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Abstract

The objective of this research was to design, development, and evaluate
performance of a prototype of internal surface infrared drum dryer. The heating system
using 3 infrared bars, scraper blade and conveyor screw were installed inside the
rotational cylindrical. The performance of the dryer was evaluated in terms of drying
ability and product quality by drying two materials. 1) Maltodextrin solution, with 2:1
mixing ratio of water to maltodextrin (w/w). The study factors included the drying
temperature of 150, 175 and 200°C and the rotation speeds of 0.108, 0.226 and 0.453
rom. Results show that the rotation speed of 0.108 rpm and the drying temperature of
150°C were the appropriate drying condition because the product did not burn and this
condition provided the maximum drying efficiency of 33%. 2) Tamarind juice mixed with
maltodextrin, the drying temperature of 150°C, rotation speed of 0.105 rpm and the
mixing ratios of tamarind juice to maltodextrin at 1:0.8, 1:0.7, 1:0.6, and 1:0.5 w/w were
used in this test. The results show that the 1:8 mixing ratio of tamarind juice to
maltodextrin was the appropriate condition because it provided the highest yield of

22.53% and the lowest SEC of 52.21 kJ/ks.

Keywords: internal surface infrared drum dryer, drying, tamarind power
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(n) single drum (V) single drum (M) single drum

with dip feed with splash feed with transfer roll

(@) twin drum with dip feed (®) twin drum with splash feed

JUN 2.2 1ATDI0ULIILUUENNEIUTELANASY
(ugf, 2542)

Double drum dryer

LATBIBULIILUUgNNAIUTEIANTIUTENEUAIEANNAIWTINTEUBNTIUIUADIGN

[
a o v

LazgNNaERsgnIznyudImInu lagaisazatgermsiinanyiniseuuisssgnieuadly
Fosinseningnnasnenisteuwuuides (nip feed) Fadunisleumenisidssaisazany

mmiaﬂuﬁmdwiwdwqfmﬁq a]Wﬂﬁuqﬂﬂaqﬁqaawwwaﬁwmﬁulﬂﬁ@miazmsa’nm{[,ﬁ

1oa s

a o < PN g =3 a [y (Y e
UANYULLUULNUNANUNS ﬂm%%@ﬂﬂaﬂﬁﬂ{ua’ﬁa867ﬂﬂqﬂﬂiﬂﬁlgﬁﬂlﬂﬂ‘UN‘INGUENQﬂﬂa\‘] IG’IEJ

annasagyinsnyusieliizos s aunsyiansazateomsuias nandasinlanasgniin ean

Y

mgluanfalivnuiudivegnnamiaesdng



Twin drum dryer
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wianerudrgnymeenieluiinermsfifidnvazifuniuuis (Flake) erathanualduns
anidon Uadufifinadesnansiuiwensiateuuisuugnnaamyuie aArumunveaiid
uazsEegnatlumsyuisdsanansaimualdanauiseum sy

[

lpfidn3fenareninuwinduneuwidlagliiaTaseuuiuuugnnamud

De £2De

a Y o = v Y v ~ v
U9 (2542) vL@Vl’]ﬂ'ﬁﬂﬂ‘H']ﬂ'ﬁ@ULWNﬂﬁ'JEJM@lINQ@'JEJLﬂi@\‘i@ULLWﬂLLU‘UQﬂﬂaQ

A = =

nyuieAnwiadadeninansznudennuiuiagAun NN NIINGIeoNNITILA Lag
Jadenfnwusenaumeumniiiognnas seeen19seninegnnas seaunsanvesnaielngg
v aa = ¥ . ¥ ¥ ¥ o U %
MnnAstEveIUaannaln (peel color index, PCl) AMULUNTUTDINAILUA LABvinn1TUSUTZAU
QUUNHIGNNAY 3 SEAUAD 120 130 war 140°C J¥Eeh1aTenINgnnas 0.15 uag 0.30 mm

5¥AUNITAN PCI5 kag PCI6 LA TEAUAIILTUTUYDINGIBUA 80 kaz90% tauIntin Ha
nsfnwInudnAduUsEAnSNsUnIANIUUSEANSHaveIndeviouaglutie 1.38 X107 fi9

4.11X107 m?/s AMNAIUNTEAUYRINTIENTTEAUNITEN PCI5 Wag PCI6 Ap 43.18 Uag 54.56
k/mol muansiu lusuaauaansnisiinduiniaseninseuwianuinduujisesuiunis
lngflAmdsnunsegunsiiadiiaiaveinaieiiseaunisan PCI5 uag PCI6 A 77.63 ag

- a

64.63 kJ/mol f931NN15IASIEANULUTUTIUNUIU 8N Han o duUTEANTNNTWINS ANUTU



[

AnSHa warAIAINISNAAUINARAD TEAURMNNNVRINIRNNAALIEAUNTINVRINGIEVIBY

WINTIU

356N (2549) lafnwINaTe0MMIRIgNNGIaL LORLAMNGVSUADAMATI

1LYIUNT NFDUNILAANYIDNTNAVDITAAIUNDALALANTNSUADAINUAIAIVDINLVIUNS 1Ae

a

NSANIAIULINLATIINITNARB D ULV TENAILLAT IO UMTIRUUANN A LN N X

q 9 Y
[%

AIgNnas 3 sEAvfie 120 130 wag 140°C 9R91dIuTeLealmnngnIuA U0l iaiie

v A

3 sgAufie 0.30 0.45 uay 0.60 (w/w) lugiurasaun mugIuRanfiasantawn audfng

[
A %

AAANUTUNAY (Hygroscopicity) admmﬁm’lzﬁ’aLfﬂuﬁj@u(Degree of caking) WA¥AIIUAIUTE
lun1sagatendu aruaun eIzl gnnaIn1TAusY 1315191N6AT pH Aunile
| = dll = = PV = '
LagANLANANYRIELAYTIN (AE) Eaieuiiguiuiiuguuidenan 31ANANITNARBINUTY
audfinisgaanuundukazesrnsinzdLduieuanasetaiivedfty (p<0.05) Weoaumgl

