ . ' ° v v v A
Lsil@]u&lﬂsll']msﬂa\‘iLLEU\‘Wlaza']EJU']bLﬂ 2 Brix UAMMANYUNLVULUU 30 Brix A8U1UE1SENALUVNIUN

a

Ioluviudssulmdundlagldinaaiuianuusiules (spray dryer) nsguIUNITREANIBYELAIN

Y

o¥

[ = Y %

fegndaunupzTugnuansisninaung 11.2 lussninanssuiunsndniideladuiinteyaun

vosasanalukaaztuneuieldlunsAulrnuasiinTgiaunauIaans Kandueinduiunlagn

. - . v
U119 TIIATIRAUN NSl

- % solubility vesudaunusziudloiunananisiisou

. A v ° v | a4 ada P
- % yield NAINNTYIUALUUNURBY 39L58nI1AT % powder recovery

. a a aviy [ 1 v Y Y v
- % yield ByduiilaninnsaiauiungTusieuniou

&
- AUTU
- aeudunsa-ang (pH)
- Ad (L, a* wag bY)
a - [ a I3 L3 a a

- Yunanhena Wininledlnudnalsa wazdudu Judprasong et al., 2011)

- lassaieseiugania

[y

wlawnumz 3 : 11 (Bnsdiu 1:35)

}

a

Y Y Yo o
ananlginseulagledniuauanamvnl 85 C 30 w1

9 Y
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U oa a avy
asanndyduile

}

uidlaginsewhuiswuuiudes (aaumglauseuvidr/aneen = 150/90 “C)

}

BUAUN

MWRWINA 11.2 nszvrunsaindyduanutaniung uioudsyuidunsdydu
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aunmvasiliununzfunazdydunaiala

a

AAUAUNLPINNATANAAIEUNSDUY

Y

[

ANA8VDILUILAUNZTUTY 4 29879 SIUNINENDU @SN

1Y

ansarndudududunazdyduns uansianimuuani 11.3 9nglasiiuladn wlwnungiulunsdind

v | a1

Waen/an UAP1)  fiddunge diundawdungiulunsdinvenden/liain (JAPA) Hdadnanig

9

hO)

Takeuchi and Nagashima (2011) 5189171 WaenveaunungJullarsnedilusadaduaisisiuly
nsinansauisnaliosanianssuveseulyinediliueasandina (PPO) u1nnIillavasiikiuns Ju

wazteulednedilusasendnavesianiunz iy 84% agden (Zawistowski et al,, 1986)

1%
[ o v 1

& a v cs ' o ' & @ aa ] e & 9
wenanil neunAudiuionveununyiuseiduinageu daludndunitdiuniduilonslui
wAupe U @3NS Wazany (2012) $1891u30 Fuduszfuaieiug JA 102 Sdwniuld 75.80% wWaien

24.20% wiouviasyyin1sUeniudenidu pretreatment Jumauniafiviganduiniaseuvenunu

[ a

a a | ) & a o & a aa =
AEIUDULNAINAVBILUADNLLNUAZIU WDNANU NsUNLUaNENTUNITaAUSUNUE1SWRAN U
&, o v ¢ aa a ~ ° v a aaa A a o =
Wuansnruiaziouladnediusasendina IerirevilinisiAnu]izenisinduiniaiiiasein
ulsianas nnszuIunIsuanTuA IwNLINT 11.1 aziulaiunuaz T uaamuadun 4 fog1eEiu
ANSLINIATAIN 0.5% TUNNEINEIUNITALaNNaANISIAAEEIAA 1199971017 (2551) 51891U

71 MswwAunEIuluaIsara1enInTnsn 0.5% nautinluauwistigannisiinduinialusiagele

(%)

lunuddelinsfinyinavenisain/liain Fuununsiu Nline Aaninvesdaunungiu

a A a

wazdyduianale lngldaniiznisaandigamall 100 °C Wuszeziian 2 wifl Wesanduaniizd

Y U

v O o fa a . . = ¢l a a (v a <
anansaduganisvinuveseulsddudiua (inulinase) Faluweulsddosdudunasninlnledlnudn

alsanvilirnueivesansle (degree of polymerization: DP) wesdyduuaznininlodlnudnan

(% 1%
(% LYY

lsddunsle Kang et al. (1998) seyin toulwildydiuagndugsianssulaegvauysalillelviaiuiou

fegaungll 60 “C uarnIng198991nU3TLes Takeuchi waz Nagashima (2011) #iladinw3de

[

a o v i Ao A PN a o & a 1 ! Y Ao |
LﬂEJ'Jﬂ‘Uﬂ']ﬁE]‘ULLVNLLﬂu@]%'ﬂumﬂJLUa@ﬂW@mﬂﬁu 60 C VNI‘L!ﬂﬁma'Jﬂ/lela'ﬂﬂ NUINATITIUIDUNRNIBDYI

losulusgninanseuuniaiissnesanisdugainisinuveseulsdduaa ag1elsiniy auioud

[

a v ! o ! U g o L3 aa a L gj
ISAUDUNNA ananildileanesan1sduganisyinauresouluinediiuoaseniing (PPO) maUU N3

a

anTuniunziuludiieniigamal 100 °C Wuszesnan 2 Wil newthlUsuwiwzaiusativan
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v ' v
a o (% A U

nsiinduinaduiaswnainnisinauveteuluinediusacending (PPO) 19 Gamnlaidugy

wulwyd PPO azvilmAnnsiuasunlasdvandniumluserinanissiusnenle

[y

HARAITUININNEINT 11.3 azwiuladn nsadnyiliudawnuny Tusldiduninninliain wu

)=

Ao dewSsudisuseninednegafidiuden nudtutudunsTuiiuden/amn UAPL) fadunius
wiuseTudden/lann UAP2) dudedneiilafivden uilwrunzfulendon/aimn UAP3) Aty
A uteudunsSudenden/ldann UAPG) sidimaindumsty (1) msanvileulaineaiiue
soendinaviafiazanelfiAaufAsefuarswedfiuealddniduuiunz fuiliain Suindima

v & aaa 4 1 1 o Yal =y 1 [ v ! [ 14
sulunaanufisevesauleduinnituasdmavilidvestuunnune Judundt wag (2) Msanvinli

1%
o

Aadunaadudeananliisenuaaisauinninnshdain wesainanuseududnsdnsinis
a aaa [ ' aaa 3 < aaa a a9 ay o o 4 | o o
Anufzednan lneujisenuaaiaduliisonisieduinianlion duieulesl wiendedinig
A A < i v & S v P s ] U Ao A
Siduansneriluluguwnuss Juduansaeiu ndeyassduszneuresduwnungJuniiudonuay

tun1589n TumS1awwInd 7.1 wuanil endlulewse 79.55% waglusiu 11.3% wb)

1%
a a ¥ )

° | v o a o I i a o
ANNISULUWLNUNZIUNT 4 %umlﬂaﬂmayaumamiauﬁqm‘mu 85 °C WJuan 30 w1

[

MUNTEUIUNITLUAMNWINT 11.2  wudingneukazalsaindydunuenlaainduneu Basket

1%
o

centrifuge lTunsalnldutiunusziundivaon azidurmavuninnsanloudsununziunleniuaen

(%

1RgRLNOULALENTEN

aa

ndyaunulawnunTuniliuden/lain UAP2) fiddunan sosenfensnau

a a

wazansanasyduvelaiungiudiuden/ain UAP1) Jeniden/lian UAPA) uas Ueniden/
aIn UAP3) sud1diu msndvesnsneunavansanalunsainldudeunung Junlddunisainddndy
= i o a1 9 A A aa ¢ aa a
Wenluwdwnunzfuiilddunsaindemsdivsinaasnediueauasieulesinedilueasendina
v oA = N a = ad ' = o O daw
wnndfred1eiiadn iesanlunsaifainasiansnediueavisdiuaydeluiviinldain uay
Ufiseveseuluignduds uenanillunsdlfiann degrsasinisayideiiniasiduasnsnesiily

uvduldiuinildadn davaliuSunaasnsiunagyiliinujisenuaaiialuseninanssuiunis

anrAeuNSaUantaYad
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JA powder 1 JA powder 2 JA powder 3 JA powder 4
wlsnupguliwden/an) wlwnussiuiiwden/ldan)  wnusziuvenden/an)  (wilsunungTudenwden/luaan)

aznaUNERNNNTENR AENOUNIRBIINATANA AENaUNMEBINNATENR ALNOUNMABINNATENR
JAP1 JAP2 JAP3 JAP4

a5aindudun JAP3 asannduduan JAPG

ansannauanan JAP2

a5ainduduan JAPL

A15ANADUAUINTUNN JAPL  an5aimdudududuann JAP2  ansaindudududuann JAP3 a1sannduauduIuaIn JAPG

DyauNsan JAPL BYAUNIIN JAP2 DYAUNIIIN JAP3 BUYAUNIN JAPY

o

aweuan? 11.3 udwnusgiuifiiuiondeniUiion uazann/ldain asnauwazarsaindyaunla

'
a a A o

PNMTanemILnTou asainduduni vl tulagBauINNTIWAIMUUNY

KV

Wog
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<

lunszurunsudssuansainduiulidunsnieiasosiunakuuiuk g fuandlunnEuIng

Y

v
a o v a

11.2 W azfituneunisiaisadabiduduiulaediaisaindydunivewdanazaioun by

'
Y] LY

Uszana 2 Brix lUszwmetieenaunseiailsediuanadudu 30 “Brix laeld hot plate stirrer

a = !

gaunilgegavesansananiuiinseninanseuiumssewmen Beldszesiian 9-10 Falug Mg 95-100

v o v v '
[¢] [ YR a o

C aay Tudumaunisssineiifinanazneliiisduinaduuingsyuluasadaiesinugisen

s o A P X - U o § v Y v =
LHAATIN WQEﬂWLLa@IQIUﬂWWNUQﬂW 11.3 Usnanu ﬂ'ﬁi%LVEJUW@@ﬂEJQVﬂiWﬂ'J']@JL?JﬂJsUusUaﬂﬁ']{L‘VTa

14
| v = 1

#1199 Negluansanairmntu Jsdamalvidaegnadidnduay namazmulainansadaduduain

1%

wiakAumziuiiiudan JAP1T wag JAP2) faUNMNaLuuInniInasanaduduannwlaknungiunlen

v

Waan JAP3 wag JAPA) wazansansuduannwidawnusziunsailiain JAP2 wag JAPA) aglididy

ninsalaIniuien UAPL war JAP3) TuviuedfediuileNansandvesdyauninInnsviuiaLuy

]
= %

Wuney wuitdydunanwIsuainudannunguhiunisainddainaninnsailiniunisain lned

waunsnudaunung Tudeniuden/ain JAP3) fidainaign

1NNFINANE (A1ANATS (L), Adkad (@%) way Adnaed (b*) veakdaiuneiu aznay

a a a

ansanndudunlaannsaiameinfou asanaduiumi idutulasByAUNIINASIWAMUUNY

LY

NOENUIN NANITIAAIARILEAIIUAITINUINT 11.1 HANUEDAAABINUAVDIAI D8 19NLEAI L UNTNUD Y

[ 1

AAKUING 11.3 NANAB M8 NlalunINEdA1AINNaI1e (L¥) Pasnin
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AIF19NUINT 11.1 ANFVDILTLAUNL U AENBULALANTANN

'
[

FuAunylidudy warduduniilaannisiuisuunues

DUAUN

'
all

19anN1sannni8u1sau asans

Sample Color
L* a* b*

Jerusalem artichoke powder (JAP)

JAP 1 (with peel and blanched) 7238 + 024 027" +0.05 13.56" + 0.17

JAP 2 (with peel and no blanched) ~ 84.07° +0.06  -0.14°=0.03  11.44° = 0.03

JAP 3 (peeled and blanched) 83.70°+ 008  -082°+001  12.22°+0.04

JAP 4 (peeled and no blanched) 86.89°+0.18 093" +002  10.84° + 0.05
Sludge from extraction

Sludge 1 (JAP 1) 49.86" + 0.56 1.99° + 0.02 18.46" + 0.17

Sludge 2 (JAP 2) 39.15"+ 005 330"+ 0.19 18.39" + 0.17

Sludge 3 (JAP 3) 61.01° + 005 044" +004  16.68 = 0.05

Sludge 4 JAP 4) 5469°+ 012  0.70°+006  17.22° + 0.09
Inulin extract after basket centrifugation

Extract 1 (JAP 1) 53017+ 090  -1.79°+0.16  12.68" +0.18

Extract 2 (JAP 2) 5063°+ 031  -0.08° +006  20.81°+0.13

Extract 3 (JAP 3) 57317+ 073 -129°+001  4.32° +0.09

Extract 4 (JAP 4) 61.63" +0.66  -1.72" + 0.01 519"+ 0.08
Concentrated inulin after evaporation

Concentrate 1 (Extract 1) 13.83° + 024 204" +017  10.90° = 0.40

Concentrate 2 (Extract 2) 785" +011  231°+009  7.70°+0.19

Concentrate 3 (Extract 3) 20.94° + 0.28 2177+ 0.24 11.76" + 0.08

Concentrate 4 (Extract 4) 9.73" + 0.39 5.98" + 0.01 11.79" + 0.48
Spray dried inulin extracted from JAP

Inulin 1 UAP 1) 77437 +009 045 +003 1439 + 0.06

Inulin 2 JAP 2) 71.59° £ 003 1.64°+002  17.02° + 0.06

Inulin 3 (JAP 3) 84.08° + 0.1  -044°+002  11.08" +0.10

Inulin 4 (JAP 4) 75.07° £ 0.17 1.70° + 0.06 19.88" + 0.01

vneme fsnysiuanasiululuInaresitegsudazngy JAP1-JAPA) LAAIDIAIULANG198E1]

o w =

Hedegy (P < 0.05); L* hanad

(%
a o

AN FAY, JED, AVADY WATEUINRU ANUANU; HANISNAABY

aa1nnN1sInAT 3 9N

3 A uadng (0 < L < 100) Tuvaugi a*(+), a*(-), b*(+) wag b*(-) hang
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[ 1 & J 1 J 1 [y a a Ay v
NANITINAIAINUTULALAIANLLTUNTA-ANY (pH) Yosudannung i msmauuasayaumwi@

[

nutnuazIuNEIunIg pretreatment 719 4 A10819 JAP1-JAPA) UAAIAINITINWNUING 11.2 910

[

HANITNAADINUIN AIAINTURAEAT pH  vasdlegenlaanudaununs JuinI1un1s pretreatment

4 4 wuuilAlnafeeiu lneauiuveswduiunzTullaeglugie 5.7 - 6.8% wb duAuunn

a a a

vosudannuagunaanisaindudunlaainn1stuinieswenninge Basket centrifuge fie 87.4 —

Y

89.7% wb UagBUAUNHIUNNTYIUTIMEIATEIWLUUNUHDY JAUTY 4.8 - 6.4% wb AAIY
Junsaeng (pH) vesudeunungTuuasduauns oglurag 5.52 - 5.91 uag 5.67 - 6.65 ANEIAU B9
Juan pH Munzausienisvihauveseulvinediueasendnasgsyning 5-7 (W5en, 2545) vl

Weouulsnuaziulvadametrfeuiaiaufisenddimaiiasaineuledlalasanislunsdi

'y | ' a v - d a e}
megsliiunsaInmstLienigamil 100 C U 2 Wil
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a & 1 3 1 1 [y a a
ATINUINTA 11.2 ANUFULATAIAMUTUNTA-ANS (pH) vaataunungIu PENDULATDUAURNIIN

LUILAUAZIULA AL YR

Sample Moisture content pH
(% whb)
Jerusalem artichoke powder (JAP)
JAP 1 (with peel and blanched) 6.8" + 0.07 5.88 + 0.00
JAP 2 (with peel and no blanched) 5.7+ 0.02 5.54 + 0.00
JAP 3 (peeled and blanched) 6.1" = 0.01 591 + 0.01
JAP 4 (peeled and no blanched) 6.4° + 0.03 5.52 + 0.02
Sludge from extraction
Sludge 1 (JAP 1 extraction) 88.2° + 0.21 -
Sludge 2 JAP 2 extraction) 88.1° + 0.14 i
Sludge 3 (JAP 3 extraction) 89.7" + 0.10 -
Sludge 4 (JAP 4 extraction) 87.4° + 0.07 -
Inulin extracted from JAP
Inulin 1 (extracted from JAP 1) 4.8" + 0.05 5.75 + 0.00
Inulin 2 (extracted from JAP 2) 6.4" + 0.22 5.67 + 0.03
Inulin 3 (extracted from JAP 3) 5.2° + 0.06 5.90 + 0.02
Inulin 4 (extracted from JAP 4) 52°+0.14 6.65 = 0.01

Waee MsnusNuanaaiulukfaesitegausazngy JAP1-JAPA) Lanatiamuuansgoe1ll

Y

HodAgy (P < 0.05); Nan1snaaedlaann1Tinal 3 41

(%
Y o

lusAdeilmhudawnuneTusuduusun 300 n3u Wadndydumeunseu Fadmidn
Aznauuenl@an basket centrifuge tngnaulumaranudu wWsldmulindsuinavesduiamuai
aglunznoufing s wanhusnaewdsimuafieglungneuluinesnaniminuisveaudauny
v a ¥ Py o a 2 o I aAa a 1 & ] 1
Az iusudiy WA USinavewdinazanglaluaisadindinininidyduazateegiludiulng
a a < s [ ! [ S v o

wszdyauluesAusznaundniundannungiunazaunsoazaelaluidou mnuanisauialy
ANFINUINT 11.3 wandliiiudn % solubility vesutannunziunlidain UAP2 uay JAPA) Hr1gen

a1

wilsununzSudiaan UAPL waz JAP3) TasuilununzSudoniuden/ldain UAPA) S % solubility
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WNgnAe 80.24% sewmwunde wlwnungiudiuden/lain UAP2) udwnungiuvanilden/ain

[y

(UAP3) way wdannussiudwdan/ain JAPL) legdanvndu 72.17, 62.77 wag 59.05% muaisy
a a ' P v ' Y vy 8 a X
NOANT wagguuns (2556) sreuiimsandnalinsidawiunstudanuaiusalunisguuiiuy

Y ) av Jda Y o o o - Y] av v
A8AAADINUNANITNARBIINIWITedNT LW ldLAeI Y Ap Undnveangnauflanann Basket
centrifuge  ¥vudalnunzIUNNIUNITAIN JAPL uay JAP3) dAwiidu 967 uaz 1,017 nsu @9
unnninagnausdanunyTunliain JAP2 way JAPA) 9194la 661 way 442 NSy auaeu

a a ° v ] o v 3 X v P )
nsinsandnavilikdeniusz fulinuaunsalunisdudiunndudmalieuniansudedinisnessia
waziduguassadnvinanisainenansdydusenuinaneuniavestunups iuld wenani audiula
TnsdiiveniUdenasiian % solubility gendnnsdinldveniuden Femadndumsigludenuniu

[y

g uliUSua Fiber slianunsaazanesinligaindnduimduiovewiuiungiu Finisadndudueen

'
= o o

nutannunzTudldndiu Fiber iWuasrusenauuinninazyinlae1nnia wesain Fiber aziniAud
wiulilulassafuaginuiensinfiouneanuivesdyiu (TeyassrusenavvealionuiungJugn
wandlunNs19NLINgA 7.1 wulndl Fiber F9liaunsaazatsinla 10.66% wb %39 11.43% db Tuve

Putlaknungiuuniaddantl Fiber delianunsaazatsuila 9.50% wb #1358 10.00% db)

o ¥ Y & 1 @ A o o § = 13 2
A1519NUANT 11.3 UntnuazANFUTestaLNUAZ IULAAZABUNTLIA I ALUD SIT UATDALTIN

azanginliveawlaununziu JAP1 -JAPA) lunszuiunisaindydu

JAP 1 JAP2 JAP3 JAP4
JAP (¢ wb) 300 300 300 300
Moisture content of JAP (%wb) 6.75 5.68 6.09 6.39
Solid in JAP (g db) 279.75 282.96 281.73 280.83
Weight of sludge after extraction (¢ wb) 967 661 1017 442
Moisture content of sludge (%owb) 88.15 88.09 89.69 87.44
Solid in sludge (¢ db) 114.56 78.74 104.88 55.50
Soluble solid in extract (g) 165.19 204.22 176.85 225.33
Solubility (%) 59.05 72.17 62.77 80.24
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¥
a v A

Tunuddeiiladinisiudawiunsfuluuenauinveseynialagldisnisueniensunsiseu

YUIA Sieve mesh# 60, 80, 100 war 120 (250, 177, 149 waz 125 MulAsLUAS) A8 Sieve shaker

[y

PFINTUT TR AunzTuNwen e UURZ LN TITAULR ALY UIALAZ U LUA U MM UB ST UR
- Y] PR ' ' P Y] a

PNt E o UURZHNTITOULAASIUIN WNANITNAADIAILEASIUATNEUINT 11.4 91NN 1WLEAS
T waiunzduns 4 Megrslvunoyniavesdandaiiseuniunzunssuuinmuazden 125

lupseuninnIneaun1rundy wansiteynarsdulngfivuimanndn 125 luaseu taeudunu

1%
o

o A = ¢ @ 3 Y A < 1 4 J 1 [y
AEIUNNIUNTTAIN 3JLU@?L‘U‘UG]‘N']‘WL!?WLLf]\‘iV]iJ‘U‘LﬂﬂE)Hﬂ']ﬂLaﬂﬂ’l’] 125 lllﬁiﬁlu UounudalAung iy

1%
o

Mo A o v § < (3 o i 1 a

Mlaiiunsain Wielsesdruilesiduduimtinudaiseuriunsunssuuinnuasden 125 luaseu

wud wlanuszudenden/liain UAPY) HUSunaunniian Ae 81.11% sosaeun lawn wdeuniu
v A

azuiliaan/ldain UAP2) wdswnussiulenlaan/ain UAP3) wazwtawnusziuiiiudan/ain

(JAP1) fisiUSaned 76.06, 56.73 way 51.43% Auandu

M 250 microns M 177 microns 149 microns 125 microns M <125 microns M Loss
-
-
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O
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=
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=
&
== o
o
2 S i
z o
=
o
3
=
=
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1
=
= ©
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= s ~mo ol ~>N o N EZH
s B B - I R ) I = 5 w O @
a0 — l B B = [t - [t
- = - T [ | I T
JAP1 JAP2 JAP3 JAPAQ
yinvaaudaniunz iy

=] f - Y A A ] 1
AWRUANT 11.4 1WosFuslnuinvtinue sl siuao Uunzun SISO ULAaz IR
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WeNTUINANIINAABILUAINNWINT 11.4 591AU % solubility wesudainunziulsazaila

[y

AandlumIsNuIng 11.3 wuadaudunusiu JuAe %  solubility vesudsununziuazdl

<

ﬂ’ﬂiJﬁ%JW‘lJﬁLL‘UUNﬂNUﬂUGU‘U’]WU’eN’e)Uﬂ’]ﬂN\‘i Tagunudeunuaz Judliuesigus ’WMUﬂLL‘{jQVllIGU‘U’]W

auNIAN Wwanndt 125 luaseu Tutsunaunnau dwalvivsunawewdaegluarin @dulng

£
=

Ao a138ya) dAwnTu nafieAn % solubility Avegetu wu wlwnupzTunldainnsdivenidden/

Y

liaan UAPY)  Dflauimeuniaiidnnit 125  luaseuludndiufiaangnfe 81.11% Aazdlian %

Y

d =

solubility gangnne 80.24 Tuvaszfiutlunups Sudildannsdliveniuden/an (JAP1) Faddndu

q

a

YosaunATEnnIT 125 luaseu teafiande 51.43% fazilan % solubility Weeiignda 59.05% n1s

1 % solubility vaulaunungulinnuduiusiuunniuiurwInvesounIAKe daweiieninide

[
=

vneymersdAanashlidafuiiidutassitssdstuifoudenimnedmiinuautge
B9l wafimundodsyAvsnmlumsadnansdyiusenanuiliuiuny TufsiBelu dwsuawmi
Mﬂsajﬁmﬂ%uLLﬁumzifuLLa”aﬁﬂﬁmmmmgmﬂsuaamLLﬂaﬁlé’ﬁmmmﬁu AATIAnINNsAlAsIasis
vosuAung ufinsudsuutas 1y iansuasiazeeed viedamaumiernnntu ndainldsu
ArwouLarANILIINMIIN ethiuuiuszSufdunmsainudiluiutaudaundunautided
yurneumAlvgninsdiiliain faudfiregldgunsaluazirddunisuamiiouiu drunisinauts
uiusyilunsdiilivendeniivunoynalugninsdfivenidenanindumsensdlilidven

WasnazyinliraudannuazJull Fiber iWuasrlsznavuinninsainvaniUdan @9 Fiber 1uvaquda

aa ~ Y a % ] = A A A | ) ' a H
Mianuwileiwasunliavidealaennivewdidnduiegluutanungiu wu JUsiy wazdma

AMNUINT 115 wansdnwuzUsngresutaiung Juiiviosy uuazNTITOUIUIAAIIY

v
a o

azldunmig q Jeaziiiulaan wlnungiunsalfivuden/ldain UAP2)  fiesAuseneuniiduiinia
11077 dswnussTulanden/liain UAPE) a@anmdedtuNanIsInATabuAIS19NUINT 11.1 39

PUIANAINEING (LX) vasiiwtannunsiulaniuaan/liain JAPA) Aunnin wazadwiae (b*) 9

C -

weundn ulwnusgiusiden/liain UAP2) egsiitdudAgmieads 9nguuanddiiudi waudeid

<

aa v

" & | aa I3 & . ' | A @ A A a
uneunatgjursiludiunilesnuszneuilu Fiber wn wu druiduilien Wesniidndy
wazdusuannlunsdinduudunungFuiiiuden/ldain (JAP2) Faaenadesiun1siansainanis
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1 ¥ d' v d'> 1 1 d' 1 U dd‘ 1 & = 1 1 =l
naaeslugontfuaidina1ain nmsinsdwnungiulunsalinlivenifontvuneunialuainiinsd
Avanaenaaindumsiznsanluvaniaenazvinlvnantanniunziull Fiber 1WuseRUsenau

! aa a = . I3 & Ao =~ v a % ! & a
11nNINsaiNUanUaen 39 Fiber tHuvaswdaidianumieinazunliasidenlaennninuedkd vl

auieglundaunungiu 1w TUshu uwaviinia

164



250 microns 177 microns 149 microns 125 microns <125 microns

wiaknungJudidan/amn (JAP1)

250 microns 177 microns 149 microns 125 microns <125 microns

wlawnuseTuiiuaen/ldain JAP2)

250 microns 177 microns 149 microns 125 microns <125 microns

wiawnumzTudanilaen/ldaan (JAPA)

Aweuand 11.5 wlaniup TuinaesguunzinsasoauIuINANAZIBEARa 9
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a a v

Weatdiegsansadndududutulseunn 30 “Brix delsainudannunziuns 4 via Tuuwls

Y

[ 1% d' [ 14 1 Y v = 1 a U ay v a & o I [
EUL‘U‘UNQWJEJLQTENV]’]LL‘VI\‘iLL‘U‘UW‘UNE)EJ wartuiinAUSUInsEsana il UﬁiJ’]mGUE)\‘lLLGUQVl@QIuﬁ’]iﬁﬂﬂ

APNTULAZUSINVINER ANl Weldaunamanlesidudnandnila (% yield) Us1ngi

a a a

Linan1smaaeaianIsawwng 11.4 andeyatunisiuanddiiiuin % yield wedyduilide

Y

HINTUNANIENTLUIUNTVIUAILUUIUR DY ¥T07I158N31A0 % powder recovery Huazaglugie

80.96 — 91.35% @efiodndrrgeun fu nmsinarsiamslddnudnlu Inefinnsaades (loss)

a a v

WAAYUTNY L HDI9NARIBUAURAAIIN1ETUSEUUYIOLAL D90 ULMIUD AT DIV WUUNUN DY 195U

4
Wefldudnanandydunsils (% yield) lunsdififinsannaeiianszuiunisudn dufodninyiina
nadyAuiindald (Wsmaui) devimautunune uiléduingAuaoududu (dsuannui)
ot lunsdlfindndyaunsanutiuiune uiituuiune uldkiunsainde Syfunsain JAP2 uay 3
yAUHIN JAPA 28Tl % yield gandinsdifilfutlaununy fuiitunnupg fukinunisaan fe Sydunsan
JAPT Wag ByAunsan JAP3 agstalau Tnensdlves JAP2 fldn % yield gsgn Ao 58.09% luvaiz

a

nsdived JAPL & % yield fitan

9

=4

Av 43.81%

'
a a =

A1519MUINT 11.4 Naﬂ’ﬁ‘l/lﬂa@flLLﬂigUﬂ’]iﬁﬁ@@uau‘%ﬂiﬁﬁﬂﬂLLﬂQLLﬁU@%’?ﬂﬁQ 4 el L“ﬂuméha

Y

LASBIYINLAILUUNUN DY

Inulin Inulin Inulin Inulin

JAP1 JAP2 JAP3 JAP4
*Brix of extract 293 30.3 30.5 30.5
Volume of extract (ml) 500 660 520 700
Estimated yield powder (g) 146.50 199.98 158.60 2135
Spray dried powder (g including moisture) 130.05 177.82 144.88 172.86
Moisture content of spray dried powder (%wb) 577 7.56 5.72 5.95
Spray dried powder (g excluding moisture) 122.55 164.38 136.60 162.57
Solid in JAP (g excluding moisture) 279.75 282.96 281.73 280.83
Yield from spray drying (% powder recovery) 88.77 88.92 91.35 80.96
Yield from JAP (%) 43.81 58.09 48.49 57.89
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LY 1

fhegrauiluiung funasdyaunsiindnlngldutlaununsYuis 4 nsdl gnihaaslesigh
Uinmthena Winlnlealnudnanlsd wardyau ilenssuifieunmuam Bmsesgifldlunide
#8198amuaAdeves Judprasong et al. (2011) TneiduduannmstasegslusSuaiinainegd
Umnadyduluieaiuaguszanm 1 nfu adatnalusedisdinanideinfeu wdriniun
ihnaludiade weansazanefiadelfungosdeioulsidydiua (nulinase  989U3EW Sigma-
Aldrich® Taeil activity 321 INU/G) TngldioulesllutSunaiiunniiisswe vinisiasuguuuures
ihananiildanunsaszmeldliegluaninilannsossmeuaznsiatald (volatile  oxime-
trimethylsilyl derivatives) sgmatiauialasuilnns W (Gas chromatography, GC) ldmaduil Al-
clad capillary column (HT-5) fimdaudae 5%-phenyl-polycarboranesiloxane (Restek®, USA)
Tusasiivsunamsninlealnudnanlsddunsiatndienies GO Sninsowils Tdneduyd HP-1
capillary fused silica column fipdeudg 100% dimethylpolysiloxane (Agilent® J&W, USA) GC
ﬁy’aaaqLﬂ'%lmﬁé’ﬂwmzmﬁﬁmmsasmaLL'UU Cool-on column injection LagAII2iAA8 Flame
lonization Detector (FID) W3suilaus Retention time vastimauazninivledlnudnanlssly
A1582AN8AIDEN LﬁEJUﬁ"umiazmafwmammgmmﬁmGha 9 (Fructose, glucose, sucrose, GF2,

a

GF3 waz GF4) uarAmwiandudsunamsnivledlnuinailsd uazdydu

Usunadena Winlnledlnudnailsd wardyduiitiaszilasetminuiesudununsiu

(%)

= a a [ a Y ! ! a
RINIBYaU 100 N3y LLﬁﬂﬂIu@’]i’NN‘U?ﬂW 11.5 ﬁ]’]ﬂ&lﬁﬂ’]i‘v}ﬂa@ﬁLLﬁﬂ\‘iI‘WL‘WU?ﬂ LN UAZIUNL
A A a H o ° ! i v A a oA
\waen/ain (JAP1) ll‘lJill'mJ‘L!’WﬂﬁWiﬂI‘l/lﬁ ﬂ@JIﬂﬁ LLag"ZUJIﬂiﬁG]’m’J’]LLﬁﬁLLﬂum%’Ju@ﬂ 3 YUADYINY

pdAMeEn wenanil UsunuwesSninledlnudnalse (GF2, GF3 way GF4) vesineogauls

a v

wAupz iU 4 wlle danuuanateiuesdreiitedifnmieads Ineusunusuvessninledlnudnan
Tsatuntlannune Justia JAPL, JAP2, JAP3 way JAPA fawindu 15.79, 21.01, 21.81 way 23.68 N3y
f9 100 NSUUNMUNLAIUDILTILAURLIU AUaIRU Lﬁaﬂmimmﬂ%mm@gﬁﬂuuﬁqLLdumz’E’u PUIN

[y

wlaunusziuniiiuden lunsdliiain UAPL) wazldain UAP2) dusunaduduldunndisiusened
WedAny dufeagludie 39.09 - 39.98 nfusie 100 nFudmtnuravewduniunziu wenanni wa

v Y @ ! ! @ aa A s a a o ! ' LY IS
nmneassdauandiiuiudununs fulunsdnveniiondvsunadyduiniudwnuns ulunsdl
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laeniuden tnswlawnunefulunsdinvenidenuazain (JAP3) IUSunadyiudesiiande 26.14
ndusa #io 100 nfuivnurevasntanAuns T ety nndasnisuiktanuny Tuldidudiunay

! Y] A da A v a a a i i o ada A
@']'Vi']il,l,{j\?LLﬂumS?u%u@WﬂJLﬂﬁaﬂ"ﬂgiﬁﬂimqm@l&aUQQﬂﬂq I(ﬂEJLQ‘W']%LL{jﬂLLﬂumgﬂusLUﬂiﬂJV]NLﬂﬁaﬂ

