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AMINAININTLUIUMTNUILTUTEAUTaaT Wamsvu Taslsmuusunuudulonais
A @ [ a 3
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de Carvalho uazAmz (1998) AnwIaNMvoNhdUlzIaTaoruNIzUIUMS
1Y a) o'/ 9) a =
sans WamsyulaslsuuusuriaInagu Iy MWCO v¥11a 50 kDa 4agnszuIUNIG
v v Y
luTasHamsdun lFmuusuriamsmingnuuua 0.22 pm WUIINTLUIUNITWVILTUN
] g; ] 9 4 d' ] A a a =4
dosensnaannuulinihduilzsaasld lagosdlsznoudus wunausd Usinmnsadunsd
Y v
Tunenaanmihdulzsasudu
M 3
Campos UAZAMT (2002) ANHINAVDINTEZLIUMS W InsHamI¥uLazmMsny
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[ 31 1 a 4 { 1 1 a H
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a [ 9 ¥ 1 [
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=< 9 o = o 9
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%uﬂiwa”huaaﬂm\lgaa"liﬂ (polyvinylidenefluoride) ¥U198 MWCO 15 kDa Tumsnsoaing
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4 o . 9 a A
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[ a ) Y 1 oy (9 . 9
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v o J s a a a J
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Table 2-1  Example of membrane clarified juices
Membrane Pore size/ Flux
Juice Operating conditions ) Quality/Comments Ref.
system MWCO (L/m".h)
Apple Hollow fiber Temp 25-30°C TMP 121 10 kDa 30 Juices had similar soluble solids, titratable acidity and Padilla and MecLellan, 1989
polysulfone kPa 50 kDa (initial) sensory quality.
CF 5 times 100 kDa Total solids increased with membrane pore size.
500 kDa Juices from 100 and 500 kDa membrane had higher
turbidity and browning than those from 10 and 50 kDa;
total phenols increased with MWCO uo to 100 kDa..
Pineapple ~ Tubular Temp 25°C 0.3 pm 100 Clarified juice present a great reduction in viscosity. Carnerio et al., 2002
polyethersulf ~ TMP 100 kPa (steady) pH, acidity and soluble solid not change during the
one CFV 6 m/s processing.
Cashew Tubular Temp 30 °C 0.3 pm 70 The clarified juice had similar physical and chemical Campos et al., 2002
apple polyethersulf ~ TMP 200 kPa (steady) properties.
one Moulds and yeast and mesophillic bacteria counting was
less than 10 CFU/g.
Kiwifruit Tubular Temp 25 °C 15 kDa 12 Suspension solids in fresh kiwifruit juice was completely  Cassano et al., 2004
polyvinyliden  Flow rate 500 L/h (steady) removed and the clarified juice had lower viscosity and
efluoride TMP 0.8 bar negligible turbidity.
Cherry Tubular Temp40 °C CFV 8.01 m/s 0.14 pm 55 The value color indexes L increased and viscosity were ~ Wang et al., 2005
ceramic TMP 0.2 MPa (initial) decrease.

143



35

a Q‘ 1 [ [ [ 4
manadzanadennuaIuIsalun1sdniua1sHIeeanlszneuves
4 v
ATTUIUMST 1§ INMIANEIVEY Eagles ag Wakeman (2002) damsinasun1aeluszriing
4 = o
msnsoudesdrenszuiums lulnsfamsFugnguvuia 0.2, 0.26 1Az 0.43 um WUIUTU
a = 4 =S o 1 v o
sila Inde lug, Indasveie vazaaglad lwesn wunmsnniuluanaylasd, voalnd,
S 1 Q' tg d' Q' dgl 1 = (% =
wanIna, nglad tazignIng TAUWLAIY WNAINTDUNVIY IFUIALITUNITANYIVDY Barhate
g; 4 Y a Q'J 4
nazamz (2003) TumanisgihidsTaeldumsuszan lulasamsdunuy Tndwes Mwco
{ v W 3 . 1 v o o
YUIA 25, 50 A 100 kDa NANUSUTVLAZANWTINYIeAIN damalidarimsiniueu lasid
1 Q' z:g/ =
AUNVYUFIDI 60-100%
q'/ 3’ =\ [} =1 4 d' 1 a a
T lihinaTaualianuugaeziiowdlsznouimunzauaemsns yay Tavos