AignnasiazdadiuvesuealaandnIuliin aIUANEN1I0lUNNTAYANENAUVBIUL YUY

A = = - Y A a ¢ o a X Y £ o aa
\isguegraditduddny (p<0.05) adndiuvestealaandvsuiindu winduluduivaaumaiiin
annas (p>0.05) TudruvesduguulenAuguanNanIsnaaesnuI1el pH iaduilodndiu

wealaANgyIUka UM TRIgNNALANTY WBNAINUTINUIIANULANAIVDIFAETIULTNTY

Y

'
a

agellladAny (p<0.05) LilauealawndnIuiadulazauriRgNNAw@AaT @uAIANUvin
tuliduiudndiunealawndvsusazrgaumiignnainly
A31snduazany (2554) laldinesaunisnuugnnawmyulunisuiuuennnines

< aa a Al 4 .. . = va o Y o a
wladnvyulagdsnisnsiaanflud (pregelatinization) lun1sAinwiamziidelavinisnsia

]
a

anfilududaninuyu 2 38 AensAuwdnuyuriaudnigaumal 100°C Wuaiuiu 15 30 way

9 Y

45 u1il wagnsldiaseiuisuugnnasanemngil 120 130 uag 140°C lagdiudesiuain

3 Y = a ca o v A ° v
LN@@GUHULTJUW’JEJU’NQFJUV’]N Naﬁnﬂﬂqimﬂa@QWquLL'ﬂQWiLQa’]Wlu"UWLmﬁﬂmiﬂﬂisﬂlﬂﬁaﬂwquﬂﬁ

wuugnnasgilaaviinisaraiedn avinisgaduinseaunsiinaiiluguazauningandi
=~ A ca A Y aa v I & I ad a & 2 v
wlanSaniiludiwiousigBnsiumdaryunaudn Inegaumainiuiuvesgnnasdmaliie
srullfananidaniiugeu
Pua et al. (2007) la@nwinsuanvyuraieinIasauLiaLuugnnaviingnnise lag
AnszidgaulaluAMUNTUYBIATAUIINALMEDS (Soy lecithin) Wagfiuensin (Gum arabic)
LU U0 IULUADAMNINYBIVYUHINLA BIAINNITVIUAIVYURIAIBLATDIDURTIUUUGNNEAT

AUL5I98Y 1 rpm T¥EEYI9TERi19gnNnas 0.01 in. waza1uduvedloun 2.3 bar wuin

=

a o ay v =~ aa ° a aa Y & ) a
Namﬂm%muumﬂml@ﬂ%ﬂﬂmﬂqv\lwwLil@WqﬂqiLmﬂJLa%@uﬁﬂqﬂﬂ'}Lﬂaaﬁ 2.65% lay AUD1IIUN

10.28%
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anfuazanz (2551) laldinIaseuwiinuugnnasmyulunisiuiddnfsdnsaguain

a

1INdeweNINGnlAaNT1IvIRUgAeNUEd 105 wagiugunusidl 1 Januinldndrindes

HUNSYIWARINIATBIR UM LgNNAEANELTa UM S AU InALaEKEn SN lag smdl

AauAvsanseseglunasinumels Tenensiusnwlauiuds 6 weu

(%
a

FaNNsnsIenansiiunUInAIeteUWiwUUgNnasdulngzduluugnnasg

LY

wagldmnufauainleun Mwidennetesaululunsimuindadusiielivunzausenis

1 o LY o = =

uwiwaiidnIdeidudiutesntadguuuunisldndanuuazanuduaivesnisldnd ey

Tnean1ze81989Us ANl Nanan N19N15NBASUAINNANLTRANT AN AIWTUNITVINLAIA2E

v a vV o w

iseseuwiuvgnnasiieiudundndning viiondnduandisagy uidddeddatuai

nsumalulagiinlulednienisamuaiivasesinialeuienslifuariunisasuluguyy

9 9
Id

3 v & A 1Y) a a & 9 v = < <
VUIRLAN @\TUULW@LUUﬂWﬁWWUqLW@IUI@EJLLagLWlW]'NLa@ﬂiﬁﬂi%ﬂ@mﬁﬂ%uﬂﬂjqﬂfﬂﬂLLGUQIUﬂ']i

v = a a

fannueerzdIdediunnAnlunisiauieseeuursuuinlugnnauuudunsisndu



11

o
unn 3
¢ ad
aUNIULAZIGNS
3.1 gunsal Asasilauasdanldluauie
3.1.1 gunsnluasiATaile

1. AT ULTHUUNNAMLUTEAUTDIUURNT 1A ULALUUENNAIMYY
seauvipalfuanislalunismaao Uy ia e uio i NISMIaN1IE MU ZaUYDINTOULY

Jagunuasiaglunilaviinisidenuzvulenduiannuaslunisiiuie wieseuuieiuy

q

a wa

annasnyuildluszduiosdfuinisiluniaseuwisuuugnnasg (double drum dryer) §i

9

&

U = = 2

ﬂl Y a0 U dy
SnwazlAIDIRULTAEnlusUN 3.1 Felldruuszneundnaal

Y

JUT 3.1 inseseuniaiuugnnasgnldluesudfnis

saa 1

1. nnds (Roller) gunsalifinnsnyusaiiosmasnial uwazidudiud

'
o a

FutaduTaanunuisulnanananmannanldaty 1e191niA1n15181ANS o UNATAIUL T

9

MUMUABNITYATA

2. lufla (Doctor blade) Tufialugunsaliwisyingl azduwnumand

v 6V

fimuaungameton aunsauiussuginsseninluliniuiignnasle lnessesinasening

TufiaduRagnnaszilufmvunanunuvesuniutanui

Y
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3. ssyumshinaiusou Tanufeussleth Tnglethavdwiusieny
Qmumﬁ”]gim&fluﬁaqﬂﬂgq Fagowhmseenveslethie Wiefiuustansamlunisaromaing
Sou

4. 0195095 UNANS TR HARS T LTITieeNINaINLASBIBULIY 92

ANAIUUIAZIENINTaTIUTRldgImaaRnvsansusassudule

2. 1A5899ULMIUUNURIN8TULUUBUNT A LDULAS0I9ULAIDBNLUULAY

aiAuiineaziBendauandluzun 3.2

HIUTTINANSUIIN UYL

UBLWOITUYR

YIOAINANAUNLIAAUUT MR ARIGEN

PDIDUMIA

JUN 3.2 inTesouuisuuiuRIngluluusuns e
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3. fauauiou (FRANCE ETUVES, model XU058, France) lddmsumaiiua

VDINANSUTNOULALNAWINNITBUUAY (FUN 3.3)

JUN 3.3 gauauiou

4. \3petaRanea (Satorius, model BSA224S-CW, Gerrany) Asagiden 4
s Wamumanuty et iRdnearuazBen 2 fmumlsdmsutaiminuanSo