(%

wagadn JAPL) FafivSinaduduasaziinanimunzd miuldidudiunanluemsdmsuiuilaad

ABIN13AIUANUTIANLIANG

(%
U ;4 o v

WathutawnumneTuna 4 nsal lanmduauni8ulsoukasyinwianIgLATaaviIwms huUnUH a8

Y

(%

Tidudyduns nausingindudunsaziiviunanimansnina nglaa wazalasa Usuiuninlvled

Y

Tnudnanlse uardudu gandudwnunyiu dmsuiegnmnnsd (JAPL, JAP2, JAP3 waz JAPA) 64

a

uanalunsawwIng 11.5 Weiarsanusunaudyiunegludiesg1edyiune nuimenlaainnisana

wlanupzfuniidennansdiainuazliain JAPL wag JAP2) dUsunadudungenitneilaninns
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o w aa v o

afaudewnune Tunlaifiuden UAP3 war JAPA) agditlud1Aynieadia fadu windeanisByaumaly

o

=

I3 ! a a av v o ! o Ao Y a a a ]
LUUﬂ?umaﬂﬂuaqﬁqi E]‘Haumﬂﬂ‘l@'ﬁ]’]ﬂfﬂﬁaﬂﬂLLﬁQLLﬂu@]g?u‘V]llLﬂa@ﬂf\]giﬂﬂiuqmal&aUQQﬂ?q I@EJ

a

wmgdydunsilaannisaiaudenung JulunsaniiGenuazain UAPL) BellUSunabdyduasian
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ASNHUINT 11.5 wan1simszivinnaing wWinlnledlnudnalse uazdydu ludedrwdawiunz unasydunsindalagldulaununeg uia 4 nadl

JAP1-JAPQ)
Sample Sugar (g/100 ¢ db) Fructo-oligosaccharide (FOS) Inulin-type
(g/100 g db) fructans
Fructose Glucose Sucrose GF2 GF3 GFa (g/100¢g db)
Jerusalem artichoke powder (JAP)
JAP 1 (with peel and blanched) 001°+000  002°+000 997°+159  671°+006  497°+005 4.12°+006  39.09° +0.87
JAP 2 (with peel and no blanched) 008”002 003001 2046 +033 1028 009 637°+008 436 =011  39.98" +0.19
JAP 3 (peeled and blanched) 129002 033 +011 2364 032 981°+019 6977 +009 503 +011 2614 +0.18
JAP 4 (peeled and no blanched) 001°+000 005 +001 2800 +264 1155 +017 735+007 478" +004  3381°+ 144
Inulin extracted from JAP
Inulin 1 (extracted from JAP 1) 227°+047  040°+012 2095 +039 983°+011 748 +014 588 +013 5629 + 058
Inulin 2 (extracted from JAP 2) 349°+ 012 0897 +010 2888 +052 10.74°+023 7.65° +005 539 +008  42.11" +0.39
Inulin 3 (extracted from JAP 3) 070"+ 028 022 +0.06 3688 +289 14.42°+064 905 +£037 609 +£036  40.27 + 1.37
Inulin 4 (extracted from JAP 4) 345+ 042 0647 +030 37.72°+074 1245 +024 805 +0.15  520°+007  34.68 +034

a v

NaNEe MsnwsNuanaaiulukfavasinegsusasngy JAPL-JAPA) wansfiemnuunniegeiited1fty (P < 0.05); Han1svaaadlaainn1singn 3 4
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nsfInUTsuiisuUSinasyauilldludegudaznsdlaglédayannnimaaas
Tunsewans Mruaildudawnuneiu 300 n$u Tunseuiunisania
nsdiil 1) uewnunzfuiiuden/aan JAP1)

NATeEUINd 11.4 Weddudnandndyaunild (% yield) lunsdififiarsannaeniis
nsvUILNIINER TufeRnanUiuamsdyduiindeld (dsmmnut) deusinaudaunuse fuilfidu
fmgRumeuudu (drumnuiy) Seihiy 43.81%

MNENTINT 115 medyduiiviinadyduannmsiinsgineg GC = 56.29%

wszariy Usinasyduilannnsadaudwnung i JAPT 300 n3u

(43.81/100) x (56.29/100) x 300 N3y

73.98 N5y

nsaif 2) udsudunzSuiiuden/ldaan JAP2)

NANTNRWINT 11.4 Wosidudnandndydumanld % yield) Tunsdififiarsainaeniia

a a a

a U A a a a 1% ! & ! a ! v dg v
NILUIUNTTINAR umaﬂmmﬂﬂimmmauaumaﬂm (VLlIi’JlIWJWlI?JU) soUsuaLlsunuagiunldidu

Y

[y

naAumaususy (ldsauaua) JAwindu 58.09%

a A

INANSNNUING 11.5 m@uauuﬂ‘%mm%‘iﬁumﬂﬂ’]ﬁmi’wﬁéha GC = 42.11%

LY

wsgariy Ysinasyduilaannsadaudunungiu JAP2 300 n3u

(58.09/100) x (42.11/100) x 300 NSU

73.38 N5y

nsaif 3) udsudunsSulanaan/aan (JAP3)

NATNNUINT 11.4 Wasidudnandndydunsiila (% yield) Tunsdiiifinnsannasnns

a a a

a U A a 2 a { 14 ! d‘l’ ! a J v Ay v &
NTLUIUNTTNAR uumﬂmmﬂﬂimmmauaumamlm (llli’Jllﬂ’Nll?J‘Ll) soUsunaLlsunuagiunlddu

Y

[y

maAumausuay (ldsauaua) Jawindu 48.49%

a A

NENTNHWINA 11.5 RBYRUIUTINUBYAUIINNTIATIEYIIEY GC = 40.27%

Y
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a o

wszariy Usinasyduilaannsadaudwnung i JAP3 300 n3u

(48.49/100) x (40.27/100) x 300 N5U

58.58 N5y

n3ginn 4) ulewnunziudaniuden/liaan (JAPA)
NANTNRWINA 11.4 Wosidudnandndudumnld % yield) Tunsdifnfiarsannaeniiy

NIUIUNINER TufeAnIINUsIIaNBuEuIEald (Wswauii) deusuiaudaunuae Sunlddu

[

naAumauEuay (ldsauaaua) Jawindu 57.89%

a

INANSNNUING 11.5 m%uaumﬂ‘%mm@yﬁumﬂmﬁmeﬁé”w GC = 34.68%

LY

s zariy Ysinasyduilaannsadaudwnung i JAP3 300 ndu

(57.89/100) x (34.68/100) x 300 ASY

60.22 N34

Y1 I IS

INHANITANINIETIULA I BUAUNI AR nLdaLAuneSuiiUde n/aan (Inulin® JAP1)

Y

al I A

USinaBydunlaseuds 300 nfuganignfe 73.98 n3u sesmunfedyiuniiainainulaununs Tull

Y 9
A ! . a a d‘ v 1 (% A ! . a
Waen/ldasn (nulin JAP2) aﬂéaumwaﬂmmﬂLLﬂaLmummuﬂamUaaﬂ/Lma’m (Inulin JAP4) wayd
vauraianudanuegTudsnilden/ain (Inulin JAP3) agiiUSunaduduwindu 73.38, 60.22
wag 58.58 NSU/LUawnungIu 300 NSU AINAIAU

A a < ¥ v
WeAndusesazazlain

a A

dudunaialnanudaunungiu JAPL = (73.98/300) x 100 = 24.66%
Syduitadaldannudsunumeiu JAP2 = (73.38/300) x 100 = 24.46%
dyduitadaldanudsununeiu JAP3 = (58.58/300) x 100 = 19.52%
Syduitadaldenudsununsiu JAPa = (60.22/300) x 100 = 20.07%
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msuATIeilaaaswlusyauania

NnMIneaesiiiiun §ideldAnwinunmvesulaununy Sunagdyduiiadalalunsalild
TngRuunung Tuiiveniden/iveniuden wazaan/liaan Tunsnasesduiasdunisiutiet 4
vila ndaannsifvinwidung 6 Weulugsegfideunesdigumgiivies Gesznause wilaunu
nziudiivden/ain UAP1) wilwunusziuiliuden/luain JAP2) uthunusziuloniudan/ain (JAP3)
wazntsununziudoniuaen/liain (JAPA)  113LAT129a Nz lATId3 191190180 INII8NA DY
ﬁ;am'ﬁﬁﬁamaﬁﬂﬂﬂiﬂﬂﬂ (stereomicroscope) i;u Leica S8 APO (Leica Microsystems Ltd.,
Germany) wagiianeilasiainsuinutuinvesiessiendewanssaididnasounuudeansia
(scanning electron microscope; SEM) S JEOL U JSM-6610LV (Seal Laboratories, USA) W&
NSNARDINAAIRINNNLINT 11.6 wag 11.7

A MG 116 dnuazvessuleuiunziuainndosqansiadaneilelilasalay
(stereomicroscope) Mdaeny 40 W1 agiiulainaudannuns Tuddnwariunsaviden Tnouts
wiunzJudiuden/ain UAPL) ulwnungiuiiiuden/lain (JAP2) asillimwveaidenununyiudueg
Huiuiina dnsuradanduns Sulenivden/ain UAP3) wazuiludunsSudanivden/ldamn
UAPS) Wunswnadnaziden annsdunadveauiuwdune Tuasdiulddn Wewisuifisusewinauds

' o A 1Y) ' | | o a1 A & o I3 A Ao Y
LLAURSIUNIAIN ﬂ‘U‘lﬂJafJﬂ MU LLﬂQLLﬂU@S'}UWhJN']UﬂW?ﬁ'JﬂLlIEJLﬂ‘UiﬂU']LUUL'JaW 6 LADU TUALVU

niwdanung JundiunisaIn Millienallesaneulesinediiueasendmainufiseduaisnedi

v
o [y [

uoaluutauAunyiuiiliain Jufediimasulunannufiterveseuleduinniuagdenarlia
voslannuns Tuun

uenanil Lﬁ'aﬁmimﬂé’ﬂwmzﬁuﬁwmmmﬂaLLdumzi’ummé’aaﬁ;ammﬁ%Lﬁﬂmammuﬁm
n519 (scanning electron microscope; SEM) fdsens 1,000 wih wuin msanidutiadendniifing
dednvarlassaieesmauduiung i Tnonaudwiung Tufiunisain (Fegafiddon UAPL)
uazsegraiveniden (JAP3) Massaieiidugngu dnvasfiunnsisvessautaununs Juiliain

(fegnnlldon UAP2) uagsegafiveniuden JAPY) Aedldnvurlasiasianisuinnay dealy

% 4 ! dy ! o A ! Y1 4 dy Id
nuanwuglassas1auidlunsudannunsJuneiunisain naralaiilaseasteanaufienaiy
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asrUsznauneluLnuazTunatusaazatsinlalutingeu wu iiena Winlnlealnudnailse way

Budu udu wiedinsagdelassadnlulenunisaindieirfou 100 °C unan 2 uidt neuns

(a) (b)
wdannuszTuiiilaan/ain JAPL) wdaunungiuiiden/ldaan UAP2)

] (d)

wdawnunziulandan/ain (JAP3) wdannungulaniuden/ldain JAPL)

awNuant 116 anvazvesnslaununziudnsiginiendesganssatameilolulasalay
(stereomicroscope) MMaswey 40 win: (a) wiwAunziuiliudan/ain UAPD); (b) udunumyiull

wWaan/ldain UAP2); (o) wlswnuagiudenldean/asn JAP3); (d) wlswiussiulendan/luain
(JAPA)
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(@) (b)

wlaAumyTusiildan/an JAPL)

SEl  15kV

STRECH# STREC

SEIT 15kV B 751,000 A0prm

(0) (d)

wlaAusyTulandon/ain (JAP3) wdawnungiulaniuaen/ldain JAPA)

[y

AMWHUING 117 é’ﬂwwﬁuﬂwaamLLi’]aLLﬁummuﬁmﬁwﬁé’aEJﬂé’aaﬁ;amiﬂﬂ&é‘ﬂmaul,wua'aa
n517 (scanning electron microscope; SEM) fdsueny 1,000 win: (a) wdaknunziuiiiuaan/ain
UAPL); (b) wiawnuagtudiiddan/ldain JAP2); (o) wlanungiudeniUden/ain (JAP3), (d) uls
wiuszJuvenaen/ldain JAPA)

[ [

Anduautasy Il mUuNg LAIIATIZR SN YUSVDIN LT

Y

Weoihndawnunziuns 4 sidalua
wiuazTuanndesganssmianeslelulasalay (stereomicroscope) LariiAT1gRlATIEIIUTIMTY
AUe9f70E19ENa099anIIAUBLANATEULUUABINTIA (scanning electron microscope; SEM) @

NISNARDIUAAIAININNUINT 11.8 Uay 11.9
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a a a

nNaIeInndaganssaamedlolulasalay dunmnwani 11.8 auiiulaindydund

Y

Snwaziduntaziden  annsdunsdvesduduneananaanuiannunziunlidciunisain fesiiandl

Y

[y

wWaen UAP2) uazdanilden JAPA) fdduningydunsiainainulawnune Tuniiunisain JAP1

hay JAP3)

159851903 IuTuiv0IBYAUNlAENAI9anIIALBIANATOURUUERINTIA (scanning

q‘ o

electron microscope; SEM) wuinuuneun1Avedydursinsnanudunung fuitiiunisain

(%)

UAPL uaz JAP3) flvuineuniafiannitvuineyniavesdydunsinisuanudunung fuildni

a

n15aIn JAP2 waz JAPA) lasdnuazeuniailngninvesdudunsvedydunaimisuainudauny

Al

nyunliiiun1sadn JAP2 uag JAPY) LAnUUL0RINBUAY JAP2 uay JAPA foerUsznaumdu
tsavaznsninledlnudnalsaluusununuInndd (FakanslumsianuIni 11.5) lviinn1sge
AMUTU (hygroscopicity) 16it57 iloea1nilan Glass transition temperatures ¢ (Bhandari et al.,

1997) JuAnN1INTTINdiureseunIAIUTvAT gy
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(@) (b)

dudunnulauiungJusiuden/aimn UAP1) Suduanudaunung uiliuden/lan UAP2)

(@) (d)

dudunudunungudeniion/ain JAP3) dudunnulauiungJudeniden/lain UAPY)

AwRuANG 11.8 dnwaznsdyduveaudaununz ulinnegimendesganssmianeslolilasalay
(stereomicroscope) gy 40 Wi (a) Bydunudanuayiuiivden/ain UAPL); (b) Bydu
nudwnungTuiiiuden/lain UAP2); (o) Byduainudnungiudeniuden/ain (JAP3); (d) Buau
wlaunungIudeniuden/laiain JAPY)
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SEl 15KV 0@ 0' » %200 100pm Q—“ﬁ—

STREC

3 K ¢ -
\SE) L 15k0 D : SEI {5k
STREC 5 STREC'../

(©) (d)

dudunnudwnungIudeniden/ain JAP3) dudunnulaniungJudeniden/ldain JAPS)

AMNLINT 11.9 ﬁﬂwmzﬁuﬁwmmayﬁuﬁmLLﬂaLLﬁumzi’uﬁmeﬁé’haﬂé’mﬁ;amiﬁﬁ&ﬁﬂmau
WUUdBINIIM (scanning electron microscope; SEM) fdauene 200 ii1: (a) dyduannudainy
nziuiiuden/ain UAPL); (b) Byduanudwnungiudivden/liain UAP2); (o) Byduainudeuniu
nyiudeniden/ain JAP3); (d) Buduudeununyiudeniden/liain JAPY)

dy Y o L=} I v a a a ¥ a a U
UNYINU VLGWI’Wﬂ’ﬁLUiEJ‘ULﬂﬂUﬁﬂHm%ﬂJ@ﬁ@Hau 3 gUn Usznaunie 1) Bgau%ﬁﬂLLﬁﬂLLﬂu

nyiu 2) duduanulauiung TuidunszUIuM I iusans wag 3) BUAunnsmEanaINiiglas

[

(Orafti® HSI) lngnmaeannaesganssavawmesielulasalay (stereomicroscope) Mdsweny 40

LN LLazné’aquamiﬂﬁ@Lﬁﬂmamwuﬁaqmw (scanning electron microscope; SEM) nAM&advee

1 [ PN = Y a a J o a o 4 Y & 1 a
200 N1 AAIANAINHUINT 11.10 QSLMUI@'J’]@E&U"U’mLLﬂ‘um%’Ju‘VIN’]Uﬂ'ﬁ‘VI’]Lmﬂﬂwumﬂ@?ﬂmi@ﬂ
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bikuunueles lieyniprsvuainaziden WellSeuiieudnuaslassassweadydunianisdg

HARINTITLATNUI dvwineuniaiilugndt uwaildla Melleraitewnainingiusuduinldlunis

[ ' [ o

afindyduseiuyilvdvedydunsnnunungiu uasidlasuand1aiu duuruinvetaynia 019

a a v a v

U2 ZUIUNITNAADUAUNINITANTI S LUNISHAAFANITUNTEUIUN SRR LN TL WS dnlgn g

U

P UUNUE B

e
SEL 5KV
SIREC

(@) (b) ©
dudunudunungiu

[y

dudunudeunung Junn FUAUNINIANENIINTITLAT

NSLUIUASYINIAUSANT ,
! (Orafti® HSI)

amnuandl 1110 Snwnsiiuiivesnsdydulieneidiendonanssaiameslolulasalay
(stereomicroscope) MAWE1E 40 Wi (UL) UaENABIRaNIIAUBLANATEULULADINTIA (scanning
electron microscope; SEM) aaugng 200 i1 (6149): (a) Byduainudawnungdy; (b) duduainuls
uAunz FuidunszuIumsiliuiqus; (o Byaumsnsimanainiilas (Orafti® HSi)
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dgUNAaNIINAADY

(%
LY 1 [y 1 o v

wswnupzundwden/amn UAPL) WusmedrsidletunaindyduseinFousdaliusua

[y

dudunniande 24.66% Adudanuayiuniivdon/liain UAP2) aglvilsunaduauiilngifes

TUAD 24.46%  NINNINSUIDIUSEIEYUURINITAINTAYI8aANAUVDILTILNUAETY anUSunn

[ ' ]
6 a Y A

Yoadunidsurunvulauiniuiiuiungiu wazanianssuveseuledinediiuoasendinanaeyinlyv

—

Aaunseinsiadiimalustanungiulussnininisinuine) Juihliaunsadedulalaan Tunis

wssuiegdanun uiieldiluingivlunisadinansdydu arsnezliveniudeniuiunziu

a0 1%

iievrlaldussleviannifenunune Tudediuunamnn (hunuseuaneiug JA 102 Jdwntula

75.80% wWaen 24.20%) uardduiugs wazAdsNazaIndIeganoun1seulie uenani ulauny

LY ) =< o

nziuniiilden/ain UAPL) dulUSinaimnaglasalasusunahnialagsiuiiian Juvunzdmu

q

v & | ° v Y a A v a H ' o aa A
I%Lﬂumumaﬂummiamiua‘uﬂﬂﬂwmaﬁmimuqmﬂimmmma LLa%LLﬂﬂLLﬂuﬁ]gﬁumuLﬂﬁaﬂ/aﬁﬂ

(JAP1) e ”ﬂwmqua%ﬂﬁLLamaiﬁLﬁudﬁﬁﬂﬂiQm%’Uﬁﬂﬂwﬂmmml,’mﬁamﬁaaﬂdw FIRron15LAY

[y

$nwn nmsidseuiisulassaiaveseduiuanudanung JufuByiun1ansABIHEnINITLAS

a a 1%

wansliiuInfivuneyniarseiuin waasliiuiinszuaunsiildlunisndn dyduninisdnie

Y

Nla AT IvLAs UUNUR DY
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AAKNUINA 12

nsnaaasluseauinges: nszurunsulszuiuiunsTuduudaunungdu

%
av A

TuanAdeillainaaeuussuimununs Julundndagdydunduszauises lngedouuims

av v = v v a va o v Y i o | aa
‘1/]1@‘0']ﬂﬂqiﬂﬂwau33ﬂ‘UM@QﬂaUmﬂqﬁ Iﬂﬂiu‘ﬂ‘ﬂﬂ‘UutﬂﬂJﬂqﬁu’]ﬁ'ﬂLLﬂum%?u@JWNWUﬂﬁimﬂﬁ

a

Pretreatment  vinusiawuvanouigungll 65 °C waznisusdunsudanunziuluszauinges

Y

[

17U 2 AS9 Falenan1Innanasail

% ' v & ' v v o 1 Y A
ﬂ’]’i‘l/lﬂaa&l,l,ﬂig‘dw}LLﬂuﬁlz'JuL‘tJumLL{]QLLnuﬁlmubluimuu’l’iaﬂ AN 1

NS5U35 pretreatment

ANUNSUNITNAADILUTEAULNTDINTUNDULASEUAIDEIILALAITNINI AU UARILAUALIU AILEAS

Tunmruny 12.1 Fnszurunissinanlauannisfineluszauesyfuinisaaanddunianuan

2
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AALAUASIU

dlasiununziuliduuduune q vundseana 2 wy. drewnsasdlan

\ 4
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M lidulaewyluinuszun Wulan 5-10 wai
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DUWAIAYLATDIDUBAILUUANS DU

AMMKUINT 12.1 TUADUNISHHTOUAIDEILAZNTS Pretreatment WL AUmz TUADUNSYINLATIUSE AU

1415949

Han1sviuiswuuauiauluseiviises

Tumsvihurissuvansouluseauingestiu lanaaswhuiuuwiung Jundunswieuiiog

] a ! v v £% [ 1% v o 1 & Y 1 o < ]
mutunouina I ILaIT ey Taglunisviuiddussauihsestagldimegauunnludnuvaeiluduy
M Usennad 1 wudwens wilouiuwunyjuianieuviiulugnamnssunanldauinIeseusisuy
Y ' < v ° v v = B i a % v

01n Ingaglddiognaiug uaztlUeuuismeiniotouniaiuunalssundnvesaniduiuaiag
WAL WA D191T UMNINYIFBLNYATANENT TIUIU 4 LATOY LaTTIAMERAAINNTTUNYATINUIU

1 1A393 (1lANIZLATIBULINTIAMERAIMNTTUNYAT LAY TNAaeY 2 91 Wiettoyauiasnensivl

NFYIUTAY) HANNTNARBINUARIAIANTIHWINT 12.1
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ANTINUINT 12.1 HANISNAADIDULTNITULNUAL TUAILLATDIDUMIBLUUNIA MUSEAULIT D

Pretreatment  Dried Drying
Tray dryer % Yield MCinitial (% Wb) MCgpq (% wb)
JA (ke) JA (kg) time (h)
1 58.3 4.6 7.89 18 ]
2 8 0.6 7.50 20 6.71 + 0.06
3 14 1.2 8.57 18 i
il 36 2.7 7.5 20
5 15 0.827 5.51 16 93.29 £ 0.12 4.54 + 0.18
6 15 0.860 5.73 16 92.27 £ 0.17 4.65 + 0.36

U8R : Tray dryer 1-4 fig m?‘aﬂa’uLLﬁaquam%fauﬁiﬁamuwﬁmamﬁ’m
Tray dryer 5-6 Ao Lmaqa‘uLmaLLmJamaummuamammmLﬂwm 1 \pdes ¥nsnaaes 2 91
mutuSuR et JA neveuiidandulilatamly wiidesnilusiedediwioundeutunsedl Tray
dryer 5-6 muumwmuwmummQ’Luimﬂﬂammﬂu wazmsmALtue e mdeuwisililafins Yauuy
wen Tray dryer usidunisihsegnadilaain Tray dryer 16 m1m,Jﬁuuﬁaajué‘hasmmi’mwmm%u WEARAIAN
MC o HUUTILLEE

NHANANUI % Yield Tunsaieuwisianzgnainnssuinyasiadasniiniseunanidus
991191N608 19T URAINIANE OAFIMNTTUNBATLAUTUAINTT (4.54-4.65% wb) wnumgTuil

AULIANNEDNITU (6.71% wb)

Drying curve

ASDIDUUTILUUNIATInLEgAA N TTUNEAS TR AU IATavEn 10 010 Sedinisldninides
L%’W@’amﬁaﬁgwm 5 du fuaz 2 010 éi"m%umiajuLﬁuﬁaasi'm%Lﬁuﬁ’;asi'm%u’uuuqm Funans uaztu
ansan Tnsusaztuduiiuiegnais 2 o wdnilumeauduiinela 9 uazndeansmuansen
aruduiiudsuuadlulussinaniseuudis Wkanimmeaosiuandlunsamuand 12.2 wagnm
wndt 12.2 mneadildassuldiniseuuiuutunuiling 12 Hlus lumshukauiung Juld

ALY 6.13 — 7.29% wh
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ANSIUINT 12.2 AIAIUTUTBINTITOULAITULAUAZ IULUUTUNULT (Multi-layer) 1 s,

Time (min) MC (% wb) (rep 1) MC (% wb) (rep 2)

0 93.29 + 0.12 92.27 + 0.17
30 92.96 + 0.01 92.53 + 0.04
60 9242 + 0.11 92.38 + 0.21
90 92.15 + 0.15 92.01 + 0.05
120 91.22 + 0.07 90.51 £ 0.11
150 90.45 + 0.33 91.03 + 0.13
180 89.38 + 0.13 90.75 + 0.30
210 89.50 = 0.60 88.94 + 0.74
240 88.82 + 0.91 84.61 + 2.00
300 87.99 + 2.59 84.44 + 1.09
360 82.66 + 0.95 83.35 + 1.29
480 49.36 + 3.75 75.99 + 0.92
600 28.81 + 6.06 27.61 + 1.83
720 7.29 £ 0.23 6.13 + 0.16
840 4.57 + 0.11 4.94 + 0.16
960 4.54 +0.18 4.65 + 0.36

100.00

‘ ..
80.00 o
2 60.00
% 40.00 * Experiment 1
® Experiment 2
20.00
.
0.00

0 200 400 600 800 1000 1200

Drying time (min)

AMNHUINT 12.2 AIANTUTDITULAUNZIUTEIINNTZUIUNTBULIULUUTUNUI (Multi-layer)
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wenantiladnismeassinAinnudeauuanuduresiiegranaglunineuwiafe iy wi
o 1 ! LY = ! [ Y 1 A ! ° = ' ! & da & v
Auwndanneiy Wesannsduiudlredanliainauesialinasediauiuiiinssild lag
N1sANwIAIEN15ITURALAZ TR UUTRUIS (Dutnier) vuain 2 ae iluldludeuuiion
1% v Y A YA o Ay Y 1 =i = &~
AUIBUUTUN 2 wazwaNtuil 4 dundindediuiegislumanudsadeuvesninuaul
e 12 90 (Fan1mauani 12.3) lekafaensneeuini 12.3 uasnmewini 12.4 -12.5

=3 V1 = 4 Y = N & Y 1

ngUasiiuladn Anatluniseuwis 3, 4 war 6 TIlausdinslBaUUYRIRNTUYRIDENY
11N wanstiernuliadnanevasruruluTusnunz Julladuiudieg1a1nusaaaIeiu wudilug
1 4 ArpNUIRINA 10.42 - 77.27% wb wendnildmuinguunung iunieegdunisnuluvesy
(T4, T7 waz T10) azuiuianidunisieglndiulsegd (T3 waz T9) uillanaituniseuwianiuly
6 Tl neuyndumislugeniiusumisneglnaiuuseeg (T3 uag T9) Iaruuanasegluyi 6-

[
(g

e = o v 1 =% o § v - & ! Y]
12 %wb 99U Lu@\‘lﬂJ'ﬁ]"lﬂﬂ'ﬁ‘Vil!unEJuaﬁJiEJUﬂWEJSLu@J@']Q‘lNVnﬂQ'V]']I‘Vm']ii%L‘VTEJU']GUENGUULLﬂUC‘]S'Ju

[
[ 6

 USade 9 Weduldvindu dedddiianlunmsiuisunuiuiielvindn Sudinsdouunadui

asaueiu nan1snaasstinanslmiudemnyliasianevesnudusieg1induluseninanisin

LAILUUAA

T7 T10
T8 T11
T9 T12

MWNUINT 12,3 fAumiaven1afiinsmageun1siiedunnnudulas MuausMEuRIeE9

(T1-T12)
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ATNHUINT 12,3 AIAILTY (% wb) VOITULAUAZTUN Bl USRS 9] UUaIn

Time (h) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
1 90.16 90.35 89.92 8349 8999 8940 90.13 91.75 9260 89.48 89.96 90.53
2 8330 8764 8486 79.64 8468 8519 8332 89.70 90.60 85.00 89.21 86.38
3 78.28 8372 85.19 7507 7332 6924 63.15 8196 87.02 6312 79.89 80.88
4 40.70 4363 67.30 10.42 68.13 5354 2154 7727 76.17 8.40 7171 6041
6 7.18 7.75 2684 6.89 7.05 8.58 7.51 1281 30.95 6.36 8.25 8.38
8 6.65 6.38 6.95 7.20 6.41 6.81 5.85 6.35 7.46 6.12 6.18 6.72
10 6.00 5.77 6.51 5.80 5.84 6.54 5.81 6.22 5.48 5.98 7.18 5.69

100.00 ®T1
90.00 | [
80.00 X g g
: = AT3
70.00 % ! X T4
—~ 2
2 6000 X T5
S 50.00 ®
S o5
< 40.00 v .
30.00 2 g
20.00 +
_ To
10.00 $ A [ ] 710
000 W11
2 4 6 8 10 12

Drying time (h)

T12

AWAUINT 12.4 ﬁmmﬁmLuwumﬁiﬂﬂam%uﬁi’ﬂé’mamiduLﬁuﬁaaﬂ’m a ewue T1 - T12 Tu

LAS DD ULAILUUALS DU
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100.00 100,00
80.00 80.00
—t—T1 ——T7
g o0 & § 600 s
= 2
2 anon T2 g0 =
St —=T10
2000 0
s 20,00 i
0.00 = —e—T16 0.00 —— —8—T12
0 2 a 6 8 v 12 0 2 q 6 8 0 12
Drying time (h) Drying time (h)

AMNAUINT 12.5 Drying curve U8dkAUAIU 8l Aundd T1 - T12 Tup3eseuunsiuuauiou

v s o 24
A5 M NAI9UTUNISTILIAS
Tunrsnaassyiuiswuvanseulussaulianig (Mseazdealuaieuuini 2 Faduns
DULTILUUTUUN) hAEN1SNARBIYIWAIlLsEAUETaakuUTusrun tadinnsianaaulndnileluluws
avn1sVAaes AaandlumsenuIng 12.4 Fetayansnaniazgninluliusslevilunisussdivduy
Y} A & ° Y o | Y v & v A | o Al
PRI U B UTUNDUNTAIFILAUAL TUNSBUNIY28TAINTIUINT AU LA NFTIUDINE I UN bt b
nsdldunisiuiauuduuisluszauuiiinsuasuuutununluszauiisesnndesiiiods wanis
NARDILAAIIALTALINNITO UM USEAUTNT 09 ldUSuNuse819 15 Alansu/Ase WAz UIUNANALT
al 4"{’ % ) v [ I~ [l v
TAUTFU 4.50 — 4.65% wb TUsrazIantun1siiwismazna sy 2 winuedn1sauwiiawuU
b e 1w | a Y 3 ° v a o & v AV v &
Fuuntadiege 5 Alansu/ase iuiaundadaaanvientaliauiu 4.81 - 5.04% wb lagnin

frsandudunundanudeilanfundndusiudiaznuiniseuwiuuudunuluseau ihseasd

AUNUNAIUAAINIT

A15190UNA 12.4 nasulnd Al lulunsvinwsisnuvandou

Drying condition Drying time (h) Electricity usage (kW-h)
Thin layer drying (rep 1) 8 13
Thin layer drying (rep 2) 8 11
Multi layer drying (rep 1) 16 26
Multi layer drying (rep 2) 16 25
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n1snaassulsyuiaudunzduiunauduniunzdulussauiiises assi 2

NS5475 pretreatment
ANNTUNTNABDIUSEAUUITOY ATIN 2 TTUNDULMS JUHIDE 1LALNITNT VIS ALUUAT LA UAL T
1 = > 2 o 1 g tﬂ' = U = ¥ l&' a lﬂl % U 1 QOI lﬂl Q’.’I 1
wWudgiumeaadusyauiees AssN 1 wilinstuindeyamiudunesiudnduveninldutumeusing

9 s SImalimauanuneunwUs U MA L Sueuwidi uaudwnune Judniae daandlunimxuan

126

7 \

wrvUszUnduszezian 1 92lue
DNTIEIU WAUASIU:UN
(1:1.5)

\ 4
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ANLAZVIALABAUDBNABUUSS
INTIEIU WAUASIU:UN
(1:5.5)

wrluansazanenInTnsnANTUTY 0.5 % w/w 1Uuan 5 uii
DNTIEIU WAUASIU:UN
(1:1.5)
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aanludfan Wuan 2 ui
DNTIEIU WAUASIU:UN
(1:3.5)

i lidunaluinuszun Wusan 5-10 wi
INTIEIU WAUASIU:UN
(1:6)

$
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Y v = v o a a < Y
BULINIYLAIBIBULILUUATN NYUKRNU 65 aeALgalged Wulan 16 °U'JI&N

Y

uanAunzTuauwialidunlefaensas Fitz mill

\ 4
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-

ussqulaununziuasluganessd

AMMKUINT 12.6 TUADUNISHTIUAIDEN NS Pretreatment FnAune iU NaUNISYIWIAILAZUALY
SYAUUNTDY

NNSATUINAUAANIRET
dmsumsneaadussAuiinges assn 2 dnsduiindayaieldlumsiuneaunainaas weazld

31U InsgaydeUsunavetudiuidaztunouyinla Nan1IAIUINENRARIRINNTINHWINT 12.5

oy 12.6
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MTNHUINT 12.5 NANTATLIUANARNIAANTIALNTFUAEUTIININENT (% loss) luusiay

JURDOU
ASTUUNNT AUAANIAGIT % loss
100 ke.
LAWAULAY
1 Vd]l Ir]
AU b 0.809 ke.
\ 4
AN9ATVIALAYAUDINABLUSY 99.191 kg. 0.809%

\
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dlasiununziulidunruung 9
PUIUTTUIN 2 WY, AIELASD9E ban

WA luaTazaIenIATnsn AMUUNTY 0.5%
nuiinalan

AU IAEINTUUAZNTINAEAN
WJusaan 5-10 wi

\

99.191 kg.