=) o

a 4 Yy A A @ ' < [ Y 3’
i]ﬁ“LJ‘VIiEJ‘]/]'IGl‘HSJﬂﬁlﬂaEJL!LL“]Jﬁ\iLu?Niﬂﬂfﬂi‘l/mﬂE]EJNi’JﬂLiﬂﬁﬁwaiﬁﬂmﬂ1wmﬂﬁu1@1ﬁ1@uﬂ

v A

U 9 9 1 g 1 9}3’ { a
aaas Pagiuiimsldanuioulumsanye dwalmihmalavualimanldsumlasmed nau

uagsa

E4
v A

a Y] P Y a o'.;
lumsidetiiitagiseasaiio  Anywavesnszuumamuususzay lulnsiam s
[ a) o [ 1 v o 4 g' 1
tagdansMamssuszau 159uNAass aemsnnnuenlsenoumanil luiivalaua tazaems
d' va 9 = a =4 gl ~ 1 Y] 4
nlasu)asauauiaaual, menmtazgaunsdvedthialaua msndasuuilasmland
o 9 { I~

Y A a A Ay v /9 9 =
Llﬁ$ﬂ'311191WHWWHLu@QilWﬂV‘h'mQ LW@HT’II@?;J@‘VIhlﬂHJULLU'J‘lfIWQElUﬂW‘iﬂi%Qﬂﬁﬁl‘vlﬂﬂiuiaﬂmmﬂiu

v Y 1
TumsmlsgihinaTauauazima ldadidnyuzmani IndiReeiuseld

¢ an
2.2 Qﬂﬂﬁm!!ﬂgﬂﬁﬂ1ﬁﬂﬂﬁﬂs‘i

221 malaua

o

Aqva o A a yoa ' s A o
henalauanladuimalavanimaan ldmenlussniamanuneyr  Kims

I % 1 1 a a <3 { a 1
NuAIeelduianaIgaAnuuIa 1.5 aas Lﬂﬂﬁ@‘ﬂl‘ﬁﬂﬂ 4°C fa0AN1TUVUN Lmﬂ%mlumimam

U

Y A

Tnuanelu 10 ¥2T19 neumsnaasInseiIUAIIIUINBIEINA NBULE DN IAYLIA 1Y)
J E D, ¥ = A o v

TuheaTauasen aniuiinms lvanuieonaudsgamngil 50 °C uaziudnszuUNIB

222 suususza vy lasiamsvumeze annilamstuszaulssnumaas auazesy

STULNNUTUTZAD 15901UNARDY (Pilot plant scale) U51waz@uaaaa Ui 2-1

Y 3 A a I [ o 1 o 1 3 1

Taegtideaparuilsunas 50 ansludeiloudlosa matleudiedrainszuulasldlunuunoslaa

(Centrifugal pump)  @13139U5USA51MT Iavesansileunazanudulasmsdsunnudves

Y
A o

a s s . o 7 ~ Yy A
DUNBINNDT (inverter) Llﬁgﬂﬁﬂiﬂ'ﬂﬁ’ﬁlﬂxﬁmumﬂ ﬂ?UﬂNQﬁlWﬂﬂJHWﬁWaIﬁuﬂiﬁﬂﬂﬂ 50+1 °C

U

9 gl a 9y [ <3
Taglminge (@urgiviod) Tumsnasguszuy

U



36

{ < 1 a
ldnsoummusunlfiunuunesiin (Zro,-Ti0,) (Rhodia Orelis, France)
szau Iu InsWamsdugnguag 0.2 1az 0.1 um 1Az IZAUGART AN TFU MWCO U119 300 LAy
[ I'4 [ a A o 1 J {
50 kDa rdurugudnatenielumiiny 3.5 Jaaawas (mm) $1u9u 18 919 817 1.2 1WA5 (m) AUAMS

N399 0.245 AT NUAT (mz)