5. wnsiandaanulniin

6. pH Him1a5 (Mettler toledo j:u Specifications - S47-K seven Multi MT dual
meter pH/conductivity (Kit version))

7. 4AlnAINIIUIIANGA W%fam;mﬂ%uﬁa FMSUMIUSUIUNTAVDINARN U
Uz TildaInnIsnaaey

8. Lﬂ‘%"aﬁmﬁ (ColorQuestXE, Hunter Associates Laboratory, Inc., USA) T4
AMSUnTIEeUAER AR SUTHTILA

9. 13esinAIEITaU

10. laganuaudmsulddegandnduanuisnsuinluneaevandiaus

3.1.2 Fagnldluniside

1. wzvulen (tamarind) Algluns3dedunzemsesiugiindndaunainaiu

Y
¥ & =X o ,

ol Beasegluundinaluugs Jmiauassvdun laelidnfilevedsening 2.3-2.8 uagilen
Arutuaglutag 25.3-28.1 iesiiud

2. woalawngv3u (maltodextrin) l#lunsideiidauyamndlnsawiiiy 10-
12 innuieniivitu 1ead Sie Fadegluamsunoaumeu Smiaunsugy Ineddfiore

g8 4.5-6.5 uazdiAnuTueglugie 5.0-6.0 Wesidus
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3. @sueawls (modified starch) MElUN1SITEUIDINUSENLAENNA 1A

Fensegluiundnnanseaynsiafd Jwminaynsuins Wnediieregsening 4.0-6.0 wagile

ALTUDYlUYI 4.0-8.0 Wasidud

3.2 33
3.2.1 NsANINSINUBBLATEsaULRmsIgnnasyuiildlaunluunandsanu
nsEnwnsiwiandndausiusuuralegldnsaseunisuugnnaslu

Vol UAN5IMmNTINeImMIs 01AnsAudAIedile 3 laediisn1svimaasanall

1. N15A38UABEN

o = I S o X N =y v

dznuenunzionudauazauninesn  ntudiilensviudenilaun
waufuinTounilaaumgiviiiu - 80°C  uagyin1InseamenzinLiiaAnkendaiauudinan
Waenin Tuugen  waznindeuudneen annuwinslesizvandiniaeinieninves
Y ! a v = v = & < ' 2 o a <
Mog1aTUAY FausEnaume Ad AN ANATUNTARNY USHNuNIATavan USunaueauds

Razarelaluti wazUSu1auauwduisnun

2. ANSANYIONSIEILYBLUBNLVUTENABU

Yilauzullennaunuinnensiaruvedtousvnuensauyinnusevay
1:2, 1:3, 1:4 4ag 1:5 9nUUMNsHuaIsinLaalamngnsuadiuasazalsuiusuleny
9518 1UVNNEUENARANSAINLYINAUSREaY 1:0 LAy 1:5 Wiounaasazarenlaun

MuiaenIasauuiskuugNna lagmvualngaumnginiavegnnaauiiiu 140°C syeeing
FYNINGNNAWIAY 0.15 mm uazANEITEUTeINNEWINTY 0.50 rpm ANUuINER T
g UeNReN AN ILATIERAUTANI9N 18N INTIUTENBUMI U AN YU VB INAA T 9
ANUAINNTlUNITINEAARIYRIRNNAY ANEINIElUN15ANBENANAIATOIBULIY LAY
a ¢ wa a = v & a 2 & a < o
Ansgviantiniuaiinen ndnsenausig ANUTY UMY TWImNN UTiNaueude

avanelatuin

3. NNSANYIENSIEIUYBILUNULIN U BNADENTFAN LART Y LA

L) dy | (Y] ?;f v e’./’ (Y] 1 a I3 d' qol

JidouzvuilennaunuiinsauausuaUsuinveadsnazans b ludiniu
BNIIEAIUNLANNTD 2 NUUYININSRUANTFINIUDALALANTNTUY TATUA wariua15Ontdasiu
YULUL YNNI IEIUVDIUINLUTENADEITAINWINAUSB8aL 1:0.8, 1:0.7, 1:0.6, 1:0.5,

1:0.4, 1:0.3 wouvadiansazaeNlauiuianIsLAToIa ULt UUgNNaY tagdivuali
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9N INHIVINNAWIAY 140°C 28295z MIegNNaLYAY 0.15 mm uasA1usI5eu
Y9IgNNAWYINIU 0.50 rpm U WENTUIUEVTLNRTILANIATIZAAIAMAINGT B
Uszneudiead Anudu Anadunsneng mnuviwiy Anansatunisazals Ysuianse

Manue USunaeaundauisruaUsunaveidiazatslalutn wazUsunasesazvoananile

4. N1IATIUATIENANAUAING 7]

Weduaansz v sz enwadaindndaeiusvdonkan b

6 1 1

N5ATIIATIZRAIALN NGNS 9 laun Usunauweaudansan Uunasesaskandn Usunan

ANNTU UTHaIU9asy USUIUnTananun pH AMULANANNTDNE AMUULA AIUKUILLL
LATANAINITOLUNITAZAIY F99¥NNITIATITRAI9E1VIMUADE e 3 91 Taeazd

I~ 1 v QSIJ
FNYALLIYARN €] PNU

1) Usunuwesudenianua (total solid content) Wrdaee14 3 ¢ ldasludae

suwannsvdmin ntudiiiedauneuigumgil 105°C Ul mtinAsn

v

<

wardsinggeukiteaninldlaganiuuUaee el Inau anuudug

PndnnSausisantuiingg wazt1A 1 lau1A1LILUSUIAYD LT TIAUAGT

@uns (1)
W, =W,
Total solidcontent =| 1 ——=—= [ X 100% (1)
W, =W,

(%
A o £% 14 %

We W, Al dmtnueenigeuliag (nSu)

)]
oe

CX % vV £ 1

W, A UINUNY8I8eULiLasiieg19nauinuigs (nsu)

€

Wi A UINENY890I88ULTLATFAI081Na WY (NSY)

2) UsuasSesazuanan (drying yield) ddeeis 3 ¢ Tdadludeeuuiafinsau
thwiin 9nduthiegnaneuiigumndl 105°C sudntinasd  wddahde
@‘ULLﬁﬂEJ@ﬂmﬂﬁiﬂ@]@ﬂﬁﬂm%uﬂﬁ@ﬂﬁﬂlﬂﬁ@u ndurian Faminndeuis
antuiinua wieurahandildumanuunnsswesimtinsewirssetstou