7.91 ke. '_'

A 4

107.101 kg.
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107.101 kg.

loss b 11.962 kg.

11.17%

2 g

dufatnlagsuUnzn3IINaNann
WJukan 5-10 uIi

\

A 4

95.139 ke.
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95.139 kg.

—D‘ 87.129 kg.

loss
; Y 91.58%
BULNAIELATOIDURILUUANS DU 8.011 ke.
Naunnil 65 deAaLTyd
rb{ 0.144 kg.
loss
v 1.80%
7.867 kg.

0.134 kg.
loss

1.70%

‘Uﬂﬂ’JElLﬂ‘JlEN Pin Mill 7.733 ke,

LU NUAZIY
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Tups1awuIni 125 A1 % loss Muanuduainisgaydenaasnintuluwsasiunousiy

[ 1
Y

= | A & ° & v v o A a = Y] a v o v o
ﬂ'ﬁﬁjQJ,LaEJVNa'JUV]LUU'U']LLaSGU@ﬂLLGU\TLGU'WT]EJﬂULﬂJ@L‘UiEJ‘ULVlEJUﬂ'Ull':laﬁ'W5L53J@uV|ﬂEJULGU']1UEjLLG]a$

& = Y A a X 3 1 o da £ o ] -
YUNDU BIINEIAY % loss NNAVU ﬂ%Lﬂﬁutﬂﬂﬂﬂﬂiéﬂﬁy‘LﬂEJVILﬂWU‘U%Jﬂ’]%ﬂﬂIUGUNG]E]UGU wazalnluin

A A [ -

Won TuReflawindu 91.58% uwaz 11.17% audeu  wazdanudn WununsTuan 3udu 100
Alansu azldudaununsSu 7.733 Alandu Funnfinnsaniesrussnourasiununs SuansufuLan
wuhsgneuludearutiulszana 90% uazvasuds 10% I@EJ“UENLL%Qﬁ?uUixﬂ@UIUﬁ’J8513514 85%
1 5% dqufivdedulusiunazesrusenoudu 9 (Fleming et al., 1979) et Wiewwhunune Ty

anluauwiis Wndnmwnunz JuanazmgluunnaumaaUseann 7.733% SaNanisnaand

[y

msouwindunszuiufinanavenihesnandumunung iu Jazgrednognisniusnw i

a a

wiunz Iy irbiaunsadnliluingfudmsunisaindyduldnasniiad

Y

dwiummenadusyauiises ATeN 2 uenanasiinmstuiindeya dwandlunisewuing 12,5

wan dafimstudindoyan % vewwds Negludiegrsununziuluusasdunouiig Man1s1emuINg

12.6
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a [ 1 ¢ @ 3 & o I Y 1 1 [y 1
N19NUINT 12.6 Nﬁﬂ'ﬁﬂ’]u%mﬁmﬂamﬂaﬁ'ﬁua%ﬂ’]LiJ’e]iL‘U‘lJWU’ENLL‘ZJ\WI’EJQIUG]'J@EJNLLﬂ‘Uﬁ]S'JUI‘NLW]

azUuUnDU
ASZUIUNTS HUNAUIAET % solid
100 kg, 15.53%
LAWAULAY
o4 E=> 0.809 kg.
AVUNLUN
% (% a %
A9LAZVINLALAUDDNAU U
\ 4
\, 99.191 kg.
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99.191 kg.

dlasiununziulidunnuung 9
PUIUTTUN 2 WY, AIELATDNELAN

4

7.91 ke. '—'

=
2

waluasazalensadnsn
AT 0.5% viuninalas

A 4

107.101 kg.

15.75%

azifnulagsuunzn IwaEan
WJuraan 5-10 wi

\
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azifnulagNsUUAZNIINaERN
WJusaan 5-10 wi

\

107.101 kg.

11.962 k.

A 4

95.139 ke.

7.93%
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95.139 kg.

loss
87.129 ke.
v
v v = v 1% 8.011 kg 95%
DULHIAIYLATDIDULAILUUANS DU
Mol 65 asAYaLTyd
v
loss
v
7.867 kg.
loss = 0.134 ke.
UARIBLASEY Pin Mill
l v
wdaununzuy 7.733 kg. 94%
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31nn1sneaedluszaulnTetingtd adn1ssusinUsiiansldngsuvesgunsaliig 9
FITITIWIURTINY iea1un 50t UTEUssliuAUANAIMIIA LT EEANERS KATNIIUAUYILNTS

NARL AI519ALDUAIUAISINLINT 12.7-12.9

dl o dl Y o U U o ! gj d‘
ANTNUINT 12.7 TUIULSIUN TN UNIITNINaDITEAULNTIAsIN 2

o t:l' } 7 v
518019 AMUIUBTIUN LY (AU*I1)

LRNALNANANDINNS il

A15190UNTA 12.8 USuaundsnulnindlglunisnnaesseeuiingeansan 2

aunsal Ysunaunaenulwinld

(Aladnn-321lu4)

Aouauiau 162.81
w3nsualad 0.74
1384 Fitz Mill 1.55
A8 Pin Mill 1.85

374 166.95

A5190UINT 12.9 YSunautnnlglun1svmaasaseauinseensan 2

TUADY Y (3ms)
AMALAURETY 550
WBNIATATN 148
AINUAUNZIU 375
angaunnILAUAL U 643
394U 1,716
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AAKNUINTA 13

nsnaaasluseauiinses: nszurunmsulsiuudandunzduludyduns

waanniilinaaesussumkiung uduwdanussfulussduiises duandunianuani 12

¥
av A a a

TuanAdeilladnsihulaudungunnudssududuauns lneUssandisnswazanizivanegaudala

Y

nnseneluseaueslfiRnisuildiunsneaesluszauinges ienazsimantaainnisnaaedly

Y]

szauihseanldusslonilumsussdiunmaasugaans wonanlidudlin1snsiraeuamnImYesdyauy
d' ¥ ! - L] ] [ a (Y fa  a o 1 4 U
WalAluAWANg o WewSeuieuiundniueidyiunsidmmieluneswaiatagdu

o

= [ 4 a wva Y & ! a a a 1 IS
"\]’]ﬂﬂ?iﬂﬂ‘iﬁﬂﬂi%ﬂUﬂ@ﬂUQUG]ﬂ’]i LLﬁﬂQI‘ML‘WU'J’] ﬂ?iNﬁW@Hﬁ‘UNQQ’]ﬂLL{JQLLﬂum%’Ju q2

WU tokA

a a = a IS

1. manandyduns Tnglaldnszuiumsvinliuians Sendndneifldezdguanlndlfes

Y

[ 6 a

fun@nAusiByauNIInIIf 1nsA Orafti”HSI fasioaziBunnndnuauryesdydunsde Orafti® lu
13T 1.6 (Orafti"HS| TUTuuByau Ussun 86% waiiuSinminiansniva nalaa uaz
ylasa Uszanad 14% A1 DP \ade < 10) LLawamﬁLmﬁw‘iumﬂmmﬂﬁ 7 uaz 8

2. mawandyduns ngldnszuaumsinliuians (msmsueiudu msmdaduaznay
semsrufuiud uaznnsld lon exchange resin) SsnandasidildazdnunwlndlAsstunan fousis

a 1% ® ) o a a { ® i
iéaumvn\‘iﬂ’]im Lngm Orafti LGl mi’lﬂazLgﬂﬂﬂmaﬂwm%m@yaum@%a Orafti Iumqi’NNUQﬂﬁ

® N A a a N a - o
1.6 (Orafti LGl IU3anauBydu Uszuna 96% uagdlusunanhanan$nlna nglea uavglasa Uszanm

4% @1 DP 1288 = 8) hasNanIsIASISMUNIANWINT 7 ey 8

a a

satlunisvaaeslsguutawnupz Sududyduntluszauinses Falaldva 2 wuamnedngn?

Y

TAYINITNAABIVIINUA 2 T

¢ g
nsudszuulannunzdudududunslaglildnszurunisinliuians wisunsaunauiasnis
Bsnnasaulssuudaiung uidudydundaelilinszurumsiliuignsluszduiises

WTDUMIANAAUIAAT TUNITNARBIATIN 1 kAT 2 QNUARIAINITINWINT 13.1 Uag 13.2 audiy
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a a

A1319W I 13.1 n1sveasaudsguuduniunsudududunsaglildnssuiunisyiliuianslu

Y

JEAULNTOWUAENNTYINANAANIRETT ATIN 1

N3TUIUNIT AUAANIAHT VB
L udlaununz uma 3 ke, 100%
Water o
u W1 105ke, [
\ 4
108 ke.
loss > 2,025 ke.
o ¥ oy A A = v
anaali13ouNgungl 85 vrIvaIFoa
1121 30 WIH AWTINIUAIVANGUNYN 105.975 ke.
| 11184 ke.
NINASNDU
=) loss —® 3.759 kg.
LEAAZADUAIY IATDY Basket centrifuge
Tagldnensesniinnuazidon
!
91.032 ke. 63.73%
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l

91.032 kg.
loss > 3.676 ke.
evaporated water > 82.47 ke.
Manseanalfiduduanuein 2 “Brix 1311 30 *Brix 1ag
141n5 04 Evaporator
v
4.886 kg.
2’ a a Y 9 0. .
“HTE]HQHL"UNGUH 30 Brix
v

51.31%
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Solid loss 11

Lﬂ?ﬂdﬂuttﬁﬁum —> 3.571 ke.
E4
WINNILIMYDDN
v
Rudadeniesiuiuuuiuros 1315 ke, 43.92%

(guungiianouvud/aioen : 190/90 ossuwsaIFe)

A1919nwaNnd 13.2 nsveassuUsguudaiunsfududydundeglildnszuiunsviliuignslu

JEAULNTOWUALNTINANAANIRANT AT 2

ASZUIUNIT GHUGHEPREYE YL
uilauAuazYuna 3 ke, 100%
¢ —»
U1 105 kg.
v
108 kg.
loss > 0.4 ke.
v
o Y S v ~ A ~
AnanIeITeUNYUNNN 85 DRI AITY e 107.6 kg.
1781 30 W17 MPHINIUAITDANGUHAN
\ 4
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LEINAZNOUAIY 1AT 09 Basket centrifuge

Tagldnensesninnuazidon

Pl

° o o . | o .
Mmasanalidutuyuain 2 *Brix (i 30 *Brix Iag

141n504 Evaporator

NINASNDU

= | oss

loss

15.329 kg.

evaporated water

! g

1.171 kg.
\ 4
91.1 kg.
> 5.397 kg.
> 81ke.
\ 4
4.940 kg.

63.78%

51.87%
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4.940 kg.
51.87%
gla a Y 9
W19 YaUIUNYU 30°Brix
Solid loss Ju
13 e9eUIT AL > 3.828 kg.
wrasereeen
v
o Y v A o 9 ' 1.112 kg.
R Al R I S N RIS R S T IR A LS
A ) ~ 36.97%
(QUNYUANITDUVUVY/VI9DN : 190/90 DIAUFALFYH)

RMNETNNLINT 13.1 uay 13.2 uandliiiuiinsyuiunswdalusyiutiisesasiinigly
o finuruinANg 100 Ans dnfutuneunsatin Saisinangnesniuuludnvue
Double-jacketed mixing tank Tnglélerrann Boiler Wudnanslumsldmuseu
® Basket centrifuge dmSutuneunisuenazneuoenaIntadn
® LASSTHMELUUANANNA YUIA 50 AR dmSuduneunisiliiasaidudy
Feiusnveaedlusyiuiindes Sullanalndifesiuisnsuaslusefugnamnssusnniunin
nsnaaedlussfuiesufiinig ilvanunsafieslduumsnisudasuimaiildainnimaaesly

szauisesdl luvengruamasniswdstuszavaaavnssuuarUsadiuanudululdmaasugmans

Tonduasnem
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& [ Y @ 1 1 [y I a a 9 ¥
UBNIINUIINNANIINIFUANUINETT LLﬁﬂ\‘ﬂVIL‘MU’J’]ﬂ’]iLL‘UiE‘ULL{]\TLLﬂUG]B’JUL‘UuauaUNQI@EJVLiJI‘U

Y

nsrUIUMSIluTans den Production yield agludiauseunm 36.97 - 43.92% FamniUSeuliiey

[y

HaRINaNAUNANINARRIlUTEAUTRIUURNTT AIns1awwIngt 11.4 nsainldudawnuns Tuniiuden
wazr1un1sadn JAPL) dadunsdiimismawmieuingivuduniunziumiioudunisnaassuszauii
1 .:glj 1 o1 . . [l 1 Y o Q.II = o 4 a wa 14
3891 9znudn ladn Production yield agluyaslndifusiu dume n1snaasslussiuiosdjuiminisla

A1 Production yield 11y 43.81%

% t/

nsudsguudandunzdududydunslaeldnszusunsinliuigns wieuaunauiaas

U 9

aa ! v & a a v o 9 ¥ a £ ¢ 1Y)
iﬁmi‘wma@\‘lLL‘Uig‘ULL‘ﬂ\‘iLLﬂumm‘uLﬂuauaumiﬂEJI%ﬂS%UQUﬂ”lW]ﬂMUSﬁV]ﬁ (NFAITUBLUYU

Y 9

n1sMAndwaznfumensauiudud uazn1sld lon exchange resin) luseduinses nipuvsaung

Waa15 luN1InAaeIAsIil 1 Uay 2 QRUAAIAIMITNKNLINT 13.3 Uag 13.4 anudey

a a

A15HLINT 13.3 n1snnasaulszuilanungiududydundagldnszuiunisviliuianslusedu

Y

ihspsagNNaunauIaaNs AT 1

NSTUIUNIS AUNANIAENT VDI

utlaunuaz Tums 3 kg. 100%
1W1105kg. [
v
108 kg.
loss | 08kg.
v

Y v
anadeiounguvgil 85 ser s Fod
L 107.2 kg.

1181 30 W19 MPHINIUAIVANGUHAN

U
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N

NINASNDU

loss

LENAZNOUAIY 1AT D9 Basket centrifuge

Tagldnensesninnuazidon

Y
o

k4
guihana ldligangil 80 ossaafoa 1ntiuay

Q

v [

loss

=~ s o 3 v A
Llﬂalcﬁﬂuﬂﬂﬂll%ﬂﬂQllﬂi)uﬂ§$‘1/l\1 pH H1GNAAIN

[ os/’ a 4 L 09/ o
‘Vimmﬂuummwuau"lmm”lmﬂumﬁmw pH

o” v o a Qy <
youhanailunaisne 6.5-7 Jangaay na 131y

107.2 kg.

| 13.6 ke.

3 kg.

90.8 kg.

338.86 g.

5.34 kg.

87.8 kg.

63.57%
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MN1uv1

loss

LEINAZNOUAIY 1AT 09 Basket centrifuge

Tagldnensesninnuazidon

loss

1 v 4
NTBIAIHDTUANITUA 1AL Ton exchange resin

IUIU 9 01

loss

evaporated water

2
° o .S .
Mmasanaliduduvuain 2 *Brix 11 30 “Brix Iag

141n504 Evaporator

2

\ 4
87.8 kg.
> 1.52 ke.
_>
1.14 ke.
v
85.14 kg.
| 2.06 ke.
\ 4
83.08 kg.
—>  5.673 kg.
L 73.85kg.
v
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3.557 kg. 37.35%

Solid loss 11

N300 ULTILAY —>  2.886 kg.

2
YIAUTEIHEDeN

0.671 kg. 22.54%

o Y 9 A 0 Y ]
‘Vl'lllﬁ\‘]ﬂ:]ﬂm39\11/]1&!“\‘]L!‘U‘]JWUPJ@$J

(qunglavSouvud/ioen : 190/90 osruaaiFod)

213




a a

A15HLINT 13.4 nsnnaeauwlszuilauiungiududydundagldnszuiunisviliuianslusedu

Y

1NTIUAENITVINAUNANIRAT ASIN 2

ASTUIUNT AUAANIAHT LENIGR
uilaAuazSuna 3 ke, 100%
v .
U1 105 ke. d
108 ke.
loss —> | 0.4 kg.
v 9 o ¥ A A = A 4
afinaleiioungumgll 85 avrisaIFed
o 4 107.6 ke.
1381 30 1IN AIBAININAIUAVYUNYI
™ 12.7ke.
NINASNBDU
- loss > 0.16 kg.
LENALNDUAIY IATD9 Basket centrifuge v
Tagldnensesninnuazidon 94.74 kg.
v
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loss

9

v
' 0 Y a v A
Q“LJLlH’fﬂﬂ wﬁqmwgu 80 mmwag%ﬁ IMNUUIAY

[

= J o :’ @ ~
Ll'ﬂalcﬁﬂll'ﬂﬂﬂhlcﬁﬂﬁﬂhlﬂfl)Uﬂigﬂ\? pH H1anaAIN
@ 3 a J L :’ @
Wa\ﬁ]’lﬂuuW]llﬂ’lﬁllﬂu"lﬂﬂ@ﬂhlcﬁﬂsluu’]ﬁﬂﬂfﬂu pH

S o & a 2 vy va
youhanailunaisne 6.5-7 Javgaan Na 131G

2

94.74 kg.

356.58 g.

> 3.71 ke.

90.67 kg.

66.32%
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A\ 4
90.67 ke.
> 1.70 ke.
MN1uv1
loss > 0.29 kg.
LEINAZNOUAIY 1AT 09 Basket centrifuge v
9 A =
Taglygenseeniniuaziden $8.68 kg,
loss —>| 0.394 kg.
v
88.286 kg
loss > 2.739ke.
evaporated water g 81.798 ke.
Mmasafaliduduyun 2 °Brix 1w 30 *Brix Tag
141n504 Evaporator
v
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WdyAuANdY 30 “Brix

3.749 kg.

Solid loss 11
A v
RFRNRIIY NI M

Y
R G REEI RGN

o Y 9 A o Y ]
‘VI']LL‘W\‘WI'J?JL?I3@Qﬂ1L!ﬁQL!UUWUN@ﬂ

(quugiianouvud/ieen : 190/90 osrusaIFod)

3.042 ke.

0.707 kg.

39.37%

23.75%

INANTNNUINT 13.3 Uaz 13.4 wanslmdiuinnszuiunisuanluseautinsesasiinisly

e {IMuIWINANY 100 Gns dwmsuduneunisaiawaznisaisueiuty Fededenanign

panuuuluanwy Double-jacketed mixing tank lngldlatinann Boiler 1usnaialu

AT ARNLS DU

® Basket centrifuge dNMFUTUNDUNITUYNALNOUDDNAINUIAAR
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217
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a a

nsdifilildnszurunmsyinliuians Susinadydulssann 77% Fedesniwanfusidyauns 1nse
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Orafti”HS| AififermuanudnvuzinfesiUsinudyaulivosnin 86% luvaziimafionsanyiunw

Glucose/Fructose/Sucrose agnuin dydunanndnlavinnisnaassnsaitldldnssuiunisyinli

a

Usd 1/1% TUSu1au Glucose/Fructose/Sucrose Useangd 4% %qmamnm%auaum LASA Oraft| HSI &

Y

ToivuanudnyzIfousuin Glucose/Fructose/Sucrose Lty 14% nadiana1auanslimii

[y

ok ﬂsumumiwamauaummﬂmLmumwu ﬂimVI‘liJﬁLsUﬂiuU’JUH’]iVI’ﬂWUiﬁVI% UGNH’]%UIUQ’]N%QE@

'
[y 1Y =

anunsondnnsdyduniszauanuuigrsasluseaunile eglsinuszauauuiansaenandliay

Y

| W a o fa  a A a v a = ® A o 1 v a a o
WINNU AAANUNBUAUNIVINAAITNITITADT LNTIA Orafti HSI N91mineluviasnane RS DUAUNININKT

wnumzdu indalusuddeilagladldnszuiunisyiliusgns IUsuna Glucose/Fructose/Sucrose
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Y o ) a o ca ® 1 & a a a
Lﬂu‘LﬂmqﬂJsUaﬂqﬁu@ﬂmaﬂ@m%sﬂaﬂmamﬂm%@uauwﬂ LtN3A Orafti HSI aﬁqﬂliﬁﬁqﬂV}QUiN"lﬂJaEau
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Orafti HSI LLﬁ%ﬂJUiN’]ma‘Hau LNES 56.29% mmmwamwummaﬂwmmaqmamnmsﬁaﬂéaummw
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ANt 11 winanisnaedunianuan M¥uiuns fuaaifuifewntn 9 suussuiuuts
uAuazTuwdhudaunung fudananuuussuidudyduns annuidefiniuanves Rutherford &
Weston (1968) uaz Modler et al. (1993) uwansliiiuin winfimaiiviunussfuanluszes
nawuAsufiaziussuilundawduns Sundedyauns aznslfiAinnisasuudasnisly
Tassa¥awesdyau dwaliiviinaluenatmaruadndunniy Sudesnanmshauges
woule] wenanil Cabezas et al (2002), Saengthongpinit & Sajjaanantakul (2005) wag Kocsis et

al. (2007) wansliiuinszninemsiiusnviuniusesiuan vuinaueveduanadydulzgndes
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Inflvunduas danavinlvien Degree of polymerization (DP) ¥a38uauanas Han1sAnwma1lians
Toiviiudn lunisudndydunslidauninadnaneniluwivesan DP USuiadydu wasusuia
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a
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waNaINT 91NHANIINTINABUAMNINIUAITINWINT 13.5 uandliliiudndn DP de U3
UIAUT waAITLeY YaeByduNIIINTIkiungIY ndnlunuideillaeldnseuiunsinliuians
Y v Y o ) a a ® ® ' a X a a6
donAneaiuToMVUAAMENYMEYBIBYAUNLNTA Orafti LGl wag Orafti HSI duuTunaieoqdunsd

! 1 a a a 1 14 o [ a a ®
Wu3A1 Total  count  HUTuaguiundIdenvunnuanweYeIByauNLnTA Orafti LGl iag

® 1 1 1 14 o [ a a
Orafti HSI d@3uf1 Yeasts and Moulds nuindulunuderimunaudnuazyesdydunsnse
® ® ' I 9] ] 1% v g a o o 1 A o
Orafti LGl wag Orafti HSI g19lsAnunansnanaeNoulmiuinszuiunsnanluszauinge i
Aelue1A1TuUTIUTRIAMERRAIMNTTINEAT UN1INedanensAans Siaslignaudnuaziag

aunsadesiunisuuleugaunidlafuindunseuiunmsuanvesusgn BENEO-Orafti Feiidua1ndn

Waglpuasgruguanvaueiatunisudnlusedvaina

221



dl a a d‘ a a o dy =l =) o a L% fa a d'il ®
N1FNNUINYT 13.5 QMﬂ’]W‘U@ﬂ@HﬁuNﬂWNﬁ@lmUMUQQEJ‘UL'U?EJ‘ULV]?JUﬂUNaGmm“l/l@léauw\‘iEJ%@ Orafti

Y¥UAVDIAIDES
SuAunsinanly SuAunsiinanly
AMHNUR At nsditlaild 0 aAdeil nsaild @
NSTUIUNITIIA Orafti S NSTUIUNITI A Orafti L6l
U3qvs U3qvs
Inulin content ~T7%" > 86% ~87%" ~ 96%
Glucose/Fructose/Sucrose ~ 4% < 14% ~ 3% ~ 0%
Average DP 8.69 <10 8.17" >3
Dry matter 95.2 ¢/100g (97 £ 2) ¢/100g 96.0 ¢/100g (97 + 2) ¢/100g
pH (w = 10¢/1009) 5.6 50t0 7.0 5.1 50t0 7.0

Total count (/g d.m.)

14000 cfu per g*é

Max. 1000 cfu per ¢

3300 cfu per g*6

Max. 1000 cfu per ¢

Yeasts (/g d.m.)

Moulds (/g d.m.)

Yeast & Mould ~ =
150 cfu per g

Max. 20 cfu per g

Max. 20 cfu per g

Yeast & Mould ~ = 10
cfu per g

Max. 20 cfu per g

Max. 20 cfu per g

*1 = i i . . . *2 = i {
WINBIRG  NUIDN ANUINAITRUINT 8.6 (Sample : Inulin extract after basket centrifugation), ~ 1889 U11191AA1T19WNUINT 8.6 (Sample :

*

Purified inulin powder), > e Su19nans9RuInd 7.4 (Treatment : w9 Basket centrifuge), e ffuananseELng 7.4
(Treatment : Resin 25), ~ vuneds 1438 smadousadeniu AOAC (2012) 997.02, ° muneis 143an1svadeusnsdemiu FDA BAM, 2001 (Chapter 3)
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Product Sheet
Orafti®HSI

DOC.A4-15*02/13

Specification

Description
Orafti®HSI Is a highly soluble inulin — a food ingredient derived from chicory.
Inulin is consisting of oligo- and polysaccharides which are based on fructose units linked

together by R(2-1)linkages. The total number of fructose and glucose units of
chicory inulin ranges mainly between 2 and 70. In Orafti®HSI, inulin is slightly

enzymatically hydrolysed.

itional ifications

Analytical Methods : see our Technical Brochures.
Inulin*
Glucose + fructose + sucrose*

Dry Matter (grav.)
Carbohydrate content*

Ash (sulphated)*
Conductivity (w = 15 g/100g)
Heavy Metals*

pH (w = 10 g/100g DM)

* expressed on Dry Matter (grav.).
i i ificati

> 86 g/100g
<14 g/100g

(97 £ 2) g/100g

>99.5 g/100g

< 0.2 g/100g

<250 uS/cm

Pb < 0.02 mg/kg

As = 0.03 mg/kg

Cd, Hg each < 0.01mg/kg
50t0 7.0

All values expressed on Dry Matter.
Analytical methods : see our Technical Brochures.

Mesophilic bacteria - total count
Yeasts

Moulds

Thermophilic aerobic spores
Anaerobic H,S producing thermophilic spores
Enterobacteriaceae

Bacillus cereus

Coagulase positive staphylococci
Escherichia coli

Clostridia

Salmonella

Listeria

HSI Ad-15%02/13

max. 1000 cfu per g
max. 20 cfu per g
max. 20 cfu per g
max. 1000 cfu per g
max. 25 cfu per g
negativein1g
max. 100 cfu per g
negative in 0.1 g
negative in1g
negative in 1 g
negative in 250 g
negative in 25 g

13
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connecting nutrition and health

Information

Nutritional information: European Union

All values are average values expressed per 100 g commercial product.

Carbohydrates  10.4 Protein
Sugars” 104 Fat

Dietary Fibre?  86.6

Caloric value® 215 kcal / 871 kJ Vitamins and Minerals

1) Sugars = glucose + fructose + sucrose + inulobiose (difructose).

negligible’
negligible

negligible

2) As measured by AOAC method 997.08 excluding inulobiose (difructose). The EU Directive 2008/100/EC
(amending 90/496/EEC) introduced a new definition of dietary fibre starting with three monomeric units. AOAC
Method 997.08 allows the identification and quantification of undigestible dimers. This therefore creates a
difference in calculated dietary fibre based on EU and US definitions with subsequent effect on sugars. For inulin,

no change from the current situation is needed.

3) based on a caloric value of 2 kcal/g for all dietary fibres, as defined in EU Directive 2008/100/EC (amending
90/496/EEC). The Directive 90/496/EEC will be replaced by Regulation (EU) 1169/2011 from 13 December 2014

on.

Nutritional information: US

All values are average values)expressed per 100 g commercial product.
1

Carbohydrates 97 Protein
Sugars 9 Fat

Dietary Fibre? 88

Caloric value” 168 kcal / 703 kJ Vitamins and Minerals

1) including dietary fibre
2) measured by AOAC method 997.08
3) based on a caloric value of 1.5 kcal/g for inulin and oligofructose.

Nutritional inf tiol: oft i

negligible
negligible

negligible

For caloric values national legislation is applicable. In general, the caloric value for inulin is within a range
between 1 and 1.5 kcal/g and for oligofructose 1.5 kcal/g as confirmed by a number of national authorities.

This information on average values is given in good faith, however, no warranty or guarantee, concerning the content, accuracy or
completeness of the results is given. Typical analysis data will fall within the range of the specification on Orafti®HSI. :

HSI A4-15*02/13

2/3
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connecting nutrition and health

Information
r Informati see also our Technical Brochures)
Aspect* Fine, white to slightly yellow powdér
Behaviour* Hygroscopic
Taste*  Slightly sweet, without aftertaste

Solubility in water*
Dispersibility in water*

Properties and Applications

Particle Sizes*

Density*

Proposed labeling in ingredients List
Safety

Further information
Packaging
Optimal storage conditions

Shelf life

Transport conditions
Kosher
Halal

Plant origin
Produced by

>200 g/l at 25 °C

See document “Solubility and Dispersibility Characteristics
of Orafti Powdered Products”

See our Technical Brochures.

See document “Particle Sizes”.

Approx. (650 + 50) g/l

Inulin

Safe. Not toxic. Not dangerous.

Is, like other fine powders, when mixed with air and ignited,
capable of causing an explosion.

Excessive consumption may cause laxative effects.

Paper bags on pallets, see 'Packaging Sheet Powders'
Cool (< 25 °C) and dry (< 60 % RH),

in its original airtight packaging.

3 years from date of production (see also best before date
on packaging label and CoA)

Guaranteed: minimum 18 months upon delivery from
production plant

According to document 'Transport Conditions'

Certified, Orthodox Union Represented by ;...

