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ABSTRACT

The purpose of this research was to study the production of palm sugar concentrate.
The commercial palm sugar concentrates including physical, chemical, microbiological qualities
and sensory evaluation are evaluated. In addition, the production by traditional method and
improval method of palm sugar concentrate as affecting on the quality are also investigated.
According to the data collection from 30 farmers, who produced palm sugar concentrate in
Songkhla province, it was found that bamboo tube was mainly used (approximately 57%) to
collect palm sap. Kiam wood was added in a bamboo tube for 3-5 grams to retard the microbial
growth during collecting time for 8-10 h. In general, the data show that 90% of the farmers did
not realized on how important of producing and maintaining good quality of fresh palm sap
before processing, as well as personal hygiene concern. However, the 93% of farmers are willing
to improve the production of palm sugar concentrate in order to get higher quality and price. The
30 commercial palm sugar concentrate samples were investigated in their physical, chemical and
microbiological qualities. It was found that the qualities of palm sugar concentrate differed among
samples (p<0.05). The microbiological qualities of all 30 samples did not meet with Thai
legislation for palm sugar concentrate. Moreover, the total soluble solid of 7 in 30 samples (23%)
were not fit with Thai legislation for sugar concentrate.

Fresh palm sap samples from 5 producers fresh palm sap were analysed for
physical, chemical and microbiological qualities. Palm sap sample from each farmer was
randomly collected twice. Each farmer used a bamboo tube which was cleaned using 2 methods
(1) dipped in boiling palm sap after use according to a traditional method and (2) dipped in
boiling water before and after use according to an improval method. Two sampling times were
done in each farmers in a different day. All palm sap samples were kept at room temperature for

0, 3, 6, 9 and 12 hr. The results showed that qualities of each sample were significantly

)



different among samples (p<0.05). A decrease in L* value, transmittance value, pH, total soluble
solid content and total sugar content increase in a* value, b* value, reducing sugar content, total
microbial count, yeast and mold and lactic acid bacteria during handling before heating was
found. Collected palm sap using an improval method showed similar results to a traditional
method. However, the amounts of reducing sugar content, total acidity, total microbial count and
lactic acid were slowly increased, and via the amounts of total soluble solid content, total sugar
content were slowly decreased compared to a traditional collecting method.

Quality changes during the production of palm sugar concentrate were monitored.
Sample was collected at 30 minutes interval until the end of process. During heating process, the
decreasing in L* value, transmittance value and moisture content was detected. On the other
hand, an increasing in browning index value, total acidity, total soluble solid content, total sugar
content and reducing sugar content was detected. Lower in L* and higher in browning index
values of that by a traditional method than the palm sugar concentrate produced by an improval
method were found.

The relationship between the palm sugar concentrate qualities which were
produced from 5 farmers by 2 different production methods (traditional and improval) was
investigated. Qualities of all samples are highly related to cleaning method of a bamboo tube.
Hence, the quality of palm sugar concentrate produced by an improval method showed higher
quality than those produced by a traditional method as regarding to total soluble solid content and
microbiological qualities. Total soluble solid content and the microbiological qualities of palm
sugar concentrate samples produced by an improval method fit with Thai legislation standard for
palm sugar concentrate whereas the samples produced by a traditional method did not meet with
the requirements. In addition, sensory evaluation showed that consumers acceptance score was

highest in a sample produced by an improval method.

(6)
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Table 1. Composition of fresh palm sap

Composition fresh palm sap* fresh palm sap**
pH 5.09 5.76
Total soluble solid ("Brix) 13.80 11.20
Total sugar (%) 12.34 10.91
Total acidity (% as lactic acid) 0.036 0.032

fn: o+ wam uiudh 2s45)
s gasml Re'lnyad 2547)
Note : * Payom wood was added in a container which was collected palm sap, chemical
analysis was done after 12 hours of collecting palm sap.
ok Kiam wood was added in a container which was collected palm sap, chemical

analysis was done after 15 hours of collecting palm sap.
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Table 2. Methods of cleaning the bamboo tube

Treatment Total microbial count (log cfu/ml) Coliform (MPN/100 ml)
Well-water 7.3 240
Chlorine-water 40 ppm 7.0 210
Smoking 3.6 26
Boiling sap 3.5 20
Blanching 2.5 15
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Table 3. Chemical property of fresh palm sap

Chemical properties Fresh palm sap* Kiam wood** Preservative***
pH 7.55+0.35 4.69+0.27 5.10£0.11
Total acidity (% as lactic acid) 0.068+0.003 0.098+0.013 0.074+0.005
Reducing sugar (%) - 0.78+0.04 0.67+0.05
Total sugar (%) 13.48+1.31 11.54+0.45 12.95+0.19
Reducing sugar/Total sugar ratio - 0.067+0.013 0.053+0.010
Total soluble solid ("Brix) 13.70+0.99 13.93+1.48 13.48+0.93

fin s adnual Sasussitana (2532)
Note : * Chemical analysis was done after 2 hours of collecting palm sap.
*ok Kiam wood was added in a container which was collected palm sap, chemical
analysis was done after 14 hours of collecting palm sap.
oAk Chemical preservative was added in a container which was collected palm sap,

chemical analysis was done after 12 hours of collecting palm sap.

2. NIZUIUMINUTNTHIIIMalaua

g’ [ s A { Aa o P < [
maulsgiiharalaua Tiaguseasdenoz 19 ldnaadua Feansamnuauensne'la
I o a A A dy Y I Aa o o A A 1 Y [ g’
wi Jumsiaegaunisndudlou uag Iidunaanust Indieriiuyas lduniina laua
an =\ an 9y ] (] o 4 a 4 o
n33035 TumsulsgilivainnaredBaren 1wy Msmanes 154 uazmsaaes 15 0151
o I [ a @
urte sagmsi lddudu udu @eae USan, 2539; san uawih, 2545; 3la Ssaanaey,
A a o a Yy Y Y J A (a 3 A
2547) 1Ho901nmInan lsl wieviwa liududesimsszmarieenauiils e
09; [ 1 o A 4 A & a
azae'lananua bitdesndn 65°03nd (Usz@ns oAadszna, 2527; wen, 155/2532; UMY,
A o Y g’ YA wAa A 9 Oy g‘ 9
113/2546) wagrivesi liiwa ldlnmaniaamidoans msszmetioenainiwa ldawnso