WATNAIVIWIA A8NNSANUINUSUNUNANARTN AR AT (2)

M
Drying yield = —* X 100% 2)
M

b

We M, fAe  Uuinuwisesiieg 1 9ianNaiaavinue (g)
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M, D  UIMNLIRU8IAI0g 19T UAUNDUYILAS (g)

3)  USu1uAudu (moisture content) 116190819 3 g Tdasludigauninad
3wl mtn ntiudiegaeungamgil 105°C autmitinAsm waidei
freauwiisanultdlagaainudulass el iy arndudundadinin

N3 DUNIRATUNNHE LazUNANNAUNAIUIUANUTUAIALNIT (3)

W, =W,

Moisture content =| ——= [X 100% (3)
W, =W,

do w, Ao dhwdhaesdhsauuis (g)

UNU9IEOULAILAZAIDE 1NNDUVINULIAL (g)

(%

W A UIAUNU908 0 ULASLAAIDENAIIILAY (g)

=
N
o))}
©

4)  USuruiidasy (water activity) 41610819 3 g ldaslunaunanadn
Useanad 3/4 d1u999AURau nuuindunanainieaslunIes water
activity La¥389UNILATBIYYINNUESILAITIB AT lANSaUTavinA15an

YUNNKA

5 Usuaunsavienaa (total acidity) Y1819873 5 mL wazdndu 10 mL 14
adlurangUmmndeuiainnisveafiuermauadly 2-3 vea wiitunyinig
Tnwsndeansazansunsgulaideslansenled 0.1 usdiia aunsyiis fega
g Mndurhnisantufinavessualvenlensenleddliluuasiend

k% o a ) o s a o r-:l'
VLG]?J']ﬂ'WU?ﬂﬂJilﬂﬂ«!ﬂiﬂL‘LJ‘LliEJEJﬁ%GUENﬂi@l‘l/l’ﬁ‘i/]’ﬁﬂ@]dﬁllﬂ'ﬁm (4)

. VXNXEqgwt
Total acidity = ————— X 100% (4)
U X1000
HLIRY Ao Usnawesiildlumsinmsnauiiegned (mL)
N Ao uesHavesnsnlglunislnng
Eqwt Ae i wilinauyaresnsamimisnuiiu 75

US1auve9iegantglun1sinmnge (mL)

C
3k
©



6)

7)

8)

9)
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pH (potential of hydrogen ion) 1nd188149 50 g laasludnines wazyin
AUAZDIANITAVDILATES pH meter Ar8UINAU VINN15TUTRLA A Y
nsrAwt1sy NUinsuiTinadudninesuazseaunitasesasyingu

laSaualeouanlandaunainnisanduinga

ANULANANYDE (difference color) teens 50 g Taaslufiam wiaw
NIRRT ULATEY color meter WaLyinNTIAlULNBNUBIAT L (AL
a719) A1 a (A dudnag) wazat b (A dudEindsd) 599UNIATDIRL

Mauasa 3ntunANlaNIAI U AIAMLLANA1IYIARIELNTT (5)

AE= (L, —L) +(a, —a) +(b, +b,)’ (5)

We Ly ag by B @U8951981951AU

Lpap b, Ao @Avewedramaninazany

AR (bulk density) ¥idaegns 10 ¢ ldadludninesinsuuiunns
sanmsvinsmdegnadiudnines lagliiegiwazdninesogineiuiy
52eENN9 0.1 m Wdunseg 1 nlnIsnneeg9aTemuusIliun9aududn
\nas MnturhnsUiaiguuuresdnnesliisunasiandwhmdnnden

[
o

P9VINNI5IAVUTNNG WaLUNIAN LPUIANUIUANUAUILUUAIFNNTT (7)

m
BulK density = — ()
Y

' 1%
=) = o

We m A U uinuesdlegis (g)

= a = 6
v A UYsueseeasunnes (mm)

ALEINITRIUNNTAEATY (solubility) H169819 1 nfu waududl 10 mL

Taaslunaoawuiing waviidaies centrifuge Ain1NL5258U 3,000 rpm

€

tY

w10 uii andudiengdunduvesrailautevuisionmall 105°C
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UTUINUNAIN 1AL TIUI NI NS UNIAATUTANNE hazunAI AN

AUNAILENLN T IUNNTAZANUAIENATS (8)

M
Solubility = —= X 100% 8)

M
P

Weo M, fe  dwitdnuiseswesvaila (g)

1%

M, @B UNInkiaY998eg19anus (mL)

p
3.2.2 AN599NKUULAZASIAZBIRLLUY
yhn1seanuuulTesauuisuuianielugnnasuuudunsnan Tasdmuel
hieuwaidnualunsinssuennan Tneidefvunuosnisesnuuusiel
1. w3eseuniaiisnwauzifunsenszvennalrsawuiuey faduludeu
anunsosuauSeuI nuaduNsIsallRnd 200°C
2. @110 LA LINANN UNLIIBBN NN BID UL LA
3, gunsnnentieuLTeanI e Auazaa e

'
[y a o

4. ansousuanusuazaamgiivinziuianiihuveaauls

3.2.3 N5UTUANTIOULIATDIAULUY

1. N15USLLIUALTIOULLATDIAUKUUNES 197U 89A UMUANTAZANUURALALAND

N3U

a v a Y] | g ¢ a o

BuUAulaen1smSeua15ara18lUNT1dIUYRIUNABUDALALANTNITUNA 2 1 1
an1eiiiniseunisdeNenmgi 150°C A1UL5350UTN 0.18 rpm 71 175°C Aa5150UT
0.226 rpm 9 200°C AHL5ITOUN 0.453 rpm YT ULisENIava1es1wIL 300 g tWunan 1
h Lﬁ‘U@hasmﬁﬂﬂmﬁhamiiaudumiﬁwLLﬁﬂugULLUU%Q?’J’@iWﬂWiﬁWLLﬁq UsgANS A9
WUSEUMEANUSUN S DEALNANANAINENNTS (2) USEANTN1AsIenaaauUseiuaiean
ANAULUADINANUTINE (Specific energy consumption, SEC) @sAruaalaaingunis (9)
o X
f191l

3.6E

SEC=—— 9)
m

water

e SEC  A® AMNAUURDINENUT NG (MI/KS,ater)
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E Ao ndsnulnihiemunifldluniseunis (kwh)