Certified, Majelis Ulama Indonesia |__ —-—-:’"""‘ R A \

(Chile) e Lt ol

Suitable for vegetarians & vegans \ g, e TR

BENEO-Orafti — see address : o ate m® A

on packaging label s ]
Lo

benee -

To the best of our knowledge, the information in this product sheet is reliable.
(*) Indicative values listed under "Other information” on this page cannot be the basis for complaints, unless a specific requirement
from the customer has been agreed by BENEO-Oratfti on one of these values.
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lyams Inegetniau InsUsunaansiulawmsauasUsunaleamsigaiuasioutiaUsunaduauiiuy

a

Weowandydudneglunquuesaislulamsawardydusiaaieluianasd dauauimduleoins

£

yenandamuinsinandiidndistuain 4.56 /100841y mass Iuﬂsmmlﬂmﬂiumumimﬂmsam Wu

6.83 ¢/10084ry mass I‘uﬂimmmﬂivmumsmﬂwsaw% Famanudnen 1) nsiivsunamesusiiuuisdy
gnidneenty ylvidadiuveidisieuiauiaindu wag 2) MINTuIisInuIdIuiinaINNISLANFITes
weadeuoonlsinanddlutaindydundannszuiunisasvaiudy Saufiiasdinisld lon exchange
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SN8azLRun

RU8L1R

Fouausou (eulurhurunyTualad) =
63.50 kW-h

1309 Fitz mill (UaBuuALRYUAEUNS
suursldunilununziu soud 1) =
0.60 kW:+h

1304 Pin mill (UnTuAunzTuTiIuns
suwisliduutaununzu soud 2) =
0.72 kW-h
i3osidnlothadnldlnidmsutouls
dlsiganau Tunsyuaumsada = 9.5
kW-+h

NalmeslunIugastaniu TunsyuIung
anm = 0.1 kW-h

Basket centrifuge dmSUW3BLENNN =
1.25 kW+h

ice bank dwdunantfundeidos
ADULAULYBSYDY Vacuum evaporator =
19.875 kW-h

Vacuum evaporator Tunszuaunsvinti

o Tnuwndssiualadiiununziu = 0.74
kW-h atumndaamsuUssuiunung fu
an 39 Alansy azlanaanulnidi = 0.29
kW-h
o Taefouaudou = 162.81 kw-h fstumn
AoINsuUsFUMLAURz Tuan 39 Alansy
agldndaanulnin = 63.50 kw-h
O Tnewedes Fitz mill = 1.55 kW-h fatiu
MneBINIsWUTIUMLAURE Tuan 39
Alansy aglonaanulad = 0.60 kw-h
O Tnetedes Pin mill = 1.85 KW-h fafumn
AoINsuUsTUMLAUAE Tuan 39 Alansy
azlanasnulnidy = 0.72 kw-h
o dmsundrulnihAdlaeiniosiudnlovhudeld
Thdmsudeulothlrdniy, vewesluniuves
249NY, Basket centrifuge, Ice bank, Vacuum
evaporator kaziAehuuULey ffiunen

AInlag kW-h meter Tunisnaassseauiingaa

® AN NN 2.6506 UNN/MUIE 919D991NDATT
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9
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éfmquwa”amui%lﬁwﬁy’wm = 139.835 kW+h X
2.6506 UN/kW-+h = 370.65 U
4 Fmbifu ihiufwagnldlasintesinialevndmiunanle o lumsuUssUvaunungfuan 100 Alandu T
ihteulsidsmntunniung fudlad = 2.08 A3 Flwa 5.3 Ans daumndesnisulsguuduny u
Fefusunueniituiios = 2.08 303 x 26 VIN/ an 39 Alan3y axldthdfuiiia 2.08 dns
ams = 54.08 UM o ssuRea 26 U/ans SreBsanTIAMIgTY
PeUANtuNTImne wazUsuama vadanduinig
thify Usn. Jufl 9 figunen 2558
5 it ﬁfﬂﬂizmgﬂiﬁé’ﬂuﬂszmumwialﬂﬁ o JnuanIsaaesluAANLINg 12 wud Tunis

O MeAUREIU = 214.5 anS
WUNIATHIN = 57.72 8RS
ANUAUNZIU = 146.25 8RS
anguniuAUAE U = 250.77 Gns

a a

NNSANADUAUIINLTILNUNEIY = 105 @RS

Y

O O O O

wUssUvliung Tuan 100 Alanu 19U3manin
o Tutuneudwhudunyiu = 550 Ans
é’qﬁ?uwmﬁmmiLLUigﬂﬁaLLdumi’ua@ 39
Alandy azlduUsinanh = 2145 ans

O TudunauLYNsATNIN = 148 ART F9UU
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o nhulunsruaumsnantlussiuiseddusina
dhusyunimun 774.24 dns wise 0.77424
anuAiumg

° ﬁuﬁquﬁwﬁmizmﬁmm = 0.77424 gnUIAALIAS

X 14.51 UWW/Qﬂ‘UW?TﬁLlIG]i =11.23 Uy

MNABINITLUITFUMILAUAL Tuan 39
Alansy axldUsinanh = 57.72 ans
o luduneuainuaunsu = 375 dns et
MneBINsuUTIUMUAURE Tuan 39
Alansy axldUsinani = 146.25 ans
o ‘Lu%’jumauamqmmﬁuﬁumi’u = 643 803
Fedumndasnisulssuifauiung Tuan 39
Alansu axldUsinani = 250.77 ans
ﬁwM%’UU‘%mmﬂfﬂﬁPﬁuﬂszmumiaﬁ’@@ﬁéaumﬂ
wanAunz iy Sfunannistuiinatlunsmeaes
SEULN3e9 FauandlumsIeend 13.1 ey 13.2
srAUsEU 14.51 Um/gﬂmﬂﬁmmé’wqaﬂ
MNSITAUsEUTEAY 2 (5378 193
$5a1i gravnTsi wardu 9) vesnsuszl
uasviass Judl 9 fquneu 2558 nsdifivianasily

81-100 gnUIANLLAT/ DY

FAAUYUIIONTN 1-5

® funuIELNIS 1-5 Usenausie

[ a Y 1

O AVINQAUMILAUREIU = 1,950 UMW

q

O AISIU = 900 UM

O Amasulidn = 370.65 un

a a

Jusuyuinietulunisveassmdndydunslusziu

Y

11999 nsantdlanszuiunisvinlvusans 1o

q

YSunaingaviununsuan 39 Alansu welvle

NILTILNUALIY 3 NIANTY WALIINKNANISNAADY
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3
1 o w

O MUY = 54.08 um

€

| o

O muuszin = 11.23 um

shududuy = 3,285.96 U

Andusiunuee 1 Alansuvewdniuedydun
§ 2

yilpldmunszuiunshliuians = 3,285.96

ym/1.214 Alansu = 2,707 U

wuvglandninginedydu 1.112 - 1.315
Alansu (ARagAe 1.214 Alansy) Aakandly

MSWUINT 13.1 wag 13.2

239




a

M139KUINT 13.8 Tayaann1snaaanandudunsluszauiinges nsaiildnszuiunsiinliuians dwsuldlunsussdiumaaseganans

9

fduil 378015 P EGHGHN LT
1 ATIRQAUILAUAL Y o 13Usuna 39 Alandu wieldldnaudaunungiu 3 ® JNHANIIVIAARSIUAANLINT 12 WU FauAu
Alansy meiuan 100 Alansu azuusguladunsudaunu
o lassmsisuigemununyudauInan s sy azulszana 7.7 Alandy seumndeanisudls
wysysal Audideuazatenanmalulagnisinuns wiupziu 3 Alandy dielilunsmaassiimss
AMIZLNYAT UNINLTUNYATAIENS AI851A1 50 WU 13.3 — 13.4 FadldauiungTuan 39
UmAenlansy Alansu

® Faludunuingdu = 39 Alansu X 50 Mo

Alansy = 1,950 UM

2 AT o 1gussuduIu 4 au*iu (man*day) Tunisuds ® nuanIsVAasslunN1ANuIn? 12 wuii Tunns
sUununz ulundndondydune nsdild wUsguimununyJuan 100 Alandu Junsudawiu
NsTUIUNMIYIAUTaNS Az IultusauTILIL 4 AU ATumINABIng
v ¥y . o . o o Ay & -
®  FIUAUNUATLSIUY = 4 AW*TY X 300 UInsa wUsgumununzIuan 39 Alansy Wunandwnu
q
AURDTU = 1,200 UMW AL UL ITUINIUIINIY 1.56 AUFIU

a

o dwsunsruaumswusyuranieununy Jududydu

4

M3 NsnlnsEUINN S UTEVG Useiliuindes

15993 2.44 AUrTU

3 ALyl o wisnulnihgnldlnggunsalsialuil e nran1sneaedlunIANLINT 12 Wudl Tunis

o esewualassuiunssy = 0.29 kW-h wUssumununziuan 100 Alansu Tdndsaulndin
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Fouausou (eulurhurunyTualad) =
63.50 kW-h

1309 Fitz mill (UaBuuALRYUAEUNS
suursldunilununziu soud 1) =
0.60 kW:+h

1304 Pin mill (UnTuAunzTuTiIuns
suwidliduutaununzu soud 2) =
0.72 kW-h
i3osidnlothadnldlnidmsutouls
dlsiganau Tunsyuaumsada = 9.5
kW+h

NalmeslunIugastaniu TunsyuIung
anm = 0.1 kW-h

Basket centrifuge @mSUMIERENNTN
wdamsatadaetngou = 1.25 kW-h
i3osidnlothadaldlnidmsutouls
vnlgeniu Tunssuiumsensueiudy =
10 kW-h

1DLDTIUNIUVDININIU TUNTEUIUNNS

TneweSesiualadwnnung iy = 0.74
kW-h atumndaamsuUssuiunung fu
an 39 nlansu aglonasaulin = 0.29
kW-+h

Tnedauauiou = 162.81 KW-h faumn
AoINsuUsFUMLAURz Tuan 39 Alansy
aglanasaulain = 63.50 kw-h
Taena3as Fitz mill = 1.55 kKW-h sty
MneBINIsWUTIUMLAURE Tuan 39
Alansu aglanaanulnidn = 0.60 kw-h
Tnewa3es Pin mill = 1.85 kW-h fatiumn
AoINsuUsTUMLAUAE Tuan 39 Alansy

aglandenulddn = 0.72 kw-h

o dmsundrulnihAdlaeiniosiudnlovhudeld
Thdmsudoulothlrdiniy, vewesluniuves
5<1mu, Basket centrifuge, M@L@@%%mm%ﬂﬂim,
Ice bank, Vacuum evaporator LATLASDIVIIIAS
wuunuReY Sifiinannsialag kW-h meter lu

ANSNAABDITLAUUITDY
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ASUBLUTY = 0.5 KW-h

O Basket centrifuge ﬁ’m%Jum%ENLLEJﬂmﬂ
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South Sathorn Read Yannawa Sathon,

Bangkok 10120, Thailand

Tel : +6626723920/1/2

Fax : +66-2672 3923 Experfise Beyond Boundaries

www.dpointernational.com INTERNATIONAL

DPO (Thailand) Ltd. (corpany rmbs : 0105544001757)
43 Thai CC Tower 22nd Floor Room 225, I

Quotation
Ref. no.: DPO(Q)14/405

December 4, 2014

Dear Dr. Veerachet/ Argo- Industry Faculty

Thank you for your interest in our product, we are pleased to submit our price as follows;

Product Price (Baht/kg) MOQ (kg)
Orafti GR 180 100
Orafti H SI 200 100
Orafti P 95 260 100

Producer: Beneo / Belgium, Chile
Validity: End of January 2015

Remarks: - prices are not including VAT
- prices are subject to our final confirmation

We do hope that our quotation will meet your satisfaction and please do not hesitate to contact us for
further requirement. We will keep contacting you soon for the evaluation results

Best regards,
Sowichaya T.
Tel: 086-350-7654

v ¢a A v

awawan? 14.1 lulaueTAHandunsyauns 8ve Orafti insandnisdidanlulssimalneuas

Tmheegluviewain Y8IuTEM DPO (Thailand) Ltd.
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Alanfu dauuvnansanduyuded 1 funu nzfuan 39 Alandu ilelildmautlaunung u 3
Tngfivazanaunde = 39 Alansu X 7.66 umsie flan3u
Alansy = 298.74 U suvuingavludagdu = 39 Alansu X 50 vnsie

Alansu = 1,950 v

2 AT WnFunuALIuEInsnanastulauin wu Mndeyalumssuuand 13.7 wuin deslduseny
WiEe 5% VOIRUYUAILINIUIUNTVINDINER 913U 3 AU (man*day) lunsuusguiunu
syiuiise esaniimssdnluuinaiiinn was nziudundndusidyauns nsdilildnszuauns
finmsldiedesinsgunsainfisyuumunuiuy yhlsiudans dadudunuaussendunsmanowas
Snlul@ Fawuamanisandunuded 2 dunu JEAUENTO9 = 3 AUrIU x 300 VIFBAURaTY =
ANWIIUITARALVED = 0.05 X 900 UM = 45 900 um
UM

3 ALyl vndinmsuiuasumalulad wasuvamasny ndoyalussewuani 13.7 wui Tunmsuussy

ANUTBU AILUINNNTARAUNUTDN 3 AUNUAT
nasulninazanawndonsseazdenma Ul
O AFBIUELAATILANAEIY = 0.29 kKW-h
I 2 e d
O A9 Fitz mill (UAYULLAUAZIUNHNIUNTT

vl dundanuny iy soun 1) =

vuruns Sudunnsnusidyduss nsalilald
nszvrumsThliusans Tndeelwihgsd
ndseilniihgnlilasgunsaiseluil

O ndewiudladiuiungiu = 0.29 KW-h

O devauiou (euduiununziudlan) =
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0.60 kW-h
O 1A3a3 Pin mill (UnTuAunESuRHuANS
suwidlmduntlununz iy souil 2) =
0.72 kW-h
O WBMBSIUNIUVDININIUW TUATEUIUNIS
afm = 0.1 kw-h
O Basket centrifuge dnsuieaennin =
1.25 kW+h
O wBWBSIUNIUYDY open pan evaporator
Tunszuiumsylmautu = 2 kW-h
O NoWesHAALTBIAS BT ILU U oY
Tuﬂizmuﬂml,ﬂigﬂfwaﬁ’ﬂL‘fluﬁiﬁum =
1.5 kW+h
Fadlunsyuiumswantlussiutseddndenu
Tfisiasun 6.46 KW-h
é’quuwé’amulw%]ﬁgwm = 6.46 kW+-h X 2.6506
UM/KW+h = 17.12 U
ogslsfmudpsdisunumaduuiungfu Al

Wawmasluniswnlyrslifislindsnuanusau Tny

63.50 kW-h

5 ) ) A o A
LAY Fitz mill (UABULAURALIUNNIUNIT
auwirslmdundannuny iy soun 1) =

0.60 kW+h

o A

1309 Pin mill (UaduwAupzTuTiduns
suwrslmduutlununziu soufl 2) =
0.72 kW-h
w3ostdnlothadeldlnidmsuteoule
vnlgenou Tunssuiunsada = 9.5
kW-h

walwaslunuyestaniy lunseuIung
anm = 0.1 kw-h

Basket centrifuge dmSUWisuennIn =
1.25 kW-h

Ice bank dwdunantfundeidos
ADULAULYBSYDY Vacuum evaporator =
19.875 kW+h

Vacuum evaporator Tunszuaun1svinli

WUIY = 38.5 KW-+h
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FunuAmdsnuauFeuilianmsenlniay
WAURZTU = 1 V9D 12.6 MJ = 0.079 uw/MJ
Fadnudu 10.7% vosAmdreanlaii safueei
MM sFuuAmdsuaufeudildainnnsin
Tnsfadunnunsiu dil
o wisstdalothdmsuteulenlrdnau
Tunszuiumsana = 9.5 kW+h X 2.6506
UMM/KW-h X 10.7% = 2.69 UM
O Open pan evaporator luAsEUIUNITIN
gy = 36.5 KW-h X 2.6506 U1/
kW+h X 10.7% = 10.35 U
O w3ssvhuiuunules Tunszuauns
wsguihatadudyaums = 4 kw-h x
2.6506 U/kW+-h X 10.7% = 1.13 U
Fatunslandsnumnufouiildannisenluie
FuAuRs SuTionAUUNS 1uAILSEUaIN
nasulnilh Tunssuiunsndnseauiingead
é\’unuﬁwwé’qqmmm%’auﬁié’mﬂmsl,miwﬁa"ﬁu

LLfiumi’uﬁgmm =2.69 + 10.35 + 1.13 = 14.17

O ATRevwImUUnNUee Tunszuiunns

a a

wUsgUianadudyduns = 5.5 kw-h

Y

fanulunszUIUNSHARTUTEAULNT DI INAI9Y

Intflstavn 139.835 kW-h daalifunundsy
Iolflviavsn = 139.835 kW-h x 2.6506 UT/KW-h
= 370.65 um
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UM

4 Ay o mniimsuudsuuasdsnuaudou i o ndayalumarsnuanit 13.7 wuth tidufiwagn
wwmamsansiunuded 4 dunuAhiurzanas Maainiesiidalothdmiunanlethdoulsss
dosmnnsliddunnung fududomddunizen anBuuiunyualad = 2.08 Fns Fadusuyudn
Indfiitelvndanuamindou Tiuvurndanuaiy thifuflisa = 2,08 &ns x 26 UTW/ART = 50.08
Youdildanmsunlusidifuniungiu = 1 unde UM
12.6 MJ = 0.079 U1/MJ Fadmlu 10.3% vo3ein
wEsnituiee foy indesiudaleh
dnsuwanlothdoulifsantuuriuny Tudlas e
fdunundsnumdadu 54.08 UM X 10.3% =
557 um

5 A1 ° é’ww%’uﬁunumﬁwﬂszm Iﬁagammmimwmﬂﬁ' ° Iﬁsﬁau”ammmmqmmnﬁ 13.7
13.7 fi 11.23 UM

6 ﬁwé’unuﬁwmﬁﬁ 1-5 ° é}’unuiwmiﬁ 1-5 Usznaunie AUNUTI = 391.83 UM Lﬁué’unuﬁlﬁm%ﬂumﬁ

[ Y 1

O ATivgRuTkAuATY = 298.74 UM

O AT = 45 UM

o amasulii = 17.12 um

o Funudmiundanuanuieudilininns
wlnsiEFuuAuRs uievun = 14.17 +

5.57 = 19.74 um

a a

wandydundlusesuihgos nadiilildnszuaunis
yilvuens 1Usinaingiuuniuny fuga 39
Alansu Wislilenaudaununyu 3 Alansu way
NMNUANTNARBINUTI NGNS TN yAY
1.112 - 1.315 Alansy (Auadsie 1.214 Alandw)

FauanslumIsIRwINg 13.1 uag 13.2

257




318113

SN8azLRun

RU8L1R

O fsyn = 11.23 ym

[ a
FILUUEY = 391.83 UM
Anlusiunusie 1 Alansuvendnsdiumndyauna
yialiiunszuunsinliu3ans = 391.83 v/
1.214 Alanfy = 322.76 U
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2. #UYAZIU

Tuiil msuszdiupnulululdmaasugaansveanisndndydunsnnimuiung Juluags

N3 Tudseinalve astimsdauyfgrunsiolud

® NsHARdUAUNIIINTILAUAT TUAINTaAAAUYULARINLLININITARAU U 4

98 NNAIUIVIPUY
duduNlaraUSU N T NUAZ WAL TAWINAU 81% (2 19N

® USinaundnsdnaineduaun

YIANAINNITNARelUTEAUNNTRY) demalisununsndnsedydune 1 Alansu wiriu 161.38

UM

o udnanunsavienansduesyiuns lalusa 200 vmseilaniy

° é’msmamﬁaﬁuﬁﬁmms 8.5% so¥ (AefinaenszozinaIifiansan)

e lssnuilganuewiniu 10% vesyarinisunindyaunslul wa. 2552 (yarns
UndByAunslul wa. 2552 fauszana 220 a1uum (culvd uazame, 2553)) TuAe 10% x 220
UM = 22 d1uum Fennaadufdinisuandidosnisine (22,000,000 vn/A) / (200 Umae
Alandy) = 110,000 Alansu/Al (Asfimaenszosiiafifiansan)

® 19957 InVBINANIMY 20 T

° ﬂ'ﬂ%"«jwﬂmﬁﬁm%'umiamuﬂ%gauﬁﬂ fisvazBunsuanslunsawuind 14.2

o aldteulsiusel SswazBuasuandlunisswuini 14.3 (Asinaenssuziian
fifansan)
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M139NUINT 14.2 AlE318ANEMTUNNTANUATILINVBINTNANBYAUNIIINTTUAUA IY

o d' 1 Y 1
aaun 318n135A 199 wad1 (Um)
1 AALY 5 13 5,000,000
2 A1DIANTIIIU NUT 3,200 ANTIUUAT TIAIAIADATINANITINUAT
8% 6,000 U 19,200,000
3 | Awesesdnsgunsal
®  AszuUANIUALAsILATASILAUAZ T 500,000
o msesiudlaniiunungiu 200,000
®  Juulazisain 500,000
o aumnTuniunziualan Wufl 3,200 MITIUAT TIANAT 1,600,000
NPAIINATINUATAE 500 UM
® ASesuATuLAURE TUTIN Ao ULl UL 500,000
® {asuann 1,000,000
® Basket centrifuge @1FULIEALENNTN 500,000
® open pan evaporator 2.000.000
®  LATDIIUWAILUUNUNBY 20,000,000
® 1ATBIUTT 1,000,000
e aunsalirseslddu q 1,000,000
4 ANETUNINUY 3,000,000
syuAlgInemh 56,000,000
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M1519WUINT 14.3 ArlgIneudsiudel dmiunisuanduduneainiuiuns iy

o

(3 P 4 Y 1 1=
aaun 578M5A LYY yaamad (um)

1 AUYUNTNER
AUYUNINARRRBYAUNS 1 Alansu wiriu 161.38 um

A&IN1SHE® = 110,000 Alansu/A

AuvunINaasel = 161.38 vn/Alansu X 110,000 Alansu/A 17,751,800
2 ANYUET 500,000
3 Ruieuninau fuenwilonndnendn

; 1,440,000

12 AU WABAUAE 10,000 UM
4 AdeutiguAdosdnsaunsal 500,000
5 | ddlddnedu q 500,000

s ldareudsiunat 20,691,800

3. MIMuINTEEERAAuU yaransisusiiulagiu uagdninsevasnanauunuiila

Sz8va1AUYU (Payback period) AuIadlaaIN

Aldenafidmiumsamuadusn = yasilgturesilsildluuiasdanfessesnafuny

f-ﬁﬂﬁi’fﬁhaﬂqﬁﬁm%’umsamuﬂ%mﬂ = 56,000,000 U™

mlssel = vaniemel - Aldaneuwlsiunet = 22,000,000 - 20,691,800 = 1,308,200 U
gamﬂa@ﬁwmﬁﬂiﬁlmuﬁﬁ 1 =[1,308,2001/(1.085) = 1,205,714 U
gam{]aﬁ;ﬁmaaﬁﬂiﬁlmuﬁﬁ 2 = [1,308,2001/(1.085° = 1,111,257 U™
yaAtagtuvesilsléluli 3 = [1,308,2001/(1.085) = 1,024,200 U

INMIAUINAURTT 20 wud gadrUagdusinvesilsilaludn 1-20 = 12,379,937 um
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nsfyartagtusinvesmlslaluln 1-20 = 12,379,937 um < AldIrgasiidmsuns

=

AIUATILIN = 56,000,000 v waaslimiiuinlasintsifiszeziaifunuuinndt 20 U &

E1UIUNTNIRIVINVOINENT U9 Uananlaitrasyu

= '

aranSiteuwiriuiagiu (Net present value) Auiadlaain

42

) I

aravdifisuiiulaatu = yardagduvesilsnlaluudasUaudsssesanauanves

[t

1ITINNEAT U - AlTINeATAIMTUNTAIMUATILIN
WAl la

yargnSiiguwiniutagiu = 12,379,937 - 56,000,000 = -43,620,063 U

yamavsiieuwiiutagdu < 0 wansildinamu

MI1508asHNaNaULNUALS (Internal rate of return; IRR) AUIalA9N

AldIeamdmiunisasuasusn = yaArdagtuvesilsnlaluwsazUaudasseziia

Augnv09193TINAN A9 (A1unlagldardnsiSovasnanauunuilaunumdnsinendosug

Y

5UIANS) uAT Azle

56,000,000 = {(11,308,2001/(1+IRR)) + ([1,308,2001/(1+IRR)") + ([1,308,2001/(1+IRR)’) +

................... +(11,308,2001/(1+1RR)”) + ([1,308,2001/(1+IRR)") }

IS a1

INAITAUIUNUIN IRR (Internal rate of return) & -6.4% @8y A157AT IRR ANNI1DHATT

¥ o
aaa

nonlUeRuNsUIANT 8.5% ot uansiliuiamu lnglanzegadlunsadliie IRR fnau

INMIANNTANATZELIRAUNUY Yargndiiieuiniudagdu uagdnsifevasnanauunud

VY v
Y

16 wandliiuinlassnsndndyiunsanniununz Juludnisin Tulsendlve suauyfgiunay

linamu Wesnnlidurmaasugenans
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4. AFIATIERRNNEaUlIveIlATINIg

v

AIdgladnszianugeulnivedlasinis lnednseiainnisiuasunlanesdnginig
wulnvesganvie (Sales growth) Nilkarar sveziIa1AUnNU (Payback period) yafgniiieuimi

futlaguu (Net present value; NPV) wagdnsnsosasnanaunuiils (intemal rate of return; IRR)

(%
1

lpgasanyRguiudind Aldansulsiudetiianinuludnsn 50% vesdnsinisiivlnveteenyie

a ¢ o N
Naﬂ']i']Lﬂi'wvigﬂLLaﬂﬂﬂQG}'ﬁWQNuﬂﬂ‘W 14.4

NRaNITIATIZEANsaUlveslasins wansliiuiinisamulasinisiazdiany

[ 1

ANAIMINLATEEAIENS MNTSnTINIsiulnveteonuIeaaLs 4.185% dolauly areldReulyin

q

(%
=

AlgIeuUsHusaUTA L NLYLluEnTY 50% YaednsNTRuUlaveIeenu1y o nisseviiaAumu

% a a

AeluszeEIa11093993TINEN A9 dAryargnsiiisuwindulaglu > 0 uaz dnssosas

Y

HanauULNUNle > dnsinendeRudsuinns

ANTNKUINT 14.4 HanTATIzviAugeulmvesssesafuny Yadgnsiieusintiulagdu was

PRI150uaTNaNDULNUTLA MAnINN1SIUABULUAIYBIRNIINISIAUIAYD 18R e

Al siiusied
Snnaduln | Semmadintures | ssesnanfunu | yadigvsifleuwii gnsforay
vosgenu1y | AlETeulsiused Q) fullagiu @ | waneuwnuild
(%) (%) um) (%)
0 0 ldgnnsafunula | - 132,154,189 | lasamsvinnu
4.185 2.0925 20 64,945 8.51
5 25 18 12,004,173 10
10 5 11 123,132,629 19
15 7.5 9 339,348,031 27
20 10 7 751,455,496 33
25 12.5 7 1,523,158,014 40
30 15 6 2,944,979,139 46
35 17.5 6 5,524,566,748 52
40 20 5 10,135,557,044 58

2
1

NUBWR: AENLAFININ AlETewsiusteUiiaiuauludng 50% vesdnsinisiiulnvessenuiy
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CC: fasinoo@auburn.edu
Subject: Manuscript FPE-11020-2014.R2 accepted for Transactions of the ASABE
Body: 16-Jun-2015
Dear Dr. Weerachet Jittanit:

I am pleased to advise you that your revised manuscript FPE-11020-2014.R2"
Comparison between Hot Air and Superheated Steam Drying of Jerusalem Artichoke
(Helianthus tuberosus L.) Tubers and the Inulin Powder Production" is accepted for
publication in

Transactions of the ASABE as a Full-length article.
The most recent files you submitted (uploaded) will be used.

You will have the opportunity to review both an edited proof copy and page proofs of
your article before it is published. Generally edited proof copy is sent to you within 10
weeks (the quarterly journal J. Agr. Safety & Health may take longer). You will
receive a notice of the total page charges due along with your final page proof
(http://www.asabe.org/publications/authors/submit-journal-manuscript.aspx).

If you have questions please contact Ms. Pat Howard at ASABE Publications
(pfhoward@asabe.org or 269-932-7008).

Thank you for your contribution to the literature of the profession.

Sincerely,

Dr. Renfu Lu
Editor, ASABE, Processing Systems

BCC to associate editor

Transactions of the ASABE, Applied Engineering in Agriculture, and the Journal of
Agricultural Safety and Health are published by the American Society of Agricultural
and Biological Engineers (ASABE).

Associate Editor's comments, if any, to the author (also look for files at your Author
Center):

Associate Editor

Associate Editor Comments for Authors:

(There are no comments.)

Reviewer's comments, if any, to the author (also look for files at your Author Center):
Date Sent: 16-Jun-2015
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Reply of the authors to the reviewers’ comments

Editor’s comment: Abstract: Still needs to be improved upon. For example, the first
sentence should be about the importance of JAT and then followed by what the authors have
now (i.e. the procedure used). Also, a sentence after the conversion of dried JAT into powder
should be added i.e. what was done with the JAT powder. There was not a sentence
concerning the results from composition/quality of the powder.

Authors’ reply: The authors revised the abstract as the editor’s comment. The first sentence
“Jerusalem artichoke tubers are rich of inulin which can be applied in food as prebiotics and
dietary fiber supplement.” was added to present the importance of JAT. The content of
abstract was rearranged. The procedures used in the study were orderly presented.
Furthermore, a sentence concerning the results from composition/quality of the JAT powder
and inulin powder were added at the end of abstract to present the benefit of processing dried
JAT into inulin powder.

Editor’s comment: Line 36: The origin of Jerusalem artichoke can be traced to Canada but it
is now widely cultivated in the temperate regions of the world.

Authors’ reply: The authors changed the statement “It was originally found in Canada and
then cultivated widely across the temperate zone” to be “The origin of Jerusalem artichoke
can be traced to Canada but it is now widely cultivated in the temperate regions of the world”
as the editor’s comment.

Editor’s comment: Line 37: During the last decades, there has been an increase in the
amount of JA produced in Thailand....

Line 37: Authors should provide evidence for either the increase in amount of JA produced or
the amount of land used to cultivate JA.

Authors’ reply: The authors changed the statement “During the last few decades, there has
been an increasing of area use for cultivating plantation area of Jerusalem artichoke (JA) in
Thailand especially in the Northeastern region.” to be “During the last few decades, it was
found that many varieties of Jerusalem artichoke (JA) were bred, developed and could be
successfully grown in Thailand especially in the northeastern region (Vorasoot and Jogloy,
2006; Tanjor et al., 2012).” as the editor’s comment.

In addition, more information about an increasing amount of inulin use in food products was
added as following “Chaito et al. (2014) reported that inulin was fortified into various
commercial food products in Thailand during 2008 to 2013; for example, weight control diet,
instant coffee mix, instant beverage, supplemented food products for pregnant, milk, soy milk
and fruit juice whereas JAT powder was identified as an excellent source of dietary fiber.”

Thank you for reviewing for ASABE Publications



ASABE Publications - For Review Only

Editor’s comment : Line 94: Change to - ‘After drying, JAT samples from...... JAT
powder. An extraction process was then used to obtain inulin powder from the JAT powder”

Authors’ reply: The authors changed the statement as the editor’s comment.

Editor’s comment : Line 114: how was it ensured that the samples were 2 mm in thickness?
How were the tubers sliced?

Authors’ reply: The authors added the explanation how to ensure that the samples were 2
mm in thickness and how were the tubers sliced. The statement was amended to be

“Then, washed samples were sliced using a “Robot Coupe” electric vegetable slicer model
R502 (Owner Foods Machinery Co. Ltd., Bangkok, Thailand) with the setting slice thickness
of 2 mm and immediately immersed in 0.5% w/v citric acid solution for 5 min to prevent
enzymatic browning.”

Editor’s comment : Line 157: In response to previous review, authors mentioned that the
350 g were for all samples. If 6 g sample were taken at 2, 4 and 6 h, the amount of sample left
after 4 hour of drying will be less than 150 g (i.e. less than 50% of original sample mass)
assuming samples were obtained in duplicates with each sample weight 6 g. This will
definitely influence drying rate since there are less samples exposed to superheated steam
especially because sample had influence on moisture uptake/loss during superheated steam
drying (lines 358 to 374).

Authors’ reply: The authors agree with the editor’s comment that the decrease of sample
amount left in superheated steam drying chamber after sampling had influence on drying rate.
The sample amount at the beginning was limited to be 350 g due to the size of superheated
steam dryer applied in this study. However, although the sample amount in the superheated
steam drying chamber decreased along the drying experiment, the moisture content of
samples after 6 h of drying remained much higher than the target moisture content (< 8% d.b)
as described in the 1** and 2™ paragraphs of section 3.3. Moreover, this superheated steam
drying experiment showed the unacceptable appearance of dried JAT product. So, the result
could clarify that this drying technique is not suitable for JAT and less efficient than tray
dryer. These findings would be similar although the samples were not taken at 2, 4 and 6 h
during superheated steam drying experiment. In addition, for the development of thin layer
drying models, only the experimental data from tray drying were applied. Therefore, the
effect of sample decrease during superheated drying experiment on the drying rate would not
relate to the drying kinetic models developed in this work.

Editor’s comment : Line 166: Change ‘would be’ to ‘was’

Authors’ reply: The authors changed the word “would be” to be “was” as the editor’s
comment.

Thank you for reviewing for ASABE Publications
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Editor’s comment : Line 318: Change to ‘Blanching was included as part of the sample
preparation for hot-air drying and superheated steam drying experiments due to the similarity
of drying time between ..... and the aforementioned benefits of drying.

Authors’ reply: The authored modified and corrected the statement “Due to similarity of
drying time between unblanched and blanched JAT samples and the benefits of blanching, for
the next drying experiments, blanching was included for the sample preparation.” to
“Blanching was included as part of the sample preparation for hot air drying experiments due
to the similarity of drying time between unblanched and blanched JAT samples and the
aforementioned benefits of drying.” as the editor’s comment.

Editor’s comment : Line 322: Delete the sentence and reword as ‘Blanched JAT samples
were exposed to hot-air at temperatures of 55C, 65C and 75C.

Authors’ reply: The authors deleted the sentence “After realizing that blanching should be
included in the sample preparation. Tray drying experiments of blanched” and corrected the
statement “blanched JAT samples were conducted in a tray dryer at 55°C, 65°C and 75°C” to
“blanched JAT samples were exposed to hot air at temperatures of 55°C, 65°C and 75°C. > as
the editor’s comment.

Editor’s comment : Figures 3 & 5: There are two graphs. What are the differences between
the two graphs?

Authors’ reply: Figure 3 is the result after conducting the experiment described in section
2.2.1. It shows drying characteristics of unblanched and blanched JAT samples in tray dryer
at 65°C. Figure 5 is the result of experiment described in section 2.2.2. It illustrates drying
characteristics of blanched JAT samples in tray dryer at three different temperatures 55°C,
65°C and 75°C. The experimental data in Figures 3 and 5 were obtained from different sets of
experiments. The authors amended the statements in section 2.2.1 and 2.2.2 in order to be
clearer.

Editor’s comment : Figure 6: A portion of the figure is missing.

Authors’ reply: The authors used the track changes feature of Microsoft Word to obviously
indicate the changes that were carried out by the authors. If the editor clicks the feature
“Accept All Changes in Document”, Figure 6 would be complete (not missing). However, for
this latest revision, the track changes feature was not applied. The highlight by light-blue
color was used to indicate all the positions that were corrected by the authors.

Editor’s comment : Line 330: These variations in moisture content are high and should not

occur especially because the samples have been exposed to liquid water (blanching and
cooling) for at least 12 minutes. If there is high variation in maturity and size of the samples

used in this study, how applicable are the results obtained in this study?

Thank you for reviewing for ASABE Publications
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Authors’ reply: As described in the 2nd paragraph of section 3.2, there were rather high
variations in moisture content although the samples have been exposed to liquid water
(blanching and cooling). Even though there were rather high variations in initial moisture
content of blanched samples due to maturity, size and subsequently blanching effect in this
study, the results obtained in this study could be applicable. It is because the main results that
the authors investigated from these experiments consist of 1) required drying time for drying
JAT to the target moisture content (< 8% d.b), 2) drying characteristics for developing thin-
layer drying models and 3) quality of dried JAT. If considering the required drying time for
drying JAT to the target moisture content (< 8% d.b or 0.08 g water/g dry solid), the authors
found that all the samples required drying time of about 200 minute. The authors already
stated in the 2™ paragraph of section 3.2 that

“Although there was disparity in the initial moisture content of samples, the moisture
contents were decreasing and became comparable after 200 min. It is because most moisture
of the samples was free moisture that could be easily removed. Moreover, the shape of JAT
slices, which was considered as a slab because the ratios between the width and thickness of
the samples were greater than 10, had a high specific surface area. A plenty of surface area
could facilitate the moisture removal. After reaching a lower moisture content, the drying rate
would be limited by the moisture diffusion rate from inside to the surface of samples
resulting in the similarity of moisture contents at the later drying stage even if the drying
temperature was raised from 55°C to either 65°C or 75°C.”

For the drying characteristics for developing thin-layer drying models, the parameters that
were fitted into the models were the moisture ratio, drying time and equilibrium moisture
content. Although there were variations in initial moisture content of blanched samples, the
moisture ratio at initial time calculated by the equation (1) would be always equal to 1. So,
the tendency of the drying characteristics would not be influenced too much by initial
moisture content. The variation in maturity of blanched samples might have some effects on
the drying characteristic but it should not be much because the supplied fresh JAT were in the
range of maturity state and they were blanched before drying leading to the comparable
texture. The variation in size of blanched samples would definitely affect on the drying
characteristic but it should not be too much because they are slab shape due to the ratios
between the width and thickness of the samples greater than 10. For the slab shape, the
parameter that has the most influence on the drying characteristic is the thickness. In this
study, the thickness of JAT is controlled to be 2 mm by setting the electric vegetable slicer.