9
[

o 9 ax
Mmlanare3s aail

D

2.1 AZUIUMIIFANNTOU
Y

a J Yy ¥ Y g A (a < A v o
ﬂ']iWﬁ@u’lwavle"UaJeuu ﬁ@quﬂ’liiglﬂﬂu']@'E_Jﬂi]uuﬂjil’lmsll@\ulsll\?ﬂaga']ﬂulﬂﬂ\?wu@
vy 1 o A o Y o o W 5
Vll]uﬂﬂﬂj'] 65 UINY 9’]’]1]6]]@ﬂ'lﬂu@ell'f]\iﬁ’luﬂ\ﬂum’lﬂii’]quﬂﬁ’]ﬁﬂiiu, uon. 155/2532 °§\°|ﬂ15
Y

o ] a 9 9 % Y vAa qgj
szineriwendiunintonldanuiou seenniinalnpuantianimani taznionimues

a o 4 9 1 @ a A 9 9 ) 4 3’ 3’ Y '
HAANUNTANYUANAWIININYAULITNAY ﬂ'lii‘]fﬂ'J'lll5’E'J‘L!!ﬁ’f]i&’l’iﬂu'l'ﬁ]'ﬁ]ﬂi]'lﬂu’lﬂﬁhh\lu‘ﬂ\“l



12

I 1] a A $
181y 2 upy Ae Mmsldanudeumeldanizanudulnalusiyuzila (Opened  pan) ¥4

I 9 a\ oy o MY a o S o 1 9 9 =
Wumsldnsznzidalumsszmainild ldnaaduainiiqguaimdr daumsldnnuioudn
A 9 )\ am dyd A A
uuu Ae Mmiszmenieldannggyaimealunisuzia (Vacuum evaporator) 35msihiiuish
Yo Ny a o Y ¥ 9 A 0o q Y A J v
T¥tuunluseaugaamnssulumsnanima lddudu Wewnniiliyadoaveimalil

v
A o

o Y 9 Yy 1 Y A A a A A
anas hldmusoldguugidrilunssame’la dewaldt @ ndusa uazdiadu ans
qudedosnimsldnnuioumeldannzanuduing 3la Svaanes, 2547)
2.2 N3ZUIUMSIFANNEY
o o Y9 Y Y an A d RS \ J v & =
msiniwa ldlduduTaedsiunisiilfiueauluima ldnarelunan
2’ < o Y (aaa A A = Aaan 4 3 = 3’ <3
wde hlddgasemanil Fuall uazdfnserveueulaianas andunennaniiuds
9 d’ Iy d' d‘ Y < v A [ o d‘ Y ~ 1 3’ 9/1:' ]
ponuIAIeAToeiunIe e 1dvesuiwenda aanumiunioslumiss dauniwalined
~ ] A A ] o o o Y Y Y Ao
asanareziaNududuNInIY F3ndluniamsdransaninld Idma T udunil
a [ { 091} o Aa J oy { a {
USuaveadsnazate lananualszuna 50°03n9 siwa lin lamansasuulasvesd
Yy A a Y = ' A 12 = <
s IinausalulFinaidos uazliguaimise g iesnn lulimsgadevesvowdelu
Y Y 4
e lil uateidevesdtil e Arldseroudege (lszans eadszna, 2527)
2.3 NISUIUMINIUTY

o o Yqg ¥ Y Y P g AAq Y
mainhwa ldldduduTaed st unszurumanamenn vazmaainldluns

A

3 { v A
ueneIIATs VANV Tuwas Alegluasazats niomeiuATUTUYD
d' Y I 4?} ] d' ] A d' 4! = vAa Y
a1sndoamsldliamnniu Taelvaiudendunseomuiu liguauiasonldes
V190819 aru1d uazensuisedralianse nariu i 1ddreiladenarelsens wu
@ I {1
vt Uszy Tl andudu anudu dudy TuvarenaassudununaTuladmwuusu
Y
o W 1 @ % a @ a [V 4
Iadhnfivnumdnyaemsiananieaiunszuaumsnaauaz ludwaad usio1ns
Y v
varelszianlaslugaaimnssuiwa ldduldlinsdunaTuTadwumusun 141y
Y
ATZUIUNTHNANAIE 15U MTheea TuFadundy i ldlunisiniwa ldidudu dmsy
a) v oA o g’ a a = o g’
nszuaums lwIasiamsduienldlumsdnima 1% e vazandsuagaunidluimwa'ld
Y Y 9 A Y 9y oy 9 o Yy 9 9
Tagldnaunumsldanuion vieaansldnnudoulumsudsgihimwald msildidudu
Y v < adq Y o o
arenszuaums ifwunsu Wumaluladdldaudnvazuuumsuenaans (@agnazaie
< ' 3‘ [ T
W30 voeude) eenlasms lvaniuveatin TasliusadUAIMILNILTY (Trans-membrane
I o 4 3 1 I a o
pressure)  unsavunaen Fewueendu lulasWams¥u (Micro-Filtration :  MF)
90a51WaAI T (Ultra-Filtration : UF) 11 TuWai@s®u (Nano-Filtration : NF) tiazeod lude

AUNAY (Reverse Osmosis : RO) (Girard and Fukumoto, 2000)



13
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Figure 1. Schematic of palm sugar concentrate production
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Table 4. Composition of palm sugar concentrate

Palm sugar Palm sugar Palm sugar
Composition - Qe Sy
concentrate concentrate concentrate
pH 5.83 5.17 5.02
Total soluble solid (*Brix) 68.72 65.40 66.60
Reducing sugar (%) - 11.07 6.12
Total sugar (%) 68.0 48.56 61.37

fn: () wam uiudh 2545
) iy NP (2547)
Note: (1)* Palm sugar syrup was produced with heating process in opened pan at 70°C,
fining with activated carbon
(2)**  Palm sugar concentrate was produced from palm sap, kiam wood (3-5 g) was
added in a container which was collected palm sap.
(2)***  Palm sugar concentrate was produced from palm sap, kiam wood (3-5 g) and
sodium benzoates (0.3 g) were added in a container which was collected

palm sap.