Muater A8 UTUIUAMNUNNYNUNI0DNIINNEATUINBUUIS (KGyater)

2. NAADUNITDULMI ULV UNALLDALALANT NS U

Bufurnmaeieutusamausealaandniuiisnsdvesiouz ey
5:1 MntumauNoalmandIumuEnTAuEdesealaANgNTY 1:0.5 1:0.6 1:0.7 uas
1:08 (w/w) MniushmseuLisieieieseunisuuirlugnnasuudunsusaiigumg 1500
ﬂ’;’liJL%’Ji’eJUGUENQﬂﬂéjﬂﬁ 0.18 rpm auuisaunlaifingnSusteonaininieseuutis Rt
wiuzrllualidunsuaranageununmusmansurildlasnandarusas 3

NIARINANNTT (4)
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uni 4

NAN15I8

4.1 wan1sAneN1TauLiszuNRslagldiaTasauuinuugnnasluvissuinns
31NN5ANYINITOULIIMELAS DI UL TIRUUgNNasluiesUURAlaelduugu1ulen
Jutageuwislinanismagousinge fil

1. WANISAN®IINTIa WY Hauy s TengaL)

ilevinnsinwsnsdveadonzuilondetfifesay 1:2, 1:3, 1:4, 1:5 uas
thansavaneflduwanfuanssanuealamndvsulusnsdiuesiuzudonseansimi
Sns1dau 1:0 Mntuiarhuisdeieiesouuisuuugnnasnut ansazanglalannsntudng
NSLUIUNISYIIWIAS LA Lﬁmmﬂmiazmaﬁé’ﬂwmzmmLLazhjmmmLmzamﬁﬂwmQﬂﬂgﬂﬁ
sarilothansazanedildunaufuansimuealmandniulusnsduveniwzauilonse
ansFNTisnsdIu 1:5 mmfuﬁmw‘hLLﬁqoﬁ’wm%mLLﬁQLLUUQﬂﬂfgﬂWUdW GRFAEREGA AT
thidhgnszuiunsviudisld esnansazaedidnuasduniauazarnsanzinifiaves

a o

annasld InetusuaunleniiiunszuInnsiummslATe 0 UL UUgNNAA s AN v

ee

o

NAYAINWALATNIEAINNLANA1TU LU TIER L UATI97 4.1 wag 4.2 uanaNdFanuin

[y ] & = 1 Y < [y 1 a A o Y a [ 3 a
DPTIFIUVDINUDNZVILLTVYNADUIN 1:5 L‘U‘U@mi’]ﬂ?umEJ'J‘VWI’]I‘VTN@@Qm%ﬁqﬂqiﬂﬂﬂ@@ﬂuqf\ﬂﬂ

A A d‘

LAS DIV LALDININUA LA DNANTUINAIUYTUYDINAN A NN LANFINITOULAIAIUANT I

v
1 a Y v v =K

4.3 wunenuTuveNandalAguiunIfiaziusnysasul sy lundndaminedd Asiudad
) | 5 9 = o Y ! s = a v s
gnsrdivessaiuzvlen 1:5 nvualudnsdiuveniugviaensuau lagi
= a v o = Y - Y o = = '
uzvlenisuAulrdanyugnisainennaaandlunsnesn 4.4 udwihnisAnyiiienien
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1:2 78.35 + 0.11 2157 £ 0.12 21 £1.41
1:3 81.78 £ 0.21 18.22 £ 0.22 17 + 1.41
o 1:4 84.22 + 3.64 15.78 + 3.65 15+ 1.41
1:5 85.04 + 0.10 14.96 £ 0.11 13+ 1.41
1:2 52.75 + 0.24 47.25 £ 0.25 41 + 1.41
1:3 55.11 =+ 0.07 44.89 + 0.08 35+ 141
e 1:4 57.16 £ 0.01 42.84 + 0.12 33+ 141
1:5 58.80 + 0.29 41.20 + 0.30 31+ 141
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AUSunansavianun () 1.63 + 0.01
AUSunaeudatome (%) 11.71 £ 0.03
ASnamewdfiavagldlutih CBrix) 12.26 + 0.23
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4. KANITAATISN NaOAYaLE Y TEINEN

a L4 a

et NYeNzY T NHYIINTIRT I ERAnU I AuEEnsaly
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AUHBEIAL 0.05 ANTU A

>

nsazatgldiinnuuanatsiuegsiidedfynieadange

ALY USinunsaviante uavUSunasovazussuananiile dannuuanaisiueeedidodfgy

'
aaa [ Y

nadfNIzautd1Ay 0.05 WazlRYINN1INAFOUABLLBIAIETENISUTBUTNEUAMNLANGS
W9NYALUU Duncan’s Multiple Range Test (DMRT) wui1 nainsiauaiugu13nenueilan

ARNINE19 wandefulumuinveansiInILaL BRI E LY NN BN DA AINIAS

wandlum1s99 4.7

a = a ! = ' ]
M3 4.7 ﬂ’]iLUif‘JULVIEJ‘UV’]']LQ@SGU@QQ'W@MQ’]WWWQ6]

N

Carrier

I PR (%) BD (kg/m’) TA (%) MC (%) Ae_ SO (%)
o. %
1 MD=30 71.98+0.24° 1024.49+9.79° 12.90+0.15° 4.31+0.22° 10.40+151° 79.25+1.36
2 Mpoao 7812:009° 7'2€i11'44 11.80+0.08°  3.62+0.02° 12.31+0.64°° 82.31+0.38
> MD=50 77.20:0.25 1062'9ﬂilz'75 11.45+¢0.08° 3.54+0.33° 14.10+1.22* 81.41+5.06
4 MD=60 8500+0.22 943.68+8.89°  10.90+0.08% 3.43+0.14° 13.38+0.52°° 84.15+0.93
2.70+0.08°

> MD=70 90.59+0.02° 879.11+5.28° 9.90+0.15¢ OZO 08" 1448:023 82.56+2.08
& MD=80 9228:037  796.23:2.55° 9.20+0.08" 2'63ﬁo'15 14.44+0.58°  81.95+2.37
7 MS=30 73.29+0.40°  99529+7.80°  16.80+0.15° 3.33+0.22° 22.94+1.05° 81.41+0.45
8 MS=40 80.03+0.15" 832.66+22.48°  15.10+0.08" 3.29+0.11° 14.80+1.74° 82.50+2.06
9 MS=50 83.29+0.12  694.27+9.91"  14.60+0.08  2.91+0.07° 16.91+1.22° 81.64+2.43
10 . : . 2.53+0.06° .