As previously mentioned, the required drying time for drying JAT to the target moisture
content (< 8% d.b or 0.08 g water/g dry solid) was similar (about 200 minute) although there
were rather high variations in initial moisture content of blanched samples. Therefore, in this
study the quality of dried JAT should not be obviously influenced by the variation in initial
moisture content. The main parameters that normally affect on the quality of samples are
drying temperature and drying time.

To sum up, even though the variations in initial moisture content of blanched samples might
have some influence on the drying characteristics and quality of dried JAT, the influence
should not be sufficiently intensive to cause the inapplicability of the result. Therefore, the
results obtained in this study could be applicable.

Thank you for reviewing for ASABE Publications
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Editor’s comment : Line 336: Reword ‘A plenty of surface area’

Authors’ reply: The authors reworded “A plenty of surface area” to “This high specific
surface area” as the editor’s comment.

Editor’s comment : Line 376: change to ‘when the drying temperature was raised to 140C
and 160C.

Authors’ reply: The authors corrected the statement as the editor’s comment.

Editor’s comment : Line 378: Spelling of ‘moisute’

Authors’ reply: The authors corrected spelling of the word “moisute” to “moisture” as the
editor’s comment.

Editor’s comment : Since there were significant differences in the values of moisture
contents for repeated experiments, which sample (and associated data set) was used for
quality determination, thin layer modelling, moisture diffusivity determination and
sugar/FOS/fructans determination?

Authors’ reply: The authors added more details in order to explain which sample was used
for quality determination, thin layer modelling, moisture diffusivity determination and
sugar/FOS/fructans determination.

For quality determination of dried JAT using a tray dryer, in terms of color and
microstructure, samples prepared from blanching pretreatment in section 2.2.1 were used.
The statement “The decision to blanch or not for the further tray drying experiment was made
after comparing the drying characteristics and quality (color and microstructure) of the
samples.” was added as the last sentence of section 2.2.1.

For tray drying experiment (section 2.2.2), the experimental results were used to compare the
drying kinetics and to develop thin-layer drying models. The first content of section 2.2.2 was
revised to “After the blanching pretreatment study, the selected pretreatment condition was
applied in tray drying experiment. For tray drying, the JAT samples weighing approximately
3 kg per batch were spread in a single layer on the cotton fabric and placed on stainless steel
trays. The samples were dried at three drying temperatures of 55°C, 65°C and 75°C until they
reached the moisture contents equal or less than 8% dry basis (d.b.) in order to compare the
drying kinetics and to develop thin-layer drying models.”. The result from Figure 5 was used
to develop thin-layer drying models. Although the initial moisture content of blanched JAT
samples were different as illustrated in Figure 5, they do not intensively influence on the
model development because the moisture ratio (MR) was used for the model fitting. The
initial moisture ratio calculated by the equation (1) would be always equal to 1. So, the
tendency of the drying characteristics would not be influenced too much by initial moisture
content.

Thank you for reviewing for ASABE Publications
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mr = MM (1)
M,-M,

Where M, is the moisture content at any time ¢ during drying (% d.b.), M; is the initial

moisture content (% d.b.), M, is the equilibrium moisture content (% d.b.).

For the moisture diffusivity determination, the prediction data from thin-layer drying model
was used. The sentence after equation 6 was revised to “Typically, the effective moisture
diffusivity was calculated using the method of slope (Sacilik, 2007; Jittanit, 2011) by plotting
the prediction data of the best-fitting model in terms of In MR versus drying time.”.

In case of sugars, fructo-oligosaccharide and fructans determination, the blanched JAT
sample was dried with a tray dryer at 65 °C because it was the suitable drying condition.
Dried JAT was ground, extracted and analysed the amount sugars, fructo-oligosaccharide and
fructan. The detail of selected sample and quality determination was presented in the second
paragraph of section 2.2.3. Moreover, although there were significant differences in the
values of moisture contents for repeated experiments, it would not affect on the results of
sugars, fructo-oligosaccharide and fructans contents because they were determined in dry
basis as shown in Table 4.

t .
The I° reviewer

Comments for the Author

Authors addressed most of the questions and suggestion for change. However, the following
two points needs to be addressed before publication:

Reviewer’s comment : Abstract: The authors still did not correct the order of presentation
pointed out in the first review. The WHY of a study should precede HOW. What you set out
to achieve and why you set out to achieve should precede how you went about your activities.

Authors’ reply: The authors revised the abstract as the editor and the 1% reviewer’s
comment.

Reviewer’s comment : The authors bluntly refused to address the issue of unnecessarily
digression to another produce “chicory” which has no bearing whatsoever with the objectives
of the study presented except that it is another source of inulin. If chicory was going to be
mentioned at all in the manuscript, it should be in the context of being another example
source of inulin and it comparison should be made in the context of inulin content compared
to JAT. Please see lines 40, 41 and 59.

Authors’ reply: The authors agree with the 1% reviewer comment. It is unnecessarily to
address about chicory root without the context of inulin content compared to JAT from this
study. Therefore, the authors deleted the following statement;

Thank you for reviewing for ASABE Publications
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“Meijer and Mathijssen (1993) and Simonovska (2000) claimed that Chicory root and
Jerusalem artichoke (JA) are plants rich in inulin and appropriate candidate crops for inulin

production. The inulin content of chicory root ranges between 15%-20% whereas that of
Jerusalem artichoke tubers (JAT) is 14%-19%. (Van Loo et al., 1995)”

and

“Nowadays, commercial inulin powder sold in the market is produced from chicory root and
used as a functional food ingredient, offering both nutritional properties (fiber enrichment,
proven prebiotic, reduced calories intake, etc.) and technical functional benefits (sugar/fat
replacer, enhancing stability) (Vokov et al., 1993; Niness, 1999; Roberfroid, 2007).”

as the 1°' reviewer comment.

Thank you for reviewing for ASABE Publications
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Comparison between Hot Air and Superheated Steam Drying of Jerusalem
Artichoke (Helianthus tuberosus L.) Tubers and the Inulin Powder
Production

Krittiya Khuenpet®, Weerachet Jittanit"*, Sarote Sirisansaneeyakulb

"Department of Food Science and Technology, Faculty of Agro-Industry, Kasetsart
University, 50 Ngam Wong Wan Road, Chatuchak, Bangkok 10900, Thailand
°Department of Biotechnology, Faculty of Agro-Industry, Kasetsart University, 50 Ngam
Wong Wan Road, Chatuchak, Bangkok 10900, Thailand

*Corresponding author, e-mail: fagiwcj@ku.ac.th

Abstract

Jerusalem artichoke tubers are rich of inulin which can be applied in food as
prebiotics and dietary fiber supplement. In this study, the hot air and superheated steam
drying of Jerusalem artichoke tubers (JAT) were compared. The hot air drying was carried
out at 55°C, 65°C and 75°C while the superheated steam drying temperatures were 120°C,
140°C and 160°C. The JAT samples from a selected drying condition were used for
manufacturing not only JAT powder but also inulin powder by applying extraction process.
The aims of this research were (1) to compare the quality of blanched and unblanched JAT
dried under different conditions in terms of moisture content, color and microstructure, (2) to
investigate the drying kinetics of JAT under hot air and superheated steam drying and (3) to
determine the chemical compositions of JAT powder and inulin extracted from JAT powder.
The result indicated that the superheated steam drying was inappropriate for JAT due to too
long drying time and product color. For the hot air drying, Page’s model and Modilli et al.
model were the best-fitting models due to their highest R* and lowest RMSE while the
effective moisture diffusivity (D) ranged from 1.56 x 107° to 3.14 x 10" m?s.
Additionally, the extraction process applied in this work could raise the inulin content from

39.09 g/100 g (d.b.) in JAT powder to 56.29 g/100 g (d.b.) in inulin powder sample.

Keywords: drying model, inulin, Jerusalem artichoke, superheated steam drying, tray dryer

1. Introduction
Jerusalem artichoke (Helianthus tuberosus L.) is a native species of sunflower in
eastern region of North America. The origin of Jerusalem artichoke can be traced to Canada

but it is now widely cultivated in the temperate regions of the world. During the last few
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decades, it was found that many varieties of Jerusalem artichoke (JA) were bred, developed
and could be successfully grown in Thailand especially in the northeastern region (Vorasoot
and Jogloy, 2006; Tanjor et al., 2012). According to the study of Judprasong et al. (2011), JA
grown in Thailand is a potential source of inulin-type fructans. It shows a rather high inulin
content of 19.5 g/100 g fresh weight. Chaito et al. (2014) reported that inulin was fortified
into various commercial food products in Thailand during 2008 to 2013; for example, weight
control diet, instant coffee mix, instant beverage, supplemented food products for pregnant,
milk, soy milk and fruit juice whereas JAT powder was identified as an excellent source of
dietary fiber. The extraction of inulin from the plant tissue is similar to extraction of sucrose
from sugar beets because inulin is soluble in hot water. The inulin production process
involves three general steps: the first is extraction of raw inulin by hot water diffusion,
followed by purification of the inulin extract and then drying of the purified juice to a pure

inulin powder (Angus et al., 2005).

Inulin represents a mixture of oligo- and/or polysaccharides composed of fructose unit
joined by B-(2—1) D-fructosyl-fructose bonds and terminated with a glucose unit by a-D-
glucopyranosoyl bond (Blecker et al., 2002; Ronkart et al., 2007). In general, formation of
inulin is GF, where G is glucose, F is fructose and n is the number of fructose molecules. The
degree of polymerization (DP) varies from 2 to 60 units (Van Loo et al, 1995; Judprasong et
al., 2011) depending on various factors such as species, harvesting maturity, storage time and
production conditions. (Saengthongpinit and Sajjaanantakul, 2005; Stanley and Nottingham,
2007). Molecules with DP<10 are so-called fructo-oligosaccharides (FOS)
(Sirisansaneeyakul et al., 2007).

The manufacture of inulin from domestically grown JAT in Thailand has been
considered as a potential option for the food business in the region to replace the import of
inulin powder from the European companies. Moreover, the JAT powder produced from
grinding the dried JAT could be sold as a supplementary food due to its inulin and other

nutrient contents.

Drying is a vital process for lengthening the storage life of harvested Jerusalem
artichoke tubers before they are processed because it enables factories to efficiency manage
raw material procurement, inventory and production. After harvesting, primary processing
such as blanching will be required in order to inactivate inulinase and polyphenol oxidase

(PPO) enzymes that degrade inulin and cause color change (Modler ef al., 1993; Takeuchi &

Thank you for reviewing for ASABE Publications
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Nagashima, 2011). Hot air drying is widely used in food processing to reduce moisture
content but have disadvantages such as low efficiency and product quality. A novel drying
treatment, superheated steam drying, which combines blanching and drying processes
together might be suitable for some food production due to the possibility of the processing
time reduction, more functional compounds being preserved and better physical properties
such as color, shrinkage, microstructure and texture (Niamnuy et al., 2011; Srisang et al.,
2011). Superheated steam at atmospheric pressure is an alternative drying medium for
dehydrating materials insensitive to temperature at or above 100°C (Tang and Cenkowski,

2000).

Mathematical models especially thin-layer drying models have been widely used for
predicting the moisture content change of food materials during drying (Doymaz, 2012).
Moisture diffusion is deemed as the dominant mechanism that restraints the drying rate of
food materials during falling rate period. The effective moisture diffusivity of product is the
imperative physical property indicating how fast the moisture can transfer from inside to the
surface of product. Wang and Brennan (1992) pointed out that drying of most food materials
commonly occur in the falling rate period. It means that the moisture transfer during drying is
controlled by internal diffusion. The internal diffusion during the falling rate period for most
food materials was described by the Fick’s second law of diffusion (Crank, 1975). In this
study, JAT samples were pretreated and then dried using a tray dryer and superheated steam
dryer under various conditions. The thin-layer drying models were also developed together
with effective moisture diffusivity determination. After drying, JAT samples from a selected
drying condition were used to manufacture JAT powder. An extraction process was then
applied to obtain inulin powder from the JAT powder. The objectives of this research were
to: (1) compare the quality (moisture content, color and microstructure) of blanched and
unblanched JAT dried under different conditions, (2) investigate the drying kinetics of JAT
under hot air and superheated steam drying, and (3) determine the chemical compositions of
JAT powder and inulin extracted from JAT powder. The outcome of this research would be

beneficial to the entrepeunuer who intend to manufacture either JAT powder or inulin.

2. Materials and Methods

2.1 Sample preparation

Thank you for reviewing for ASABE Publications
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The fresh JAT variety JA 102 was supplied by Agro-Ecological System Research and
Development Institute, Kasetsart University (Petchaboon Research Station), Thailand.
Initially, JAT samples were soaked in tap water for 30 min and then washed in order to
eliminate soil materials that adhered to the surface of the samples. Then, washed samples
were sliced using a “Robot Coupe” electric vegetable slicer model R502 (Owner Foods
Machinery Co. Ltd., Bangkok, Thailand) with the setting slice thickness of 2 mm and
immediately immersed in 0.5% w/v citric acid solution for 5 min to prevent enzymatic
browning. After that, the excess water was drained out of the samples by placing them on a

sieve for 10 min.
2.2 Pre-treatment and drying experiments

2.2.1 Blanching pretreatment

The effects of blaching on the drying time and appearance of JAT were investigated
in this study in order to determine whether the blanching step shoud be included in the
sample preparation process prior to drying. The JAT samples prepared by the procedure
previously described were (1) unblanched (as controls) and (2) blanched in boiling water for
2 min (Takeuchi and Nagashima, 2011), subsequently cooled down by soaking in tap water
for 10 min, followed by draining the excess water by placing them on a sieve for 10 min.
Then, both samples were dried using a tray dryer (Reliance Tech-Service Co., Ltd., Thailand)
at 65°C to compare their drying characteristics and quality in terms of color and
microstructure. The methodologies for color, microstructure and moisture content
determination are described in section 2.3. The decision to blanch or not for the further tray
drying experiment was made after comparing the drying characteristics and quality (color and

microstructure) of the samples.

2.2.2 Tray drying

After the blanching pretreatment study, the selected pretreatment condition was
applied in tray drying experiment. For tray drying, the JAT samples weighing approximately
3 kg per batch were spread in a single layer on the cotton fabric and placed on stainless steel
trays. The samples were dried at three drying temperatures of 55 °C, 65°C and 75°C until they
reached moisture contents equal or less than 8% dry basis (d.b.) in order to compare the
drying kinetics and to develop thin-layer drying models. During drying experiments,

approximately 20 g of samples were randomly collected from the top, middle and bottom
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trays for the moisture content determination at specified times as follows: every 15 min for
the first hour, every 30 min for the next 3 hours, and every 1 hour thereafter. The drying

experiments were conducted in duplicate.

2.2.3 Superheated steam drying

In addition to tray drying, the JAT samples were also dried in a superheated steam
dryer which was designed by the Department of Food Science and Technology, Faculty of
Agro-Industry, Kasetsart University in Thailand. Its schematic diagram is shown in Figure 1
(a). The heat to the boiler was supplied by the electric heater. Before loading samples into the
drying chamber, the system was warmed up by circulating the hot air. After loading the
samples, the superheated steam was supplied into the system in order to purge the air out of
the system and become the drying medium. Superheated steam drying experiments were
performed at 120°C, 140°C and 160°C. The unblanched samples were used for the
superheated steam drying experiments because the application of superheated steam during
drying would result in the enzyme inhibition similarly to steam blanching. The total JAT
samples of approximately 350 g were spread as a single layer on the cotton fabric and placed
on all three stainless steel trays. The direction of superheated steam flow and sample
positions 1 to 9 are presented in Figure 1 (b). During drying experiments samples of
approximately 6 g were collected from each position for the moisture content determination
at 0, 2, 4 and 6 h. Also, the color and microstructure of dried samples were determined. The
procedures of moisture content, color and microstructure determinations are described in

section 2.3.

After comparing their drying characteristics and quality with those of tray drying, the
suitable drying condition was determined. The dried samples were ground into JAT powder
by two milling steps using Fitz mill model M5 (The Fitzpatrick Company, USA) and Alpine
Augsburg pin mill type 160Z (Alpine American Corporation, Natick, MA). The JAT powder
was screened using 60 and 80 mesh sieves after the 1% stage milling in the Fitz mill and the
2" stage milling in the pin mill respectively. The JAT powder was also used for inulin
extraction. The chemical compositions of the powder with regard to sugar, fructo-

oligosaccharide (FOS) and inulin-type fructans were then quantified.

2.3 Quality determinations of dried JAT
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The quality parameters of dried JAT were quantified that consist of moisture content,
color and microstructure. The moisture contents were determined by the oven method using 2
g of sample and 105°C drying air temperature for 24 h (AOAC, 2005). The colors of samples
were measured by a Hunter Laboratory MiniScan XE colorimeter (Hunter Associates,
Reston, VA) in the L*, a*, b* scale. L* represents lightness (0 < L < 100), while a*(+), a*(-),
b*(+) and b*(-) represent redness, greenness, yellowness, and blueness respectively. The
colorimeter was calibrated with a standard white tile using illuminant D65 and the 10°
standard observer. Both moisture content and color determinations were carried out in
triplicate.

For the microstructure investigation, the dried JAT samples were cut and mounted on
brass specimen stubs using an electrically conductive double-sided adhesive tape. Then
samples were sputtered with gold (SCD 040, Balzer Union, Switzerland) prior to the
microstructure observation by the “JEOL” scanning electron microscope (SEM) model JSM-
6610LV (Seal Laboratories, USA). The magnifications of 100-500 times and accelerating
voltage of 15 kV were applied using the signals of secondary and backscattered electrons

(Totosaus and Perez-Chabela, 2009).

2.4 Development of thin-layer drying models

The data obtained from drying experiments were used to develop the thin-layer drying
models. The models would be useful for estimating the required drying time for each batch of
JAT. The moisture ratio (Eqn. 1) and drying time data were fitted into the thin-layer drying
models presented in Table 1. The equilibrium moisture contents of the samples at different
drying temperatures were determined by drying the samples in a tray dryer until no weight
changes were observed. For the model fitting, the moisture ratio (MR) was considered as the

dependent variable.

MR = H ..(1)
Where M, is the moisture content at any time ¢ during drying (% d.b.), M;is the initial
moisture content (% d.b.), M, is the equilibrium moisture content (% d.b.).
The data from the drying experiments was fitted by non-linear regression procedure
using the software Statistica 5.5 (StatSoft, Inc. Tulsa, OK 74104 USA) to obtain coefficient

of the models listed in Table 1. The statistical validity of the models was evaluated and
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190 compared by estimating the coefficient of determination (R%) (Egn. 2) and root mean square

191  error (RMSE) (Eqn. 3).

n

Z (Measured MR value — Predicted MR value)’
192 R* =1-1 ...(2)

n

Z (Measured MR value — Average MR value)’

i=1

193
Z (Measured M, value— Predicted M, value)’
194 RMSE = |2 ..3)
n
195

196 2.5 Determination of effective moisture diffusivity

197 The effective moisture diffusivity is the physical property that indicates the rate of
198 moisture transfer from inside to the surface of a product and therefore important for
199  predicting the drying process. Moisture diffusivity is a function of drying temperature and
200  product moisture content (Liu et al., 2009). The thickness of JAT samples was 2 mm whereas
201  their minimum width and length were 25 and 50 mm respectively; so, it was assumed to be
202  slab shape. According to Sacilik (2007), for the determination of moisture diffusivity, the
203  samples were considered as slab geometry if their length and width are much greater than its
204  thickness. Similarly, Vaccarezza (1974) stated that no serious error for slab shape hypothesis
205 s introduced when the ratio between the width and thickness of the slab is larger than 10. The
206  analytical solution of Fick’s second law of diffusion for slab shape material, with the
207 assumptions of moisture transfer occurring by diffusion, negligible shrinkage, constant
208  diffusion coefficients and temperature was as per following equation (Crank, 1975).

209 MR = (izj i;expt— 7 @n 1) DeﬁtJ ...(4)

7* )= 2n+1) 4H*

210 Where D, is the effective moisture diffusivity (m?/s), ¢ is the drying time (s) and H is

eff
211 the half-thickness of the slab (JAT sample), 1 x 10° m.

212 Expansion of the first three terms (n = 0, 1 and 2) of equation (4) results in equation
213 (5):

214

215 MR =0.81057 e >*7*"" 1.0.09006 e > 10,0324 Ve (5)
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Where N,,is Fourier number ((Defft)/ H 2). As described by Sacilik (2007), Saykova

et al. (2009) and Jittanit (2011), it appears clearly that the first term of the series solution in
equation (5) dominates the rest. Then, the natural logarithmic of the equation (5) can be

expressed as shown in equation (6).

2

Dt
1n(MR)=1n(0.81057)—2.4674( H”J ...(6)

Typically, the effective moisture diffusivity was calculated using the method of slope
(Sacilik, 2007; Jittanit, 2011) by plotting prediction data of the best-fitting model in terms of
In MR versus drying time.

_ —slope
ef"_(2.4674j -0)
HZ

2.6 Inulin extraction

The procedure of inulin powder production from JAT powder is illustrated in Figure
2. The JAT powder produced under the suitable condition investigated from the previous
section was used as the raw material for inulin extraction. Inulin was extracted from the JAT
powder using hot water 85°C for 30 min with the ratio of powder to water being 1:35 (w/w).
After that, the extract was cooled down under ambient conditions and its sediment separated
using a basket centrifuge at 1,500 rpm. The inulin extract was then concentrated to 30 °Brix
by boiling it on a hot plate under stirring. The last step was spray drying by a “NIRO” small-
scale spray dryer model “Mobile Minor 2000” (GEA Process Engineering Inc., USA) using
the inlet and outlet drying at 150°C and 90°C respectively. The inulin powder was analyzed
with regard to its chemical composition in terms of sugar, fructo-oligosaccharide (FOS) and

inulin-type fructans in order to compare with JAT powder.

2.7 Sugar, fructo-oligosaccharide (FOS) and inulin-type fructans determination

The sugar, FOS and inulin-type fructans contents in JAT powder and inulin powder
were determined following the method of AOAC (2005, 997.08). Initially, total sugars, FOS
and inulin-type fructans were extracted from powder samples by applying hot water at 85°C.
FOS and inulin-type fructans in a portion of extract were hydrolysed by inulinase. Both, hot

water extracted samples and enzyme hydrolysed fractions were derivatised by oxymation and
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silylation reactions. Individual sugars were then determined by high-temperature gas

chromatography (Joye and Hoebregs, 2000; Judprasong et al., 2011).

2.8 Statistical analysis

The software package of SPSS version 12.0 was used for the analysis of variance

(ANOVA) and a Duncan’s multiple range test in the statistical analysis.

3. Results and Discussion
3.1 Blanching pretreatment

The effects of blaching on the drying time are illustrated in Figure 3. It was clear that
the initial moisture content of JAT samples after blanching was higher than that of
unblanched sample about 2 times. It appears that although their initial moisture contents were
considerably different, the moisture contents of both samples decreased sharply during the
initial drying period and reached the desired final moisture content of 8% d.b. at almost the
same time which was around 240 min. This phenomenon can be explained by the fact that
blanching resulted in tissue softening thereby enhancing moisture transfer rate from inside to
the surface of JAT.

The appearance of unblanched and blanched samples after drying is shown in Figure
4 while the measured color values are presented in Table 2. It was noticed that the blanched
JAT samples has more intense color than its unblanched counterpart. According to the study
of Bach et al. (2013), JAT color turned to be grey after boiling due to after-cooking
darkening reactions between iron and phenolic acids. Furthermore, the non-enzymatic
browning reaction such as Maillard reaction occuring during blanching would be another
reason for the darker color of blanched sample because heat could accelerate this browning
reaction. Although after drying blanched sample had more intense color, Takeuchi and
Nagashima (2011) found that blanching at or above 60°C could inactivate inulase which
caused the inulin degradation in JAT during storage. Prestamo ez al. (1998) pointed out that
the benefits of blanching are not only to inactivate enzymes, destroy vegetative microbial
cells but also elimination of off-flavor. Blanching was included as part of the sample
preparation for hot air drying experiments due to the similarity of drying time between

unblanched and blanched JAT samples and the aforementioned benefits of drying.

3.2 Tray drying
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Blanched JAT samples were exposed to hot air at temperatures of 55°C, 65°C and
75°C in order to compare the drying kinetics and fit the thin-layer drying model.

The drying curves in Figure 5 illustrate that the initial moisture contents of JAT
samples ranged from 6.68 t0 8.17 Gwater/Lary solid (668 to 817% d.b.). These moisture contents
were lower than those of blanched samples in Figure 3. This should be due to the variation of
each sliced JAT sample with regard to size, maturity and subsequently blanching effect.
Although there was disparity in the initial moisture content of samples, the moisture contents
were decreasing and became comparable after 200 min. It is because most moisture of the
samples was free moisture that could be easily removed. Moreover, the shape of JAT slices,
which was considered as a slab because the ratios between the width and thickness of the
samples were greater than 10, had a high specific surface area. This high specific surface area
could facilitate the moisture removal. After reaching a lower moisture content, the drying rate
would be limited by the moisture diffusion rate from inside to the surface of samples
resulting in the similarity of moisture contents at the later drying stage even if the drying
temperature was raised from 55°C to either 65°C or 75°C.

Nonetheless, the drying curves apparently showed that during the first 3 h of drying
process, drying temperature of 65°C caused a faster moisture removal than that of 55°C but
the increase of drying temperature from 65°C to 75°C could not obviously raise the moisture
removal rate. The results are similar to the earlier observations on drying of persimmon slices
(Doymaz, 2012) and apple slices (Rayaguru and Routray, 2012). In addition, it appears that
the drying times required in order to reach the desired final moisture content of 8% d.b. were
480, 240 and 210 min for drying air temperatures of 55°C, 65°C and 75°C, respectively. The
experimental result of tray drying affirmed that drying at 65°C was appropriate for blanched
JAT samples due to its much shorter drying time than that of 55°C but not much longer than
75°C leading to the energy saving. Thus, this drying temperature was chosen for the

comparison with the superheated steam drying.

3.3 Superheated steam drying

Apart from tray drying, the JAT samples were also dried in the superheated steam dryer
at 120°C, 140°C and 160°C and the results are shown in Figure 6. As previously described,
the JAT samples prepared for the superheated steam drying were not blanched. So, the initial
moisture contents of samples ranged between 3.84 to 4.72 gwater/Lary solid (384 to 472% d.b.)

which were lower than those of blanched samples. According to Figure 6, it was observed
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that there was variation in moisture content between samples located in different positions (1
to 9) in the drying chamber for all superheated steam temperatures. In case of 120°C, the
moisture content of samples in position 1 which were located in zone 1 significantly
increased in the first 2 h and then slightly decreased after drying for 4 and 6 h; however, the
moisture content after 6 h was still higher than its initial moisture content. This phenomenon
happened because of the steam condensation occurring during an early period of superheated
steam drying since the drying material temperature was much lower than the superheated
steam temperature (Nimmol ez al., 2007). This occurrence would be considerable of
magnitude if the magnitude of superheat was not large enough as in case of applying
superheated steam at 120°C. In other words, the condensation would be significant after the
steam transferred its heat to the sample surface when the temperature of the superheated
steam was close to its dew point temperature. The steam condensed on the sample surface in
the drying chamber, especially in zone 1, could not be rapidly removed because the
superheated steam lost its heat when moving along the sample surface in zone 3 and 2

respectively. This phenomenon was less pronounced when the drying temperature was raised

to 140°C and 160°C.

In this study, the increase of superheated steam temperature from 120°C to
160°C had a considerable impact on the moisture loss due to the difference in the degrees of
superheat. The degree of superheat is defined as the difference between the temperature of
the superheated steam and its saturation temperature (Tang and Cenkowski, 2000). The
lowering of the condensate-surface temperature difference is correlated with degree of
superheat. (Balekjian and Katz, 1958). As the degree of superheat is raised, the condensate-
surface temperature difference would decrease. When considering the drying at 140°C and
160°C, the trends of drying curves were similar to that of 120°C but the moisture loss
occurred faster. This was due to the fact that higher degrees of superheat generate larger
driving force for heat/mass transfer (Pimpaporn et al., 2007). Although the drying
temperatures of 140°C and 160°C could raise the drying rate, the final moisture contents of
samples after 6 h drying remained much higher than the target moisture content (< 8% d.b).
The moisture contents of samples after drying at 140°C for 6 h and 160°C for 4 h were in the
range of 22 —334% and 14 - 216% d.b. respectively depending on the sample positions in the
drying chamber. The samples could not be dried at 160°C for 6 h because the color and

texture could not be accepted due to their extreme darkness and softness.

3.4 Quality determinations of dried JAT
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The appearances of samples after tray drying and superheated steam drying are shown
in Figure 4 while the measured color values are presented in Table 2. It was clear that the
JAT samples dried by tray dryer had better appearance than those of superheated steam dryer.
Also, it was noticed that sample location significantly (p<0.05) affected the sample color. In
case of zone 3 (positions 3, 6 and 9) which was close to the entrance of superheated steam,
the color of samples became darker and changed from pale yellow to dark brown. The
browning was possibly due to Maillard reaction. It occurred after the slices were exposed to a
high temperature environment of superheated steam drying for 6 and 4 h at steam
temperatures of 140°C and 160°C, respectively. Non enzymatic browning reactions such as
the Maillard reaction which is interaction between reducing sugars and amino acids,
accelerated by high drying temperature were likely to be the cause of the dark brown color
(Niamnuy et al., 2007; Baini and Langrish, 2009). Additionally, caramelization should be
another reason of dark color because of sugar content in JAT sample and high temperature of
superheated steam. These colors were unacceptable for dried JAT samples. According to
Bach et al. (2013), JAT became dark after boiling due to a non-enzymatic reaction. This
darkening occurred when tubers were exposed to air after cooking. During cooking, a
complex of Fe*" and o-diphenolic acid was formed. When exposed to air, this complex was
oxidised to a bluish-grey Fe’ “—o-diphenolic acid complex (Hughes et al., 1962). JAT have a
high iron content (Terzic” et al., 2012) resulting in a potential for developing after-cooking
darkening. The darkening does not affect product flavor or nutritional value; however, it

causes an undesirable appearance of the product (Wang-Prusky and Nowak, 2004).

Referring to the color values in Table 2, for each superheated steam temperature, the
colors of samples collected from zone 1 were significantly lighter than those of zone 2 and 3
(»<0.05). The redness values of dried JAT slices was also significantly affected by both, the
drying temperature and drying zone. The yellowness values of samples in zone 1 and 2
ranged from 14.54 to 23.69 whereas for zone 3 they were only 2.48 to 6.42. Comparing to
superheated steam drying, the color values of samples dried by tray dryer at 65°C were less

intense. These results are in agreement with the photographs in Figure 4.

The microstructures of dried JAT samples subjected to three treatments were observed
by SEM are illustrated in Figure 7. The micrographs show that at the surface of unblanched
and blanched tray dried JAT slices, polygonal cell wall structures with deep pores could be
observed; however, the cross sectional micrographs of tray dried JAT slices from both

treatments were clearly different. The blanched sample seemed to be thinner due to the
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collapse of cells and pores of the sample during hot water blanching. More porous
microstructure in the blanched sample was also found. This occurred due to the fast moisture
transport from inside to outside during drying process leading to more cracks inside the
structure. According to Waldron et al. (2003), Canet et al. (2005) and Hiranvarachat et al.
(2011), once moisture started to migrate from the cells, the cell walls begin to shrink, leading

the cells to crumple and consequently causing the collapse of the cell structure.

As previously discussed, condensation occur on the surface of sample dried in
superheated steam. The exposure of material surface at considerably high temperature for
long drying time resulted in the surface collapse and then the formation of a denser layer on
the surface because most of compositions of dried JA is inulin (Van Loo et al, 1995) that
usually melts at high temperature. Furthermore, the cross-sectional micrographs of sample
dried in superheated steam show that it was not as porous as the tray dried samples. This
should be due to the slow moisture removal rate during drying in superheated steam leading
to less cracks and lower porosity inside the structure. Moreover, the melting of inulin during

superheated steam drying would be another cause of this compact microstructure.

3.5 Thin-layer drying models

After comparing the drying characteristics and quality of the air dried samples (tray
dryer) and those subjected to superheated steam drying, it was obvious that the tray drying
was more appropriate for JAT samples because of its shorter required drying time and
superior appearance. Thus, the thin-layer drying models for tray drying of JAT samples were
developed by fitting the drying experimental data to mathematical models that are presented
in Table 1 by non-linear regression. The results of model fitting are presented in Table 3. The
best models describing the thin-layer drying characteristics of blanched JAT slices were
Page’s model and Midilli et al. model due to their highest R* and lowest RMSE values. This
finding was similar to the earlier observation of Porniammangkol er al. (2013) who
developed the thin layer drying models for drying JAT slices in hot air oven at 60°C,
microwave oven and open air. Also, Page’s model and Midilli et al. model were the best
fitting models for persimmon slices (Doymaz, 2012) and tomato slices (Garavanda et al.,

2011).

3.6 Effective moisture diffusivity
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The values of the effective moisture diffusivity during tray drying were calculated
using the method of slope as previously described. The D, values were 1.56 x 107, 1.91 x
10" and 3.14 x 10" m%s for drying temperatures of 55°C, 65°C and 75°C respectively. It
was noted that D,y values were escalated with increasing drying temperatures. Xiao et al.
(2010) pointed out that when samples were dried at higher temperature, increased heating

energy would increase the activity of water molecules leading to higher moisture diffusivity.

