a d
HAalaSIVNIUNANIINAA0

1. aamMNYBRIMalAuATANAY

ZI = 9 = [ % 1 cy A 2 ~ [} A
analauanlylumsansuiludlegrstitaialauamnunerlurivneu
v Y v
wgunian-aainy Insanliffenaslunszuensesiuihaialasmaominy
] 1 g} a 9] a' %) CJ'J a 4
5 psuaoiealaua 1 a9 LaENILeZNAINUINSUIDISVIUNTLNINATIZH
v Y
Uszanar 15 21 Tue thata lauaaalauianisdiunmenin il taggadiine A
Y
oo 117l
1.1 auuamamegmn
msdaautanamemnluglad (L, a, b) vazmminzqriuveaaly
ke & o oA A oA ' s v
wmalaualudsiiniaiansodsvenqunimvesimalauald Taglunig

a0 9)

A o [ ~ 1w =~ [ 1 = B~
NHYHNINUAIN L VliJﬂ“GlnGlﬂg 100 LEFANININUANNAIN A1 a Nﬂ%‘ﬂuinﬂ

% IS

T W = = ' 1 1 s A ' Id
HEANITIAQUINATLAN A a ﬁﬂ%‘ﬂuﬁ‘ﬂ UEANIINDUIRATIVYI A b !,‘]J‘L!‘U’Jﬂ 15312N

Q
Y

Tagfmativdes m b Huay uaashinglmadiniy uazidemmnzgrin
youastianilng 100 uaasiinglinnula MnramsiATeHauANIIMon W
mml‘;mmimuﬂaﬂ“lugﬂm?’f wuie L Saundoniidy 73.55 a1 a SAundoniiiy
247 wazm b SAundeity 13.91 ﬁ'auﬂ'wmimﬁ;w'm&umummmﬁywmaimﬂﬁﬂ
Fefafiszaunnuenaau 650 wluwnas Haundoniiiy 66.22 (319 2) Fana
m3naaeseandesfumsnaasvesgmial Aelnyad (2547) fnenuinu
mmveuimalauaaalusiufeuiinau-winey Jif L, a uaz b mAeA
73.88, 2.37 uag 15.21 aua1AL t’huﬂ'wmimqvhummumﬁﬁwm'ﬁ'Elwhﬁ'u 77.58

Y
!,!.?fﬂﬂ’JWﬁllﬁ@l‘1/]NﬂWEJﬂTW"U’E]\1‘Lj"I@]16‘1IG’]‘L!ﬂﬁﬂiﬂ%%ﬂlﬁﬂﬂﬁﬂWﬂN-WHTﬂu uamﬁau

v
AAA 9

Y
woumau-naingan dlndfesiu mdvenihmalauaaaiilidaoudaaein
d' = =S Sldl d! 9 [ = 1
ioaniniimsazaetuvesdnin lfifey daeandoanumsAnyIvoUTHN UL

Y

1 Y
M (2545) Farwauimimalauaaa lildwldon Idweeuszliduigu drurihaa

44



45

1 Y 1 v
Tauanldwaon ldnwesnazidmast/iaiasou osnndvesaon ldwesun

9
azanetusenuluiimalaua

v k4
M3N 2 autanemeninvediinia lauada

Physical properties of fresh palm sap

Properties* Value
Color L 73.7514.42
a 2.4710.56
b 13.91£1.35
Transmittance (%) at 650 nm 66.22+5.91

Note: * Physical analysis was done 15 hours after starting palm sap collection.

Each value is the mean of triplicate determinationtstandard deviation.
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Chemical properties of fresh palm sap

Properties* Value from this Value' Value’
experiment
pH 5.6310.40 5.76 5.09
Total soluble solid (oBrix) 12.6710.40 11.20 13.80
Total acidity (% w/v as lactic acid) 0.0517£0.01 0.032 0.036 (% w/v
as citric acid)

Reducing sugar (Yow/w) 0.4410.04 0.67 -
Total sugar (%ow/w) 11.72£1.02 10.91 12.34
Total solid (%w/w) 1.27£0.05 - -
Polyphenoloxidase activity (10°AOD/min/ 2) 2.3510.20 32.3310.58 -
Peroxidase activity (10 AOD/min/g) 1.6810.30 10.33£0.58 -
Invertase activity (10~ unit/min/g) 5.3110.02 4.2810.12 -

Note: * Chemical analysis was done 15 hours after starting palm sap collection.

Each value is the mean of triplicate determination(standard deviation.
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Chromatogram of volatile compounds in fresh palm sap
Note: Volatile compounds in fresh palm sap were analyzed within 15 hours after starting palm
sap collection.
Note : peak 1, 3-hydroxy-2-butanone ; peak 2, 1,3-butanediol ; peak 3, unknown ;
peak 4, 1-tetradecene ; peak 5, n-hexadecane ; peak 6, unknown ; peak 7, n-tricosane ;

peak 8, n-tetracosane ; peak 9, n-nonacosane ; peak 10, 2,6,10,14,18,22-tetracosahexane
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Volatile compounds in fresh palm sap

Peak Volatile compounds* Molecular weight  Relative peak area (%)
Ketone
1 3-hydroxy-2-butanone 88 30.35
Alcohols

2 1,3-butanediol 90 12.13
Hydrocarbons

4 1-tetradecene 196 17.89

5  n-hexadecane 226 3.50

7  n-tricosane 324 1.98

8  n-tetracosane 338 1.80

9  n-nonacosane 408 8.71

10  2,6,10,14,18,22-tetracosahexane 410 11.74
Miscellaneous

3 unknown 94 7.95

6  unknown 260 3.95

Note: * Volatile compounds in fresh palm sap were analyzed within 15 hours after starting palm

sap collection.
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Microbiological properties of fresh palm sap

Microbiological properties* Value (CFU/ml)
Total viable count 1.82x10°
Lactic acid bacteria 4.26x10°
Yeast and mold 1.75x10’

Note: * Microbiological analysis was done 15 hours after starting palm sap collection.

Each value is the mean of triplicate determination.
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Changes in L value (A), transmittance value (A), a value (B) and b

value (B) of fresh palm sap during storage at 50°C for 5 hours

Note : Error bar represents standard deviation from triplicate determination.
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Changes in L value (A), transmittance value (A), a value (B) and b

value (B) of fresh palm sap during storage at room temperature (29°0)

for 12 hours

Note : Error bar represents standard deviation from triplicate determination.

a

Y v
HaMIAATITHAELazAIMINTgiIuYenasveniIna Tauaigu gl

U

v Y
4% 1 72 F2 109 WU A1 L, a 1ag b HazmININg g IuveLaIvestiinia laua
J v Y
Tuda Tuah 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66 Haz72 Ua luuanaranuiieia
Tauagaisudu (%2 1uah 0) (P>0.05) (M51WUINT 5 tazamiszneuh 11) Tag
o Ay g A A A o
Waa lauaaaisuay (521099 0) UA1 L, a tag b MasMny 73.75, 2.47 wag 13.91
] [ v Y
MUAIAY HazlaMInggruveauRdemIng 66.22 tazlugaluen 72 e

Taualial L, a 4ag b 1R[8INY 69.86, 2.56 Az 13.23 ANaA10L LazlAININgg

Y
o

1 H 1w 1 { o a 3 [
AIUURIUEURAIMINY  59.97 uaainNssauguugilmmzaylumanuinymi

onjea q



L value

53

1 4 Y
aalaua tloannmduazammanzgiiuveaudsiuiia hivanaenuima laua

a3 o
AANADATSYSLINTINITINUUIU 72 GH’JI?N

100 A 100 4 B 20
80 80 = H T T 15
S E o 3 e
» 2 2
60 60 o 2 S 10
AT = S
S S 2 L L L
40 40 5 B8 5
20 +—+F+++++++++++ 20 1 —t+f+++++++++++0
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time (hour) Time (hour)
—4&— [ value —®— Transmittance —&— a3 value —®— bvalue

mwilszooun 11 mswldsuntlasan L (A)  aimsnggriuveuds (A) A a (B)

a

1 S . < A o
1azAl b (B) vouima lauaaa 1”53“3]\1ﬂ15!ﬂﬂ'ﬂqmﬂﬂu 47

U

ABDATZEZIAIUIU 72 B 119

Changes in L value (A), transmittance value (A), a value (B) and b

value (B) of fresh palm sap during storage at 4°C for 72 hours

Note : Error bar represents standard deviation from triplicate determination.
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Note : Error bar represents standard deviation from triplicate determination.

a 4 a ::I a a 3’
WﬁﬂTi’J!ﬂi?Zﬁﬁlﬂ%’ wazlSuansanavive (ﬂﬂiugﬂﬂiﬂlmﬂ@]ﬂ) UBDIUN

Y
a

v J 9
aalauanguvgil 4% iy 72 Falue wuniesuazlsnunsanauavesil

U

analaualusaTuai 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66 uaz72 Ha1 liuanang