MS =60 89.74+0.43  669.85+3.82 14.05+0.08 p 14.61+0.12° 82.64+1.12
1 s=70 87555016  600.65:6500  12.55+0.08" 2.534_(-10.02 14.79+0.27° 82.92+2.64
12 MS=80 88.20+0.16" = 623.97+256°  11.50+0.08° = 2.50+0.05° 15.45+1.13° 81.37+0.45

PR = Product recovery, BD = Bulk density, TA = Total acidity, MC = Moisture content, AEC = Color, SO = Solubility

*!Different letters in the same column indicate significant differences (p<0.05).
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conditions Performance Evaluation of Drying
Roller %moisture Product
temperature SEC Characteristics
speed content recovery
of Product
(°Q) (rpm) (kJ/kg) (%wb) (%)
150 0.108 11.28 0.942 33.00 complete
175 0.226 12.23 0.785 30.35 Slightly burn
200 0.453 15.78 1.372 21.16 burn
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Abstract

The main purpose of this work was to study the effect of carrier agents on the drying capability and the
gualities of tamarind powder produced by a drum dryer. Two popular carrier agents, namely maltodextrin and
modified starch, were applied to tamarind juice at juice-to-camier-agent ratios of 1:0.3, 1:0.4, 1:0.5, 1:0.6, 1:0.7 and
1:0.8 (w/w). A double drum dryer was employed in this work at a drying temperature of 140°C, drum rotational
speed of 0.50 rpm and gap between drums of 0.15 mm. The efficiency of carrier agent was evaluated by the
capability of drying and product qualities such as product recovery, bulk density, total solid, moisture content and
color difference. The results of the experiment indicated that the ratio of the carrier agent affected the drying
capability. The tamarind powder were easily removed from the drums by doctor blades without sticking at the
lowest ratios of moltodextrin and modified starch of 1:0.6 and 1:0.4, respectively. Furthermore, when considering
the qualities of tamarind powder, as a camier modified starch led to better tamarind powder qualities than

maltodextrin

Keywords: Tamarind, Carrier agents, Drum drier

1 Introduction to produce food powder particularly for heat sensitive
products where short time high temperature drying is
permissible (Nastaj, 2000). Additionally, Sunee (2008)
stated that production of azuki bean powder using drum
drying is advantageous because it can save time in product

Tamarind is one of the most important fruits of
Thailand with the total production over 100,000 tons a
year. Tamarind juice is an essential ineredient that
provides the inimitable sour taste in many kinds of Thai
food (ittanit et al., 2011). However, the use of the fresh
pulp still has many disadvantages due to its short shelf-
life of about 6-8 months and, high cost of transportation.
In addition, preparation for cooking is rather difficult. Te
overcome the aforementioned problemns, a method of
transforming tarmarind paste into powder by a drum dryer
is proposed.

A drum dryer consists of two hollow oylinders
rotating in opposite directions. The drums are heated by

preparation, save storage space and convenie-nce to the
users. Drum drying is a low cost and easy production
process (Russarmon, 1999).

Fruit juices are very difficult dried with a drum dryer
because of the presence of low molecular weight sugars
and acids, which have a low glass transition temperature,
and high hyeroscopicity (Jaya and Das, 2004). While
under drum drying temperatures, they tend to stick to
the surface of the drum and cannot be removed from
the drums by doctor blades (Bhandari and Howes, 2005).
Some possible consequences are related to impaired
product stability, decreased yields (because of stickiness
on the surface of the drum), and even operating
problems to the dryer (Bhandari et al, 1997). Such

problemns can be alleviated by adding carrier agents,

high termperature of saturated steamn inside. A thin film
of solution is coated on the outside surface of a heated
drumn and subsequent removal of the film of dry solids
by applying the doctor blade. Drum drying is commonly
used in production of low moisture baby foods and fruit
powder. It is a technique widely used in the food industry
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which are high molecular weight, such as maltodextrin
(MD), which decrease powder hygroscopicity and
increasing the elass transition temperature (Silva et al,
2006). Additionally, Cameiro et al. (2013) reported MD is
a relatively low cost and low viscosity at high solids
concentrations. However, the biggest problem of this
carrier is its low emulsifying capacity. Therefore, it is
common to use MD in combination with other carriers,
such as gum arabic (Fernandes et al, 2008) or modified
starch (Bule et al, 2010) in order to obtain an effective
Juice powder by drum drying. Oliveira et al (2009)
pointed out that gum armabic has a glass transition
temperature higher than MD and is wvery effident in
flavour retention, which suggests that it is probably
reducing powder hygroscopicity more effectively than
MD, but gum arabic is expensive. So, this motivated
researchers to look for materials to replace it. Modified
starch (MS), a carbohydrate that chanees the native
starch’s  property in  accordance with a certain
application. Such as modified starch can be used to
replace other substances, like emulsifiers. Non-polar
modified starch can act as an emulsifier, offerine stable
emulsions.

The purpose of the present study was to evaluate
the effects of MD and MS as carier agents on the
capability of drying and the gquality of drum dried
tarnarind powder.

2  Materials and Methods

2.1 Materials

Tamarind  flesh (Tamarindus  indica L) was
purchased from a local market in Nakhon Ratchasima,
Thailand. MD with dextrose eguivalent of 10-12, pH of
4.5-6.5 and moisture content of 5.0-6.09% was purchased
from Mutrition SC CO., LTD., Nakhonpathom, Thailand.
MS with pH of 4.0-6.0 and meisture content of 4.0-8.0%
was purchased from Questex CO., LTD., Sumutprakarm,
Thailand.
22 Tamarind Juice Preparation

Tamarind flesh was deseeded and mixed with hot
water at 80°C at a ratio of 1.5 (w/w). The mixture was
sgueezed into tamarind paste. Then, the juice was
screened with the two-layer of cheesecloth to discard
the residues. The total soluble solid of juice was
determined and adjusted to be 12oBrix. After that, either

MD or MS was added as a carrier agent to the juice at

juice-to-camier-agent ratios of 1:03, 1:04, 1:05, 1:086,
1:0.7 and 1:0.8 (w/w). The initial ratio of 1:0.3 was used
by Kanniga (2006). Each the sample feed 500 mL
2.3 Drum Dryer Setting

A double drum dryer with nip feed was employed
in this work shown in Figure 1. The dryer, which consists
of five main parts. The Control box was a box to control
the drum outside surface temperature and drum speed
of the rollers were 140°C and 050 rpm, respectively.
Cylindrical hollow rollers made of stainless steel had a
diameter of 15 cm, a length of 20 em and a gap between
drums of 0.15 mm. Doctor blades made of stainless steel
were used for scraping food throush the process of
drying out. An electric motor of 1 HP was used to drive
the machine. Finally, the structure that supports the

weight of the whole machine.