3.7 Sugar, FOS and inulin-type fructans in JAT and inulin powders

The JAT samples dried in the tray dryer at 65°C for 6 h were ground to be JAT
powder. The JAT powder was also used for inulin extraction and determination of the
chemical composition in terms of sugar, FOS and inulin-type fructans. Bohm et al. (2005),
Glibowski & Bukwska (2011) and Luo et al. (2011) pointed out that when pH > 5, inulin has
high stability even at high processing temperature. However, if the pH < 4, inulin stability
would decrease with an increase of heating time and temperature. In this study, the samples
did not expose to the high acidic environment; therefore, the chance that the thermal
processes such as blanching and hot water extraction would affect on the chemical
compositions of the inulin powder should be little. The results of determination of the
chemical compositions are presented in Table 4. It appears that JAT powder and JA inulin
powder contained sum of soluble sugars (fructose, glucose and sucrose) of 10 and 23.62
g/100 g (d.b.), respectively. The JAT and inulin powders contained merely little amount of
fructose and glucose. According to Takeuchi and Nagashima (2011), JAT slices blanched in
hot water for 120 s would lose some water-soluble materials such as one-third of the total
soluble saccharides. About 15.8 and 23.19 g/100 g d.b. of total FOS (GF,, GF3 and GF4) were
found in JAT powder and inulin powder, respectively. As expected, after inulin extraction
process, the inulin powder contained higher proportions of FOS and inulin-type fructans than
JAT powder. In other words, the extraction process could eliminate the impurities in JAT
powder in order to produce more purified inulin powder. Inulin powder could be used as a
functional food ingredient, offering both nutritional properties and technical benefits (Vokov

et al., 1993; Niness, 1999; Roberfroid, 2007).

4. Conclusions

The blanching process should be applied for the JAT sample preparation. Although
the moisture content of JAT samples increased after blanching, the required drying times for

unblanched and blanched samples were comparable. The SEM micrographs showed that
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more porous microstructure was found in the JAT sample that was blanched and dried in a
tray dryer whereas the superheated steam drying caused a denser microstructure. Tray drying
was more appropriate for JAT samples than superheated steam drying because of its shorter
required drying time and superior appearance. The best models describing the thin-layer
drying characteristics of blanched JAT slices were Page’s model and Midilli ez al. model due
to their highest R* and lowest RMSE values. The effective moisture diffusivity during tray
drying ranged from 1.56 x 10™° to 3.14 x 10" m%/s. The extraction process applied in this
work could eliminate the impurities in JAT powder in order to produce more purified inulin

powder. The outcome of this research was useful for the JAT powder or inulin manufacturers.
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Figure 3. Drying char acteristics of unblanched and blanched JAT samplesin tray dryer

at 65°C.
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Figure7. Scanning eectron microscope micrograghs of dried JAT samples. (a) surface of
unblanched/tray dried sample; (b) cross section of unblanched/tray dried sample (100x); (c)
cross section of unblanched/tray dried sample (500x); (d) surface of blanched/tray dried sample;
(e) cross section of blanched/tray dried sample (100x); (f) cross section of blanched/tray dried
sample (500x); (g) surface of superheated steam dried sample; (h) cross section of superheated
steam dried sample (100x); (i) cross section of superheated steam dried sample (500x).
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Table 1. Thin layer drying models considered in this study.

Model Mathematical equation References
Lewis MR = exp(—kt) Ayensu (1997)
Page MR = exp(—kt™) Agrawal and Singh (1977)
Modified Page MR = exp[—(kt)"] Yaldiz and Ertekin (2001)

Henderson and Pabis
Midilli et al.
Two-term

Two-term exponential

Wang and Singh

MR = aexp(—kt)

MR = aexp(—kt™) + bt

MR = aexp(—kot) + bexp(—k,t)

MR = aexp(—kt) + (1 — a) exp(—kat)

MR =1 + at + bt?

Westerman et al. (1973)
Midilli et al. (2002)
Henderson (1974)
Sharaf-Eldeen et al. (1980)

Wang and Singh (1978)
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Table 2. Color values of dried JAT samples.

Drying condition Zone Color
L* a* b*
Superheated steam drying
120°C 6 h 1 38.847+0.83 3.93+0.02 20.50° + 0.48
2 35.23°+0.12 5.85°+0.11 23.69"+0.72
3 21.015+£0.19  6.25°+0.82 6.42° +0.50
140°C 6 h 1 36.71°+ 1.25 5.84°+0.32 20.95° + 0.49
2 27.06"+ 0.99 8.91°+0.23 14.55+ 0.56
3 20.74% + 0.57 3.26°+0.19 2.485+0.26
160°C 4 h 1 45.89°+ 1.62 0.85¢+0.01 14.54%+ 0.09
2 36.14°+0.73  10.86°+0.34  23.18°+0.25
3 21.39¢+£0.28 4244+ 0.25 3.67°+0.24
Tray drying 65°C 6 h
Unblanched sample 77.41*°+1.14 -0.50"+0.17 15.41°+£0.34
Blanched sample 56.16° +0.36 1.92°+0.26 16.11°+0.56

"€ Different letters in the same column indicate that values are significantly different

(p<0.05).
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Table 3. Results of fitting experimental data into various thin layer drying models.

Model Temperature Model constants R RMSE
(o)

Lewis 55 k=0.011710 0.9747 0.0017
65 k=0.019847 0.9918 0.0004

75 k=0.016691 0.9707 0.0017

Page 55 k=0.001807, n=1.419717 0.9966 0.0002
65 k=0.006735, n=1.273288 0.9998 0.0000

75 k=0.001348, n=1.617298 0.9992 0.0000

Modified Page 55 k=0.011682, n=1.424372 0.9966 0.0088
65 k=0.019699, n=1.273289 0.9998 0.0000

75 k=0.016786, n=1.627726 0.9992 0.0000

Henderson 55 a=1.097028, k=0.012943 0.9837 0.0011
and Pabis 65 a=1.042896, k=0.020739 0.9935 0.0003
75 a=1.087996, k=0.018177 0.9774 0.0013

Midilli et al. 55 a=1.015549, k=0.002117, n=1.389349, b=0.000011 0.9968 0.0002
65 a=0.996445, k=0.006479, n=1.282451, b=0.000006 0.9998 0.0000

75 a=0.992327, k=0.001222, n=1.639090, b=0.00001 0.9993 0.0000

Two-term 55 a=0.547823, k,=0.012929, b=0.547823, k,=0.012928 0.9837 0.0011
65 a=0.521391, k,=0.020729, b=0.521391, k,=0.020742 0.9935 0.0003

75 a=0.543998, k,=0.018177, b=0.543998, k,=0.018177 0.9774 0.0014

Two-term 55 a=0.001872, k=6.240644 0.9743 0.0017
exponential 65 a=0.002648, k =7.461698 0.9916 0.0004
75 a=0.002564, k =6.462052 0.9703 0.0018

Wang and 55 a=-0.007001, b=0.000011 0.9458 0.0036
Singh 65 a=-0.008038, b=0.000013 0.7203 0.0150
75 a=-0.007846, b=0.000013 0.8225 0.0108
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Table 4. Sugars, FOS and inulin-type fructans in JAT and inulin powders.

Content (g/100 g db) JAT powder Inulin powder
Fructose 0.01 £0.00 2.27+0.47
Glucose 0.02 £0.00 0.40+0.12
Sucrose 9.97 £1.59 20.95+0.39

GF, 6.71 £ 0.06 9.83+£0.11

GF; 497 +£0.05 7.48 £0.14

GF,4 4.12+£0.06 5.88+0.13
Inulin-type fructans 39.09 £0.87 56.29 £0.58
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Abstract
In this study, the Jerusalem artichoke tuber (JAT) samples were pretreated by-4in four
different_ways eenditions—including non-peeling/blanching, non-peeling/unblanchingnon-
blanching, peeling/_blanching and peeling/anblanehing-non-blanching prior to hot air drying
and milling te-beinto fine powder. The physical characteristics of Jerusalem artichoke tuber

powder (JATP) specimens were determined their—physical-charaeteristies—in—aspeets—ofin

terms of color, moisture content, pH, microstructure, particle sizes—size and solubility.

Furthermore, they were processed te—beinto inulin powder by applying extraction,
evaporation and spray drying procedures. Both JATP and inulin powder samples from 4-four
pre-treatments eenditions—were analyzed their sugars, fructo-oligosaccharide (FOS) and
inulin-type fructan contents. The aims of this research were to (1) determine the appropriate
pre-treatment condition for JAT in order to obtain superior quality of JATP and inulin
powder products, (2) investigate the sugars, FOS and inulin-type fructans in JATP and inulin
powder and (3) evaluate the yield of inulin powder production from JATP. The results
indicated that non-peeling/blanching were the pre-treatment that should be applied for the
JATP and inulin powder production because it provided JATP with the lowest sugars (10.00

together with spray-dried inulin powder that has the lowest sugars (23.62 + 0.98 g/100 g4y

mass) and the maximum inulin-type fructans —weight-in—~coleeted-inulinpowders—produced
from-a-speeific-amount-of JATP(56.2976:94 £ 0.58 /100 Ziry mass2399-gFATPE). Also, the

benefit of —blanching is to help preventing the browning reaction during inulin powder

production process. The extraction process could separate some impurities and raise the
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sugars, FOS and inulin-type fructan contents in powder product. Additionally, the yields of

inulin powder production ranged between 45.56% to 59.85% of the JATP dry weight.

Keywords: blanching, extraction, inulin, Jerusalem artichoke tuber, peeling
1. Introduction

Inulin is a linear polymer of fructose unit joined by B-(2—1) D-fructosyl-fructose
bonds and terminated with a glucose unit by a-D-glucopyranosoyl bond (Blecker ef al., 2002;
Ronkart ef al., 2007). Ordinarily, formation of inulin is GF, where G is glucose, F is Fructose
and n is the number of fructose molecules. The degrees of polymerization (DP) of inulin
range between 2 to 60 units (Van Loo ef al, 1995; Judprasong et al., 2011) depending on
species, harvesting maturity, storage time and production conditions (Saengthongpinit and
Sajjaanantakul, 2005; Stanley and Nottingham, 2007). Small molecules with DP<10 are so-

called fructo-oligosaccharides (FOS)_(Sirisansaneeyakul et al., 2007). Inulin is generally

applied in food industry as a functional food ingredient, offering both nutritional properties
(fiber enrichment, proven prebiotic, reduce calorie intake, etc.) and technical benefits

(sugar/fat replacer, enhancing stability) (Vokov et al., 1993; Niness, 1999; Roberfroid, 2007).

Jerusalem artichoke (Helianthus tuberosus L.) is a tuberous plant belonging to the
sunflower family. It is cultivated widely across the temperate zone; however, during the last

few decades, it was found that many varieties of Jerusalem artichoke (JA) were bred

developed and eewld—be—successfully grown in Thailand especially in the

Jerusalem artichoke tuber (JAT) is deemed as a popular herbal food among Thai people due
to its neutraceutical properties especially for diabetics. According to Meijer and Mathijssen
(1993) and Simonovska (2000), JA is a plant rich in inulin; thus, it is one of the candidate
crops for inulin production. The inulin content of JAT is +4%—19%14-19% while the crop

that is commercially used for inulin production, namely chicory root contains inulin between
15%-20%15-20% (Van Loo et al., 1995). Referring to Judprasong ef al. (2011), JA grown in
Thailand was the potential source of inulin-type fructans with the inulin content of 19.5 g/100

g fresh weight.

The processing of JAT domestically grown in Thailand to be either Jerusalem
artichoke tuber powder (JATP) or inulin powder would be beneficial for both JA growers and

food business in the region because it can help raising the demand and subsequently market
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value of JAT. Also, the JATP can be sold as a supplementary food due to its inulin and other
nutrient contents whereas inulin powder produced from JAT can replace the inulin powder

imported from European companies.

According to Angus et al. (2005), the production of inulin powder from the plant
tissue is similar to the sucrose production from sugar beets because inulin is soluble in hot
water. It involves three general steps comprising with-hot water extraction, purification of the
inulin extract and then drying of the purified solution to be inulin powder. Although the

world inulin production was-is estimated te-beat approximately 100,000 ton-tonnes a year,

almost all of them were manufactured from chicory root. Moreover, the production
technology of inulin has not been disclosed from the key producers. Lingyun et al. (2007)
pointed out that so far, most of the JAT have not been processed to be inulin powder because
the purification technology is not well developed. Several methods for inulin extraction from
JAT have been proposed. Laurenzo et al. (1999) grinded JAT and then applied boiling water
extraction for 10-15 min. Wei et al. (2002) applied microwave heating technique to assist the
inulin extraction from JAT. In addition to hot water extraction, Sangthongpinit &
Sajjaanantakul (2005) applied the process of inulin coagulation by alcohol prior to drying.
However, Lingyun et al. (2007) pointed out that the precipitation of inulin by alcohol is
uneconomical and inappropriate for industrial-scale production. Furthermore, they claimed
that the important factors influencing the effectiveness of inulin extraction from JAT
eempristag-include pH, time duration, temperature and proportion of solvent to raw material.
It was concluded that the optimal conditions for maximizing inulin extraction yield (83.6%)
in conventional process were at natural pH for 20 min at 76:6576.7 °C and solvent:solid
ratios of 10.56:1 (v/w). Franck (2002) stated that for the industrial production process, inulin

was to be extracted by hot water followed by refining using exchanger technology and then

concentrating using evaporation and spray drying. In past decades, thermal extraction,
multistage extraction and countercurrent extraction were conducted using merely hot water;
however, recently, an ultrasound technique has been applied to assist inulin extraction from

Jerusalem artichoke tubers-tuber by some researchers (Li et al., 2012). _JA tuber has

light brown skin that is thin and edible. A high content of phenolic compounds from JA
tubers were-was found in the peel, but not in the flesh of the tubers; therefore, JA should be
consumed unpeeled in order to get more nutrients from JA tubers (Seljdsen and Slimestad,
2007). Besides, Yildiz (2006) found that the yield values of sweetening syrups produced from

JA were 17_g and 13_g, and DP values were 7 and 7.9 for extracts obtained with whole and
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peeled tubers, respectively. Nearly 31% increase in yield, and 13% decrease in DP was
obtained with whole tubers. Therefore, for the production of functional syrups, JA tubers
should not be peeled. According to Milala et al. (2009), the -inulin-type fructan contents in
the extract of chicory root and that of chicory root peel were 61.8 and 47.7% respectively
indicating that chicory root should not be peeled in the inulin production. This finding could
be also the guideline for the inulin production from JAT. Although it is clear that the
utilization of the whole JA tubers would result in the-a higher production yield of JATP and
inulin powder, the effect of peeling on the powder qualities-quality should be investigated.

Blanching is a common pre-treatment step for the processing of many food products.
The benefits of blanching are to inactivate enzymes mainly in fruits and vegetables, reduce
the initial load of microorganisms and remove the impurities in raw materials. For the JAT,
inulinase and polyphenol oxidase (PPO) are deemed as the vital enzymes that can affect on
the JAT quality. Inulin is usually degraded to shorter DP by an internal enzyme, inulinase,
during storage. PPO is related to the occurrence of undesirable browning and off-flavors
generation. Usually, JAT sample would have unwanted-arematie—flaveroff-flavors and also
the development of blackening of the tubers as a result of oxidation occurred while
processing. Therefore, thermal treatment such as hot water blanching is generally required in
order to inactivate inulinase and PPO which influence on degradation of inulin, color change
and off-flavors (Modler ef al., 1993; Ziyan and Pekyardimci, 2003; Takeuchi and Nagashima,

2011). It appeared that inulinase could be inactivated by lower temperature treatment than

PPO. Heat treatment at 60°C could inactivate inulinase (Marx et al., 1997; Takeuchi and
Nagashima, 2011) whereas 50% of PPO activity still remained after hot water blanching at
100°C for 2 min (Takeuchi and Nagashima, 2011). Takeuchi and Nagashima (2011) pointed
out that blanching for 2 min did not completely inactivate PPO, but it was enough to maintain
pale color of JAT sample. Moreover, it appeared that blanching longer than 60 s resulted in
inulin loss from JAT slices whereas one-third of the total soluble saccharides were lost after
blanching JAT for 2 min. Even though blanching process provides some benefits to JAT
samples as previously stated, the effect of blanching on the JAT powder gualities-quality and

yield of inulin extraction should be clarified.

Up to now, there have been some methods proposed in the published papers for
determining the inulin content of the samples. Lingyun et al. (2007) determined the inulin
content in sample by calculating the difference between total carbohydrates and reducing

sugars. The total carbohydrates were obtained by the phenolsulphuric acid method while the
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reducing sugars were measured by the dinitrosalicylic acid method using D(-)-fEructose as
standard. Moreover, they applied HPAEC with pulsed amperometric detection (PAD) to find
the oligofructan pattern in more detail. The major drawback of HPAEC-PAD is that it is very
difficult to quantify the high-DP compounds due to the lack of appropriate standards and the
reduced sensitivity of the PAD detector for high-DP polymers. A high-temperature capillary
gas chromatographic method has been developed for the quantitative determination of inulin-
type oligosaccharides with DP<10 (Joye and Hoebregs, 2000). Sample preparation involves
oxime formation and silylation of the extracted sugars. The oxime-trimethylsilyl derivatives
are analyzed on an apolar capillary Al-clad column with temperature programming up to
440°C, and detection by flame ionization. The method is accurate and specific. Moreover b-
and GF, molecules from F, molecules. Bach et al. (2012) calculated the inulin content of the
Jerusalem artichoke tuber extract from the difference in concentrations of glucose and
fructose before and after hydrolysis, applying the method of Kocsis ef al. (2007). They
analyzed the content of free sugars by high-performance anion exchange chromatography
(HPAEC), according to the method of Kaack et al. (2004). Regarding the results of Bach et
al. (2012), a low total sugar content was found in all three varieties of Jerusalem artichoke
tubers, ranging from 1.55 to 2.15 g/100 g of fresh weight. Sucrose appeared to be the main
part of that total sugar. Baldini ef al. (2004) determined the inulin content by analyzing the
free sugars (sucrose (fy), glucose (fy) and fructose (fr)) in inulin extract and then investigating
the total fructose (F) and glucose (G) content in acid-hydrolysed inulin extract by HPLC
method. Judprasong et al. (2011) applied similar principle to Baldini et al. (2004) for
evaluating the inulin content but they used enzyme hydrolysis instead of acid hydrolysis.
Chabbert ef al. (1985, 1993) claimed that the DP of inulin depended on the cultivar and age
of Jerusalem artichoke. Saengthongpinit and Sajjaanantakul (2005) stated that a decrease in
the more polymerized fractions (DP>10) with an increase in fructose and sucrose

composition was observed for late-harvested (20 weeks) Jerusalem artichoke tubers.

In this study, the JAT samples were pretreated by 4 different conditions comprising
non-peeling/blanching, non-peeling/unblanchingnon-blanching, peeling/blanching and
peeling/unblanehingnon-blanching prior to hot air drying and milling to be fine powder. The
JATP specimens were determined their physical characteristics in aspects of color, moisture
content, pH, microstructure, particle sizes and solubility. Besides, JATP samples were

processed to be inulin powder by applying extraction, evaporation and spray drying
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procedures. Both JATP and inulin powder samples from 4 pre-treatment conditions were
analyzed their sugars, fructo-oligosaccharide (FOS) and inulin-type fructan contents by
applying high-temperature gas chromatography. The main objectives were to (1) determine
the appropriate pre-treatment condition for JAT in order to obtain superior quality of JATP
and inulin powder products, (2) investigate the sugars (fructose, glucose and sucrose), FOS
and inulin-type fructans in JATP and inulin powder and (3) evaluate the yield of inulin
powder production from JATP. The outcome of this research would be beneficial to the

entrepeunuers who intend to specify the manufacturing process for either JATP or inulin.

2. Materials and methods
2.1 Pre-treatments and JATP production

The fresh JAT variety JA 102 was supplied by Agro-Ecological System Research and
Development Institute, Kasetsart University (Petchaboon Research Station), Thailand. Raw
JAT samples were exposed to the preparation procedures from washing until milling to be
JATP as the diagram shown in Figure 1. JAT samples were washed to eliminate the soil and
other impurities and then kept at 2°C in coldroom before use. The JAT samples taken from
the coldroom were left at the room temperature prior to experiencing the 4-four different pre-
treatments _—eenditions—including non-peeling/blanching, non-peeling/unblanchingnon-
blanching, peeling/blanching and peeling/unblanchingnon-blanching. The vegetable cutter

was used for slicing JAT to be 2 mm thickness. The immersion of samples in 0.5% w/v citric

acid solution for 5 min was done for preventing enzymatic browning. For blanching step, the - - Formatted: Not Highlight

sliced samples were immersed in boiling water for 2 min (Takeuchi and Nagashima, 2011)

and then Fthe tap water at room temperature was applied for cooling-step. Each pretreated

sample was drained, laid on the filter fabric before tray drying_at 65°C._This drying

temperature was chosen because in the previous study it provided the short drying time and

acceptable product quality. -Dried JAT chips were ground to be JAT powder by two milling

steps applying a Fitz mill model M5 (The Fitzpatrick Company, USA)and an Alpine
Augsburg pin mill type 160Z (Alpine American Corporation, Natick, MA). The JAT powder
was sreeened by-through 60 and 80 mesh sieves after the 1* stage milling by a Fitz mill and

the 2" stage milling by a pin mill eerrespendinglyrespectively. There were four samples
obtained from the preparation procedure namely JATP1, JATP2, JATP3 and JATP4 as
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199 | presented-shown in Figure 1. All four specimens were processed te-beinto inulin powder by

200 | applying extraction, evaporation and spray drying procedures.
201
202 2.2 Inulin powder production

203 The procedure of inulin powder production and the quality determinations
204 | determination for samples collected in each step are illustrated in Figure 2. The JATPI,
205 JATP2, JATP3 and JATP4 were used as the raw materials for inulin powder production.
206  Inulin was extracted from the JATP using hot water 85°C for 30 min with the ratio of powder
207  : water at 1:35 (w/w). Then, the extract was cooled down under ambient condition and
208 | separated—its—sedimentthe sediment separated using a basket centrifuge at 1,500 rpm with
209  polypropylene-fabric multifil bag model F254-3 (Cannew International Trading Co., Ltd.,

210 | Thailand). The inulin extract was evaporated to be-a 30 °Brix concentration by boiling it on a
211 | hot plate with stirringstirrer. The concentrated solution was processed te-beinto powder by a
212 “NIRO” small-scale spray dryer model “Mobile Minor 2000” (GEA Process Engineering
213 | Inc., USA) using the inlet and outlet drying at 150°C and 90°C respectively. This spray
214 | drying condition was applied because in the preliminary test it provided high powder

215 | recovery, acceptable powder appearance and sufficiently low moisture content of powder

216 | product. The quality determinations for JATP, sediment, inulin extract, concentrated inulin

217 | extract and inulin powder were carried out in various faeets—characteristics stages—as
218 | presented-shown in Figure 2.

219 <«- -~ 7| Formatted: Left, Space After: 8 pt, Line
spacing: Multiple 1.08 li, Adjust space between
220 2.3 Quality determinations Latin and Asian text, Adjust space between

Asian text and numbers

221 In this study, the ssmpler—eps—doommined el qualiner p—evlenr asoools

222 | ineludingquality of the samples was determined in terms of color, moisture content, pH,

223 particle size, microstructure and the contents of sugars, FOS and inulin-type fructans
224  depending on the production step. Furthermore, the solubility of JATP, powder recovery in
225  spray drying and production yield of inulin powder were calculated using the experimental
226  data. The determination of the color, moisture content, pH and contents of sugars, FOS and
227 | inulin-type fructans were done in three replieationsreplicates. The software package SPSS

228  version 12.0 was used for statistical analysis.

229
230 2.3.1 Color
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The eelers-color of examples were-was measured by a Hunter Laboratory MiniScan
XE colorimeter (Hunter Associates, Reston, VA) #r-using the L*, a*, b* scale. L* represents
lightness (0 < L < 100), while a*(+), a*(-), b*(+) and b*(-) represent redness, greenness,
yellowness, and blueness correspondingly. The colorimeter was calibrated with a standard

white tile using illuminant D65 and the 10° standard observer (Sootjarit et al., 2011a, 2011b).

2.3.2 Moisture content
The moisture contents were determined by the oven method using 2 g of sample and

105°C drying air temperature until constant weight (AOAC, 2005).

2.3.3 pH
The 2 g of powder samples were dissolved in 75 st mL of distilled water prior to pH
measurement. The pH values of solutions were measured by “Lutron” pH meter Model PH-

207 (Lutron, Taiwan).

2.3.4 Particle size

To analyze particle sizes of JATP, a set of sieves were-was used with a mechanical
sieve shaker. Sieves with mesh size of 125, 149, 177 and 250 micrometers were utiizedused.
They were assembled in the ascending order of mesh size increasing from bottom to top
while the pan was installed below. The 20-30 g of each sample was-were placed on the top
sieve and shaked-shaken for 10 min with amplitude of 1.5 mm. The powders on each sieve
were weighed. The weight was divided by the total weight to calculate the pewderpercentage
of powder retained on each sieve mesh.

2.3.5 Microstructure

The physical structure of JATP and JAT inulin powders were observed by scanning
electron microscopy (SEM). Powder samples were sprinkled onto double-sided tape on an
SEM stubs. Then samples were sputtered with gold (SCD 040, Balzer Union, Switzerland)
prior to the microstructure observation by the “JEOL” scanning electron microscope model
JSM-6610LV (Seal Laboratories, USA). The magnifications of 200-1,000 times and
accelerating voltage of 15 kV were applied using the signals of secondary and backscattered

electrons (Totosaus and Perez-Chabela, 2009).
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2.3.6 Sugars, FOS and inulin-type fructan contents

-The sugars, FOS and

inulin-type fructans contents in JAT powder and inulin powder were analyzed following the
method of AOAC (2005, 997.08). Firstly, total sugars, FOS and inulin-type fructans were
extracted from powder samples (2-3 g). containing about 1 g of inulin-type fructans, by
applying hot water at 8542 °C for 15 min in shaking water bath. FOS and inulin-type fructans
in a portion of extract were hydrolysed by inulinase. Both hot water extract samples and

enzyme hydrolysed fractions were derivatised by oxymation and silylation reactions.

Individual sugars which contained native fructose, glucose, sucrose and FOS (1-kestose

temperature gas chromatography. For sugars in the solution of inulinase hydrolysed extract

which contain native sugars, sugars fractions from inulin and FOS (fructose and glucose)

were determined using another gas chromatography (Joye and Hoebregs, 2000; Judprasong et

al., 2011). Amount of inulin-type fructans was calculated from the difference of the amounts

of each sugar — fructose, glucose and sucrose — before and after enzyme hydrolysis as given

in AOAC (2005, 997.08). (Judprasong et al., 2011).

2.4 Solubility of JATP

The loss of dry solid contained in JATP during hot water extraction and basket
centrifugation could be realized if the solubility percentage was calculated using the equation
1. The higher solubility percentage implied that the lower loss of dry solid occurred. For the
inulin extraction experiment, 300 g of JATP was-were used as raw material. After hot water
extraction and basket centrifugation, the sediments were weighed. JATP and sediments were
determined their moisture content. The moisture content values were used for calculating the

dry solid contents in JATP and sediment.
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dry solid in JATP (g) — dry solid in sediment (g)
x

Solubitiy (%) =
olubitiy (%) dry solid in JATP (g)

100 ..(1)

2.5 Production yield
2.5.1 Powder recovery in spray drying

The production yield of spray drying process could be represented by the powder
recovery value. The total soluble solid (°Brix) in the concentrated inulin extract after
evaporation step was measured by a “Hanna” digital refractometer model HI96801 (Hanna
Instruments Inc., USA). Then, the weight of total selid—solids in the concentrated inulin
extract that was fed into the spray drying machine for each experimental run was calculated.
Also, the weight of inulin powder collected from each spray drying experiment was recorded.

The- powder recovery value was then determined using equation 2.

Total solid in collected spray dried powder (g)
Powder recovery (%) = Total solid in the feed (g) x100 ..(2)

2.5.2 Production yield of inulin powder

The percentage of production yield of inulin powder was calculated applying the data
of total solid weight in inulin powder collected from spray dryer and the dry mass of JATP
used as the raw material in extraction process. The formula for calculation is shown in

equation 3.

. . Total solid in collected spray dried powder (g)
Production yield (%) = x100 ..(3)

Dry solid in JATP (g)

| - ‘[ Formatted:
«

2.6 Statistical analysis

The software package of SPSS version 12.0 was used for the analysis of Variance*‘**‘[Formatted:

(ANOVA) and a Duncan’s multiple range test in the statistical analysis.

Thank you for reviewing for ASABE Publications

Page 10 of 50

* ‘[Formatted:

Indent: First line: 0.5" J

- /[ Formatted:

Font: 11 pt, Not Italic J

- /[ Formatted:

Font: 11 pt, Not Italic J

Indent: Left: 0" ]

Indent: Left: 0", First line: 0.49" ]




Page 11 of 50 ASABE Publications - For Review Only

325

326
327
328
329
330
331

332

333

334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

351
352
353
354
355
356

3. Results and discussion

After the production of JATP applying four different pre-treatments, the JATP
samples were used as the raw materials for inulin powder production. The quality of the
samples were-was determined theirequalities—in—various—aspeets—ineludingin terms of color,
moisture content, pH, particle size, microstructure and the contents of sugars, FOS and
inulin-type fructans at various production steps. depending-on-the-production-steps—that-the
samples-were collected from.

3.1 Color, moisture content and pH

The color is one of the main attributes that influence to-the consumer preference in
JATP and inulin powder. Usually, the-a less intense color of powder is more-preferred. The
results of color measuremnet-measurement are presented in Table 1. It appeared-appears that
the blanched samples (JATP1 and JATP3) were significantly darker than the non-blanched
counterparts these—of unblanched-counterparts(JATP2 and JATP4). Among all JATP, the
sample prepared using non-peeling and blanching pre-treatments (JATP1) was found to be

the darkest powder due to its lowest L* and highest a* and b* values. This may be caused

sheuld-be-caused-by non-enzymatic browning reaction such as Maillard reaction occurring
during blanching. Bach er al. (2013) claimed that after peeling and meanwhile drying, JAT
slices turned brown due to the enzymatic browning reaction. Moreover, if they were heated in
boiling water, their colors would be darker as a result of non-enzymatic darkening reaction
between iron and phenolic acids forming a complex of Fe** and o-diphenolic acid. When
exposed to air, this complex was oxidized to a bluish-grey Fe’*—o-diphenolic acid complex
(Hughes et al., 1962). In addition, JATP1 was significantly darker than JATP3 because
JATPI1 contained the JAT skin. According to Takuechi and Nagashima (2011), JAT peels
contained more polyphenolics than flesh; therefore, the more intense of non-enzymatic

darkening reaction occurred for JATP1.

All JATP specimens were used as the raw materials for inulin extraction as previously
mentioned. The sediments and inulin extracts were collected after basket centrifugation step.
It was found that the colors of sediment and extract in case of using unblanehed-non-blanched
samples were darker than those of blanched counterparts. This phenomenon could be
attributed to two main reasons. Firstly, blanching pre-treatment could inactivate PPO that is

deemed as the key cause of undesirable browning in JAT during storage (Modler ef al., 1993;
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Ziyan and Pekyardimci, 2003; Takeuchi and Nagashima, 26442011) Takeuchi and

Nagashima (264+2011) pointed out that blanching JAT in boiling water for 2 min could not
completely inactivate PPO, but it was enough to maintain pale color of JAT sample.
Secondly, during blanching step, some soluble compounds such as sugars and peptides that
are substrates for Maillard reaction were eluted out from JAT to hot water (Takuechi and
Nagashima, 2011). As a consequence, when the blanched samples were heated during the
extraction process, the development of brown color due to Maillard reaction in both
sediments and extracts were less than those ef-in uwnblanehed-non-blanched counterparts. If
considering the color values of concentrate and inulin powder samples, it appeared-appears
that the tendency was similar to these-that of sediments and inulin extracts. The reasons for
this eeenrrenee-phenomenon would be identical to those efin sediments and inulin extracts as
priethy—previously explained. The result of color measurement showed that blanching pre-
treatment should be applied in order to ebstraet—prevent the browning reaction occurring
during storage and inulin powder production process. In addition, the samples containing JAT
peel that were JATP1 and JATP2 and their subsequent products had more intense color when
comparing with samples without JAT skin. It was because the polyphenolics normally exist
in JAT peel more than flesh leading to more intense ef-non-enzymatic darkening reaction
during heating as previously described (Takuechi and Nagashima, 2011). Although the
application of JATP that include JAT skin caused darker color of inulin powder, it could raise
the production yield of inulin powder due to the-a high content of inulin-type fructans in the

peel (Yildiz, 2006).

The moisture content and pH values of JATP and inulin powder samples are
presented in Table 2. The moisture contents of JATP and inulin powder were in the range of
5.7 — 6.8% wet basis (w.b.) and 5.7 — 7.64-8-6-4% w.b. respectively. These moisture contents
were deemed low enough for long term storage. Lingyun ef al. (2007) dried their fresh JAT to
the moisture content about 5.61% w.b. in order to prevent them from brown rot. The effect of

pretreatment on the moisture content of JATP is not obvious. Moreover, the pretreatment

should not directly influence the moisture content of inulin powder because for the inulin

production process, the samples exposed to more heat and moisture during hot water

extraction than those during blanching pretreatment. For the pH determination, the 2 g of

sample was dissolved in 75 ml-mL of distilled water before measurement. -It appeared that
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the pH values were between 5.52-5.91 and 5.67-6.65 for JATP and inulin powder samples

- {Formatted: Not Highlight

Hewever—the pH values of blanched JATP samples dATPland JATP3}were significantly - {Formatted: Not Highlight

higher than non-blanched samples . The soaking of sliced JAT samples

in citric acid solution should be a cause of the rather low pH values of JATP and inulin

powder. The blanching of sliced JAT samples in hot water for 2 min resulted in a slight

increase of pH due to the leaching of acidic substances from the sample to water. However,

the blanching step is not the key factor that influences the pH values of inulin powder

because for the inulin production process, the samples exposed to the hot water extraction for

a long time. -This pH information would be useful for the food industries that apply these

powders as an ingredient in their products such as healthy drinks.