3.3 mstfasumlasszrnamswaminamalauaringy
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v @ o ) { a o [ oy o
nuud uazldanudoulagldnsznzida Nguugld 70°w (3) lesiihaalaua ¢ filalag
4 a\ { a o oy
THhuulalun  vagldanudoulasldnsznzilla Nguugil 80°s Hdmassludieia uaz
[ g; A A 9 ' Y] g; o w &
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aA 9 = o g‘ A A Y I Y 1 [

Tauafidaoudrunaos naz lasihivalaua A Ind L gega uaaldmiuindiodnslas
Y v Y
wanalauaaa A Tannuainauniige sesau as lesihiihmialaua B uag C awday
] ] 9

tanuduiussudusimsganaunas innuenaau 270 wTuwas veslailie 3 ded

= [ g’ ISP A v [ g’ o w
F'lasihaalana A simsganauuaannnit lesihimialaua B uaz C awdny
9 1 1
uaasliiiudlasihivialaua A lalaslfuu e lud ez ldanuioulanldnsynzitlai
gangdl 80°a Tarudnvesduinndnlesuidhlalaeldmanmsuiug nazlinnuioulas

[ 9 v

Tdnsznzdangungl 70°y uaz lesihihaia Tauad TdnnmsilaTaelduu Talus uaz i

anuouTagldiniosszmeNgungi 80°a AW (Table 5)

Table 5. Physical property of palm sugar syrup

Absorbance Color
Sample
(wavelength at 270 nm) L a b
A 0.5680 13.63 -1.64 2.13
B 0.5390 10.66 -1.76 1.81
C 0.5384 8.48 -1.89 1.71

fin: isam usuih 2545)
Note: A =Palm sugar syrup was produced with heating process in opened pan at 80°C, fining
with bentonite.
B = Palm sugar syrup was produced with heating process in opened pan at 70°C, fining
with activated carbon.
C = Palm sugar syrup was produced with heating process by vacuum evaporator at 80°C,

fining with bentonite.
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Yeenvisenfnseniin lalaslada (Hydrolysis) (1501 Sauluu, 2544)

C,H,0, + HO —» CH,0, + CH.O, cceoomerre AN 1
(glase) (1) (mglaa)  (Wynlam)

I 1
2. anuiluan
Y q 9 Y ' A Y < '
ﬂ'lclfl/iﬂ'ﬂllﬁfJutlﬂﬁ’ﬂia8ﬁ'lﬂ“yiﬂiﬁiu@’fﬂ’ngﬂﬂﬂuﬂﬂ%ﬂuﬂ1\‘1
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C,H,0, + HHO — CH,0, + CH,O, reeee... AN 2
CAGER) (i) ~ Invertase (mglae)  (lgnlaa)

3.3.2.2 Ugnsenmsnaainma
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Figure 3. Harvesting of palm sap and the processing of palm sugar concentrate (a-h)
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Table 7. Surveyed data of the harvesting, processing and storaging conditions of palm sugar
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Table 8. Means and range of the qualities data for 30 palm sugar concentrate samples in

commercial

Qualities Means Range
Color L* 16.18+12.12 1.78-53.93

a* 23.65+5.90 9.87-34.75

b* 26.95+19.00 3.09-78.94
Transmittance (%) at 650 nm 12.28+10.00 1.34-50.45
pH 4.93+0.22 4.50-5.37
Total acidity (%w/v as lactic acid) 0.40+0.16 0.24-0.86
Total soluble solid (*Brix) 67.58+3.66 59.01-73.05
Total sugar (Yow/w) 55.93+10.48 23.77-71.89
Reducing sugar (Yow/w) 11.5145.06 3.54-23.94
Water activity 0.80+0.02 0.75-0.87
Total microbial count (cfu/g) 2.96x10° 1.20x10™- 4.80x10°
Yeast and mold count (cfu/g) 2.01x10° 1.30x10™- 5.30x10"
Osmophillic yeast count (cfu/g) 3.34x10° 2.00x10°-1.46x10’

Note : Each value is the mean of 30 samples with triplicate determinations.



Figure 4. Palm sugar concentrate 30 samples
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Table 9. Type of packaging and storage time of 30 palm sugar concentrate samples in commercial

before analysis

Sample Type and volume of packaging Storage time (days)
1 Tin can (20 liters) 14
2 Tin can (20 liters) 10
3 Traditional earth jar (100 liters) 60
4 Traditional earth jar (100 liters) 60
5 Traditional earth jar (100 liters) 60
6 Traditional earth jar (100 liters) 60
7 Tin can (20 liters) 30
8 Plastic bottle (20 liters) 60
9 Tin can (100 liters) 60
10 Tin can (20 liters) 60
11 Tin can (20 liters) 30




Table 9. (continuted)

Sample Type of packaging Storage time (days)
12 Tin can (100 liters) (opened) 60
13 Traditional earth jar (100 liters) (opened) 60
14 Traditional earth jar (100 liters) 60
15 Tin can (20 liters) (opened) 60
16 Tin can (20 liters) 60
17 Plastic bottle (20 liters) 60
18 Tin can (20 liters) 60
19 Tin can (20 liters) 30
20 Tin can (20 liters) 30
21 Tin can (20 liters) (opened) 60
22 Tin can (20 liters) 60
23 Tin can (20 liters) 60
24 Traditional earth jar (100 liters) 3
25 Tin can (20 liters) 5
26 Tin can (20 liters) 5
27 Plastic bottle (20 liters) 5
28 Traditional earth jar (100 liters) 3
29 Traditional earth jar (100 liters) 7

30 Traditional earth jar (100 liters) 7




Table 10. Physical quality of 30 palm sugar concentrate samples in commercial

Color Transmittance
Sample
L* a* b* (%) at 650 nm
1 12.33' 27.00" 20.17 9.23'
2 37.82" 26.75" 62.04" 29.63
3 5.19° 22.06" 8.69° 5.11°
4 5.53° 23.03' 9.53¢ 5.52°
5 8.07' 26.03" 13.99" 6.56°
6 3.14° 14.16" 5.34° 3.80°
7 1.89° 9.87° 3.34° 2.80"
8 6.41" 22.16" 11.19' 591"
9 2.50" 12.54° 4.24° 1.34"
10 1.78° 10.24° 3.09° 2.81°
11 7.24" 25.52" 12.46° 6.70"
12 20.97° 34.75" 36.23" 19.71"
13 17.74° 26.25° 30.32" 11.87°
14 8.4 26.41° 14.38" 7.32'
15 15.63" 24.88' 26.87" 10.50"
16 15.61" 24.54" 26.80" 10.62"
17 32.93" 23.86 54.34" 22.02"
18 22.96' 21.13" 38.47 12.92°
19 13.96" 15.82° 23.22' 592"
20 19.31° 26.71° 33.17° 13.07°
21 18.07° 29.86° 31.10° 13.70"
22 20.18" 30.55" 34.67° 15.67°

23 23.08' 30.33' 39.60' 17.54'
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Table 10. (continuted)

Color Transmittance
Sample
L* a* b* (%) at 650 nm
24 53.93" 23.67 78.94 50.45"
25 28.93" 21.68° 47.20" 17.66'
26 10.67" 26.02" 18.30' 8.12
27 18.13" 2451 31.00° 11.13"
28 12.23' 25.58" 20.95° 8.44"
29 6.76° 24.48" 11.61" 6.00"
30 33.86" 29.17" 57.13" 26.31"

Note : Each value is the mean of triplicate determinations.