Retantate valve

[~
@ Retenpressure

Flow meter
g 0. }
U/
Permeate valve Permeate pressure

By pass valve GX I

Ve
Balance / / * -~
Z Feed valve Feed pressure
Drain valve Pre-filter

M 2.1 gaususzaulssnuneasd lulaslamsdutazdanslans s

Figure 2-1 Ultra- and microfilteration pilot plant scale system
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o o <3 ] [ A a
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ihdeyan ldnnmsnaasuninizinuada Taenumunsnaaeuuuguess
4 oy a o .
1158l (Completely randomized design, CRD) Naaod 3 %1 WAT12HEANNTUIIU (Analysis of
a 4 1 [ $
variance, ANOVA) 1ag3insizianuuana1avesnnnae laslyd Duncan’s New Multiple Range
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a d A Y = a A d
224 MIUANHAUANTANMINMAN NMYMNN 1aaUNIE
1. auauiaAmanil
= 9 A =\ a J
- ey IaglHnTesiewiiwes (A.0.A.C., 1999)
Aa < 3
- Faveaanarug (A.0.A.C., 1999)
Aa < 1 3
- Sunaveaianazans lanarua Tasld Hand Refractometer (A.0.A.C., 1999)
Y
o a ad a .
- 1Mo UITNAWATYDY Lane Eynon and Volumetric Method (A.O.A.C., 1999)
Y Y

- MANIHNAAINITUDN Lane Eynon and Volumetric Method (A.O.A.C., 1999)

- lSyansanavua (A.0.A.C., 1999)

YT TUsAUAAT Lowry’s (Lowry et al., 1951)

2. AanNUAMIMYMN

Y] =

- Jamd Taol¥ Hunter Lab (Carneiro LtazaAnig, 2002)

- dannwaula Taeld Hunter Lab (Carneiro azame, 2002)

- Samanunila Tasld U-tube viscometers (Bailey tazasig, 2000)

- MINTENBAIVOIVUINBYNIA Tag1$1n504 LS Particle Size Analyzer (COULTER

LS 230)
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o ~ Ya 9 A
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o =) 4 ya Y =
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225 M3n1zwn1289 (iraratananon ef al., 1997)
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D, A o o
ANUATUMIUTID99 109U Twan 151 R,

Y
[ Y

aatiunnudumius R) Tuaumsi [2.1] Ysgneudag
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G]f\iﬂj'luﬁ']um’]ullﬂagﬂgﬁ'lu’ljﬂﬂ’]ujmhl@ﬂqu
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o v d :’
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R, +R,, = A 24

4 v 3’ @
ilo J', = Wdngveuihingeana1nINMIAINNDTYU (m*/m’.s)
Y & 4 o ' A
3)  anudumuvesiulnanlsd R ) awnsadwalaemsunuaivesaunsi

[2.2] waz [2.4] adluaunsh [2.1]

4) anudwnuvesrngg R ) @unsod s laemsunua1ues R naums

E4
=

[2.3] aaluaums [2.5] 9z 1daq

R, =TM%/J 7y~ R [2.5]

o A { v W < a
Tﬂﬂmzuumsﬁnﬁmmaumu 1.0 bar ATULITINTUUYIN 3.5 m/s UNHYN 30+5 °C

ad | & a S dJ
226  IBMINUTOYAUNIATZUUINMDITY
] 1 3 o a 4 9 9 :j 1 d'
ABUNTZLIUMINTBA IAazATIIIMIaas lssszuumuusy Tagdalerinlain
v W < a o
AWAUTY 0.5 bar ANWITIATNUIN 1.5 m/s guUl ~30 °C U1 15 WAl uaziimsanszuuy
9 ~ @ 4 9 ~ a =
mwnsude TnunaBoumwa luda TWd (KMS) 11 0.5% (wiv) Ngaingil ~30°C Wiu 15-20 Wi
[] g a 4 3 g’ a :ll
1Az MIAUFOYAUNTITTVUMMDIUDNATIAITOU gRunfll 80-85 °C WU 15-20 WA N
S EANY,
ad k%
227 IBMINANMUTY