T) @ OO

@ Control box (2) Cylinder hollow rollers
@ Dactor blades @ Electric mator @ Structure

Figure 1 A drawing of double drum dryer.

2.4 Drying Experiments

The drying experiments were carried out using the
randomized complete block design of two carrier agent
(MD and MS), and six ratios of tamarind juice and carrier
agent (1:0.3, 1:04, 1:05, 1.06, 1:07 and 1:08 wiw). At
the end of drying, the tamarind powder was collected,
weighed and kept in the sealed container for
determination of the qualities. The procedure for the raw
material preparation until the drying of tamarind is
shown in Figure 2.
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‘ Tamarind flesh ‘ Add camier agents ‘

{}4— Hot water {}

l Squesred ‘ | Drurm drying |
| Tamarind paste | | Tamarind powecer |
U {}

Separaling discard Kept in the
the residues sealed cantainer

L U

Adjusting tamarind Measuring the product

jMice to 12 “Brix quality of 3 replicates

Figure 2 Schematic diagram of the experimental
procedure.

25 Quality Determination

The gualities of tamarind samples, which included
tamarind juice, in terms of total solid, moisture content,
total acidity and color, were measured. For the tamarind
powder, product recovery, bulk density, total solid,
moisture content and color were measured. Apart frorm
that, for the reconstituted tamarind powder were
subjected to the determination of solubility, total acidity
and color. Then all of gualities will be measured in 3
replicates.

Product recovery was determined using the rafio in
the weights of dry solid of tamarind juice and powder
(Kanniga, 2006). The product recovery was calculated as:

M
Product recovery === x 100 1)
M,

where Ma and Mb are the weights (g) of dry solid of
tarnarind powder leaving the dryer and tamarind juice
being fed into the dryer, respectively.

Bulk density of tamarind powder was determined
using tamarind powder into the odinder of known
volume, then placing a cylinder with a tamarind powder
and dropped by gravity at a distance of 0.1 m from the
cylinder. After that, dropped tamarind powder until
overflowing cylinder and then swept to the mouth of
the cylinder smooth cylinder surface (Pao., 2005). The
bulk density was calculated by using the eguation as

follows:

m
Bulk density = — -2
v

where m is the mass of tamarind powder (kg) and v is
the volume of the eylinder (m?).

Total acidity of the tamarind was determined using
the tamarind 50 ml into a 250 ml erlenmeyer flask and
add 200 ml of distilled water, then 3-5 drop of 1%
phenolpthalein were added as an indicator. After that,
the mixture was titrated with a standard solution 0.1 N
of NaOH until at the endpoint. The solution was
indicated by color change to light pink (Pao., 2005). The
total acidity was calculated as:

VixNxM, x100
U X 1000

Total acidity = .(3)

where V is the volume of NaOH which was used in the
titration until at endpoint (ml), N is the normality of
MaCH, M, is the molecular weicht of tartaric acid = 150,
U is the weight of the sample used in the titration (g).

Total solid and moisture content of tamarind was
determined using the convection oven method (AOAC,
1984). Samples were dried in an oven at 105°C for 24 h.
The total solid content and moisture content of
tamarind in wet basis were calculated by using the
equation as follows: Samples were dried in an oven at
105°C for 24 h. The total solid content and moisture
content of tamarind in wet basis were calculated by

using the equation as follows:

. W, — W
Total solid = 1 —— | x 100 _Aa)
W, =,

_ W, = W,
Moisture content = | ————= | x 100 _A5)

where W; is the initial weight of moisture can (), W is
the weight of moisture can and tamarind before drying
(), and W; is the weight of maisture can and tamarind
after drying (g).

The color of the tamarind juice was determined
using Hunter Lab colonmeter in terms of the total color
change between the juice and the reconstituted powder.
The color was expressed in terms of L (lightness), a
(redness) and b (yellowness) (Shittu and Lawal, 2007).
The change in the color was calculated by using the

following eguation:

A= .Juﬂ —L1,)Y +(a,—a,) +(b,—b,) _{6)

where L0, a0 and b0 are the color values of the tamarind
juice, and Lp, ap and bp are the color values of the
reconstituted powder.

Solubility of tamarind powder was determined by

using about 1 ¢ of each sample which were suspended
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in 10 ml of water at 30°C in a centrifuge tube. The
suspension was stired intermittently for 30 min before it
was centrifuged at 3,000 rpm for 10 min. After that, the
supemnatant was poured into a moisture can and dried
in an oven at 105°C for 24 h (Jaya and Das, 2004). The
dry basis solubility of tamarind powder was calculated
by using the following equation:

M,

Solubility = —= x 100 )
M
=]

where Ms is the weight of dry solid of supernatant (g),
and Mp is the weight of tamarind powder (g).

2.6 Stalistical Analysis

Each tamarind powder quality parameter reflected
the mean of three replicates. Statistical analyses were
performed using SPSS. The statistical significance was
determined by analysis of variance (ANOVA). The least
significant difference of p<0.05 was calculated using the
Duncan Multiple Range Test (DMRT). The data were

expressed as average + standard deviations.
3  Results and Discussions

3.1 Properties of Tamarind Juice

The fresh tamarind juice, after squeezing and
screened with the use of two-layer cheesecloth had the
total soluble solid of 12°Brix, the total solid of 11.72%
and the moisture content of 88.28%. The mean and
standard deviation of color in terms of L (lightness), a
(redness) and b (yellowness) were 32.82+0.81, 7.85+0.19
and 18.77+0.39, respectively, while the total acidity and
pH was 24.50%+0.09, 3.36+0.01, respectively.
3.2 Capability of Drying

When applying the MD at ratios of 1:0.3, 1:04 and
1:0.5, the feed was sticky and could not be scraped off
the drums, as well as the cases of using M5 at the ratio
of 1:0.3. While, in the cases of using MD at the ratic of
1:.0.6, 1:07 and 1:0.8, the feed was dried as flakes and
cloud be remaoved from the drums by doctor blades, as
well as the cases of using MS at the ratio of 1:04, 1:05,
1:.0.6, 1:0.7 and 1:0.8. So, the lowest amount of MD to
add in the tamarind juice was 60%, while MS used only
a0%.