The different superscripts in the same column denote the significant differences (p<0.05).
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Table 11. Chemical quality of 30 palm sugar concentrate samples in commercial

Total Total
Total Reducing  Total sugar
acidity soluble Water
Sample pH sugar sugar / Reducing
(%ow/v as solid activity
. (Y%ow/w) (Yow/w) sugar ratio
lactic acid) ("Brix)
1 4.79° 0.59' 59.01° 57.94" 7.89° 7.34" 0.87
2 517 0.47" 71.00" 60.62"" 3.52° 17.19° 0.83'
3 515" 0.86" 68.04’ 23.77° 10.27% 2.32° 0.77°
4 518" 0.69" 68.07 39.61" 10.27" 3.86° 0.77"
5 5.09° 0.63" 68.17 41.73° 10.66°" 3.91° 0.75°
6 5.00" 0.71° 70.20" 55.54" 11.01" 5,05 0.79"®




Table 11. (continuted)
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Total Total
Total Reducing  Total sugar
acidity soluble Water
Sample pH —— wolid sugar sugar / Reducing activity
1( : o e (%w/w) (%w/w)  sugar ratio
acCtiC aci T1X

7 4.52° 0.44" 67.20 54.06" 19.92° 2.71° 0.79*"
8 4.69" 0.46" 64.10° 52.43° 16.75" 3.13¢ 0.79°*"

9 4.60° 0.35" 63.67° 55.33% 18.03" 3.07° 0.83'
10 4.50" 0.41" 62.03¢ 56.68" 23.94" 2.37° 0.80""

11 477" 0.45" 61.07° 42.00° 9.96' 4227 0.84'
12 4.89 0.41" 67.07" 59.09" 13.72' 431" 0.80°"
13 5.37' 0.36° 68.17 65.17™ 6.97° 9.35 0.80"*"
14 5.16° 0.34°" 71.23" 62.26" 11.46" 5.43" 0.78™*
15 4.92" 0.26" 69.27" 64.55" 12.31° 5.24" 0.78"
16 4.94' 027" 69.10" 61.16™ 11.96" 5.11% 0.81"
17 5.05" 0.32° 73.05" 71.89° 8.45% 8.51° 0.79°*"
18 478" 0.26" 66.20° 53.23 10.21" 5.22" 0.80""
19 4.88' 0.25" 62.07° 47.44" 8.63° 5.50 0.81"
20 5.05" 0.31% 72.55" 66.43" 11.01" 6.04° 0.81"
21 5.00" 0.34"" 72.57° 64.55" 10.21" 6.33 0.79""
22 5.09° 0.32°“ 71.84° 67.70" 9.62" 7.04" 0.80*"
23 4.85" 0.24" 69.90" 61.71™ 6.20° 9.95" 0.80%"
24 5.06" 0.25" 66.62"" 62.81° 8.13 7.73° 0.80*"

25 5.25° 0.31° 69.23" 59.59" 13.94' 427" 0.83'
26 4.88' 0.28 65.33' 66.40" 13.50' 4.92° 0.81"
27 5.00" 0.32° 64.17° 65.78™ 12.12" 5.43" 0.81"
28 4.59° 0.40" 70.17" 59.09" 19.48° 3.04° 0.79""
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Table 11. (continuted)

Total Total
Total Reducing  Total sugar
acidity soluble Water
Sample pH sugar sugar / Reducing
(%ow/v as solid activity
. (Yow/w) (Yow/w) sugar ratio
lactic acid) ("Brix)
29 4.71° 0.40" 70.27" 59.61" 19.92° 2.99° 0.83'
30 4.88' 027" 69.43" 47.12° 11.62° 4.06“ 0.81"

Note : Each value is the mean of triplicate determinations.

The different superscripts in the same column denote the significant differences (p<0.05).
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Table 12. Microbiological quality of 30 palm sugar concentrate samples in commercial

Total microbial count Yeast and mold count Osmophillic yeast count
Sample
(cfu/g) (cfu/g) (cfu/g)
1 3.2x10° 1.0x10° 3.4x10°

2 4.0x10" 1.5x10" 1.6x10°




Table 12. (continuted)

Total microbial count

Yeast and mold count

Osmophillic yeast count

Sample

(cfu/g) (cfu/g) (cfu/g)
3 4.8x10° 3.0x10" 1.8x10°
4 7.0x10" 3.0x10" 6.0x10’
5 5.0x10" 1.3x10" 6.2x10’
6 2.0x10" 1.5x10" 9.3x10’
7 3.0x10" 2.0x10" 1.1x10°
8 6.0x10" 4.0x10" 2.2x10°
9 3.2x10° 2.2x10" 2.3x10’
10 2.0x10’ 1.0x10" 1.5x10°
11 2.3x10" 1.8x10" 2.7x10°
12 8.2x10" 3.0x10" 1.4x10°
13 9.5x10’ 1.1x10° 4.0x10°
14 9.0x10’" 3.7x10" 2.5x10°
15 7.0x10" 1.6x10" 6.2x10°
16 4.6x10° 5.3x10" 2.1x10°
17 9.0x10" 2.4x10" 4.6x10°
18 7.8x10" 2.0x10" 4.0x10°
19 5.2x10" 1.4x10" 2.1x10’
20 5.0x10" 1.0x10" 1.2x10°
21 3.0x10" 1.1x10" 1.4x10°
22 4.7x10° 2.2x10" 4.1x10°
23 3.2x10° 2.0x10" 2.2x10°
24 4.8x10° 1.1x10" 1.1x10°
25 2.6x10° 6.3x10” 4.2x10°
26 4.9x10° 1.3x10° 1.5x10’
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Table 12. (continuted)