9 9 v
WA INNIZUIUMITNTOWAZATINNMIAIUNNVTUAI0IINT0INgUH TR

iiensvzdredsgadueen demaTmaenlaasenlaod (NaOH) Wudu 0.5% (viv) fiew 117
ANUAUTY 1.0 bar ANWITININUIN 3.5 m/s QA 70-80 °C U 30 U1A tazdndonialu
a3 (HNO,) dudu 0.5% (vv) fies 2 ‘ﬁqmm_]ﬁ 50-60 °C HasuTUazANUE MU
srduefuum 30 17 Wahnsedlumsiaazonmsianuazen uagimsiaddng
vosthazewfidnneaed antiuld TnmaE o sl (Potassium metabisulfite, KMS)

9
AU 0.5 % (w/v) IWNITZUVUIU 10 W17 NEURIMIHYATLUUMINTOI
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1) wavesnszuIums lulasilamsiunazdannlamstunenamuiinvesinmalaua
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HAYOIMIANEINTZUIUMSIMDSUABAMNMIIMA Taua  naaedTagldmuusy
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AnTziaaauianiamenIn il tazaauns fndenndunszuIums Inamsnaaodaail

1.1) AMENTANIIMENIN

Y v v
Auantaniimeninyeaiiaialauaidiunszuiums luInslamssunaz
1Y a q'/ [ 1 a g 8
faas1lamsFu uaaIdansIen 2-2 #amsinsziand laeldszun Hunter lab (Lab) &alu

= 1

A o (L = 9 9 1 @ 1 A [ =1
NHHHNHUAINNT L 3Jﬂ1L"]Jﬂﬂﬁ 100 HAANIINNUANUTIN AN a santuuan HEANINIAYUMA

Q

A J

4 1 I [ 4 l;y ] Y
fue wag o b uuin ugasiinglimadimaes nuluenseuiva lauai ULMDTUTZAD

v v Y
luTnsiawsrunazdanilamssu A1 L, a uaz b Innuuanawnninalauaaaedniiiodno
(p<0.05) TagdiA1 L masmny 97.3, 98.4, 97.1 1A 98.0 WBFHIMMUTUUUIA 0.2, 0.1 wm 300 LA 50

kDa 9108191

Retentate

Permeate

S

v Y
NN 22 hma lauanaIHIUNS S UIUMSINNIDTY

Figure 2-2  Sugar palm sap after membranefiltration process



M3197 2-2 Auavianmenmasaimalauadanazmedion (luTasiamsdnu aunagngy 0.2 1ag 0.1 um AANWAUTUTY 100 kPa
uazdanTlawmsFu MWCO 300 uag 50 kDa AinNuRUTUL 250 kPa AUITIAINYIN 3.5 m/s guIngll 50 + 1°C)
Table 2-2 Physical properties of fresh sugar palm sap and permeate (microfiltration pore size 0.2 and 0.1pm at TMP 100 kPa and ultrafiltration

MWCO 300 and 50 kDa at TMP 250 kPa CFV 3.5 m/s, Temp. 50+1 °C.)

Fresh sugar Permetate
Properties
plam sap 0.2 pm 0.1 pm 300 kDa 50 kDa

Color L' 72.46 £1.46*° 97.27 +0.90" 98.36 +0.40°" 97.14+0.18" 98.04 +0.81°

a’ 2.80+0.32° 0.04 +0.11" -0.05+0.06" -0.027 £0.16° -0.10 £0.11"

b’ 14.86 £0.95" 4.75 £1.55" 3.37 +0.60" 5274152 3.8241.19°
Transmittance(%) at 650 nm 64.99 +1.61° 98.09 +0.52" 99.02 +0.37" 98.15 +0.75° 99.77 +£0.56"
Viscosity (mPa.s) at 25 "C 1.35 +0.005" 1.26 +0.005° 1.26 +£0.005° 1.29 +0.005° 1.32 +0.003°
Particle size (um) 0.2-30 - - - -

Note:  *Each value is the mean of triplicate determination + standard deviation
“*, Means within row with the same superscript are not significantly different at p > 0.05