9 v v v v v
Authaalauaaaisudu (3 Tueh 0) (P>0.05) (M519HUING 5 azmnilsenoui
14) TaglugaTuan 72 YUNWUMWLFLAUNINY 5.34 uazilsuiansananuaia

MANMNUS 0882 0.059



56

6.5 - 0.08
- g
6.0 .___E—E—E\,r.{—H—%E 0.06 £
1L + Q.
T 55 ;IJ_L{ 11 {510.043
5.0 - I T1 = 0.02 E
| | | | | | | | | | | 3
4.5 \ \ \ \ \ \ \ \ \ \ \ 0.00

0 6 12 18 24 30 36 42 48 54 60 66 72
Time (hour)

—®— pH —&— Total acidity
a 4 " a M J
mniseneun 14 malasunilasmiitesuazUSuansanarnuavesitaa lauaaaly

a

1 <] { o
i%‘ﬂ’JNﬂWiLﬂU“ﬁQﬂ!ﬁﬂN 4O°]5 ABDATZEZIIAIUIU 72 B 119

EY

Changes in pH and total acidity of fresh palm sap during storage at 4°C
for 72 hours

Note : Error bar represents standard deviation from triplicate determination.
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Note : Error bar represents standard deviation from triplicate determination.
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Changes in reducing sugar and total sugar of fresh palm sap during

storage at room temperature (29OC) for 12 hours

Note : Error bar represents standard deviation from triplicate determination.
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Note : Error bar represents standard deviation from triplicate determination.
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Note : Error bar represents standard deviation from triplicate determination.
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Volatile compounds of fresh palm sap during storage at 50°C for 5 hours

Time Relative peak area (%)*

3-hydroxy- 1,3- 2- 1- 1- acetic acid

(hour)  2-butanone butanediol ~ butoxyethanol hexanol octanol

0 100.00 100.00 nd nd nd nd
1 101.29 102.46 nd nd nd nd
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2 79.28 88.55 nd nd nd nd
3 66.48 79.18 nd nd nd nd
4 33.42 66.91 nd nd nd nd
5 30.61 50.13 nd nd nd nd

Note: *Relative peak area (%) is calculated based on specific peak area of each volatile
compound in fresh palm sap.

nd : not detected
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Volatile compounds of fresh palm sap during storage at room

temperature (29OC) for 12 hours

Time Relative peak area (%)*

3-hydroxy- 1,3- 2- 1- 1- acetic acid

(hour)  2-butanone  butanediol butoxyethanol hexanol  octanol

0 100.00 100.00 nd nd nd nd
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2 252.07 184.90 nd nd nd nd
4 186.53 211.89 nd nd nd d
6 407.72 157.16 nd nd nd d
8 299.95 95.39 nd nd nd d
10 117.09 94.22 nd nd nd d
12 120.17 74.15 nd nd nd d

Note: *Relative peak area (%) is calculated based on specific peak area of each volatile
compound in fresh palm sap.
nd : not detected

d : detected
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Volatile compounds of fresh palm sap during storage at 4°C for 72 hours

Time Relative peak area (%)*

3-hydroxy- 1,3- 2- 1- 1- acetic acid

(hour) 2-butanone  butanediol  butoxyethanol hexanol  octanol

0 100.00 100.00 nd nd nd nd
12 89.64 83.22 nd nd nd nd
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24 22.28 29.06 nd nd nd nd
36 21.24 28.99 nd nd nd nd
48 18.17 28.58 nd nd nd nd
60 19.21 25.42 nd nd nd nd
72 16.07 24.37 nd nd nd nd

Note: *Relative peak area (%) is calculated based on specific peak area of each volatile
compound in fresh palm sap.

nd : not detected
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Microbiological properties of fresh palm sap during storage at temperature 50(C for 5

hours
Time Microbiological properties
Yeast and mold Lactic acid bacteria Total viable count
(hour) (CFU/mI) (CFU/mI) (CFU/mI)
0 1.15x107 4.26x106 1.82x108
1 1.86x106 4.79x104 3.39x107
2 7.24x105 1.31x104 1.17x107

3 1.12x105 3.31x103 6.61x106



68

4 8.51x104 2.75x103 4.90x106

5 1.07x104 117x10° 3.24x10°

Note: Each value is the mean of triplicate determination.
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Microbiological properties of fresh palm sap during storage at room

temperature (29OC) for 12 hours

Time Microbiological properties

Yeast and mold Lactic acid bacteria  Total viable count

(hour) (CFU/ml) (CFU/ml) (CFU/ml)
0 1.15x10’ 4.26x10° 1.82x10°
2 2.24x10’ 8.51x10° 1.79x10°
4 2.05x10’ 1.40x10’ 2.51x10°
6 2.22x10’ 1.35x10’ 2.45x10°

8 1.79x10’ 2.24x10 2.02x10°
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7 8

10 1.32x10 3.98x10 2.18x10

7 8

12 1.00x10’ 4.57x10 2.01x10

Note: Each value is the mean of triplicate determination.
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Microbiological properties of fresh palm sap during storage at

temperature 4°C for 72 hours

Time Microbiological properties

Yeast and mold Lactic acid bacteria  Total viable count

(hour) (CFU/ml) (CFU/ml) (CFU/ml)
0 1.15x10 4.26x10° 1.82x10°
6 7.41x10° 1.79x10° 1.27x10°
12 1.23x107 1.99x10° 9.15x10
18 1.15x10 3.71x10° 1.07x10°

24 7.08x10° 4.47x10° 1.08x10°
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30 4.90x10° 4.46x10° 9.78x10
36 5.25x10° 3.39x10° 1.10x10°
42 5.37x10° 4.91x10° 8.51x10
48 3.16x10° 2.82x10° 9.77x10
54 1.95x10° 2.88x10° 8.53x10
60 2.34x10° 2.69x10° 6.78x10
66 2.69x10° 6.16x10° 9.75x10
72 2.01x10° 1.35x10° 7.08x10

Note: Each value is the mean of triplicate determination.

1 Y ]
el sanHaveIgarglaeauaNgaF IMevesthmalaua wui

a ' <3 o a a
ITAUYUNN 500615 FENINMINUUIU 5 GH’JIIJ\‘] ﬁ1M1§ﬂﬁﬂﬂ13!ﬁ]iﬂJL@]UI¢ﬁl’0\i

a A o 9 ~ wAa ~ A v Y 2}
auniglnhaalauaaald lesnauiamuaiitazmenmiianyae Indifneai

9
v W a

[e) == A Y v 9y
aalauaan  Auiugungl 50°% Junuzaunazlelunmisnaassluiide

] Y ]
HAYRUNVIUTUNTNaAeUMINVoIhaaTauada diunscauquugl 4 %

v
;a I

' a3 @ ng A J va
FEWINMINUUIU 72 "])'"JI?N uui;aumﬂﬁuuﬂﬂfmm HagadNUANIWNYNINLIAS

A A o Y Y cy [ 09/’ ~ a
°I/INLﬂ3Jﬂﬂﬂﬁilﬁﬂ]&lﬂ!ﬁclﬂaLﬂfNﬂ‘]JuWﬂﬂI@]‘Llﬂﬁﬂ ANUUNYUTNY 40‘;]5 %\1!1’7111%?&1

q K]
9

9 o 3 o g} 4 S o o { a
ﬁTﬁﬁUﬂ’]ﬁlﬂﬂﬁﬂi&l’]ﬂ’]ﬂTﬁIﬁUﬂﬁﬂ !ﬁmmﬂmitmﬁﬂ‘mmmaiﬂuﬂﬁqmﬂﬂmﬁ}m

u

4
%

Y T
Huaun e laua lasau Ingumanasunlas

3. qumnvesihmalauaaaiiunIzUIUMsIa
F v v
Tuihanalauavzilszaeuaieiiana Tisau asiseasvveaninilueandald
: HEN g} 1< 1
wan laeuiduas ) luianalaua Judu (smn wsuih, 2545
% 4 =
Chanthachum and Beuchat, 1997) #404fdszasuninllsay uazasisznounin
= a ) Y 3’ A v ' a3 A 1
Wueanotuviuaseeg I luihalauagasudy ognlsnailonunizuiu
v v A A g o 4 2 A
M3 lianuseumetaoigmunusnyhaalaua @13 luanalvyFunannnms

N UTLHI IUsANLazasUsenouueInInWUDAN ©19AANITIIVAINUAN



71

=

y £ Yy o o ¢ A @
ﬁ$ﬂ@uﬂxﬁﬂulﬂ G]Nﬁ"f]ﬂﬂaﬂﬂﬂﬂﬂ'li‘lﬂﬂﬂﬂﬂﬂlﬂﬂﬁ‘!ﬂ1ﬁﬁu Lﬂﬂhl,W‘quJﬁEl (2547) n

1 2) o =) 1 A d? a d? d‘ﬂ/
iwﬂu’NUTﬂWﬂI@u%’]WTﬁLﬁ]ﬂiUli“IﬂJﬂ?ﬂlJunLWMﬂlu HAagZnanNIIanNacNoUIYUNNDU