Total microbial count Yeast and mold count Osmophillic yeast count
Sample
(cfu/g) (cfu/g) (cfu/g)
27 2.2x10° 2.7x10° 8.3x10°
28 8.3x10° 2.0x10° 1.2x10°
29 5.6x10° 8.0x10° 1.5x10°
30 1.2x10° 4.0x10° 2.0x10°
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Tag Multivariate Technique-Principal Component Analysis (PCA) Favouavrgniangy ada
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Table 13. Correlation coefficient matrix from quality of palm sugar concentrate samples in commercial
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Total Total Yeast
Transmittance Total Reducing Total Osmophillic
Variables L* a* b* pH soluble microbial and
(%) at 650 nm acidity sugar sugar yeast
solid count mold
L* 1 0.435 0.996 0.965 0.406 -0.477 0.302 -0.478 0.375 0.564 -0.100 -0.075
a* 0.435 1 0.475 0.428 0.439 -0.178 0.374 -0.475 0.213 0.014 0.066 0.268
b* 0.996 0.475 1 0.946 0.417 -0.495 0.332 -0.495 0.387 0.496 -0.092 -0.057
Transmittance
0.965 0.428 0.946 1 0.358 -0.376 0.268 -0.413 0.328 0.692 -0.099 -0.030
(%) at 650 nm
pH 0.406 0.439 0.417 0.358 1 0.137 0.454 -0.638 0.055 0.186 0.363 0.186
Total acidity -0.477 -0.178 -0.495 -0.376 0.137 1 -0.105 0.086 -0.578 -0.173 0.069 0.220
Total soluble solid 0.302 0.374 0.332 0.268 0.454 -0.105 1 -0.223 0.274 -0.033 0.055 0.224
Reducing sugar -0.478 -0.475 -0.495 -0.413 -0.638 0.086 -0.223 1 0.074 -0.175 -0.263 -0.229
Total sugar 0.375 0.213 0.387 0.328 0.055 -0.578 0.274 0.074 1 0.127 0.014 -0.027
Total microbial count 0.564 0.014 0.496 0.692 0.186 -0.173 -0.033 -0.175 0.127 1 0.116 -0.115
Yeast and mold -0.100 0.066 -0.092 -0.099 0.363 0.069 0.055 -0.263 0.014 0.116 1 0.184
Osmophillic yeast -0.075 0.268 -0.057 -0.030 0.186 0.220 0.224 -0.229 -0.027 -0.115 0.184 1
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Figure 5. Biplot PC1-PC2 of the quality of palm sugar concentrate 30 samples
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Table 14. Physical and chemical qualities of fresh palm sap (A,) during storage at room temperature (29°C) for 12 hours

o & E Qualities
§ g- é Color Transmittance pH Total acidity (Yow/v Total soluble Total sugar Reducing sugar
wn < -
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (%ow/w)
0 83.82 1.61° 11.82° 72.18' 420" 0.11° 10.93¢ 9.59° 231°
3 83.05' 1.76" 11.55° 70.41" 4.12° 0.13° 10.60° 9.13° 2.56°
1 6 81.69" 1.85° 12.05° 68.10° 4.02° 0.17° 10.60° 8.93¢ 327
9 75.05° 197 12.36° 55.95" 3.87° 0.21° 10.20° 8.44° 433
12 6987 2.08¢ 12.30° 47.99" 3.73° 0.23° 10.00" 7.73° 5.08'
AP f f i f f a a
0 74.29 2.51 13.15 56.18 4.19 0.11 11.40° 9.67° 1.97
3 71.23° 2.64° 13.29" 51.17° 4.03° 0.13° 11.20 9.41" 2.66°
2 6 67.97° 2.77" 13.33% 45.99° 3.90° 0.18° 11.20" 9.17° 3.44°
9 63.05 2.83' 13.37° 43.72° 3.76° 0.22' 11.00° 8.86° 4.45°
12 60.10° 2.90 13.54" 39.29° 3.65" 0.24" 11.00° 7.99° 517"

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.

Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).

The first and second sampling times were done in a different day between April and May 2008.

A, = Sample A, was collected by bamboo tube, which was dipped in boiling palm sap after use according to a traditional method.
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Table 15. Microbiological qualities of fresh palm sap (A,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling

r. count (cfu/g ctu/g acteria (ctu/g
(hr.) (cfu/g) (cfu/g) b ia (cfu/g)

0 1.19x10° 7.40x10° 4.70x10°

3 2.03x10° 1.06x10° 5.70x10’

1 6 2.33x10° 8.80x10’ 7.90x10°

9 3.80x10° 1.06x10° 1.04x10°

12 6.40x10° 1.77x10° 1.72x10°

AP
7 5 7
0 1.02x10 6.80x10 3.20x10

3 1.92x10° 8.60x10° 3.70x10’

2 6 1.87x10° 9.20x10° 8.10x10°

9 4.60x10° 9.80x10 1.12x10°

12 5.40x10° 1.37x10° 1.58x10°

Note: Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
A,= Sample A, was collected by bamboo tube, which was dipped in boiling palm sap after use

according to a traditional method.
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a § [ Y o A 4 o w
SAERANNINY 3.82, $e8az 0.27, 13.40°U5NE, So8az 11.27 Hariosay 4.81 AUa19Y Ay
@ ' 1 1w o a o
Tudredne B2 HAwmAy 3.52, fesaz  0.29, 13.60°U5n%, Fesaz 9.56 aziesaz 2.69
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Table 16. Physical and chemical qualities of fresh palm sap (B,) during storage at room temperature (29°C) for 12 hours

o e ;‘: Qualities
g g‘ Té/ Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
wn < =
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 78.56 2.13° 12.50° 63.38' 4.70 0.08" 14.13° 13.26° 1.06°
3 73.51° 2.29° 12.18° 54.44° 436" 0.15° 13.60° 12.72" 2.62°
1 6 72.19° 2.14° 12.05° 51.58° 4.09* 0.22° 13.60" 12.21° 3.13"
9 68.74° 221° 11.73° 46.20° 3.90° 0.25' 13.60" 11.76" 4.45°
12 66.82° 221° 11.55" 43.35° 3.82° 027" 13.40" 11.27° 481"
BP j g g j i b e f a
0 79.91 2.61 15.34 67.50 4.42 0.09 14.23 14.53 0.99
3 78.42" 2.41° 13.38" 63.14" 4.02" 0.11° 14.07° 12.86° 1.26°
2 6 77.17° 2.52" 13.35" 61.37° 3.87° 0.23° 14.03° 11.54% 1.70°
9 76.32" 2.49° 13.11° 58.91" 3.63° 0.26° 13.80° 10.44° 2.20°
12 7532° 2.41° 12.98° 56.26° 3.52° 0.29' 13.60" 9.56" 2.69°

Note: Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.
Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

B, = Sample B, was collected by bamboo tube, which was dipped in boiling palm sap after use according to a traditional method.
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Table 17. Microbiological qualities of fresh palm sap (B,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr.) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 9.93x10° 5.83x10° 4.40x10’
3 1.64x10° 7.47x10° 5.47x10’
1 6 2.28x10° 8.27x10° 7.23x10°
9 3.83x10" 3.87x10’ 10.00x10°
12 5.30x10° 7.07x10’ 1.52x10°
B 0 8.40x10° 5.90x10° 4.40x10’
3 1.58x10" 7.20x10° 5.60x10’
2 6 1.95x10° 7.30x10° 6.10x10°
9 4.80x10° 3.90x10’ 1.02x10°
12 6.70x10°" 8.10x10’ 1.49x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
B, = Sample B, was collected by bamboo tube, which was dipped in boiling palm sap after use

according to a traditional method.
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Table 18. Physical and chemical qualities of fresh palm sap (C,) during storage at room temperature (29°C) for 12 hours