3.2 Particle sizes-size and solubility of JATP

The particle size distribution distributions-efparticle-sizes-of JATP samples swere-was

determined using a mechanical sieve shaker as previously described. The results were-are

shown in Figure 3. It is clear that the JATP with particle size of less than 125 micron were the
majority of JATP samples in all cases with the proportion between 51.43 and 81.11% of total
weight. Fsheuld-be-dueThis is likely to be due to the application of two-stage milling using a

Fitz mill and pin mill respectively.—— Furthermore, it appeared-appears that the blanched
samples (JATP1 and JATP3) contained a higher mere—proportions of powder with larger
particle sizes than unblanehed-non-blanched specimens (JATP2 and JATP4). In the other
words, the powders of unblanehed-non-blanched JAT were finer than those of JAT exposed
to blanching steppre-treatment. This result indicated—indicates that the blanching pre-
treatment affected en-the grinding and size-reduction abilities of dried JAT to be fine powder.
Referring to Rubel et al. (2014), the compositions of JAT consisted of protein 9.78%w/Wqry
mass, aSh 6. 14%W/Wry mass, 1ipids 1.16%W/Wry mass, cellulose 2.73%W/Wary mass, hemicellulose
2.22%W/Wry mass and lignin 0.52%Ww/Wary mass While inulin was the greatest part with the
content of 78.1%W/Wqry mass. During hot water blanching, the protein denaturation occurred in
JAT slices leading to the-a tougher texture. Moreover, blanching pre-treatment might cause
the cooking and subsequent structural changes of cellulose and hemicellulose resulting in
bigger particle sizes of JATP after milling.

The effect of peeling on the particle sizes of JATP samples was not obvious because

the particle size profile of JATP1 was similar to that of JATP3. Moreover, there were not
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clear difference of particle size distributions between the JATP2 and JATP4. HshewldThis
may be due to the fact that the main eempesitions-components of the JAT flesh and peel are
alike (Yildiz, 2006; Milala et al., 2009).

All of-JATP samples were used as the raw materials for inulin powder production.
The experimental data, which were needed for calculating solubility percentage values,
obtained from extraction and basket centrifugation processes are shown in Table 3. The
solubility percentage values were calculated in order to indicate the loss of dry solid
contained in JATP during hot water extraction and basket centrifugation. The—-A greater
solubility percentage implied that-thea lower loss of dry selid-happenedsolids. Obviously,
mere—higher amounts of sediments were separated by basket centrifuge in case of using
blanched samples (JATP1 and JATP3) as raw materials leading to greater dry solid loss, less
soluble solid in extract and subsequently lower solubility-pereentage-valaes. This occurrence
could be explained by the particle sizes of JATP samples. As previously discussed, the
blanched samples (JATP1 and JATP3) contained higher amounts of powder with larger
particle sizes than unblanched-non-blanched specimens (JATP2 and JATP4);. thusHence,
after extraction, the size of remaining insoluble solid would be bigger than that ef-in
unblanehed-non-blanched specimens and then could not pass through the filtering bag of
basket centrifuge. Furthermore, the specific surface areas of unblanehed—mnon-blanched
samples were considerably larger than those of blanched specimens resulting in the higher
soluble solid extraction capability. Also, the blanched samples which had larger particle sizes
would entrap more ameunts-ef-soluble solids especially inulin inside their structure causing
lower soluble solids in extract. H=When comparing between-samples with peel (JATP1 and
JATP2) and samples without peel (JATP3 and JATP4), it appeared—appears that the
sotabilitiessolubility of samples without peel were-was slightly higher than these-that of their
counterparts. ¥ This is because the JAT skin contains more insoluble solid eempesitions
compounds such as cellulose, hemicellulose and lignin than JAT flesh.

3.3 Microstructure of JATP and inulin pewderspowder

The SEM photographs of all four JATP samples and inulin powders produced from
JATP samples are #Hustrated-shown in Figure 4 and 5 eerrespondinghyrespectively. It was
found that blanching step apparently influenced te—the microstructure of powders. The
mierostruetures—microstructure of blanched samples (JATP 1 and JATP 3) appear were
flattened and more porous than that of unblanehed-non-blanched specimens due to the

Thank you for reviewing for ASABE Publications

Page 14 of 50



Page 15 of 50 ASABE Publications - For Review Only

456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483

484

485

486

collapse of cells and pores during hot water blanching. The flattened and porous
microstructures occurring during blanching process could help raising the drying rate of JAT
slices in the further step. Furthermore, it was noticed that there were some spherical shapes
found on the surface of the wnblanehed-non-blanched samples. These round granules were
likely to be water-soluble compounds in JAT such as sugars, FOS, inulin and protein. These
components would be dissolved te-in hot water if the blanching pre-treatment was applied.
The SEM photographs of inulin powders in Figure 5 illustrated that the partiele
sizesparticles of samples with blanching pre-treatment (fauhn-inulin 1 and 3) were smaller
than unblanehed-in non-blanched samples (Jashn-inulin 2 and 4). The larger sizes-size of
Fauhin-inulin 2 and 4 sheuld-may be caused by their thermoplasticity and hygroscopicity due
to the higher contents of low-molecular weight sugars and—FEOS—which have low glass
transition temperatures (Bhandari et al., 1997). The high thermoplasticity and hygroscopicity
resulted in the powder agglomeration and powder swelling as apparently shown in Figure 5
(b) and (d). The reason why the unblanched-non-blanched samples had higher eontents—of
low-molecular weight sugars content was that these eempesitions-components could be easily

lestteleached into the hot water during blanching pre-treatment.
According to the particle size distribution of JATP1 and JATP3 as shown in Figure 3

and the particle size of inulin powder 1 and inulin powder 3 as presented in Figure 5, it

appears that the average particle size of JATP1 is larger than that of JATP3 but the particle

size of inulin powder 1 is smaller than that of inulin powder 3. The possible reason is that the

inulin powder 3 contained much higher contents of low-molecular weight sugars and FOS

than inulin powder 1. These low-molecular weight sugars and FOS have high

thermoplasticity and hygroscopicity resulting in more agglomeration, swelling and

subsequently particle size of inulin powder 3 larger than those of inulin powder 1.

Dissimilarly, although the JATP 3 had higher contents of low-molecular weight sugars and
FOS than JATPI, the other compounds such as proteins and insoluble fiber in JATP might

help protecting these sugars and FOS from agglomeration and swelling by entrapping these

sugars and FOS into their structures.

3.4 The contents of sugars, FOS and inulin-type fructans in JATP and inulin

poewderspowder
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The content of sugars, FOS and inulin-type fructans in JATP and inulin powders are
is presented in Table 4. The result showed-shows that the contents of fructose and glucose in
all JATP samples were low with the values in the range of 0.01-0.08 g/100 ggry mass and 0.02-
0.05 g/100 ggry mass respectively, excepting for the JATP3 that shewed-shows higher levels of
fructose and glucose. The sucrose contents in all JATP samples were much higher than the
contents of fructose and glucose. This tendency was—alengagrees with the findings of
Saengthongpinit and Sajjaanantakul (2005) who stated that the contents of glucose, fructose
and sucrose of fresh 20-week maturity JAT were 0.26, 3.00 and 8.76 g/100 gury mass
correspondingly. Moreover, they found that sucrose eentents-content increased significantly

inereased-atongthewith a longer storage time at 5°C. The significantly higher level of inulin-

type fructans (DP = 2 to 60) were found in JATP samples containing peel. This result implied

that there is a higher content of inulin-type fructans in JAT peel than JAT flesh. It appears

that the lower contents of sugars and inulin-type fructans were found in blanched JATP

samples than non-blanched counterparts. It should be due to the leaching of sugars and

inulin-type fructans from JAT to the water during blanching. Takeuchi and Nagashima

(2011) reported that 20-30% of inulin was lost during blanching, Although blanching

resulted in the lower contents of sugars, FOS and inulin-type fructans in blanched JATP

samples, the different result was found in case of inulin powder. It appears that the inulin

powder produced from the blanched JATP samples had higher contents of inulin-type

fructans than the non-blanched counterparts. The collapse of cells and pores during hot water

blanching caused the better inulin extraction from the blanched JATP samples. Furthermore,

Figure 3 illustrated that the average particle size of blanched JATP was larger than non-

blanched JATP samples. Consequently, in case of using non-blanched JATP samples for

inulin powder production more impurities such as protein and insoluble fiber would be able

to pass the multifil bag during the separation of sediment from inulin extract in basket

centrifuge. More impurities in the inulin extract resulted in the lower proportion of inulin-

type fructans in inulin powder. Among all JATP samples, JATP1 contained the lowest level

level of inulin-type fructans. This characteristic was preferable if it was consumed as the food
supplement especially for diabetics. The inulin-type fructan contents in JATP samples were
was lower than these-in samples investigated by Saengthongpinit and Sajjaanantakul (2005)
who showed that it was around 88 g/100 g gy mass in the fresh JAT at 20-week maturityFAF.
De Leenheer and Hoebregs (1994), Coussement (1999) and Saengthongpinit &
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Sajjaanantakul (2005) pointed out that the sugars, FOS and inulin-type fructans in JAT
depended upon various factors, such as JAT variety, climate and growing conditions,
harvesting maturity, storage time and temperature after harvest. In this study, the fresh JAT
samples were stored at 2°C for many weeks leading to the degradation of inulin-type
fructans.

For the inulin powders, it was clear that all samples (inulin powder 1-4) contained
more FOS and inulin-type fructans than JATP counterparts showing that extraction process
applied in this study could dispese-remove some impurities. The amount of sugars and FOS
also increased if comparing with those of JATP. Non-peeling and blanching pre-treatment
resulted in the highest level of inulin-type fructans but the lowest level of total sugars_and

lowest-FOS as shown in the result of inulin powder 1. Moreover, the inulin-type fructan

content of inulin powder 1 was comparable to those reported by Bekers et al. (2008).

According to Bekers et al. (2008), JAT chips were extracted in water at 50°C with stirring for

4 h. Then JA extract was concentrated by boiling at 100°C for 2 h. After evaporation, the

inulin content of 55.87% dry mass was found in JA syrup. According to the result of this
section, it can be stated that the pre-treatment applied for JATP1 preparation was the suitable

pre-treatment because it provided low sugars, reasonable FOS and high inulin-type fructan

products.

3.5 Production yield

The experimental data obtained from inulin production processes, powder recovery
percentage in spray drying process and production yields of inulin powder are presented in
Table 5. Total solids in the feeds (concentrated extract) prepared from blanched samples
(JATP1 and JATP3) were visibly lower than those of uablanehed-—non-blanched samples
(JATP2 and JATP4). These results agreed with the percentage of solubility as previously
discussed. The values of powder recovery ranged between 80.96 — 91.35% indicating that the
inulin extracts prepared from all JATP samples could be spray dried without difficulty.
Therefore, it was unnecessary to add any drying adjuncts into the feed. When deeming
considering the values of production yields of inulin powder, it was—apparentappears that
producing the inulin powder from unblanehed-—non-blanched samples resulted in higher
yields. The key reason was the higher pereentage-of-solubility of unblanehed-non-blanched
samples and subsequently higher total solids in the feeds. NenethelessFurthermore, the

inulin-type fructan weights in collected inulin powders produced from 300 g of JATP can be
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estimated by #-multiplying using—the values of (1) production yields of inulin powder

calculated in this part with (2) the amount of JATP used for each inulin powder production

experiment (300 g). (3) dry solid content (% w.b.) in JATP [(100 - moisture content of JATP

using-theequation—4,-it appeared-appears that they were 71.74, 71.31, 57.12 and 57.59 ¢

76:9475-61,-60-83-and-6+52-g-if using 300-gof JATP1, JATP2, JATP3 and JATP4 as raw

materials respectively. Therefore, the pre-treatment applied for JATP1 sample preparation
was deemed suitable because it provided the highest inulin-type fructan weight in collected

inulin powders produced from the identical amount of JATP.

4. Conclusions

Page 18 of 50

The JATP1 sample prepared using non-peeling and blanching pre-treatments had the<- - - { Formatted: Tab stops: 1.09", Left ]

darkest color due to non-enzymatic browning reaction occurring during blanching. However,
blanching pre-treatment should be applied in order to ebstruet-prevent the browning reaction
from occurring during storage of JATP and inulin powder production process. The blanched
samples (JATP1 and JATP3) contained mere—higher proportions of larger particles than
unblanehednon-blanched specimens (JATP2 and JATP4). The pre-treatment applied for
JATP1 preparation was the most suitable pre-treatment because it previded-resulted in the
lowest sugar content and the highest inulin-type fructan content preduets—together with the
maximum inulin-type fructan weight-content in collected inulin pewders—-powder produced

from a specific amount of JATP.
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Figure 1. The procedure of JATP production, - { Formatted: Font: Bold
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Figure 2. Inulin powder production process and quality determinations for each step.
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Figure 4. Scanning electron microscope photographs of JATP samples: (a) JATP1
(non-peeling/blanching); (b) JATP2 (non-peeling/non-unblanching); (c) JATP3
(peeling/blanching); (d) JATP4 (peeling/non-unblanching) (1,000x).
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Figure 5. Scanning electron microscope photographs of inulin powder produced from
different JATP samples: (a) Inulin 1 (JATP1); (b) Inulin 2 (JATP 2); (¢) Inulin 3 (JATP
3); (d) Inulin 4 (JATP4) (200x).
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Table 1. Color values of samples collected from each production step.

Sample Color
Lightness (L*) Redness (a*) Yellowness (b*)

Jerusalem artichoke tuber powder (JATP)

JATP1 (non-peeling/blanching) 72.38%+0.24 0.27* £0.05 13.56" £0.17

JATP2 (non-peeling/non-usblanching) 84.07° +0.06 -0.14°+0.03 11.44°£0.03

JATP3 (peeling/blanching) 83.70°+ 0.08 -0.82°+0.01 12.22°+0.04

JATP4 (peeling/non-unblanching) 86.89°+0.18 -0.939+0.02 10.84%+ 0.05
Sediment

Sediment 1 49.86° £ 0.56 1.99° +0.02 18.46° £ 0.17

Sediment 2 39.15%+0.05 3.30°+0.19 18.39°+0.17

Sediment 3 61.01*+0.05 -0.44% + 0.04 16.68° + 0.05

Sediment 4 54.69°+0.12 0.70° + 0.06 17.22°+0.09
Inulin extract

Extract 1 53.01°+0.90 -1.79°£0.16 12.68°+0.18

Extract 2 50.63%+0.31 -0.08°+0.06 20.81*+0.13

Extract 3 57.31°+0.73 -1.29°+0.01 4.32%+0.09

Extract 4 61.63"+ 0.66 -1.72°+0.01 5.19°+0.08
Concentrated inulin extract

Concentrate 1 13.83°+0.24 2.04°£0.17 10.90° + 0.40

Concentrate 2 7.854+0.11 2.31°£0.09 7.70°+0.19

Concentrate 3 20.94° £ 0.28 2.17°+0.24 11.76° + 0.08

Concentrate 4 9.73°+0.39 5.98"+0.01 11.79° £ 0.48
Spray dried powder

Inulin powder 1 77.43° £0.09 0.45°£0.03 14.39° £ 0.06

Inulin powder 2 71.59%+0.03 1.64* £0.02 17.02°+0.06

Inulin powder 3 84.08"+0.14 -0.44°+0.02 11.08°+0.10

Inulin powder 4 75.07°£0.17 1.70* £ 0.06 19.88%+0.01

Remark: Different letters in the same column within the same sample group indicate that values are significantly

different (p < 0.05).
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Table 2. The moisture content and pH of JATP and inulin powder samples.

Sample Moisture content pH
(% w.b.)
Jerusalem artichoke tuber powder (JATP)
JATPI (non-peeling/blanching) 6.75" £ 0.07 5.88°+0.00
JATP2 (non-peeling/unnon-blanching) 5.68Y+0.02 5.54°£0.00
JATP3 (peeling/blanching) 6.09°+0.01 5.91*+£0.01
JATP4 (peeling/non-snblanching) 6.39° +0.03 5.52440.02

Inulin powder produced from JATP

) J «J UJ

Inulin powder 1 (from JATPI) 577°+£0.084-82°=  575°£0.00 - Formatted: Not Highlight
Inulin powder 2 (from JATP2) 7.56" ;ﬁéﬂaﬁf ~ 5.67°+0.03 - { Formatted: Not Highiight
Inulin powder 3 (from JATP3) 5.72° ;ﬁéﬁbi 590" +£0.02 - { Formatted: Not Highlight
Inulin powder 4 (from JATP4) 5.95° ;ﬁ%@% ~ 6.65°+0.01 - { Formatted: Not Highlight
Remark: Different letters in the same column within same sample g?is indicate that values are significantly
different (p < 0.05).
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Table 3. Experimental data obtained from extraction and basket centrifugation processes.

JATP-1 JATP2 JATP3 JATP4

JATP (g) 300 300 300 300
Moisture content of JATP (% w.b.) 6.75'+  5.68'+  6.09°t 639"+ ]
007675 0.025:68 0.016:09 0.03639
Dry solid in JATP (g) 279.75 282.96 281.73 280.83
Weight of sediment separated by basket 967 661 1017 442

centrifuge after extraction (g)

Moisture content of sediment (% w.b.) 88.15°+  88.09°+ 89.69*+  87.44°+

Dry solid in sediments (g)

Soluble solid in extract (g)

N
\

0.218845 0.1488:09 0.1089-69 0.078744 ;\\"{Formatted:
AN \\[ Formatted:

{ Formatted:

114.56 78.74 104.88 55.50
165.19 204.22 176.85 225.33

Solubility (%)

59.05 72.17 62.77 80.24

Thank you for reviewing for ASABE Publications

Page 32 of 50

_ - { Formatted:

Font:

12 pt

N ‘[ Formatted:

Font:

12 pt

o~
\ \[Formatted:
\

Font:

12 pt

{ Formatted:

Font:

12 pt

o

_ - { Formatted:

Font:

12 pt

Font:

12 pt

Font:

12 pt

Font:

12 pt

U




Page 33 of 50

ASABE Publications - For Review Only

_ - { Formatted:

Font: Not Bold

o ‘[ Formatted:

Font: Not Bold

== { Formatted:

Subscript

Sample Sugars (&/100 Zary mass) Fructo-oligosaccharide (FOS) Inulin-type
fructans
(/100 Zary mass)
Fructose Glucose Sucrose GF, GF,  GE, f%/fo?%dinajsli

Jerusalem artichoke tuber powder (JATP)

JATP-1 (non-peeling/blanching) 0.01°+ 0.00 0.02%+0.00 9.97°+ 1.59 6.71"+0.06 4.97%+0.05 4.12°+0.06 39.09°+0.87

JATP-2 (non-peeling/nonsa-blanching) 0.08°£0.02  0.03°£0.01  2446°+033  10.28%+0.09 6.37'£0.08  436°+0.11 39.98°+0.19

JATP-3 (peeling/blanching) 129°40.02  0.33°+0.11  23.64°+0.32 9.81°+0.19 6.97°+0.09  5.03°+0.11  26.14°+0.18

JATP-4 (peeling/non-urblanching) 0.01°£0.00  0.05°+£0.01  28.00°+2.64 11.55°+0.17 7359£0.07  4.78°+0.04 33.819+ 1.44
Spray dried inulin powder

Inulin powder 1 227°+047  040°£0.12  20.95°+0.39 9.83°+0.11 7.48%+0.14  5.88°+0.13 56.29°+0.58

Inulin powder 2 349°+£0.12  0.89°+0.10  28.88°+0.52  10.74%+0.23 7.65°+£0.05  539°+0.08  42.11°+0.39

Inulin powder 3 0.70°£028  0.22°+0.06 36.88°+2.89  14.42°+0.64 9.05°+037  6.09°£036  4027°+137

Inulin powder 4 345°£042  0.64°£030  37.72°£0.74  12.45°+0.24 8.05°+0.15  5.20°+0.07  34.68°+0.34

Remark: Different letters in the same column indicate that values are significantly different (p <0.05).
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Table S. Experimental data obtained from inulin production processes and calculated
production yields

JATP1 JATP2 JATP3 JATP4

JATP (g) 300 300 300 300

Moisture content of JATP (% w.b.) 6.75°+ 5.68°+ 6.09°+ 639°+

N
\

0.076#5 0.025-68 0.016-09 0.03639

Dry solid in JATP (g) 279.75 28296  281.73  280.83
°Brix of concentrated extract 293 30.3 30.5 30.5
Weight of concentrated extract (g) 520 680 540 715
Total solid in the feed (g) 152.36  206.04 164.70  218.07
Powder collected from spray drying (g) 135.25 183.21 150.45 176.56

Moisture content of spray dried powder (% w.b.)  5.77°°+ 7.56"+ 5.72°+ 5.95°+

0.08577 0.047-56 0.16572 0.085.95 ©

NG { Formatted:
N {Formatted:
\

{ Formatted:

Total solid in collected spray dried powder (g) 127.45 16936  141.84  166.05
Powder recovery in spray drying (%) 88.77 88.92 91.35 80.96
Production yield of inulin powder (%) 45.56 59.85 50.35 59.13
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Reply of the authors to the reviewers’ comments

PRS-11036-2014: Effect of pretreatments on qualities of Jerusalem artichoke (Helianthus tuberosus L.) tuber powder and the inulin extraction

The I'' Reviewer

Line #/item Is Should be/comment
1 Qualities quality The authors replaced “qualities” by
“quality” as the reviewer’s comment.
16-20 In this study, the Jerusalem artichoke In this study, the Jerusalem artichoke tuber The authors changed the statement as the
tuber (JAT) samples were pretreated by (JAT) samples were pretreated in four reviewer’s comment. However, the authors
4 different conditions including no- different ways including no- . « c «
peeling/blanching, no- peeling/blanching, no- peeling/non-blanching, deCIfiled tf) reword “no-peeling 'to be “non-
peeling/unblanching, peeling/blanching peeling/blanching and peeling/non-blanching peeling” in order to be along with the
and peeling/unblanching prior to hot air prior to hot air drying and milling into fine reviewer’s comment of line 179-180.
drying and milling to be fine powder. powder. The physical characteristics of
The Jerusalem artichoke tuber powder Jerusalem artichoke tuber powder (JATP)
(JATP) specimens were determined specimens were determined in terms of color,
their physical characteristics in aspects moisture content
of color, moisture content
21 sizes and solubility. Furthermore, they size and solubility. Furthermore, they The authors changed the statement as the
were processed to be inulin powder were processed into inulin powder reviewer’s comment.
23 from 4 pretreatment conditions were from four pretreatments were analyzed for The authors changed the statement as the
analyzed their sugar, fructo- sugar, fructo- oligosaccharide reviewer’s comment.
oligosaccharide
32 sugar, sugars, The authors changed the word “sugar” to
be “sugars” as the reviewer’s comment.
52 Northeastern region. northeastern region. The authors changed “Northeastern
region” to be “northeastern region” as the
reviewer’s comment.
63 comprising with hot water extraction comprising hot water extraction The authors deleted “with” as the
reviewer’s comment.
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Line #/item

Is

Should be/comment

70

inulin production was estimated to be
approximately 100,000 ton a year

inulin  production is  estimated
approximately 100,000 tonnes a year

at

The authors corrected the statement as the
reviewer’s comment.

81 important  factors influencing the important factors influencing the The authors changed the statement as the
effectiveness of inulin extraction from effectiveness of inulin extraction from JAT reviewer’s comment.
JAT comprising pH include pH

84 min at 76.65 °C min at 76.7 °C The authors changed “76.65 to be “76.7”
as the reviewer’s comment.

85 was extracted was to be extracted The authors added “to be” as the
reviewer’s comment.

91 were was The authors changed “were” to be “was” as
the reviewer’s comment.

94 17g and 13g 17gand 13 g The authors corrected the statement as the
reviewer’s comment.

101 the higher a higher The authors changed “the” to be “a” as the
reviewer’s comment.

102, 123 qualities quality The authors replaced “qualities” by
“quality” as the reviewer’s comment.

110 unwanted aromatic flavor off-flavors The authors changed “unwanted aromatic
flavor” to be “off-flavors™ as the
reviewer’s comment.

111 flavor flavors The authors changed “flavor” to be
“flavors™ as the reviewer’s comment.

179-180 pretreatment conditions including no- pretreatments including non- The authors changed the statement as the

peeling/blanching, no- peeling/blanching, non- peeling/non- reviewer’s comment.
peeling/unblanching, peeling/blanching blanching, peeling/blanching and
and peeling/unblanching. peeling/non-blanching. [It would be better
to use the terms ‘non-peeling’ and ‘non-
blanching’ throughout the manuscript,
including figures and tables.]
186 The JAT powder was sreeened by 60 The JAT powder was screened through 60 The authors changed the statement as the
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Line #/item Is Should be/comment
and 80 and 80 reviewer’s comment.

188, 217 correspondingly. respectively. The authors changed “correspondingly” to
be “respectively” as the reviewer’s
comment.

189 presented shown The authors changed “presented” to be
“shown” as the reviewer’s comment.

190 processed to be inulin powder processed into inulin powder The authors changed the statement as the
reviewer’s comment.

193 determinations determination The authors changed “determinations” to
be “determination” as the reviewer’s
comment.

197 separated its sediment using the sediment separated using The authors changed the statement as the
reviewer’s comment.

199 to be 30 to a 30 The authors changed “to be 30” to be “to a
30” as the reviewer’s comment.

200-201 hot plate stirrer. The concentrated hot plate with stirring. The concentrated The authors changed the statement as the

solution was processed to be powder solution was processed into powder reviewer’s comment.

204 in various facets as presented in in various stages as shown in Figure 2. The authors decided to change the phrase

Figure 2. to be “in various characteristics as shown in
Figure 2.” in order to keep the meaning that
authors wanted to communicate.

206 In this study, the samples were In this study, the quality of the samples was The authors changed the statement as the

determined their qualities in various determined in terms of color, moisture reviewer’s comment.
aspects including color, moisture content
content

211 replications replicates The authors changed “replications” to be
“replicates” as the reviewer’s comment.

214 were was The authors changed “were” to be “was” as
the reviewer’s comment.
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Should be/comment

215

VA) in the L*, a*, b* scale. L*

using the L*, a*, b* scale. L* represents

The authors changed the statement as the

represents lightness lightness reviewer’s comment.
223, 330 75 ml 75 mL The authors changed “ml” to be “mL” as
the reviewer’s comment.
227 were was The authors changed “were” to be “was” as
the reviewer’s comment.
228 utilized used The authors changed “utilized” to be
“used” as the reviewer’s comment.
230 was were The authors changed “was” to be “were” as
the reviewer’s comment.
232 to calculate the powder percentage to calculate the percentage of powder The authors changed the statement as the
retained on each sieve retained on each sieve reviewer’s comment.
254 was were The authors changed “was” to be “were” as
the reviewer’s comment.
265 solid solids The authors changed “solid” to be “solids”
as the reviewer’s comment.
279-282 The samples were determined their The quality of the samples was determined The authors changed the statement as the
qualities in various aspects including in terms of color, moisture content, pH, reviewer’s comment.
color, moisture content, pH, particle particle size, microstructure and the contents
size, microstructure and the contents of of sugars, FOS and inulin-type fructans at
sugars, FOS and inulin-type fructans various production steps.
depending on the production steps that
the samples were collected from.
284-287 The color is one of the main attributes The color is one of the main attributes that The authors changed the statement as the

that influence to the consumer
preference in JATP and inulin powder.
Usually, the less intense color of powder
is more preferred. The results of color
measuremnet are presented in Table 1.

influence the consumer preference in JATP
and inulin powder. Usually, a less intense
color of powder is preferred. The results of
color measurement are presented in Table
1. It appears that the blanched samples

reviewer’s comment.
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Line #/item Is Should be/comment
It appeared that the blanched samples (JATP1 and JATP3) were significantly
(JATP1 and JATP3) were significantly darker than the non-blanched counterparts
darker than those of unblanched
counterparts

290 a* and b*. It should be caused a* and b* values. This may be caused The authors changed the statement as the
reviewer’s comment.

302 unblanched non-blanched The authors changed “unblanched” to be
“non-blanched” as the reviewer’s
comment.

312-313 those of unblanched counterparts. those in non-blanched counterparts. The authors changed the statement as the
reviewer’s comment.

314-315 appeared that the tendency was similar appears that the tendency was similar to that The authors changed the statement as the

to those of sediments and inulin extracts. of sediments and inulin extracts. The reasons reviewer’s comment.
The reasons for this occurrence would for this phenomenon would be identical to

be identical to those of sediments and those in sediments and inulin extracts as

inulin extracts as priorly explained. previously explained.

317 obstruct Prevent The authors changed “obstruct” to be
“prevent” as the reviewer’s comment.

321 intense of non-enzymatic intense non-enzymatic darkening The authors deleted “of” as the reviewer’s

darkening reaction reaction comment.

324 due to the high due to a high The authors changed “the” to be “a” as the
reviewer’s comment.

335 sizes size The authors changed “sizes” to be “size”
as the reviewer’s comment.

336-337 The distributions of particle sizes of The particle size distribution of JATP The authors changed the statement as the

JATP samples were determined using a samples was determined using a mechanical reviewer’s comment.
mechanical sieve shaker as previously sieve shaker as previously described. The

described. The results were shown in results are shown in Figure 3.

Figure 3.

338 particle size less than particle size of less than The authors changed the statement as the
reviewer’s comment.
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339-340 It should be due This is likely to be due The authors changed the statement as the
reviewer’s comment.
341-344 it appeared that the blanched samples it appears that the blanched samples (JATP1 The authors changed the statement as the
(JATP1 and JATP3) contained more and JATP3) contained a higher proportion of | reviewer’s comment.
proportions of powder with larger powder with larger particle sizes than non-
particle sizes than unblanched blanched specimens (JATP2 and JATP4). In
specimens (JATP2 and JATP4). In the the other words, the powders of non-blanched
other word, the powders of unblanched JAT were finer than those of JAT exposed to
JAT were finer than those of JAT blanching pre-treatment. This result indicates
exposed to blanching step. This result that the blanching pre-treatment affected the
indicated that the blanching grinding
pretreatment affected on the grinding
350 the tougher texture a tougher texture The authors changed “the” to be “a” as the
reviewer’s comment.
355-356 It should be due to the fact that the main This may be due to the fact that the main The authors changed the statement as the
compositions of the JAT flesh components of the JAT flesh reviewer’s comment.
358 All of JATP samples All JATP samples The authors deleted “of” as the reviewer’s
comment.
362-364 The greater solubility percentage A greater solubility percentage implied a The authors changed the statement as the
implied that the lower loss of dry solid lower loss of dry solids. Obviously, higher reviewer’s comment.
happened. Obviously, more amounts amounts
366 subsequently lower solubility subsequently lower solubility. The authors changed the statement as the
percentage values. reviewer’s comment.
369-370 than unblanched specimens (JATP2 and than non-blanched specimens (JATP2 and The authors changed the statement as the
JATP4); thus, after extraction the size of JATP4). Hence, after extraction, the size of reviewer’s comment.
remaining insoluble solid would be remaining insoluble solid would be bigger
bigger than that of unblanched than that in non-blanched specimens and
specimens and then could not pass then could not pass
372 unblanched non-blanched The authors changed “unblanched” to be

“non-blanched” as the reviewer’s
comment.
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374-378 particle sizes would entrap more particle sizes would entrap more soluble The authors changed the statement as the
amounts of soluble solids especially solids especially inulin inside their structure reviewer’s comment.
inulin inside their structure causing causing lower soluble solids in extract. When
lower soluble solids in extract. If comparing samples with peel (JATP1 and
comparing between samples with peel JATP2) and samples without peel (JATP3
(JATP1 and JATP2) and samples and JATP4), it appears that the solubility of
without peel (JATP3 and JATP4), it samples without peel was slightly higher than
appeared that the solubilities of samples that of their counterparts. This is because the
without peel were slightly higher than JAT skin contains more insoluble solid
those of their counterparts. It is because compounds such as cellulose,
the JAT skin contains more insoluble
solid compositions such as cellulose,
380 powders powder The authors changed “powders” to be
“powder” as the reviewer’s comment.
382-384 JATP samples are illustrated in Figure 4 JATP samples are shown in Figures 4 and 5 The authors changed the statement as the
and 5 correspondingly. It was found that respectively. It was found that blanching step reviewer’s comment.
blanching step apparently influenced to apparently influenced the microstructure of
the microstructure of powders. The powders. The microstructure of blanched
microstructures of blanched samples samples (JATP 1 and JATP 3) appear
(JATP 1 and JATP 3) were flattened flattened and more porous than that of non-
and more porous than unblanched blanched specimens
specimens
390 to hot water in hot water The authors changed “to” to be “in” as the
reviewer’s comment.
391-393 the particle sizes of samples with the particles of samples with blanching pre- The authors changed the statement as the
blanching pretreatment (Inulin 1 and 3) treatment (inulin 1 and 3) were smaller than reviewer’s comment.
were smaller than unblanched samples in non-blanched samples (inulin 2 and 4).
(Inulin 2 and 4). The larger sizes of The larger size of inulin 2 and 4 may be
Inulin 2 and 4 should be caused caused
397-399 The reason why the unblanched The reason why the non-blanched samples The authors decided to change the
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samples had higher contents of low-
molecular weight sugars and FOS was
that these compositions could be easily
lost to the hot water during blanching
pretreatment.

had higher low-molecular weight sugars
content and FOS was that these components
could be easily leached into the hot water
during blanching pre-treatment.

statement to be “The reason why the non-
blanched samples had higher low-molecular
weight sugars content was that these
components could be easily leached into the hot
water during blanching pre-treatment.” In
order to be along with the experimental
result and reviewer’s comment.