Yy Y
v AR A =

4 d U -4 o Qal} a v o 1
ﬂl?ﬂlﬁﬁ]&ﬂﬂiﬂ‘]&l?ﬂ"luﬁu aaiulunsItens Il MsANYINAYINTIi lane

Y
= [

Y 1 v
aunnaediimialaua eaaanuyuitiadiunionainisidanuiouszau
o 4 9 4 J 1 (%
Wiaees l5g  luminaaodzldnszamnsoutos 1 wulalun tagmaniu oy
Y J < R o g} [ Yy 9 o
iuas wuiluaaelumsilmimalaua Taosmuaanududuvoauulalui
Y
Y] 1 o o ) 1 a 1 1 Y J
3 5zAU ABNUioraz 0.3 0.5 1ag 0.7 Tasrhwiinaedsuas daumeniu nuliuns
ya o Y Yy S e 1 & 4 A a
wldnszauanuduiusosas 0.1 0.3 uag 0.5 Tagtimiinaelsung daulom
Y 9
asilaasluthaa Tauaudiazaunasanannu 20 i MniunsoENa1T
4 4 A a
lavonlasldinToensosganmealasldnszaunsouues 1 (Mgamngiiviod 20°w)

Y o w 1 A o a 4 vAa ~ ~
!!,E‘I’JH'IGI’J’E]EJN‘V]WTL!ﬂ?ﬁ‘ﬂ'l(l’dblﬂ”Jl,ﬂﬁ'lgﬂﬁ'lIU@ﬂ'NﬂWﬂﬂ'lW Haginy TﬂﬁliJWﬂfﬂﬁ

=t
NAQDIPNY

3.1 auUAMIMENN
A g} o 1 o dIQ 4 Y 1 1
auianmenmusaitga lauamerasdiiumsimlaninsiey 1dun
9 v 2 Y
& tazmmInzarueaua ihaa lauandumsm lamiulaauanaeanuina
4 . » 2
Tauadalunnganiinaasd (P<0.05) (M319WUINT 6) Taga L veiiinialauan
] 4 = | d‘ 1w 1 a o"d‘ (Y]
NIDINIUNTEATENTOUUBS 1 HAURAUMIAY 85.98 d1umMIaNUU o lunnszay
Yy 9y v 2 o 1 qa 4 A A A A
ANUVVTUTIAE 0.7 Taetntinaelsuias haalaualian L gangaiome
) a 7 [y Yy Y 9 2} ) 1 a
fumsauuu e lunnszauanuduiudosaz 03 uaz 0.5 lasihmviinaeisuias
=] t:!' [ Y o v a ] Y] Y] o’c!' v
Tasdian L masmIny 88.71 s1uSuUmMSAuRIo U uTuasnssauaNutudus oy
2’ ) ] a Y d' d' =~ (Y] a 1 YY) o’d‘
az 0.5 TaghmiinaelSuas ne1 L gangaiomounumsmumnunuiuasy
Y v
sEauANUANTUIDEay 0.1 uay 03 lasimiinaolSuas Tasliaunasmiiu
= (Y] d' o 9) 1 [ &% J c?)
91.10 Twazeaaduandlumsan 12 msmlaleslgmesaiunuiivas daa
{ 1 { 4 o o 4
Tauad latian L genge oiieuiumsilalagldnszamnsoauves 1 uazwula

4 Qsll dya' 1 v o L= I < A £ v W Y
hl'LW] mummmﬂmﬂmﬂmJu@lmaﬂymzlﬂuﬂjammmgwqu clf\ﬁ]%ﬂﬂﬁ]ﬂﬁWﬁ‘l‘ﬁﬁ



72

Y 14 o w 4 v

Mareluluanald Tageamsodiwaminnarliuesa tazwinoyWwusveIds
4
a 1 J v YY)
Usgnouilueanla (Al-Farsi, 2003) dawnula luiiuannsosunulszauinves
= 4 0’051} = I 4 Y

Tdsaulaiesnnnuula luiiulidszyiuey  Teelodszyaudunuilszyuan
= 9 a 9 dy = (%
yo9lUsAuLdzINanmIanaznouLeneenu1 e wenant Inanaves TlsAuds

o { g 4 ' 1 d o
gunsomnrnnduaemugseuseninuduIasead e suuTa luni i insg

9 2 = v . v o @
a$rvesnznoulngiudsanaznoulaisy (Downing, 1989 919lao duITAU YA
a o [ 9 4 1 :} A 9
Uszidsy, 2545) dwsumsnsedlaeldnszaunsouves 1 wuanhaalauan 1
v v b4 Y
U L diige  efliileannn1nnsgaunsouuns 1 Nuuiavesgnguiiny 11
9 v

lunsou (Nurnberg Scientific, 2004) agtiummwizoymafivualvaini 11

1 :Jl { v 2 1 4
Juasorumniu MiwzgninUUUNIZMIBNTod F9laun WInnoaaosa ez

3’ ' A <3 1 P [4
srvasyluihmalaua aueymMaANNVINAED 15U @151 oYWRUTVOIAT
Uszneviluean Tisau wazarsdsznevuszrinesdszneuusanuazlsau
3 ' 4 Yy ! a A
wuansoaearugniuvesnszaensed 1Ula Tasasldalunguunu  dudl

1 1 a @ I 9 A a
vinaluanasglugig 0.5-3 nlamadu (Berk, 1976) Wual taziaNIInIHa

A

YoszauANUtuTuveIasiladen L vouimalauanuin  seAuanudiy

s A 4 1 1 1 { 1 [
tuvoanu Ia lunimudu lilinasent L (P>0.05) (m13199 12) dauseaunnudy

1 v 9 9 v

J v W I = 1 1 1 A A 3 ~
%’ummmmuﬂmummwuﬁuuuuwammmmmnmwuﬁu (PS0.0S) ("5 19N

)}

d‘ 1 [} (% = A [ YY) Yy~ . (% ng
12) 11990 INMINUANTUAT IAUANTA TUMIANTUaT INE (Al-Farsi, 2003) @91iu
dl A Yy 9 1 v @ s v W Jyang Y d? 1
HDINNANMTUTUUDINIO AU UAS NIZEITOANIUAT I A 1duInaIu  dana
9 c?) = 1 Q' dgl
Iviena lauaiinnuananuyy
A A év A o 1A Y
NANITAATIZHAT a uaz b votaa lauaneumsnila wuniuud Tily
] v Y
anauilorunszuIumsila (P<0.05) M519wuINT 6) lagal a uag b voui
d' 1 o 4 =] d' [ %
aaTauanrumsilalaeldnszaiunisuves 1 Jauademidy 1.21 uay 12.29
o w ' Aa o v A o Y 9 S A
awday drumsauuulalui wuiueszauanududuveunualuimuga
¥ 1 ] { i <= ] Y]
Yuazdanalia a anas (P<0.05) (M3 1A 12) vugial b nduur lduanauruny

] Y ]
U A NULANANAY (P>0.05) (M50 12) TagaAl a uag b vetimalauan



73

1 Y
dumsilalaegldiuu e lunnszauanudududosas 0.7 TaothmiindeUSuias

=

1 [ =% o w o [ a 1 Y o us/} 4 [
UANRAUMIND 0.86 1A 9.64 AWNAIAY ST UMIAVAD LAV UAT U DT ZAY
Yy 9 1 YY) P d? 1 Y ~ 9
ANVVVVUYDIFRDUNVITUATIALGIVY zaamalinal a uaz b Uuudldvanal

~ ] g’ A o 9 '
(P<0.05) (1131397 12) TagaA1 a uag b voarhalauanmumsilalaslsmeniu

v o s o Yy 9 9 J o a Y
AUUUNTNTZAUANUUUIUIBIAL 0.5 IﬂﬂﬂTﬁHﬂﬂﬂﬂiM?ﬁi Gl‘ﬂﬂ? allay b Iﬂﬂ