% %D ;‘: Qualities
(% g‘ g Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 95.43 0.86" 8.88" 92.33 497 0.05* 11.40° 11.72° 0.81°
3 90.32' 0.91° 8.98° 83.50' 4.70" 0.07" 11.40° 10.84° 0.88"
1 6 86.52" 1.21° 9.58° 76.12" 441° 0.10° 11.40° 10.49° 1.39°
9 82.80° 1.50° 9.91° 69.19° 412 0.16' 11.40" 9.64° 2.82"
12 75.74" 1.91° 10.84° 56.35" 3.78" 0.20° 10.97" 9.33" 4.19
& 0 78.16' 3.13 18.74 66.03' 5.48" 0.05* 15.13" 12.97¢ 1.95
3 77.73¢ 275 16.58' 64.04° 473" 0.06" 14.97° 11.70" 2.07°
2 6 7749° 265" 15.92" 63.19° 4.65° 0.09° 14.97° 11.29° 2.19"
9 77.21° 2.60° 14.84° 60.22° 4.42° 0.15° 14.73 10.95 2.70°
12 7691° 2.49' 13.60" 58.11° 4.28° 0.20° 14.40° 10.48° 2.86'

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.

Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).

The first and second sampling times were done in a different day between April and May 2008.

C,= Sample C, was collected by bamboo tube, which was dipped in boiling palm sap after use according to a traditional method.
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D,2 WAYMINY 2.10x10°, 1.25x10° uaz 8.5x10" cfu/g Mud1aD uazioru 1yl 12 ¥ Tug
% 1 s A a S d oaj = J a S A A [ -2 8
A10¢79 D,1 TFuagdunionue daauazs uazuananuuaiiize magny 7.77x10’,
8.20x10° 118z 2.03x10° cfu/g amday uazludi0619 D,2 mAanMIAy 1.23x10, 2.12x10° ag

1.98x10 cfu/g AUSIA (Table 21)

Table 19. Microbiological qualities of fresh palm sap (C,)during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 9.90x10° 6.63x10° 4.67x10°
3 1.76x10° 4.90x10° 7.40x10°
1 6 2.22x10° 5.97x10° 1.36x10°
9 4.67x10° 6.37x10° 1.61x10°
12 6.03x10° 8.07x10° 1.88x10°
CP
0 7.60x10° 5.40x10° 3.50x10’
3 1.67x10° 4.40x10° 6.80x10°
2 6 2.20x10° 6.20x10° 1.39x10°
9 4.80x10° 7.30x10° 1.76x10°
12 7.50x10° 9.20x10° 1.94x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
C,= Sample C, was collected by bamboo tube, which was dipped in boiling palm sap after use

according to a traditional method.



Table 20. Physical and chemical qualities of fresh palm sap (D,) during storage at room temperature (29°C) for 12 hours

% %D ;‘: Qualities
(% g‘ g Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 8334 2.12° 8.19° 76.19' 4.71° 0.08" 11.97° 10.79% 1.65
3 79.66° 2.25' 7.75° 65.97° 4.42° 0.10° 11.83° 10.52" 1.85°
1 6 76.84° 2.34° 7.08° 60.42° 4.15° 0.15' 11.80° 10.13° 3.12°
9 71.59" 247" 6.74° 51.45° 3.85" 0.17" 11.40° 9.87" 3.86°
12 62200 229" 6.54° 37.20° 3.71° 0.34 10.80° 8.99° 5.04"
Or 0 87.42' 1.53¢ 12.44' 79.46 5.35' 0.07" 12.83¢ 10.77¢ 1.70°
3 87.23" 1.27° 10.61" 78.47" 486" 0.09° 12.37° 10.51" 1.92°
2 6 87.00" 123" 10.28" 77.97 4.63" 0.14° 12.37 10.07* 2.53°
9 85.87° 1.20° 10.13 77.96° 4.26° 0.16° 12.20° 9.77° 3.27°
12 83.06° 1.14° 10.05° 75.45° 4.13° 0.32' 12.00° 9.38" 3.52'

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.
Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

D, = Sample D, was collected by bamboo tube, which was dipped in boiling palm sap after use according to a traditional method.
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Table 21. Microbiological qualities of fresh palm sap (D,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr.) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 1.09x10 7.47x10° 6.53x10’
3 1.81x10° 5.00x10° 1.08x10°
1 6 2.33x10° 6.23x10° 1.43x10°
9 5.97x10° 7.03x10° 1.70x10°
12 7.77x10° 8.20x10° 2.03x10°
DP
0 2.10x10’ 1.25x10° 8.5x10’
3 2.02x10° 2.76x10° 9.2x10°
2 6 2.93x10° 4.90x10’ 1.33x10°
9 9.20x10° 1.05x10° 1.70x10°
12 1.23x10° 2.12x10° 1.98x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
D, = Sample D, was collected by bamboo tube, which was dipped in boiling palm sap after use

according to a traditional method.
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uazluda0619 E,2 %2 Tued 3-6 lunlasumlas usazanasantioaiiomnuas Tuuiu 12 421uq
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Table 22. Physical and chemical qualities of fresh palm sap (E,) during storage at room temperature (29°C) for 12 hours

— ualities
s £ &£ !
g g‘ g Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
wn < =
@ &= L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 94.57 1.71° 12.23° 79.41 4.69 0.53° 11.93° 11.62° 0.79°
3 81.21' 1.98° 10.62° 68.14" 4.50° 0.70° 11.90° 10.83° 0.84"
1 6 79.57° 1.90° 10.28° 64.60° 4.26° 0.87" 11.90° 10.39° 0.92°
9 74.33° 2.23° 10.08" 55.52° 4.08° 1.37% 11.90° 9.81° 1.08°
12 7142 2.37° 9.79" 50.79° 4.03° 1.76" 11.60" 8.71° 2.30°
! 0 80.39" 2.59 16.89' 69.04' 5.12' 0.06" 14.93" 12.38" 2.40°
3 78.01" 2.45° 14.78" 63.09" 452" 0.07" 14.60° 11.44" 2.99°
2 6 75.12° 2.38" 14.05° 57.69° 435" 0.10" 14.60° 10.88° 3.54"
9 72.46° 2.28" 12.54" 55.85° 4.11° 0.15% 14.37° 1025 4.43°
12 70.26° 2.15° 12.25° 53.45° 3.99" 0.21° 14.03° 9.53" 5.14"

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.
Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