401 are is The authors changed “are” to be “is” as the
reviewer’s comment.
402, 404 showed shows The authors changed “showed” to be
“shows” as the reviewer’s comment.
406 was along agrees The authors changed “was along” to be
“agrees” as the reviewer’s comment.
409 that sucrose contents significantly that sucrose content increased significantly The authors changed the statement as the
increased along the longer storage time with a longer storage time reviewer’s comment.
412 almost highest almost the highest The authors added “the” as the reviewer’s
comment.
414-416 samples were lower than those samples was lower than in samples The authors changed the statement as the
investigated by Saengthongpinit and investigated by Saengthongpinit and reviewer’s comment.
Sajjaanantakul (2005) who showed Sajjaanantakul (2005) who showed that it
that it was around 88 g/100 g dry mass in was around 88 g/100 g dry mass in the fresh
the fresh 20- week maturity JAT. JAT at 20-week maturity.
424 dispose remove The authors changed “dispose” to be
“remove” as the reviewer’s comment.
434 unblanched non-blanched The authors changed “unblanched” to be
“non-blanched” as the reviewer’s
comment.
438-439 When deeming the values of When considering the values of production The authors changed the statement as the

production yields of inulin
powder, it was apparent that

yields of inulin powder, it appears that
producing the inulin

reviewer’s comment.
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Line #/item Is Should be/comment
producing the inulin
440-441 The key reason was the higher The key reason was the higher solubility of The authors changed the statement as the
percentage of solubility of non-blanched samples and subsequently reviewer’s comment.
unblanched samples and higher
subsequently higher
453 in order to obstruct the browning in order to prevent the browning The authors changed the statement as the
reaction occurring reaction from occurring reviewer’s comment.
455 more higher The authors changed “more” to be
“higher” as the reviewer’s comment.
457-458 pretreatment because it provided lowest pre-treatment because it resulted in the The authors changed the statement as the
sugar content and highest inulin-type lowest sugar content and the highest inulin- reviewer’s comment.
fructan content products together with type fructan content together with the
the maximum inulin-type fructan weight maximum inulin-type fructan content in
in collected inulin powders collected inulin powder
Figure 1 No-peeling; unblanching [Please change to ‘non- peeling’ and The authors corrected the figure as the
‘non-blanching’ wherever they occur in reviewer’s comment.
this figure.]
Figure 3 Caption: ‘distributions’. Legend: 250 [Please change to ‘distribution’ and 250 The authors corrected the figure as the
microns. microns’.] reviewer’s comment.
Figure 4 Caption: ‘no-peeling’; [Please change to ‘non- peeling’ and The authors changed the statement as the
‘unblanching’ ‘non-blanching’ wherever they occur in reviewer’s comment.
the caption of this figure.]
Table 1, No-peeling; unblanching [Please change to ‘non- peeling’ and The authors changed the statement as the
Table ‘non-blanching’ wherever they occur in reviewer’s comment.
2; Table 4 these tables.]
Table 4 ‘sugar’ [Please change to ‘sugars’ wherever The authors changed the statement as the
they occur in this table.] reviewer’s comment.
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d o
The 2" reviewer

General comment: This manuscript describes various treatments influence the quality of
Jerusalem artichoke tuber powder and the inulin extraction. On scientific point view, there
was no new finding in this study. However, the paper was well written, and results may
contribute useful information for industrial application. There are some issue should address
that prevent the acceptance of this work in its original form, and some of the
hypotheses/explanations should be made clearer.

Authors’ reply: The authors corrected the manuscript following all of the reviewer’s
comments to clarify all the issues and subsequently improve the paper quality.

Reviewer’s comment: There are only general results in abstract, however, more results and
new finding should be also included in abstract.

Authors’ reply: The authors added more specific results and new finding into the abstract as
following:

“The results indicated that non-peeling/blanching were the pre-treatment that should be
applied for the JATP and inulin powder production because it provided JATP with the lowest
sugars (10.00 = 1.59 g/100 gqry mass) and high inulin-type fructans (39.09 + 0.87 g/100 gqry
mass) together with spray-dried inulin powder that has the lowest sugars (23.62 + 0.98 g/100
Zdry mass) and the maximum inulin-type fructans (56.29 + 0.58 g/100 Zgry mass)- Also, the benefit
of blanching is to help preventing the browning reaction during inulin powder production
process.”

Reviewer’s comment: In present study, the high yields of inulin powder ranged from
45.56% to 59.85% of the JATP dry weight (line 33-34), but Lingyun et al. (2007) obtained
maximizing inulin extraction yield of 83.6% in conventional process ( line 80-84) that much
higher than the present study.

Authors’ reply: The authors would like to clarify the reviewer in this point that the
production yields of inulin powder (45.56% to 59.85%) shown in both line 33-34 and Table 5
are not the same meaning as the inulin extraction yield (83.6%) in the Lingyun et al. (2007)’s
study. The equation (3) in section 2.5.2 was used for calculating the production yield of inulin
powder. It is obvious that this yield used the weight of total solid in collected spray-dried
powder that passes the extraction, concentration and spray drying processes. On the other
hand, the inulin extraction yield used the weight of total solid in the extract that did not pass
the concentration and spray drying processes. If the reviewer want to compare the inulin
extraction yield of this study with that of Lingyun et al. (2007), the reviewer must use the
solubility values in Table 3 that was calculated by applying the equation (1). The meaning of
solubility values in this study is comparable with the inulin extraction yield of Lingyun et al.
(2007). It was found that the maximum solubility value in this work is 80.24% that is not
much different from the maximum inulin extraction yield of 83.6% in the Lingyun et al.
(2007)’s study.

10

Thank you for reviewing for ASABE Publications

Page 44 of 50



Page 45 of 50

ASABE Publications - For Review Only

Reviewer’s comment: Detail blanching process and chemical composition should be
included in revised version.

Authors’ reply: The detail of blanching process was added into the section 2.1 as the
reviewer’s comment. The added statement is “For blanching step, the sliced samples were

2

immersed in boiling water for 2 min (Takeuchi and Nagashima, 2011) and then .....”.

Also, the detail of chemical composition determination was added into the section 2.3.6 as
the reviewer’s comment. The paragraph in the section 2.3.6 was corrected to be

“The sugars, FOS and inulin-type fructans contents in JAT powder and inulin powder were
analyzed following the method of AOAC (2005, 997.08). Firstly, total sugars, FOS and
inulin-type fructans were extracted from powder samples (2-3 g), containing about 1 g of
inulin-type fructans, by applying hot water at 85+2 °C for 15 min in shaking water bath. FOS
and inulin-type fructans in a portion of extract were hydrolysed by inulinase. Both hot water
extract samples and enzyme hydrolysed fractions were derivatised by oxymation and
silylation reactions. Individual sugars which contained native fructose, glucose, sucrose and
FOS (1-kestose (GF,), nystose (GF3) and 1"-p-fructofuranosyl nystose (GF4)) were then
defined by high-temperature gas chromatography. For sugars in the solution of inulinase
hydrolysed extract which contain native sugars, sugars fractions from inulin and FOS
(fructose and glucose) were determined using another gas chromatography (Joye and
Hoebregs, 2000; Judprasong et al., 2011). Amount of inulin-type fructans was calculated
from the difference of the amounts of each sugar — fructose, glucose and sucrose — before and
after enzyme hydrolysis as given in AOAC (2005, 997.08). (Judprasong et al., 2011).”.

Reviewer’s comment: Add detail explanation on effects of pre-treatment influence the pH
and moisture of JATP and inulin powder samples, and how they are related.

Authors’ reply: The authors added the following statements in the last paragraph of section
3.1 to provide the detail about the effect of pretreatment on the pH of JATP and inulin
powder.

“It is noticeable that the pH values of blanched JATP samples were significantly higher than
non-blanched samples. The soaking of sliced JAT samples in citric acid solution should be a
cause of the rather low pH values of JATP and inulin powder. The blanching of sliced JAT
samples in hot water for 2 min resulted in a slight increase of pH due to the leaching of acidic
substances from the sample to water. However, the blanching step is not the key factor that
influences the pH values of inulin powder because for the inulin production process, the
samples exposed to the hot water extraction for a long time.”

For the effect of pretreatment on the moisture content of JATP and inulin powder, the authors
added the following statements to the manuscript.

“The effect of pretreatment on the moisture content of JATP is not obvious. Moreover, the
pretreatment should not directly influence the moisture content of inulin powder because for

the inulin production process, the samples exposed to more heat and moisture during hot
water extraction than those during blanching pretreatment.”
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Reviewer’s comment: Add mechanism explanation on how blanching affect content of
sugars, FOS, and inulin- type fructans of JATP and inulin powders.

Authors’ reply: The authors added the explanation in the 1% paragraph of section 3.4 as the
reviewer’s comment. The added statements are as follows;

“This result implied that there is a higher content of inulin-type fructans in JAT peel than
JAT flesh. It appears that the lower contents of sugars and inulin-type fructans were found in
blanched JATP samples than non-blanched counterparts. It should be due to the leaching of
sugars and inulin-type fructans from JAT to the water during blanching. Takeuchi and
Nagashima (2011) reported that 20-30% of inulin was lost during blanching. Although
blanching resulted in the lower contents of sugars, FOS and inulin-type fructans in blanched
JATP samples, the different result was found in case of inulin powder. It appears that the
inulin powder produced from the blanched JATP samples had higher contents of inulin-type
fructans than the non-blanched counterparts. The collapse of cells and pores during hot water
blanching caused the better inulin extraction from the blanched JATP samples. Furthermore,
Figure 3 illustrated that the average particle size of blanched JATP was larger than non-
blanched JATP samples. Consequently, in case of using non-blanched JATP samples for
inulin powder production more impurities such as protein and insoluble fiber would be able
to pass the multifil bag during the separation of sediment from inulin extract in basket
centrifuge. More impurities in the inulin extract resulted in the lower proportion of inulin-
type fructans in inulin powder.”

d .
The 3" reviewer

General comment: This paper studies the effect of pretreatments and qualities for
Jerusalem artichoke (Helianthus tuberosus L.) tuber powder; and the analysis of the
inulin extract. Basically the work of this paper is not of an innovative topic, but it is a fine
format to demonstrate detailed investigation and processing for obtaining higher amount
of active compound like inulin fructans and with lower sugar content, based on the analysis
on combination of no-peeling, peeling, blanching and unblanching of JATP. A procedure
and experimental analysis are clear and reasonable. Logically, the result of the JATP
production in this work can be a reference for industrial scale-up production. However,
some questions need to be cleared in this paper and modifications are necessary.

Authors’ reply: The authors clarified all questions of the reviewer. The modifications were
carried out following all of the reviewer’s comments.

Reviewer’s comment: No statistical significant difference analysis is done for Table 3 and
5.

Authors’ reply: For Table 3 and 5, the authors added the mean + SD values of the
experimental results that were determined in replicate. Moreover, the result of statistical
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significant difference analysis was indicated. However, for some results in Table 3 and 5,
the statistical significant difference analysis cannot be done because 1) some of those results
such as dry solid in JATP, dry solid in sediments, soluble solid in extract, solubility, total
solid in the feed, total solid in collected spray dried powder and production yield of inulin
powder were not directly experimental results but they were calculated using the mean value
of experimental data and 2) some results such as weight of sediment separated by basket
centrifuge, weight of concentrated extract and powder collected from spray drying were
collected from the experiments that were not replicated.

Reviewer’s comment: For Table 5, a production yield of inulin powder (%) is shown. Yet,
on line 444, it is not clear to show how to calculate and get 76.94g, 75.61g, 60.83g and
61.52g from 300g of JATP1, JATP2, JATP3 and JATP4.

Authors’ reply: The authors added the statement “Furthermore, the inulin-type fructan
weights in collected inulin powders produced from 300 g of JATP can be estimated by
multiplying the values of (1) production yields of inulin powder calculated in this part with
(2) the amount of JATP used for each inulin powder production experiment (300 g), (3) dry
solid content (% w.b.) in JATP [(100 - moisture content of JATP in Table 3)/100], and (4)
the inulin-type fructan contents in Table 4. It appears that they were 71.74, 71.31, 57.12 and
57.59 g if using JATP1, JATP2, JATP3 and JATP4 as raw materials respectively.” to the
section 3.5 to clarify how to calculate the estimated inulin-type fructan as the reviewer
comment.

Moreover, here is calculation;

JATP1
Production yield of inulin powder (%) = 45.56%
The amount of JATP used for experiment = 300 g
Dry solid content (% w.b.) in JATP = [(100 - 6.75)/100] = 93.25%
Inulin type fructan contents (%) = 56.29%
Estimated inulin content from JATP1 300 g = (45.56/100) x 300 g x (93.25/100) x
(56.29/100)

= 71.74 g
JATP2
Production yield of inulin powder (%) = 59.85%
The amount of JATP used for experiment = 300 g
Dry solid content (% w.b.) in JATP = [(100 —5.68)/100] = 94.32%
Inulin type fructan contents (%) = 42.11%
Estimated inulin content from JATP1 300 g = (59.85/100) x 300 g x (94.32/100) x

(42.11/100)

= 7131 ¢
JATP3
Production yield of inulin powder (%) = 50.35%
The amount of JATP used for experiment = 300 g
Dry solid content (% w.b.) in JATP = [(100 - 6.09)/100] = 93.91%
Inulin type fructan contents (%) = 40.27%
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Estimated inulin content from JATP1 300 g

(50.35/100) x 300 g x (93.91/100) x

(40.27/100)
= 5712 ¢
JATP4
Production yield of inulin powder (%) = 59.13%
The amount of JATP used for experiment = 300 g
Dry solid content (% w.b.) in JATP = [(100 - 6.39)/100] = 93.61%
Inulin type fructan contents (%) = 34.68%
Estimated inulin content from JATP1 300 g = (59.13/100) x 300 g x (93.61/100) x
(34.68/100)
= 5759 ¢

Reviewer’s comment: Final product, inulin powder, can be obtained through processes
like hot water extraction, extraction by evaporation and spry drying. Also some relevant
works have done by hot extraction only as shown in literature review. Such works include
Laurenzo et al. (1999), Frank (2002) and Li et al. (2012). Yet, no quantity comparison on
sugars, FOS and inulin fructans is made for inulin powder between hot water extraction
by previous work and current procedure introduced in this work.

Authors’ reply: The author added some quantity comparison in the 2 paragraph of
section 3.4 as the reviewer’s comment. The added statements are “Moreover, the inulin-type
fructan content of inulin powder 1 was comparable to those reported by Bekers et al. (2008).
According to Bekers ef al. (2008), JAT chips were extracted in water at 50°C with stirring
for 4 h. Then JA extract was concentrated by boiling at 100°C for 2 h. After evaporation, the
inulin content of 55.87% dry mass was found in JA syrup.” .

Also, some comparison and discussions were already written in the section 3.4 such as the
following statements;

“The inulin-type fructan contents in JATP samples was lower than in samples investigated
by Saengthongpinit and Sajjaanantakul (2005) who showed that it was around 88 g/100 g 4ry
mass 1N the fresh JAT at 20-week maturity. De Leenheer and Hoebregs (1994), Coussement
(1999) and Saengthongpinit & Sajjaanantakul (2005) pointed out that the sugars, FOS and
inulin-type fructans in JAT depended upon various factors, such as JAT variety, climate and
growing conditions, harvesting maturity, storage time and temperature after harvest. In this
study, the fresh JAT samples were stored at 2°C for many weeks leading to the degradation
of inulin-type fructans.”.

Reviewer’s comment: Two parts of drying processes are introduced; tray drying at 65°C
for JATP slices at the first phase; spray drying at average 120°C at the second phase. Are
the temperatures setting optimal for these two phases? As heat treatment can benefit the
active compound transformation in this work, it needs explanation why choosing such
temperature values.
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Authors’ reply: The tray drying temperature of 65°C was selected from the result of
previous study of the authors. The paper related to the determination of suitable hot air
drying temperature was also submitted to the Transactions of the ASABE. Its manuscript
number is FPE-11020-2014. Now, it has been resubmitted. In short, the result in that paper
shows that drying at 65°C was appropriate for blanched JAT samples due to its much shorter
drying time than that of 55°C but not much longer than 75°C leading to the energy saving.
Moreover, Marx et al. (1997) and Takeuchi and Nagashima (2011) reported that heat
treatment at or above 60°C could inactivate inulinase which caused the inulin degradation in
JAT during storage. Therefore, the drying temperature at 65 °C was chosen for the drying of
JAT in this study. For the spray drying temperature, the authors applied the inlet and outlet
drying temperature at 150°C and 90°C respectively in this study because according to the
preliminary spray drying test, it appeared that the inulin extract at concentration of around
30 °Brix can be dried in the spray dryer by applying the inlet and outlet drying at 150°C and
90°C respectively with the good result in terms of high powder recovery, powder appearance
and sufficiently low moisture content of powder product. Moreover, the research for
determining optimum temperature condition for spray drying of inulin powder is also
conducted by the authors’ research group but the research is still in progress.

The authors added the statement “Each pretreated sample was drained, laid on the filter
fabric before tray drying at 65°C. This drying temperature was chosen because in the
previous study it provided the short drying time and acceptable product quality.” into the
section 2.1 as the reviewer’s comment.

Also, the authors added the statement “This spray drying condition was applied because in
the preliminary test it provided high powder recovery, acceptable powder appearance and
sufficiently low moisture content of powder product.” into the section 2.2 as the reviewer’s
comment.

Reviewer’s comment: The conclusion indicated that JATP1 got lowest sugar content and
highest inulin-type fructan content. But in Table 5, in the line of production yield of inulin
powder (%), it shows JATP2 is highest one. Same, how to get 76.94g, 75.61g, 60.83g and
61.52g from 300g of JATP1, JATP2, JATP3 and JATP4 is not clear?

Authors’ reply: After rechecking, the authors confirmed that JATP1 got lowest sugar
content as shown in Table 4. However, for the inulin-type fructan content the JATP2 got the
highest value of 39.98 g/g dry mass whereas the JATP1 got the second. So, the authors
corrected the statement in the Conclusion to be

“The pre-treatment applied for JATP1 preparation was the most suitable pre-treatment
because it resulted in the lowest sugar content and the high inulin-type fructan content
together with the maximum inulin-type fructan content in collected inulin powder produced
from a specific amount of JATP.”.

For the method to calculate inulin-type fructan content in collected inulin powder produced
from a specific amount of JATP, the authors already added into the manuscript as replied in
the previous comment of the 3™ reviewer.
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Reviewer’s comment: In fig 4 and 5, no explanation is given that relationship of particle
sizes of JATP1 and JATP3 between the first phase and the second phase. What mechanism
makes the particle sizes are smaller at the second phase?

Authors’ reply: The authors added the explanation about this phenomenon into the last
paragraph of section 3.3. The added statements are as follow:

“According to the particle size distribution of JATP1 and JATP3 as shown in Figure 3 and
the particle size of inulin powder 1 and inulin powder 3 as presented in Figure 5, it appears
that the average particle size of JATPI is larger than that of JATP3 but the particle size of
inulin powder 1 is smaller than that of inulin powder 3. The possible reason is that the inulin
powder 3 contained much higher contents of low-molecular weight sugars and FOS than
inulin powder 1. These low-molecular weight sugars and FOS have high thermoplasticity and
hygroscopicity resulting in more agglomeration, swelling and subsequently particle size of
inulin powder 3 larger than those of inulin powder 1. Dissimilarly, although the JATP 3 had
higher contents of low-molecular weight sugars and FOS than JATP1, the other compounds
such as proteins and insoluble fiber in JATP might help protecting these sugars and FOS
from agglomeration and swelling by entrapping these sugars and FOS into their structures.”
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Abstract

Inulin is a polysaccharide that has functional properties as a prebiotic. In this study, inulin was
extracted from Jerusalem artichoke (JA) tubers and then spray-dried to become a powder form. The key
aims of this study were to determine the suitable spray-drying conditions and the inulin powder qualities.
The inulin extracts at concentrations of 10, 20, and 30 °Brix were spray-dried using the inlet/outlet drying
temperatures at 150/90°C. As a result, the feed material at 30 °Brix provided good characteristics of inulin
powder with high powder recovery and low moisture content. Then the drying experiments were
conducted at inlet air temperatures of 150, 170, and 190°C whereas the outlet air temperature and the JA
extract concentration were fixed at 90°C and 30 °Brix. It appeared that the drying temperature of 190°C

was more appropriate than 150°C and170°C because it provided higher powder recovery, lower moisture
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content, better solubility and absorptivity, and more stability of powder. The SEM micrographs showed

that the inulin powders produced by the spray-drying temperatures at 150 and 170°C had more sphere-

shaped and had attached particles than those at 190°C.

Keywords: Inulin: Jerusalem artichoke: Prebiotic: Spray-drying

Introduction

Jerusalem artichoke tuber (JAT) is an
agricultural product rich in inulin [1]. Inulin is a
polysaccharide consisting of a chain of fructose
molecules with a terminal glucose molecule. It
has many functional properties such as a fat
substitute, prebiotics, and dietary fibers depending
on its degree of polymerization (DP). It was
observed that inulin could increase viscosity, give
‘body’, optimize the texture of low calorie
beverages, and provide spread-ability to low fat
and no fat products, yogurts, salad dressings,
mousses, and chocolates [2]. Some studies
revealed that soluble non-starch polysaccharide
such as inulin had a positive effect on cholesterol
metabolism in rats [3].

During the last few decades, it appears
that Jerusalem artichoke (JA) can be successfully
grown in Thailand, especially in the Northeastern
region. At present, JAT is deemed as a popular
herbal food among Thai people due to its
neutraceutical properties especially for diabetics.
However, the knowledge and technique about the
production of inulin powder from JAT is still
limited. This study extracted inulin from JAT and it
was then spray-dried into a powder form. The key
aims of this study were to determine the suitable
spray-drying conditions and the inulin powder

qualities.

Materials and Methods
JAT powder preparation

The fresh JAT variety JA 102 was
supplied by the Agro-Ecological System Research
and Development Institute, Kasetsart University
(Petchaboon Research Station), Thailand. Raw
JAT samples were washed to eliminate soil and
other impurities, sliced to a 2 mm thickness,
blanched in hot water for 2 min, and then dried at
65°C until reaching the moisture content below
8% db. Dried JAT was ground to be JAT powder
using a Fitz mill model M5 (The Fitzpatrick
Company, USA) and then an Alpine Augsburg pin
mill type 160Z (Alpine American Corporation,
Natick, MA). The JAT powder was screened by
60 and 80 mesh sieves after the 1st stage milling
by a Fitz mill and the 2nd stage milling by a pin

mill. The JAT powder was used as a raw material

for inulin powder production by applying
extraction,  evaporation, and  spray-drying
procedures.

Preparation of inulin extract

Inulin was extracted from the JAT powder
using hot water at 85°C for 30 minutes with the
ratio of powder to water of 1:35 (w/w). After that,
the sediment was separated from the extract
using a basket centrifuge at 1,500 rpm with a
filtering bag. The inulin extract was used as the

raw material for the inulin powder production.
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Determination of suitable concentration of
inulin extract for spray-drying

Inulin extract was evaporated to the
concentrations of 10, 20, and 30 °Brix by boiling it
on a “FISHER” hot plate stirrer model 210T
(Fisher Scientific (M) SdnBhd, Selangor Darul
Ehsan, Malaysia) using a magnetic bar for stirring
at speed level 3. The concentrated solution was
processed to be powder by a “NIRO” small-scale

spray dryer model “Mobile Minor 2000” (GEA

Process Engineering Inc., USA) using the inlet
and outlet drying at 150°C and 90°C respectively.
The powder recovery percentage of each spray-
drying experiment was calculated applying the
equation (1) whereas the qualities of inulin
powder collected from each spray-drying run were
determined in aspects of color and moisture
content. The results were used for determining

the suitable concentration of inulin extract for

spray drying.

Solid weight of powder after spray drying

% product recovery =

=100

Total soild weight in feed materal before spray drying

Determination of  suitable

spray-drying
temperature for inulin powder production

The inulin extract samples at the suitable
concentration determined from the previous step
were spray-dried applying the inlet drying air
temperatures at 150, 170, and 190°C whereas
the outlet air temperature was maintained at 90°C
by controlling the feed flow rate. The powder
recovery percentage was calculated while the
qualities of inulin powder were determined in
aspects of moisture content, water absorption
index (WAI), water solubility index (WSI), bulk
density, and microstructure.
Color measurement

The colors of samples were measured in
triplicate by a Hunter Laboratory Mini Scan XE
colorimeter (Hunter Associates, Reston, VA) in
the L*, a*, b* scale. L* represents lightness (0 <
L < 100), while a*(+), a*-), b*+) and b*(-)
represent redness, greenness, yellowness, and
blueness respectively. The colorimeter was
calibrated with a standard white tile using

illuminant D65 and the10° standard observer.

Moisture content determination

The moisture contents were determined in
triplicate by the oven method using 2 g of sample
and 105°C drying air temperature until constant
weight was obtained [4].
Determinations of WAI and WSI

The WAI and WSI were determined in
triplicate by application of a modified method [5].
The 2.5 g of powder sample was suspended in
30 ml of water at 30°C in a 50-ml centrifuge tube,
left for 30 min, and then centrifuged at 5,000 g for
10 min. The supernatant was separated out
whereas the remaining sediment was weighed.
The WAI was calculated by dividing the sediment
weight by the dry weight of the initial powder
sample. The WSI was calculated by dividing the
amount of dry solid in the separated supernatant
by the dry weight of the initial powder sample and
expressed as a percent.
Bulk density

Bulk density was determined in triplicate
by adding 20 g of inulin powder to a 50 ml
graduated cylinder and holding the cylinder on a

vibrator for 1 min. The bulk density was
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calculated by dividing the mass of the powders by
the volume occupied in the cylinder.
Microstructure

The microstructures of inulin powders
were observed by scanning electron microscopy
(SEM). Powder samples were sprinkled onto
double-sided tape on an SEM stubs and then

sputtered with gold (SCD 040, Balzer Union,

Switzerland) prior to the  microstructure
observation by the “JEOL” scanning electron
microscope model JSM-6610LV (Seal
Laboratories, USA). Magnification of 1,000 times
and accelerating voltage of 15 kV were applied
using the signals of secondary and backscattered

electrons.

Table 1 Powder recovery percentages, moisture contents, and color values of powder samples produced

from inulin extracts at various concentrations by spray-drying at inlet/outlet temperatures of

150/90°C
Concentration of inulin extract (°Brix)
Attribute
10 20 30

Powder recovery (%) 67.78°+0.80 82.24°+1.11 88.13°+0.41
Moisture content (%wb) 7.48°+0.12 6.78°+0.05 6.56°+0.14
L* 89.61°+0.51 80.91°+1.12 77.29% +0.32
a* -0.60°+0.12 -1.10°£0.29 -1.32°40.22
b* 9.10°+0.17 11.14°£0.20 12.46°+0.15
Whiteness index 76.03 72.41 68.93

Note: Means with different letters in the same row are significantly different at *P<0.05

Statistical analysis
The software package of SPSS version
16.0 was used for the analysis of variance in the

statistical analysis.

Results and Discussion

The results of the spray-drying
experiments using various concentrations of inulin
extract are illustrated in Table 1. It appeared that
the concentration of inulin extract at 30 °Brix
provided a significantly higher powder recovery
percentage than those of 10 and 20 ©Brix.
Furthermore, the moisture content of the powder

sample produced from 30 ©Brix inulin extract was

significantly lower than those of 10 and 20 °Brix.

This may be due to the fact that the increase in

solid contents of feed material led to the reduction
of water proportion in the feed. As a
consequence, when applying the same drying
temperature, the moisture content of inulin
powder was less than those of 10 and 20 °Brix

counterparts. Although the concentration of inulin

extract at 30 °Brix provided the higher product
recovery with preferred moisture content level, the

color of its powder was more intense than those

of 10 and 20 °Brix. This intense color was
caused by more heat exposure of the sample
during spray-drying. This heat exposure together
with the reducing sugars and amino acids in the
specimens resulted in a browning reaction,
namely Maillard reaction. According to the

experimental results, it can be stated that the
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suitable inulin extract concentration for spray-

drying was 30 °Brix due to its high powder
recovery percentage and low moisture content of
the powder, whereas the more intense color of
the powder was not a serious problem because,
in general, only a small amount of inulin powder
is applied when adding to food.
The results of the spray-drying
experiments using various drying air temperatures
for 30 °Brix inulin extracts are presented in Table
2. It appeared that the drying temperature of
190°C provided the higher product recovery than
those of 150°C and 170°C. This may be due to
the lower moisture content of the spray-dried
inulin powder under this drying condition resulting
in higher transition

glass temperature and

subsequently less hygroscopicity and stickiness of

product. The less hygroscopicity and stickiness of
the product causes a less amount of solid
attachment on the surface of the spray-drying
chamber and other compartments of the spray-
drying system [6]. In regard to the WAI and WSI
values, it was found that the higher drying

temperature at 190°C resulted in a better
solubility and absorptivity of the powder. This was
because the higher drying temperature caused a
higher drying rate leading to a more porous
structure of the inulin powder [7]. The result of the
bulk density determination indicated that the
higher drying temperature at 190°C provided the
higher bulk density of powder. This may be due
to the increased shrinkage of the inulin powder as

a result of the application of a higher temperature.

Table 2 Powder recovery percentages, moisture contents, WAI, WSI, and bulk densities of powder

samples produced from 30 Brix inulin extracts using various drying air temperatures

Inlet/outlet Powder Moisture WAI (g/g) WSI (%) Bulk density
temperature(°C) recovery (%) content (%wb) (g/ml)
150/90 88.13°+0.41 6.43%°+0.13 1.21°+0.06 45.38°+4.80 0.58%+0.24
170/90 87.23°+0.47 6.77°+0.63 0.80°+0.16 71.64°+4.97 0.62°+0.37
190/90 90.59°+0.94 6.07° £0.14 1.09°40.18 77.35"+5.20 0.74°+0.18

Note: Means with different letters in a column are significantly different at *P<0.05

(a)

(b) (c)

Figure1 Scanning Electron Microscopy (SEM) micrographs of spray dried inulin powder using various

drying air temperatures: (a)

150°C; (b) 170°C; (c) 190°C
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The powder microstructures in the cases
of the application of the drying temperatures at
150, 170 and 190°C were investigated using
SEM, as shown in Figure 1. It appeared that the
inulin powders produced by the spray-drying
temperatures at 150 and 170°C had more
sphere-shaped and attached particles than those
at 190°C. This should be the consequence of the

lower glass transition  temperature  and
subsequently higher hygroscopicity and stickiness
of the product dried at lower temperatures which
had higher moisture content levels. In general,
the powder that had the higher moisture content

level had lower glass transition temperature [8].

Conclusion

The most appropriate inulin extract
concentration for spray-drying was 30 °Brix, while
the drying temperature of 190°C was more
appropriate for inulin production than 150°C
and170°C because it provided a higher powder
recovery, lower moisture content, better solubility

and absorptivity, and more stability of powder.
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Abstract

Inulin is a polysaccharide that has functional properties as a prebiotic. In this study, inulin
was extracted from Jerusalem artichoke (JA) tubers and then sprayed dried to be powder form. The
key aims of this study were to determine the suitable spray drying condition and the inulin powder
qualities. In the preliminary study, the inulin solutions at the concentrations of 10, 20 and 30 °Brix
were spray-dried using the inlet/outlet drying temperatures at 150/90 °C; as a result, the feed material
at 30 °Brix provided the good characteristics of inulin powder with high powder recovery and short
drying process time. Then, the drying experiments were conducted at the inlet air temperatures of 150,
170 and 190 °C whereas the outlet air temperature and the JA extract concentartion were fixed at 90
°C and 30 °Brix. The powder recovery of spray drying process and the inulin powder qualities in
aspects of whiteness index, hygroscopicity, water activity, moisture content, water solubility index
(WSI), water adsorption index (WAI), water holding capacity (WHC), bulk density and
microstructure were investigated. The results indicated that the higher inlet drying air temperature was
overally appropriate for inulin production.

Keywords: Inulin; Jerusalem artichoke; Prebiotic; Spray drying
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Development of inulin powder production process
from Jerusalem artichoke (Helianthus tuberosus L.) tubers
and quality determination
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Abstract

The objective of this research is to develop the
appropriate inulin production method from
Jerusalem artichoke tubers. The carbonation
process 1s deemed as a possible purification step for
inulin production because it is commonly used in the
refinement of raw sugar and the purification of beet
juice. For the lab-scale experiment, inulin was
extracted from Jerusalem artichoke tubers powder
(JATP) by hot water and purified with carbonation
and activated carbon. The results indicated that
reducing sugars decreased after carbonation and the
color of extract was noticeable brighter. Moreover,
the purified inulin contained less reducing sugar
and higher degree of polymerization (DP) than
commercial inulin (Orafti® HSI). However, its ash
content appeared to be higher than its commercial
counterpart. Therefore, ion exchange resin was
applied when conducting the pilot scale experiment;
as a result, the calcium ion in the extract was
reduced but it cannot lessen total ash content. The
appropriate inulin powder production process
comprised with hot water extraction with the ratio
of JATP : water at 1:7 (w/w), carbonation by adding
calcium oxide to extract until reaching pH of 11 and
then introducing CO:2 until pH lowering to a
specified level, decolourization and deionization by
activated carbon and ion exchange resin and then
spray drying. In aspect of production yield, the yield
of inulin after extraction and purification process for
the pilot scale experiment was approximately 50%.
Further study will be carried out to improve the
yield and practicability of this production process for
industry.

Table 1. Total carbohydrate (%) of inulin solution
extracted from JATP and spray-dried powder.

Total Samples
carbohydrate Carbonation Purified  Orafti®
(%) Before After JATP HSI
inulin
powder
Glucose 0.00 0.00 0.00 0.88
Fructose 17.47 0.00 0.49 6.22
Sucrose 0.00 9.07 7.79 10.81
DP3 13.14 13.30 10.05 5.17
DP4 8.46 9.68 9.04 22.21
DP5 7.68 8.88 8.45 12.04
DP6-10 27.64 31.59 29.01 27.04
DP11-20 19.48 21.24 25.62 12.18
DP21-30 5.38 5.80 9.55 3.44
DP>30 0.75 0.45 0.00 0.00

Note: DP = Degree of polymerization
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