9
Y 1

q' 1w o w $ [~ ] ] YY) 4
@AM 031 uag 3.19 ud1ay Feazmiuldnms ldmaouduiuasduazd
Y g} = d' = [ o 9
Halva a taz b Twihamalauaasasnnngamemeunumsilalesldnszay
4 4 A 1 YY) = vAa v W 9
nsouues 1 wazulalun tiosnnmnunuiuasinaautialumsandudis v
= o 3 g’ A o 9 1 v @ J 913’
& (Al-Farsi, 2003) aatiuiiiea lauanwiunmsiilalaglsmaounuiuas a2l
ASA 0 £!'
aa laualidoouaauiniiga
a g 1 év {1 o
HAN1IAATIEHAINTNZQAIUVOILEIVDITIMa Tauaaandum s lany
9 1 1 9 9
1 hmalauaaaimiumsiilalisimsnzariuve g anuauuana 9ntiaig
A v o Y % o Y
Tauagagua (P<0.05) Tasmailadionizaynieuuos 1 duaglnainingg
] c!' LY 1 a 4 { [
AUARILAIUNAUNINY 84.01 dumIduuu Ia lunnszauanudududosas 0.7
g} [ 1 a g} = cs' d' = o a 4
Tamimitinael5uas ihanalauatianulageigaeisudums@un Ialun
v 2
nsgauanuduiuiosay 0.3 uaz 0.5 Taethminaedsuins Taolininminzgriv
VOUFURAUINAY 8673 AIMSUMTAUMIDIUANTUASNTZaUA NN U DoAY
:} % 1 a ng :} = d' d‘ ~ (% a
0.5 Tashminaedsuasivihmalavuainnulagengaiomeuiumsanm
1 v W P [ Yy 9 9 g} o 1 a =
UNUNUATNIZALANUANTUI DEAT 0.1 1Az 0.3 Iasrimiinaelsuas Taelian
v v Y Y
MINTQNIUVDAURAVNIAY 86.01 310A21D8AAIAAITUAITNN 12 UANIHNY
' o v p ¢ R Ay
Nmsilalesldnszaunsoauss 1 wulalun  vazmeounuiuasiuluiicag
9 cf) = 1 ] 1 Y] ::!' d!
Tdihaa TaualiaimMInggruue aanalny (P>0.05) (M50 12) Fauan
] ti' ] J
ANNNANITNATDIVDY Youn LazANE (2004) N31691u wuTa lunianududu

9 1 oy IS 14 = =3 9 1
PREG R ’s’f”ljJTiﬂZ"Iﬂﬂ’ﬂﬂJ"lcl'ucluu1llﬂﬂlﬂablﬂw1ﬂ‘1/]’GIﬂﬂQ I0YaL 88.67 AIUNIT

9 1 YY) 4 Yy 9 9 0911 ] Y A 9
GlG]WanuﬂlliJu@]ﬁﬂ’JﬁJLGUlJ"Uu5f]fJa$ 1 uuﬁ’]u1ﬁﬂﬁﬂﬂ3’]uﬂullﬂLW8Q§ﬂﬂag 2.67

Yy v
~ <

Y] 4 g/ Qid' 1 [ 3} = 09}/
‘1/]\11!'EJ']EDUJ“LlNa3J']ﬁ)WﬂﬂﬁﬂﬂﬁgﬂﬂﬂﬂlﬂQU"INalliJﬂLmﬂﬁNﬂu Tﬂﬂiuuwggaﬂzﬂauuﬁnz

v 9 1
HUsualdsaviigeniluihmaloua  Fouulaluddtauauialunsiy



74

Y Y
Tdsau i Idaunsoaasmanuyuluiveddaldunnilnihmalaua dau
1 v W d’Q’Jl =~ A [ YY) A Y =1 1
penunuiuasduliguavialumsaniuwinensd WuluTana  slinanoni
] ~ 3 9 ' ' ' 1A 1 1 4 :.:I v 9
uiieuaniosuarzdawanomauInna daunszAIEnNsouUes 1 uazimiuld
A [ 09/} =2 o Y A o Y a ! g}
mwzeymanivmnalvymniu 3 lneymaniminaanuyuluiihmaTaua
4
TUaNNIDaeaArIUINIUUDINTEAENT0 1114
a L= 1 ' cy A
NNHANITAATIZHATUAZAINTNZAHIUVBAIVD1IIAA TaUATNHIUNT
o 3 T ] 1 3 1 ] 3’
wle swmulanmauazmminzgriuveasindauanaenniina lauaaa
AN (P<0.05) (M5NAUINT 6) uasilelSeuiisusznitemsilalaeld
A
4 4 1 - 4 1 = v A
nseAEnsouues 1 wulaluy tazrsouduiuas wu M (L, a, b) Huiia
] Y
HANANNY (P<0.05) (M319H 12) drummsngarvesuasiuiia liuanaieny
[l 1 4 []
(P>0.05) (M35199 12) Fanwamsnaaesiiez llumsdadenmsiila eldluy
1 A A o PR g}
minaassluaouae lluFowavesguuginmmass lssniinenaninveaiiniag
A A 1 A a dgl 3 o a 1
Tauagamenazaaanuyunavulumanuine  TagagiinsaanaINineg
] 4 Y
Auveauiiosnnaiizswendennulaveaimalauald naramsnaass
= A 9 o o ' A '
waenlgnszanseaues 1 lumsilalumasnaassae il esainaimsnzg
1 c!' Yy 1 31 L= ] 1 (% 9
Avveaueaen ladaminninihmalauaga (P<0.05) uada lduanateiums 1y
4 1 Y 4 { ng v [
wula luiuazrmeaunuaiuas (P>0.05) (M35199 12) annsdaudumsdsendanal

9 a2y
uazmmﬂ%ﬁmmumma

)}

3.2 auUAMInN
vAa AAa o 3} [ o 9 ' 1 A

ﬁiJTJWI/]NLﬂlJVI'JLﬂi13??114141@1@11@14@1’?@\1ﬂﬁg‘U'J‘LlﬂTTVIﬂ,ET hlﬂLLﬂ ATNLDY

a < = 9/0911 a < Qaj a A ~

‘]JﬁiJ"Iﬂ!“llENl,!ﬂl\W]ﬂZﬁTfJblﬂﬂ\iﬁﬂJﬂ llilﬂil‘!"'lJﬁN!,lﬂN‘VNﬁllﬂ meummzﬂimmmﬁ%

9109/1 1 o 9 4
izmﬂﬂm‘wm IﬂEJED"Iﬂfﬂﬁ‘Vlﬂ'ﬁ’fNW‘U’Nﬂ?ﬁ‘l’nclﬁiﬂﬂclﬂfﬂigﬂ?ﬂﬂﬁ’f]\‘i!fUE]ﬁ 1 1y
J 1 Y a’:/’ 1 Y1~ a 2 A 9109/’
Iﬂllu‘ﬂ LmzNmmmuumuﬂwwaiwmwm% ‘ﬂﬁNTﬂ!ﬂJﬂ\TLLﬂNVIﬁgﬁTEJllﬂVN‘WNﬂ

a I~ :Jl 31 A ) = 4 ~
!.l.azﬂimmmmmwmm‘lummaT@mmnNmm*mﬂmﬂaUuuﬂaﬂﬂzﬁamﬂu
F

A £ q 9 A Yy o
ﬂ‘i.lu”l@nﬂi@]uﬂﬁﬂ (PZ0.0S) (@]”Iﬁ"NNu']ﬂﬂ 6) %Qiﬁﬂﬂﬂ?ﬁﬂﬂaﬂﬂ‘ﬂﬁ@ﬂﬂaﬂﬂﬂﬂ

v Y Y Y Y ]
. 1 o a\ o 1 o o ¥ !
Chatterjee LLagAMe (2004) ﬁﬁmmmmuaﬂtﬂa HIDIU UINEUT HagUIay ﬁmu



75

o 4 a aaj 1 a ng
msilalaslduulalun wadu uazlalausniudalTnansanivua uay
a I~} { ng 1 1 @ 3} A
YSunavewdsnazare lanaua luuanarsnuiwa liisudu  (2>0.05) uazden

[Y} o :lc: (%] % 1 Y Y 4
AdeanuNanINaaoIi la1idunMIduUee Al-Farsi (2003) &aldmaniuiuiuas

Y 9 9 ~ L a < = 9/3 (=
anuuIudosaz 0.5 NenUNMUTINave WV INaza1e NI ALz ALY
3 = | Y A (% 2) a (% Q' 9 [] 2) [ ] ) =S
Tuiam lndiReenviivunmauGuar auiiiaa lauanasiunszuiumsi lail

VA ] o ' ' J 4 9 3 4
ﬂT].]i3J']ﬂnlell’0\ulell\1ﬂ\1ﬁilﬂllilllﬂﬂ@']Q%Wﬂu']@naiﬂu@ﬁﬂﬁil@uuu 'ﬂ'lfl]!,ﬁ@\iéﬂ']ﬂ

o %

a < oy 9 = 1 J
‘]Jﬁll"lﬂﬂl@\'illfl]\ﬂlﬂﬂ@]”laI@uﬂulﬂﬂﬂﬂ'ﬁ]ﬂﬂﬂﬂllﬂlwﬂﬂﬂ?ﬂﬁ'ﬁuiuigﬁ?"lﬂﬂigﬂ']u

U

o d! 9 1 4 I ~ ] a
msila Faldun winasaasys a1suvIvasy aslda uazlsau  audSuw

< [} V& 9 1 [ g} £ g 4 [ g’
ﬂl@ﬁLLﬂNIﬂﬂﬁﬁuiﬁﬂJ G]Nllﬂ!,l,ﬂ NIAANE !!ﬁguTQWﬂ%QLﬂu@\iﬂﬂiﬁﬂ@ﬂﬁﬁﬂGlHUW

o 4

aaTaualuldantidaesnly 3 ldan 1d liuanaiaiu

U



76

v Y v
M319n 12 audaniemennazai luihaa lauansunszurumsi la

Physical and chemical properties in clarified palm sap

Properties Fresh Whatman Bentonite (%ow/v) Activate carbon (%w/v)
palm sap No. 1 0.30% 0.50% 0.70% 0.10% 0.30% 0.50%
Color L 82.23F1.71" 85.9810.81° 86.7511.30™ 87.101.22™ 88.71£0.97" 87.9241.27" 89.7740.38" 91.1F0.14°
a 1.69F0.17"  1.21%0.09° 1.18F0.11° 1.0630.06° 0.8630.05° 0.7240.07" 0.41F0.03" 0.3130.04°
b 13.1430.08° 12.2940.87* 11.25F1.24 10.50£1.07° 9.64F1.09° 7.64F0.76° 4.52%1.00° 3.1930.63"