E,= Sample E, was collected by bamboo tube, which was dipped in boiling palm sap after use according to a traditional method.
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Table 23. Microbiological qualities of fresh palm sap (E,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling

(hr.) count (cfu/g) (cfu/g) bacteria (cfu/g)

0 7.80x10° 5.07x10° 1.04x10’

3 1.16x10° 4.10x10° 1.51x10°

1 6 1.83x10° 5.30x10° 4.53x10°

9 3.50x10" 6.20x10° 7.43x10"

12 4.83x10° 7.93x10° 1.28x10°

o 0 6.20x10° 4.70x10° 9.80x10°

3 1.02x10" 3.90x10° 1.23x10’

2 6 1.53x10° 4.90x10° 3.70x10°

9 4.30x10° 6.80x10° 8.20x10°

12 5.20x10" 8.50x10° 1.22x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
E,= Sample E, was collected by bamboo tube, which was dipped in boiling palm sap after use according

to a traditional method.
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Table 24. Physical and chemical qualities of fresh palm sap (A) during storage at room temperature (29°C) for 12 hours

% %D ;‘: Qualities
(% g‘ g Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 89.53' 1.51° 12.17% 83.19° 4.54° 0.09° 13.47 12.19% 1.82°
3 87.55" 1.48° 12.29 79.80' 4.40° 0.10" 12.73 10.86' 2.42°
1 6 84.82° 1.64° 12.08° 77.14° 4.26° 0.11° 12.42 10.25° 2.68°
9 80.30° 1.92° 11.79" 73.12° 4.12° 0.13° 12.10° 9.35° 3.36°
12 76.18°  2.04' 11.51° 70.11° 3.87° 0.16' 11.57° 8.91% 3.93"
A 0 90.21’ 127" 12.26" 89.32' 4.88° 0.10° 13.14" 10.91° 2.23°
3 83.05' 1.45° 12.05° 85.35" 4.70" 0.11% 12.62" 9.96" 2.52°
2 6 81.43° 1.65° 11.81° 80.11° 445" 0.15° 12.52° 9.67° 2.98"
9 77.82°¢ 1.79° 11.55° 76.30° 4.06° 0.18° 12.38° 9.13% 4.18'
12 7376 1.94° 11.44° 72.72° 3.90° 021" 11.93° 8.72" 4.60°

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.

Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).

The first and second sampling times were done in a different day between April and May 2008.

A, = Sample A, was collected by bamboo tube, which was dipped in boiling water before and after use according to an improval method.
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W 4.23, $eeaz 0.25, 12.60°U30E, Jo8az 9.81 uay To8az 2.17 MUAIAL (Table 26)

Table 25. Microbiological qualities of fresh palm sap (A,,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 1.60x10° 7.80x10° 2.97x10°
3 7.90x10° 1.68x10° 5.90x10°
1 6 9.70x10° 7.40x10° 1.91x10°
9 3.90x10’ 1.88x10° 1.79x10°
12 1.70x10° 5.30x10° 2.13x10°
AW
0 3.50x10° 3.20x10° 4.80x10°
3 1.23x10° 5.70x10" 6.80x10’
2 6 5.60x10’ 6.40x10° 8.40x10’
9 7.90x10’ 7.30x10° 2.37x10°
12 1.23x10° 2.25x10° 2.76x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
A, = Sample A, was collected by bamboo tube, which was dipped in boiling water before and after use

according to an improval method.
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Table 26. Physical and chemical qualities of fresh palm sap (B,,) during storage at room temperature (29°C) for 12 hours

% %D ;‘: Qualities
(% g‘ g Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 81.34' 1.42° 13.77" 79.45 5.09° 0.07" 14.52" 14.53¢ 0.99°
3 72.55° 1.53° 13.09° 76.30 479 0.13° 14.22° 12.86' 1.26°
1 6 73.76' 1.64° 11.96" 72.72¢ 4.53¢ 0.16° 14.08" 11.75° 1.36°
9 70.65° 1.78° 11.95° 70.89' 425 0.22° 13.98° 11.07° 1.48°
12 6851°  1.897 11.82° 69.38° 4.02° 0.26" 13.83° 1031° 1.74'
B 0 79.61" 1.66° 12.22 73.89" 5.12° 0.08" 14.13" 12.96 1.10°
3 76.50° 1.85° 12.08° 70.45° 4.89° 0.11° 13.55° 12.43° 1.34
2 6 71.96" 1.92° 11.82° 67.82° 4.48° 0.18° 13.33° 11.58° 143
9 70.06" 2.06° 11.62° 66.36" 433" 021" 13.03 11.14° 1.61"
12 6883 210" 11.24° 65.86" 423 0.25" 12.60° 9.81° 2.17°

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.
Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

B,,= Sample B,, was collected by bamboo tube, which was dipped in boiling water before and after use according to an improval method.
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Table 27. Microbiological qualities of fresh palm sap (B,,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr.) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 1.48x10° 6.50x10’ 4.97x10°
3 5.80x10° 1.35x10° 7.10x10°
1 6 8.65x10° 6.90x10’ 1.58x10°
9 2.92x10° 1.75x10° 2.01x10°
12 1.86x10° 6.32x10° 2.86x10°
BW 6 4 6
0 1.56x10 3.40x10 4.30x10
3 5.70x10° 6.80x10" 8.20x10°
2 6 1.65x10° 2.53x10° 2.31x10°
9 5.70x10’ 3.50x10° 5.20x10°
12 1.12x10° 5.70x10° 7.50x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
B,, = Sample B, was collected by bamboo tube, which was dipped in boiling water before and after use

according to an improval method.
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Table 28. Physical and chemical qualities of fresh palm sap (C,,) during storage at room temperature (29°C) for 12 hours

o e ;‘: Qualities
g g‘ Té/ Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
wn < =
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 96.68' 0.72" 9.57° 95.04' 4.55° 0.66" 13.20° 13.29" 0.61°
3 92.09" 0.85° 8.99" 90.33" 4.25° 0.68" 13.20° 12.03" 0.89°
1 6 89.07° 1.13¢ 8.36° 86.05° 420° 0.92° 13.13° 9.23¢ 1.39°
9 85.89° 1.33° 7.99° 80.96° 4.09" 1.22° 13.13° 7.93¢ 1.92°
12 8L 1.61° 6.62" 72.75¢ 3.98" 1.80° 13.00™ 6.61° 2.30°
C, -
f f i f f a cd h a
0 87.67 2.01 15.68 83.12 4.50 0.62 12.73 13.64 0.71
3 81.96° 2.61° 13.81" 76.70° 431° 0.66" 12.47" 12.57% 0.89°
2 6 80.51 275" 13.65" 72.41° 422 0.76" 12.33% 9.87° 1.42°
9 79.60" 2.91" 13.21° 69.31° 4.11° 1.32° 1233 7.83¢ 2.01°
12 7896 3.05' 12.58" 65.60° 3.99" 1.62° 12.07° 7.03° 2.36°