'L — luminosity (0 = black and 100 = white) a

3

b

— (from -80 to zero = green, from zero to +100 = red)

Hunter Hunter

— (from -100 to zero = blue, from zero to +70 = yellow)

Hunter

84
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Y v

HaMINAARIA1 a YeuiigalaualudiuueuneeNNAILTATOIAMNNILITY
YUIA 0.2, 0.1 pm 300 LA 50 kDa UAURAUNINY 0.04, -0.05, -0.023 1AL -0.10 MUAIAY LA
1 3‘ =Wl d‘ | % o w d! [} Y oy d‘
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M3197 2-3 auauiamuniiveuimalavada tazmedion (luTasdamsdn vunagwgy 0.2 182 0.1 um AANVAUIY 100 kPa
wagdansflamsdu MWCO 300 11ag 50 kDa AAUAUTY 250 kPa ANMIFIAWYIN 3.5 m/s gunigil 50 1 °)
Table 2-3 Physical properties of fresh sugar palm sap and permeate (microfiltration pore size 0.2 and 0.1 um at TMP 100 kPa and ultrafiltration 300

and 50 kDa at TMP 250 kPa CFV 3.5 m/s, Temp. 50=+1 °C)

Fresh sugar Permetate
Properties
plam sap 0.2 pm 0.1 pm 300 kDa 50 kDa

Total soluble solid (°Brix) 12.33 +0.57+" 9.80 +0.20 ¢ 9.67 +0.50° 11.20 +0.20" 11.33 +0.57°
Total solid (%) 12.28 +0.23% 12.42 +0.13" 11.93 +0.78" 11.54 £0.25" 11.20 +0.39°
pH 518 £0.21° 5.45 £0.15" 501 +0.30" 5.16 0.05" 538 £0.15"
Acidity as lactic acid(%) 0.047 +0.005° 0.043 +0.002° 0.048 +0.012 " 0.027 +0.005° 0.027 £0.005"
Total sugar (%) 1139 +0.29° 11.18 £0.49" 10.38 +0.54" 10.55 +0.56" 10.55 +0.49"
Reducing sugar (%) 0.88 +0.07" 0.57 +0.13" 0.59 +0.08" 0.59 +0.07" 0.64 +0.08"
Protein content (g/100ml) 0.29 +0.04° 0.25 +0.03 0.23 +0.01° 0.25 +0.03" 0.23 +0.00"
Note: * Each value is the mean of triplicate determination+ standard deviation

a_b, Means within row with the samesuperscript are not significantly different at p>0.05

9%
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M31af 2-4 %’m’mqauﬁﬁm‘immiﬁma@ wazmedion (lulasTlamsd vnagngu
0.2 18z 0.1 pm Hdudy 100 kPa tazdansilams s MWCO 300 Lag 50 kDa
finNUFLTY 250 kPa AWMU 3.5 ms NN 50 + 1°C)

Table 2-4 Microbiological properties of fresh sugar palm sap and permeate
(microfiltration, pore size 0.2 and 0.1 wm at TMP 100 kPa and ultrafiltration,

MWCO 300 and 50 kDa at 250 kPa, Cross-flow velocity 3.5 m/s, Temp. 50+1°C.)

Fresh sugar Permeate
Properties
plam sap* 0.2 pm 0.1 pm 300 kDa 50 kDa
Total viable count (CFU/ml) 9.22x10’ 533 325x10° 667  9.88x10°
Lactic acid bactetria(CFU/ml) 7.00x10° 0 0 0 0
Yeast and mold (CFU/ml) 7.08x 10 0 0 0 6.85x10°
Note: * Microbiological analysis were done after 15 hours of collecting sugar palm sap.