Thai Society of Aericultural Engineering Journal Wol. 21 No. 1 (2015), 1-6

3.3 Qualities of Product

The results of experiments indicated that the
product recovery were increased when the ratio of the
carriers were increased (Figure 3) because the carriers are
helping to increase molecular weight compounds, so it
have a high glass transition temperature as a result drying
up and the output of the drying process increases. They
also found that, the MS had better product recoveries of
tarnarind powder than the MD did at ratios of 1:0.3, 1:0.4,
1:0.5 and 1:0.6, although without the problem of sticky of
the MD at a ratio of 1:06.

WD [MS

Product recovery (54)
[=2
L]

The ratio of caniers (%)

Figure 3 The product recovery of tamarind powder.

The effect of the different carriers used to produce
the tarmarind powder on bulk density is shown in Figure
. The results showed that, the bulk density of tamarind
powder decreased when the ratio of carier increased.
Simnilar results were observed, when tomato Juice was
dried uwsing camier in a spray dryer (Goula and

Adamopoulos, 2004).

WD S

Bulk density thkg/m?®)
=

30 40 50 4D 0 80

The ratio of cariers (%)

Figure 4 The bulk density of tamarind powder.

The effect of the different carriers used to produce
the tarmarind powder on total acidity is shown in Figure
5. The result showed that, after reconstitution tamarind
powder to achieve the total acidity of the tamnarind juice
between 9.20% to 16.80% because the tamarind juice
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was diluted by the carrier prior to drying. Apart from that,
MD is a carier with had lower of total acidity than MS.

WD [ Ms
g 18
= 16
T 14
B2
= 10
5 &
"
4
2
4]

30 an 50 a0 K] B0

The ratic of camers (%)

Figure 5 The total acidity of reconstituted tamarind
powder.

The effect of the different carriers used to produce
the tamarind powder on moisture content is shown in
Figure 6. Moisture content is an important powder
property, which is related to the drying effidency. The
moisture content of tamarind powder varied from 2.50%
to 4.31%, which was close to the moisture content of
spray dried blackberry (Ferrari et al, 2012). Increasing the
ratio of the carrier resulted in a decrease in the moisture
content due to high solid ratio. However, the moisture
content of MD was more than MS5. This behavior was
probably due to the differences between the chemical

structures of the carriers (Yousefi et al,, 2011).

WD WS

Moisture content [96)
W

30 a4 50 4D 7O . 8O

The ratio of carmiers (%)

Figure 6 The moisture content of tamarind powder.

The total color change of reconstituted tamarind
powder increased as the ratio of MD increased from 30%
to 509, then the total color chanee are not different
(Figure 7). Similarly, the ratio of MS from 40% to 80%,
because the dried product could be removed from the
drums by doctor blades.

The effect of the different carriers used to produce
the tamarind powder on solubility is shown in Figure 8.

No significant differences was found in powder solubility

for MD and M5, All of the powder samples, except the
one produced from MD at the 1:0.3 ratio, had a high

degree of solubility, reachine values above 80% (Table
1).

WD [ MS
24
21
18
15
12

Tatal color charge

L= =)

The ratin of cariers (%)

Figure T The total color change of tamarind between
the fresh juice and the reconstituted powder.

W VD [ S
a0
80

4t
50
40
30

Solubility (%]
=

10

The ratio of cariers {56)

Figure 8 The solubility of tamarind powder.

3.4 Statistical Analysis

Base on the statistic analysis (Table 1), while all
other quality parameters of different samples were
significantly different (p<0.05), the solubilities were not.
The highest yield of product recovery was obtained with
80% MD. And the least bulk density was obtained using
T0% MS. The highest acid of total acidity was obtained
when 3006 M5 was used as the camier. And the lowest
moisture content was obtained using 80% MS. While the
lowest total color change was obtained using 30% MD.
Furthermore, the powder solubility was not affected by

the types and concentration of the carier.
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4  Conclusions

The effect of the ratio of camiers on the drying
behavior and quality were different for different
parameters. The substance takes to make tamarind
powder can be removed from the drums by doctor
blades and has product recovery of more than 80%

when 609 MD and 40% MS was used as camier. And it
can be concluded that usine M5 as camier leads to better
quality of tamarind powder (such as bulk density, total
acidity and moisture content) than using MD as the
carrier. However, with the high cost of M5, using these

carriers in combination would be preferred.

Table 1 Average +standard deviation for the guality of tamarind powder.

No. Carrier (%) PR (%) BD (kg/m?) TA (%) MC (%) Ag, SO (%)
1 MD = 30 T1.98+0.24° 1024.49+9.7%9° 1290+0.15% 4314022 1040+1.517 79.25+1.36
2 MD = 40 78.12+0.00° 1057 23+11.44° 11.80+0.08° 362+0.02° 1231+064% 82.31+0.38
3 MD = 50 T7.20:02% 1062.94+12 75 11.45+0.08° 350.40.33° 14.10+1.22% 81414506
1 MD = 60 85.00+0.22° 913.68+8.89° 10.90+0.08° 343+0.14° 13.38+0.525 84.15+0.93
5 MD =70 90.59+0.02° 879.11+528° 9.90+0.15° 270+0.08% 11.48+0.23° 82560+2.08
6 MD = 80 92.28+037 T96.23+2 55° 9204008 263+0.15% 14.49+0.58% 81954237
T MS =30 13.29+040° 99529+ 7800 16.80+0.15% 33340.22° 22910+105° 81414045
8 M5 =40 80.03+0.15" 83266122088 15.10+0.08" 329+0.11° 14.80+1.74% 8250+2.06
9 MS =50 83.29+0.12' 694.27+9.91" 14604008 291+007° 16.91+1.22° 81.640+2435
10 MS =60 89.7110.431 669.85:3.82 14.05+0.08 2.53+0.06% 14.61+0.12° 82640+1.12
11 MS =70 87.5510.16% 600.65+6.54 1255008+ 2.55+0.02¢ 14.79+0.27° 8292+2.64
12 MS = 80 88.20+0.16' 623.97+2.56" 11.50+0.08° 2.50+0.05° 15.45+1.13 8137+0.45

PR=Product recovery, BD=Bulk densily, TA=Total acidity, MC=Moisture content,

Total color chanee, SO=Solubility

aDifferent letters in the same column indicate significant differences (p<0.05).
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