Transmittance (%) at 650 nm  78.5712.84" 84.01F1.13° 84.41F1.54" 84.80F1.39° 86.7310.89° 83.92F1.12° 84.8710.85" 86.0110.62°
Total soluble solid (°Brix)  12.53%0.51" 12.5310.51™ 12.5330.51™ 12.53%0.51" 12.53F0.51™ 12.53%0.51" 12.5310.51™ 12.53%0.51"
pH 5.5810.15" 5.8010.13"™ 5.77£0.10" 5.81%0.17" 5.82+t021" 5.82+0.10" 5.70%0.14" 5.50%0.11"

Total solid (Y%ow/w) 1.2710.05™ 1.2610.04™ 1.2610.04™ 1.2610.05™ 1.2610.05™ 1.2610.05™ 1.2330.09™ 1.20F0.08™

Note: * Physical and Chemical analysis was done 15 hours after starting palm sap collection.
Each value is the mean of triplicate determination®standard deviation.

The different superscripts in the same column denote the significant differences (P<0.05).

", not significant at P<0.05
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Volatile compounds in clarified palm sap
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Peak Volatile compounds Relative peak area (%)*
Fresh Whatman Bentonite (%w/v) Activate carbon (%w/v)
palm sap NO. 1 0.30% 0.50% 0.70% 0.10% 0.30% 0.50 %
1 3-hydroxy-2-butanone 30.35 32.36 32.82 30.90 30.97 34.52 31.77 31.63
2 1,3-butanediol 12.13 7.82 8.28 8.53 7.92 8.94 8.23 7.38
3 unknown 7.95 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 1-tetradecene 17.89 10.08 12.56 8.45 10.64 8.03 8.30 10.51
5 n-hexadecane 3.50 4.42 5.77 5.88 5.41 5.53 6.53 4.49
6 unknown 3.95 3.72 3.23 6.00 3.21 4.41 5.70 3.53
7 n-tricosane 1.98 4.14 3.06 3.04 4.55 5.28 5.29 5.94
8 n-tetracosane 1.80 3.29 2.56 5.60 5.63 3.28 3.53 3.11
9 n-nonacosane 8.71 6.18 7.65 7.12 4.40 7.25 6.93 8.14
10  2,6,10,14,18,22-tetracosahexane 11.74 27.99 24.07 24.48 27.27 22.76 23.72 25.27

Note: * Relative peak area (%) is calculated based on specific peak area of each volatile compound in fresh palm.

Volatile compounds in fresh palm sap were analyzed within 15 hours after starting palm sap collection
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Relative Abundance
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Palm sap pasteurized at 70°C for 15 minutes
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Physical properties of fresh palm sap, non-clarified and clarified palm

sap which was pasteurized at 70, 80 and 90°C for 15 minutes

Pasteurization  Treatment Color Transmittance

temperature L a b (%) at 650 nm
°0)

Fresh palm sap* 78.47+1.68° 2.09+0.07" 14.54+0.45" 74.23+2.38"

Non-clarified 67.3242.67° 2.92+0.18" 15.30+0.02 57.89+3.57"

" Clarified  71.02+0.25" 2.64+0.16" 14.97+0.54"  62.72+0.26°

Non-clarified 63.78+2.81° 3.54+0.40° 15.90+0.20" 53.32+2.53"

" Clarified  68.31+1.11% 2.97+0.06° 15.65+0.24"  59.55+1.44"

90 Non-clarified 59.93+0.99" 3.48+0.23° 15.90+0.20" 51.62+1.76'

Clarified  68.55+0.95% 2.98+0.11° 15.56+0.12°° 59.07+1.01™

Note : * Physical analysis was done 15 hours after starting palm sap collection.
Each value is the mean of triplicate determination®standard deviation.

The different superscripts in the same column denote the significant differences (P<0.05).
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Changes in L value and transmittance value of non-clarified (A) and
clarified (B) palm sap which was pasteurized at 70, 80 and 90°C for

15 minutes and during storage at 4°C for 4 weeks

Note : Error bar represents standard deviation from triplicate determination.
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Chemical properties of fresh palm sap, non-clarified and clarified palm sap which was pasteurized at 70, 80 and 90°C for 15 minutes

Pasteurization ~ Treatment pH Total acidity TSS Reducing Total sugar Total solid PPO activity ~ POD activity Invertase
temperature sugar activity
°0) (%w/v as lactic acid)  (°Brix) (Y%w/w) (Y%ow/w) (Y%ow/w) (10*AOD/min/g) (10" AOD/min/g) (10 unit/min/g)
Fresh palm sap* 5.83+0.11"  0.042+0.006"  12.40+0.00" 0.44+0.03" 11.69+0.39" 1.28+0.03" 22.27+2.9" 1.67+0.08"  55.06+3.47"

Non-clarified 5.82+0.05"  0.03140.003"  13.3+0.26° 0.22+0.02" 13.07+0.60° 1.35+0.04° 5.64+0.23%  0.82+0.03°  45.77+6.85

" Clarified  5.84+0.12"  0.036+0.007"  13.4+0.20° 0.22+0.02° 13.24+0.38" 1.36+0.03"  5.88+0.10"  0.87+0.04°  45.23+3.81"

Non-clarified 5.87+0.07"  0.036+0.009"  13.97+0.25° 0.22+0.03" 13.47+0.88" 1.43+0.02° 4.5310.44°"  037+0.06°  33.27+1.10°
% Clarified  5.87+0.07"  0.034+0.010"  13.9+0.26° 0.22+0.03" 13.5740.35" 1.46+0.04" 4.64+0.31™"  0.34+0.03°  35.53+5.48"
o Non-clarified 5.96+0.05"  0.030+0.002"  14.77+0.32° 0.2340.03" 14.23+0.34° 1.52+0.03" 3.41+0.17°  0.25+0.02"  13.33+1.62°

Clarified  6.05+0.13"  0.033+0.005"™  15.07+0.12" 0.2340.03" 14.1740.60° 1.52+0.03° 3.57+0.10% 0.25+0.02" 13.07+2.11°

Note: * Chemical analysis was done 15 hours after starting palm sap collection.
Each value is the mean of triplicate determinationtstandard deviation.
The different superscripts in the same column denote the significant differences (P<0.05).

ns, not significant at P<0.05
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Volatile compounds of non-clarified palm sap which was pasteurized at 70,
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Pasteurization ~ Storage Relative peak area (%)*

temperature time 3-hydroxy- 1,3- 2- 1- 1- acetic  2,3-dihydro
(OC) (week) 2-butanone butanediol butoxyethanol hexanol octanol acid benzofuran

Fresh palm sap 100.00 nd nd nd nd nd nd

70 0 57.97 nd nd nd nd nd nd

1 38.84 nd nd nd nd nd nd

80 0 32.39 nd nd nd nd nd nd

1 32.09 nd nd nd nd nd nd

2 31.90 nd nd nd nd nd nd

90 0 10.56 nd nd nd nd nd nd

1 10.23 nd nd nd nd nd nd

2 9.22 nd nd nd nd nd nd

3 9.80 nd nd nd nd nd nd

4 6.20 nd nd nd nd nd nd

Note: * Relative peak area (%) is calculated based on specific peak area of each volatile
compound in fresh palm.
Volatile compounds in fresh palm sap were analyzed within 15 hours after starting
palm sap collection.

nd : not detected
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Microbiological properties of fresh palm sap, non-clarified and clarified

palm sap which was pasteurized at 70, 80 and 90°C for 15 minutes

Pasteurization Treatment Total viable count Lactic acid bacteria Yeast and mould

temperature

°c) (CFU/ml) (CFU/ml) (CFU/ml)
Fresh palm sap* 4.49x10’ 4.03x10° 6.22x10°

Non-clarified 1.83x10° <1 <1

" Clarified 1.59x10° <1 <1

Non-clarified 8.57x10' <1 <1

w0 Clarified 5.77x10' <1 <1

Non-clarified <1 <1 <1

90
Clarified <1 <1 <1

Note : * Microbiological analysis was done 15 hours after starting palm sap collection.