(Each value is the mean of triplicate determination + standard deviation.)
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Figure 2-3  Flux versus VCR during microfiltration (poresize 0.2 and 0.1 pum, TMP 100 kPa) and
ultrafiltration of sugar palm sap (MWCO 300 and 50 kDa, TMP 250 kPa)

at cross-flow velocity 3.5 m/s and temperature 50+1°C.
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Figure 2-4  Particles size distribution of sugar palm sap

Tagm limsnarnaszdamaaemsnniuas luseniamsnisaazaisnila
a Q‘ d‘d 1 A a A = = 4 4

narnasninansznuaelszansnmmsnssanin asllsau, Twauwamlsa uazesdilsznou
a Al g’ ] 1 4 [ 1 =\ a [ LY A
aunsgnNihvinluanagy  wudiesnlsznouainaniilszguasamnIninanIsuaIHIo
d' a a =1 =3 [ 1 4 Y
anaznouiya loladmnnin  uazlimsneganusznilseguesnmusunazesnlsznoula
. T < a @ = o Aa Y
(Aoustin ef al, 2001) ua981a lsnauausaanrhiaslasmsisunlasuanzmsauiuanla

' A a A < o w 1 9 Y
FIW DITINNRUN Y, NITINNAITULITIATIVIN, NTUIUANDUNINTEUIUNITINT O Llﬁgfﬂi‘l“]f



53

ANUAUTUA  Faausoesuie laioannmamums Iavuuilua e msnaulusgranems

n50dld

3.2)msnpnuldsau

Y ] J
msfnnuldsduluihmalavaieriunszuiunis lulasamsdn
Hazdans NI T uaaRan i 2-5 wurlwuususzay lulasiamssunagugy 0.1
uaz 0.2 pm d@wnsannnullsanldegluge 1020 % wazmuususzavdans amssuvg
MWCO 300 taz 50 kDa msnniullsaulinumae 40-60 % 9INMINTUIDIANWAIUNIY
A A A a d? 1 oy 1 9 A A A A
esnnwanavulusznImsnsenimalaoua WuNANUAIUMIULBIINH1IAININY
d? o Y [ S 1 ISUAl A 4' S
garuim ldammsanduTUsaulusznimsnsosinmasulasly iosnngnyuve sy
<3 ad 4 0o q Ya = I 1 ¥ ! -
Mnanawezinuinniesaaas  ildRamsinnuesnlszneuae  Bludiuveddmumn
, Yo Y 9 dAa g 2 £ A & & < & & 2
dawaldianududundmdmuusuinngdy  Aadluduneuduasdu Tva lsmduraz g
dgl A a 4 3 1 =®K Y 1 v A KR A
Y mawdeunvesesdlsznovvadndumusuIniulden  amsiniulldsauded
y A 2
) T
4 ~ a ) o a ) '
wonFeunsunsziaums wlasiamssulazdaasamssy - WuINTzUIUNS
ay o = A a 2 a 9 2 o q YA o !
TuTasWamssuoniivnauiansgwivuazmmvduumusy  Jeh 140 Tdsaurulugiwsn
1 @ a) ) a a a I 1 1
YDIN5NTOIGY uAlunszurumsoaasamsdumnavnasummiwuusuiudiulvg
o v o 4 [
mldmsiniuesadsznenTusduldgand
dy v = 4 o Y a o J 1 a < Y
wonndmsaniuldsauly  ildndesusiludiuveunelionawnsonyla
= o z dy A J = v o J A
wnazianulansdy  MetliilesninanesdsznevvesTilsau lswdnuesdlsznoudus

1agN IRINAAMUYUNIBHAINTZUIUMIUUDTY (Yu and Lencki, 2004)



54

60
§§ % ¥ v ¥ g w4 7 T
50 ¥
R
S
§ 10
?T i ® 02um
= O 0.1pum
‘S 30 - v 300 kDa
© v 50kDa
o
20 ~ go @)
¢805 883 & T 2 ¢
10 T T T T T
1.0 1.2 1.4 1.6 1.8 2.0 2.2

Volume Concentration Ratio

awi 25 menlAeunlasmssnduTsAussnimsnsonimaTaua Tnommmsulnslansda
(VUIAFNTU0.2 118 0.1 pm, ANVAUYY 100 kPa ) wazdansTlamsdu (WNAMWCO
300 1182 50 kDa, AUAUAU 250 kPa) A5 IAILUIN 3.5 ms, QUMY 501 °C
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