Each value is the mean of triplicate determination.
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Microbiological properties of non-clarified and clarified palm sap which was

pasteurized at 70, 80 and 90°C for 15 minutes and during storage at 4°C for 4

weeks
Pasteurization  Treatment Storage  Total viable Lactic acid Yeast and mold
temperature time count bacteria
°0) (week)  (CFU/ml) (CFU/ml) (CFU/ml)
0 1.83x10° <1 <1
1 3.68x10° <1 <1
Non-clarified 2 5.77x10° 4.00x10' 1.54x10°
3 3.67x10° 1.59x10 8.54x10°
70 4 8.58x10" 7.37x10° 3.60x10"
0 1.59x10° <1 <1
1 3.10x10° <1 <1
Clarified 2 5.95x10° 6.48x10' 1.28x107
3 1.37x10’ 1.91x10 6.45x10°
4 1.96x10" 1.28x10° 4.89x10°
0 8.57x10' <1 <1
1 1.37x10° <1 <1
Non-clarified 2 2.43x10° <1 <1
3 5.95x10° 4.30x10' 5.67x10'
80 4 1.35x10° 2.03x10° 5.99x10°
0 5.77x10' <1 <1
1 1.96x10° <1 <1
Clarified 2 2.84x10° <1 <1
3 6.19x10° 3.03x10' 8.30x10'

4 1.18x10° 1.03x10° 4.56x10°
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MI1N 18 (910)

Pasteurization Treatment Storage Total viable Lactic acid Yeast and mold
temperature time count bacteria
((C) (week) (CFU/mI) (CFU/ml) (CFU/mI)
0 <1 <1 <1
1 <1 <1 <1
Non-clarified 2 6.83x101 <1 <1
3 9.83x101 <1 <1
90 4 1.70x102 <1 <1
0 <1 <1 <1
1 <1 <1 <1
Clarified 2 4.44x101 <1 <1
3 9.57x101 <1 <1
4 2.08x102 <1 <1

Note : Each value is the mean of triplicate determination.

5. Nﬂﬁl@ﬁﬂqﬁ‘sl,%l,ﬁxlllLUﬁ‘uﬁiQQMﬂqWT@\ifiqﬁq@Imuﬂ@ﬂ
= 9 1 c?) = 9
Tumseinywaveams swuusuasganmueaialauaaa  aziny lagls
WUIUTY 2 NTLUIUMT AoATUIUMT I TATHaNTFU (MU UYLIA 0.1 1ag 0.2
Tuasou) uazaszurumsdansWams sy (WUUTUVUIA 50 uag 300 0 laarady)
TasldiaseansoauvuudansiNaasyu-lulasHaasdy SeaUAULY Y
~ 1 Y g} ) 9 9y

(mMwisenaui 28)Tagnaudngszuumsansad Wiaalauaszgmimnlinnusou
a év L (@) 9) 1A = d! gl
wgungiveviwalauaminy 50 (farlimu 20 W) s lumsnseai
d'd [ < d'
A1a TAUAIZNTOIAUTZVUNITNIBIUVY IHavIuntoas1i1ve9a15iloundn
2.5 IWATADIUIN LAZUANNAUTY (Transmembrane pressure : TMP) 1.5 tag 1.0

4 H o w 4 [ Iy}
113 MUUTUVUIA 0.1 1ag 0.2 1ATDU MUAIFY LaziaNUAUIY 2.5 1ag 2.0
4 d' a Y] o =1 a
V15 AUNWUITUVIIA 50 uaz 300 Nlamadu ey laglniunugungll

a

Gl‘IJﬂﬁﬂiE]\‘]ﬁqu‘ﬂﬂll SOO“B AaeAal ANLUNMINTOILUUNE JAsLENTIUVDIUND

u

a <3 o A :} 1 o 4
treneonnuludiidiumsainiifou uazdiuvessmumarzgnilounduiive



104

' a @ 2 A A s o o
HIUTZUUNITNT0980A5 Tasduganisnioudelaulosiduanisuennau
(% recovery) MINNIMIONINU 60 TagRiuianndadiudsinasveunelionse
a A % [ a % o A @
YSU1ATV09dITTUAY  FIN1OUAINTLUIUNITNTOIHAAN UNRN LALAAIAININ
d‘ 3 o :’ 1 =) g’ 1 =\
Usznoud 29 iniwiniaialauadumedion uaziimalauadiusimuma 'l
P
a J A wvAa v W 1
IATEHANTAN MM tazduiamanl  lasliszeznaiuaumnssuIums
=R A 1A &/ [ = gJ 1 a d'd
AT0IUDINATIEN litAu 3 $2 114 uazAadomiaa lauadu twolteniil

v v 9
aunmiangalU1¥lumsdnu luduaeumsinusnuee i

/

Feed / Circulation Tank Control System Membrane Housing

d' d'l [ a [ a [ o 9
mwﬂsznaun 28 Lﬂi@\iﬂii’NL!JJ‘TIJ’E)ﬁﬁiWﬂalﬁi%u-qhiﬂiWﬂ!ﬁi"Hu IZAUAULUY

Ultrafiltration-Microfiltration pilot test unit




105

v Y Y 2
amwilszneun 29  haalavaaa Mmalauaausmuma uaziiigna lauaaiu
NOULONMENAINTZUIUMTNTDI Tae 1 F T
Fresh palm sap, retentated palm sap and permeated palm sap after

membrane filtration

Note : A : Fresh palm sap; B : Retentated palm sap; C : Permeated palm sap
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Permeate flux during a microfiltration process of palm sap
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ﬁ]i“lx‘]ﬁ 19 ﬁﬂJﬁ@]ﬂNﬂ"lEJﬂWWﬂlENﬁ"l@']ﬂI@uﬂﬁﬂ ﬁ?@TﬁT@]Hﬂﬁ’JHLW@N!@‘W ag
g} 1 ~ 1 = [
“L!W]'lﬁIﬁﬂﬂ’dﬁ]ﬂil‘ﬂl&&“ﬂ@li%ﬂ?'mﬂi$‘1J”Juﬂ1'§113JTﬂi1/‘lﬁlﬁﬁ"]fu
Physical properties of fresh palm sap, permeate palm sap and retentate

palm sap during the steps of microfiltration process

Properties Fresh palm Permeate Retentate
sap* 0.1 um 0.2 um 0.1 pm 0.2 pm
Color L 73.98+2.21" 98.3630.40° 97.27£0.90° 46.91F1.51° 44.97%1.78"
a 2.44+0.42° -0.0610.07 0.04%0.11° 2.58F0.16° 2.9210.28"
b 13.63+1.41° 3.3730.60" 4.75%£1.55" 10.20F0.60° 11.27£1.01°

Transmittance (%)

a

65.98+2.32° 99.02140.37° 98.1010.52° 28.35%1.63" 26.8212.07
at 650 nm

Note: * Physical characteristic was done 15 hours after starting palm sap collection.
Physical characteristic was done 3 hours after starting microfiltration process.
Each value is the mean of triplicate determinationtstandard deviation.

The different superscripts in the same column denote the significant differences (P<0.05).
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v A Y
ﬁ]i]x‘]ﬁ 20 ﬁnﬂ’ﬁmqmmmﬁmmi@uﬂﬁﬂ ﬁwmaimuﬂmmwaﬁmm 1aziIag
Tauadiusmumaszrinnszuiums lulnsdamssu
Chemical properties of fresh palm sap, permeate palm sap and retentate

palm sap during the steps of microfiltration process

Properties Fresh palm Permeate Retentate
sap* 0.1 pm 0.2 um 0.1 pm 0.2 pm
TSS (°Brix) 10.03+0.15" 9.67%0.50" 9.80%0.20" 10.00£0.20" 9.8710.12"
pH 5.1840.31" 5.0130.30" 5.45%0.16" 4.9910.20" 5.4510.16"

Total acidity . N N N N
0.085+0.01" 0.0710.02" 0.06£0.003™ 0.0710.02" 0.06710.01
(% w/v as lactic acid)

Reducing sugar (%w/w)  0.80+0.14" 0.60£0.08" 0.57%0.13" 1.4610.38" 1.27%0.21°

Total sugar (%w/w) 11.19+0.41" 10.38+0.54™ 11.0130.20" 11.40+0.93" 11.23+0.45™

Total solid (Yow/w) 1.27+0.06° 1.19%0.08" 1.2430.01" 1.24%0.07" 1.28%0.01"

Polyphenoloxidase activity " " " " "
_3 2.46+0.21"  2.79+0.19" 2.45+0.48" 2.76+0.19" 2.42+0.33

(10 AOD /min/g)

Peroxidase activity " " " " "
. 1.7740.16"  1.78+0.08" 1.96+0.22" 1.74+0.12" 2.08+0.46

(10 AOD /min/g)

Invertase activity

, 24310257 23140.27° 2.58+0.23" 2.38+0.44" 2.67+0.26"
(10" unit/min/g)

Note: * Chemical characteristic was done 15 hours after starting palm sap collection.
Chemiical characteristic was done 3 hours after starting microfiltration process.
Each value is the mean of triplicate determinationtstandard deviation.
The different superscripts in the same column denote the significant differences (P<0.05).
ns, not significant at P<0.05
a d a ~ 9 g} V]
11!ﬂﬁ’Jlﬂi131{1‘ﬁ11J§3J"Im’ﬁ1§‘1/]5%!,148111@61]’6]\11!1@]1511@1!@]1461\1NTL!ﬂﬁg

a\ % a Ia a ~ Y a 1
mums“luimvdmm%u i]$’JLﬂﬁ%WGlﬂGlﬁJﬂTﬂﬁJ'}mﬁﬁWi%L“I’iEJllﬂLWFN 6 BUAN

Y hlﬁgl}!,l,ﬂ' 3-hydroxy-2-butanone, 1,3-butanediol, 2-butoxyethanol, 1-hexanol,



113

. L. Xy ¥ v ¢ A < A
1-octanol LL@S acetic acid G]N"lﬂmmﬂmayammqmmu ma"lwuaa (2547) NI1WU
v 9
Nasnausavanluihaalauaaall 2 wia fe 3-hydroxy-2-butanone Az
. A 31 a 1T A a A 91:::'::: A A 1
1,3-butanediol uaztiothaialauanamsundeszinaaisiseive laninaun lu
4 a
Walszasn 4 wila Av 2-butoxyethanol, 1-hexanol, 1-octanol L& acetic acid Tag
o a L4 A Y 9
fMruaan1zlumsinsignarsisavelalaeld GC/MS uuy Selected Ion
[ d. & g} ti' o a 4
Monitoring mode (SIM mode) A9A1319%MUINT 2 Farha lauaMimninsierieg
Y Y
Usznouales iaialauadiunedenuaziimalauadiusmuma lagnans
a d 1a ~ Y [ a Y 1 A
Tnsedsnaasnsamelanmenainscuaums lulasiamssununn wuash
A A
sewield luihaalauadmedenuazihmalauad S mumeaiios 1 siami
A v
WY fi® 3-hydroxy-2-butanone lagfuuusuvyuia 0.1 luaseu HyUTuiw
Y 9
3-hydroxy-2-butanone 1H1i1a1a lauadrvmedeniaziinia lauadIuTmuma
manmnufesay 47.98 uag 31.48 MINAIRY EIUNNMUTUVLIA 0.2 luATU
F v
NU5uae 3-hydroxy-2-butanone Tuihmalauadiumeitoniaziiva lauaaiu
= A 1" v Y o w A = 9
Imumamaumnuiesas 59.87 uag 2447 MUEIAL (151N 21) WHU AN
Y A
UY5Wa¥09  3-hydroxy-2-butanone Tui1a1a TauaaumweleNUAIGININIAG
TauAaIUTMUNG @A 3-hydroxy-2-butanone  GUITDABARIUINIUVDIUUY
] Y
wsuld wazienlSeumendTunar 3-hydroxy-2-butanone 5¥HIAA TauAa I
] 9
MOUENANINUDTUYNIA 0.1 uag 0.2 luaseu wuInihmalauadiumedien
] F
sy e 0.2 luasen HUsumUes 3-hydroxy-2-butanone gananiaa
1 a {1 09/} yd y .
Tauadruwedtonidummusuving 0.1 luasou fetinilownvnuuiagwgui
Tnajni1e1adinain1i 3-hydroxy-2-butanone @MNIDABANTUTHTUUD ALY 1)

Taunnn



114

v A v
@15197 21 15118 3-hydroxy-2-butanone Tuihaa Tauada 1haa lauadiumodl
Y
e taziiaalauadusmumasenienseuiums lulasiamssu
3-hydroxy-2-butanone content in fresh palm sap, permeate palm sap and

retentate palm sap during the steps of microfiltration process

Treatment Relative peak area (%) of 3-hydroxy-2-butanone *
Pore size 0.1 pm Pore size 0.2 pm
Fresh palm sap 100.00 100.00
Retentate 31.48 24.47
Permeate 47.98 59.87

Note: * Relative peak area (%) is calculated based on specific peak area of each volatile

compound in fresh palm sap.
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Permeate flux during a ultrafiltration process of palm sap
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v A Y
ﬁ]i]x‘]ﬁ 22 ﬁllﬁa‘ﬂ"lx‘lﬂTﬂﬂTWﬂl@QﬁT@TﬁT@]uﬂﬁﬂ ﬁmmi@uﬂmumamw ag
Y
WA TAUATIUTINUMAKAIHIUNTELIUMTOANT 1WA TFU
Physical properties of fresh palm sap, permeate palm sap and retentate

palm sap during the steps of microfiltration process

Properties Fresh palm Permeate Retentate
sap* 50 kDa 300 kDa 50 kDa 300 kDa
Color L 72.46+1.55° 98.04+0.82° 97.14+1.08° 46.18+1.26" 48.32+2.96"
a 2.82+0.21° -0.10+0.12" -0.03+0.16" 3.79+0.49°  3.70+0.46°
b 15.04+0.69° 3.82+1.20" 5.27+1.53" 13.45+1.02° 13.41+1.34°

Transmittance (%)

a a

65.14+2.31° 98.78+0.57° 98.15+0.75° 29.97+2.33" 32.29+4.43

at 650 nm

Note: * Physical characteristic was done 15 hours after starting palm sap collection.
Physical characteristic was done 3 hours after starting ultrafiltration process.
Each value is the mean of triplicate determinationtstandard deviation.

The different superscripts in the same column denote the significant differences (P<0.05).
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TAUAdIUTINUNANAFIUNTZUIUM IR T am T
Chemical properties of fresh palm sap, permeate palm sap and retentate

palm sap during the steps of ultrafiltration process

Properties Fresh palm Permeate Retentate
sap* 50 kDa 300 kDa 50 kDa 300 kDa
TSS (°Brix) 12.13+0.43" 11.53+0.61" 11.20+0.20" 12.13+0.81" 11.47+0.12"
pH 5.55+0.13"  5.72+0.06° 5.70+0.26°  5.65+0.04" 5.67+0.17"

Total acidity N . . N N
0.04+0.005" 0.03+0.006  0.03+0.006 0.03+0.006  0.03+0.006
(% w/v as lactic acid)

Reducing sugar (%w/w)  0.76+0.15" 0.64+0.09" 0.50+0.07° 1.26+0.28° 0.78+0.07"

Total sugar (%w/w) 11.1240.34" 10.55+0.50" 10.55+0.56" 10.84+0.30" 10.89+0.35"

Total solid (%w/w) 1.2340.03°  1.1240.04" 1.15+0.02° 1.19+0.04 1.20+0.06"

Polyphenoloxidase activity N N N N N
_3 2.18+0.11"  2.22+0.08" 2.28+0.15" 2.22+0.10" 2.23+0.29

(10°AoD /min/g)

Peroxidase activity i, . . » i,
. 2.02+0.12"  2.03+0.33" 2.18+0.06" 2.42+0.17" 2.21+0.33

(10 "AOD /min/g)

Invertase activity

, 27040217 27240207 2.7140.19" 2.73+0.15" 2.78+0.26"
(10" unit/min/g)

Note: * Chemical characteristic was done 15 hours after starting palm sap collection.
Chemical characteristic was done 3 hours after starting ultrafiltration process.
Each value is the mean of triplicate determinationtstandard deviation.
The different superscripts in the same column denote the significant differences (P<0.05).

", not significant at P<0.05
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v Y Y
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N 1aziIMa lauAFINTININATEHINNTEUIUMSToanI I am s Fu
3-hydroxy-2-butanone content in fresh palm sap, permeate palm sap and

retentate palm sap during the steps of microfiltration process

Treatment Relative peak area (%) of 3-hydroxy-2-butanone *
Pore size 50 kDa Pore size 300 kDa
Fresh palm sap 100.00 100.00
Retentate 50.81 32.56
Permeate 43.13 46.72

Note: * Relative peak area (%) is calculated based on specific peak area of each volatile

compound in fresh palm sap.

Y
a 4 A = o [
"I]']ﬂWﬁﬂ"li'J!,ﬂﬁ'lg‘ﬁﬁlI‘U@‘VINﬂ"lfJﬂTWl,l,ﬁ31/]']\‘]!,?’1“61]@\11!1@]1511@]1‘!@1’??1@
1 @ a @ a Y =}
AMIUATZUIUNTOaAT 1NN TFUVOBNWLTUUUIA 50 L1ag 300 ﬂIﬁﬂTﬁ@lu WINU
Y ] 4 ]
1531131@]1619]14@@'31!LW@3Jl’f)‘VWIW1uL1J3JﬁJiHﬁ\1 2 YUIR ﬁ]giJﬂ’Nilslleﬂﬂ HAaguan
[l 9 9 9y v 1
gouaulofounuimalauada (P<0.05) Nitiilosnnoymanivualug a9
Y
1 4 o 1 1
ulglll,l,ﬂ NINADDADYA uazmmmua@ﬂiuu1m1a1muﬂ UliJﬁ'liﬂiﬂﬁ’ﬂﬂW'lqu’;:uﬂlﬂﬂ
] Y ]
!‘JJ?JL‘]Jiull@s]j Llaglﬁﬂw‘fﬂiﬂ!"lﬁ?JﬂJGWINLﬂﬁ"U@QﬁWﬂTﬁIﬁUﬂﬁ’JULW@ML@ﬂﬁP\l"lLlLlJiJ
QSJ) L~ | 1 1 [y} 09} 9 a
IUTUNY 2 YU W‘]J'J"I‘JJﬂ?illll@ﬂﬂ']\?ﬂﬂﬂ']@?ﬂiﬁﬂﬂﬁﬂ (PZ0.0S) EJﬂL’JU‘]JiiﬂﬂlGUEN
<3 qu a A YA 1 v ng; v A oy
HUNNMNTTURA l,l,ﬁ3ﬂﬁMTmﬂTﬁﬂiglﬂﬂllﬂﬂﬂJﬂ"laﬂﬁ\‘] muucluﬂﬁﬂmaaﬂummi@uﬂ

1 a

A Ao A A Y == oaj s o
drumeitonilinanmianga e'ldlFlumsdnuluduasuvesmsnusne

9
o a

a a Y o A J 1
Tuaznonsannnlsunamsnsameld Tasvzaaaoniitiena lauaaiu IO
a A a @ Y = 3 I
TonNeuuuusuvig 300 nlasadu WlFlumsans luduaouvosmshy
[ d' P=| a d' 9 1 3’ 1 a d' 1
Fnu1 lesnnidTuumsiszve laganinhaalauadiuwedion ik

WAL UYUIA 50 D lamaay



125

6. waveamstasunilasgamnluszrinemsiiudhmvesinaalauadiu
INONBNHABNUNTZUIUNI IF NI
= 9 a Y (Y] a Y 1
NAMIANEIHAVRINI IFnIzuIUmMs lulasHamssu uazdanVawmssuas
9 9 v
aaumniiaalauada wuianhaalauadme U NNA UL UYUIN 0.2
Y v
luaseu waz 300 Alasadu Hamnmaninhaialauadrumwedioniuiu
WNUTUYIIA 0.1 Tuasou taz 50 dlamadu aud1dy dannaudIdnedu
9 Y v
gauivaniniaa TauadnuwaUenimumuUsuIuIa 0.2 luasou uag 300 0 la
o Y = d' ZI [ I
aadu  nlslunmsanumaasundasganimveaiaalaualussnimany
v Y
$n1 Tanhduwedtoni5es 300 Jaddas vssyluwaunIndumsaini
A = < 9 Yy I o 3} 1 A ~ a lo)
won  Yantinuaaund wannusny i lauaaumeion Ngunal 4% w1
@ J a 4 vAa = A Aa [ 4 ~
12 ddat AnsizrauianiemenIn nill tazgadmenng 2 diled Teslina

Y
A1INAADINI

6.1 aNUANIIMEYNW
Y
a g 1 ] o 1
HANIIAUATIEHAITUAZAINITNZ QA IUYDILETIUDIIAIa lauad Y
a c!' ] A g [ d' A o)
molllenNnsorUMLTUYIIA 0.2 Tuaseu Mnuininguugl 4% lag
a -4 [ 4 [ 4 1 (= 1 1
WATIEHAUNNNN 2 dUa uu 12 dUad wuNMALazAINIINSQHIUUB LAY
1 1 9y 9
N Tuanag (P<0.05) (M1319WUINN 22 taz Mndseasuh 324) uasiaiiluga
[y 4 1 1 ] 31 1 a = A
2 dlaninsn MALazAININZgRIUYDEIvRIIIIa TauadIUma RN UAINY
dgl 1 2} ] a [ c/d' 1 Y] Y 4
vuanasnnihma lauadrumeiton luddain o (P<0.05) uaviasnnadilaw
~ = o P = ' 1 = 9
N 2 wdedlamn 12 md tazmnInggriuvesadalnu Iuyanas (P<0.05)
[ a’d' 1 a1 [ a’d' a [~ 1 1
Tagludilain 12 a1 L daasasnndlamin 2 aadludeoaz 1.4 dausimsngg
1 @ P A @ S Aa [ 9 qu csy I~
AU I udla1vin 12 Umanasannduanin 2 aalusseay 1.29 Netionadlu
HaN19INBUATNINTENIN T sAuas Tnadluoau v dIuNaDAR NN UYDUNNIL
1 £ o Y a Lél 1 <
TUIUILHINNTZVIUMTNTOY Iz IMnaasuvIuassIu 1INy

au'la



126

Y
a g 1 1 o 1 a
HANIAATIZHAITUAZAIMINEQHIUVBAIUR AN TauadIuWo NN
A a Y Ad o A a 0O a J
NIV UIWIA 300 Alaaiady MAUSIEINgUUQL 4°% Tasiasiziaunn
nn 2 dlad w12 dland nuhaduazmmsnzgriuvesnasiuua lifuaaag
~ A 1 ng dy 1 o o 1
(P<0.05) (M319WUINN 24 taznwilsznoun 32B) uanati lueia 2 dilaniusn an
Y v 4 Y
AuazmMMInggrIuveLEveiina lauad Mol NUAUNLIULANA 191N
1 a Y] P 1 [V [ P o d
a1a Tauadumoeiitonluddamii 0 (P<0.05) uanasnndlai 2 audedlas
4 1 1 1 o I
N 12 M vazmmInzgriuuesnasiiuul uaaas (P<0.05) Tasluddendin 12
] a0 @ ~ a g 1 1 1
A1 L fsanasnndlanin 2 aadludesaz 3.60 daummsnggriuveuasly
[ d’d‘ = o o"d‘ a I 9 ng dy I [y
dlavin 12 Umanasnndilanin 2 aalusesas 6.03 Mitlo1vdluNaNIINTUAT
nseszgnInllsaunas Tndiueaundrunaoarmugn UV AU T U TUTE I
£ o Y a :3 1 S o Y &
nizUaUMsnied Feezihldimamsuiuaseduluszrinmanusnela ¥
A3NAABIVYDY Schobinger (1988 8141A8 Girard and Fukumoto, 2000) W31 11/58w
A 2} a ]
vazInaduoaluiweldlaausoamusnasarugnuyod WUUITUVUIA 20-
A E ]
100 i Taanadu'ld asiulumsnaaesfidinaassimuusy vua 50 wag 300 nla
@ = A 2’ S 1
aadu Tisauuas Inaluealnihmalauaningaunsoaoanugnguvoau

Y -9
su'launy



127

A

105 - 105 =
Aa D.d D,d CD,ed BCD,cb BC,ab AB.a §
100 . - 100 &
_r % =
g 95 95 £
< [¢]
> ~
— 90 - 90 Q\o/
=4
85 T 8 o
(e}
=
80 | | 80 5

0 2 4 6 8 10 12

Storage time (week)

105 B - 105
C,bC C>C C,bc BC,bC BC b g
100 | B,bc k*ﬁ ’ -+ 100 3
Lo A
895 T 95 2
C; o
290 —+ 90 £
=4
85 T -— 85 A
(e
=
80 | | | | | | 80 -

0 2 4 6 8 10 12

Storage time (week)
1 L value —®— Transmittance

alszneudi 32 nmsnlasumlas L uazﬂ'wmimqw'mmmmemﬁymmimﬂdau
medenfiFumuTuAa 0.2 luasou (A) uag 300 nlaAaay
(B) “lmwﬁnmigﬁﬁﬂmﬁqmwgﬁ 4% 1 12 daland
Changes in L value and transmittance value of permeated palm sap
filtered through 0.2 [dm (A) and 300 kDa (B) membrane during storage
at 4°C for 12 weeks

Note : Error bar represents standard deviation from triplicate determination.
Means of L value of the different capital letters and means of transmittance

of the different small letters denote the significant differences (P<0.05).
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Changes in pH and total acidity of permeated palm sap filtered through
0.2 Wm (A) and 300 kDa (B) membrane during storage at 4°C for 12
weeks

Note : Error bar represents standard deviation from triplicate determination.
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Microbiological properties of permeated palm sap filtered through a 0.2

J[Am membrane during storage at 4°C for 12 weeks

Storage time  Total viable count  Lactic acid bacteria ~ Yeast and mold

(week) (CFU/ml) (CFU/ml) (CFU/ml)
0 5.53 <1 <1
2 6.00 <1 <1
4 1.00x10' <1 <1
6 1.40 x10' <1 <1
8 6.50x10' <1 <1
10 2.72x10 <1 1.10x10°
12 4.75x10° <1 2.39x10°

Note : Each value is the mean of triplicate determination.
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Microbiological properties of permeated palm sap filtered through a

300 kDa membrane during storage at 4°C for 12 weeks

Storage time Total viable count  Lactic acid bacteria  Yeast and mold
(week) (CFU/ml) (CFU/ml) (CFU/ml)
0 6.67 <1 <1
2 9.0 <1 <1
4 1.53x10' <1 <1
6 3.17x10' <1 <1
8 1.62x10’ <1 <1
10 2.76x10° <1 1.25x10'
12 7.85x10° <1 9.13x10’

Note : Each value is the mean of triplicate determination.
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