Note: Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.
Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

C,,= Sample C,, was collected by bamboo tube, which was dipped in boiling water before and after use according to an improval method.
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Table 29. Microbiological qualities of fresh palm sap (C,,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr.) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 9.10x10’ 6.30x10° 3.90x10°
3 5.80x10° 8.50x10" 2.30x10°
1 6 7.40x10’ 1.43x10° 8.90x10’
9 1.14x10° 2.50x10° 1.54x10"°
12 2.40x10° 5.70x10° 5.20x10°
CW
5 3 6
0 7.80x10 5.20x10 2.80x10
3 4.40x10° 4.11x10" 2.70x10’
2 6 6.40x10’ 1.10x10° 6.54x10’
9 1.02x10° 2.64x10° 1.22x10°
12 1.86x10° 4.30x10° 3.14x10°

Note : Microbiological analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
C,,= Sample C, was collected by bamboo tube, which was dipped in boiling water before and after use

according to an improval method.
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#2109 0-3 taza b*luga Tuen 6 Ja1 liuana1eanu (p>0.05) tazuennniinuinludiedns
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S 1 1 Y L] 1 LY L] d‘ Q' 9 o‘/ d' a0 1
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Table 30. Physical and chemical qualities of fresh palm sap (D) during storage at room temperature (29°C) for 12 hours

% %D ;‘: Qualities
(% g‘ g Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 84.23' 1.25° 14.62' 82.30' 4.98" 0.07" 12.43 12.22% 0.81°
3 81.81" 1.57° 13.70" 80.16° 4.78° 0.08" 12.17° 9.79' 0.93°
1 6 7978 228" 12.86 78.33° 4.66° 0.12° 11.93° 7.81° 1.07°
9 76.61° 248" 12.49° 76.53° 426 0.15° 11.62° 6.92° 1.38°
12 7320° 2.56' 11.32% 74.49° 4.13° 021" 11.47 6.44° 1.58°
Dw 0 82.29' 1.73° 13.48 80.70" 5.09° 0.08" 12.67° 12.02% 0.93°
3 80.16° 1.66° 11.56" 79.78' 4.84° 0.09" 11.93° 9.01° 1.00°
2 6 78.09° 1.75° 11.39° 76.70° 4.68° 0.14° 11.30° 7.74° 1.02°
9 75.18° 1.92° 11.18° 72.83" 4.43° 0.16° 10.80" 7.23° 142"
12 7244° 2.17" 10.87" 68.11° 426 0.24° 10.37° 6.53° 1.73"

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.
Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

D,,= Sample D, was collected by bamboo tube, which was dipped in boiling water before and after use according to an improval method.
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Table 31. Microbiological qualities of fresh palm sap (D,,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr.) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 1.63x10° 7.80x10° 2.20x10°
3 6.20x10’ 5.30x10° 1.85x10°
1 6 7.40x10’ 2.90x10° 6.40x10’
9 1.91x10° 7.00x10° 7.20x10°
12 1.10x10° 4.10x10° 4.90x10°
DW
4 4 5
0 4.50x10 3.70x10 7.30x10
3 1.24x10’ 6.80x10" 2.45x10°
2 6 2.34x10° 1.56x10° 5.40x10°
9 3.00x10’ 2.53x10° 6.80x10°
12 2.42x10° 2.68x10° 1.26x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
D, = Sample Dy, was collected by bamboo tube, which was dipped in boiling water before and after use

according to an improval method.
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4.16, $oway 022, 11.27°0504, $00az 7.79 1oy Sovaz 2.46 Mua1ay uazlud10819 E, 2 i
AN 4.10, Fooaz 2.38, 11.07°USNT, So0as 7.22 1as So8as 2.46 MGG (Table 32) 110
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% [l s A a A d v = J a ~ A a 1w 8
@10619 B, 1 UlTinagaunidnaviug daduazs tazuananuuaiize massiny 1.73x10°,
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Table 32. Physical and chemical qualities of fresh palm sap (E,,) during storage at room temperature (29°C) for 12 hours

% %D ;‘: Qualities
(% g‘ g Color Transmittance pH Total acidity (%ow/v Total soluble Total sugar Reducing sugar
@ = L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (Y%ow/w)
0 96.80° 1.37° 14.41° 97.67" 493" 0.07" 11.93° 12.03* 0.76"
3 91.84  1.74" 13.48" 94.08" 4.62' 0.08" 11.53" 10.73" 1.08°
1 6 84.83°  1.87% 12.12° 90.73° 4.50° 0.11° 11.53 9.12° 1.50°
9 80.17° 244" 1236 87.67° 4.32° 0.16" 11.33" 8.83% 1.95°
12 78.04° 263" 12.52° 81.04° 4.16° 022 11.27° 7.79° 2.46'
B 0 96.13¢ 1.41° 13.45 95.63¢ 4.73¢ 0.74° 11.95° 10.93" 0.93°
3 90.11" 1.60" 13.11° 90.11° 4.52° 0.97° 11.33" 9.58° 1.08°
2 6 87.58° 174" 12.13° 85.06° 4.45° 1.55° 11.33" 8.68° 1.50°
9 77.79° 1.95° 10.78" 80.54° 4.29° 1.86" 11.27° 7.95° 1.95°
12 74.40°" 2.23° 10.48" 78.11° 4.10" 2.38° 11.07° 7.22° 2.46'

Note : Physical and chemical analysis of zero time (hr.) were done after 11 hours of palm sap arrival to the Faculty of Agro-Industry, PSU.
Each value is the mean of triplicate determinations. The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

E,,= Sample E,, was collected by bamboo tube, which was dipped in boiling water before and after use according to an improval method.
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Table 33. Microbiological qualities of palm sap (E,,) during storage at room temperature

(29°C) for 12 hours

Time Total microbial Yeast and mold Lactic acid
Sample  Sampling
(hr.) count (cfu/g) (cfu/g) bacteria (cfu/g)
0 8.80x10’ 5.90x10’ 1.29x10°
3 1.19x10° 1.32x10° 4.40x10°
1 6 1.74x10° 5.20x10° 2.27x10°
9 7.10x10’ 1.48x10° 1.58x10°
12 1.73x10° 2.35x10° 2.44x10°
EW
6 3 6
0 1.60x10 7.80x10 2.97x10
3 7.90x10° 1.68x10° 5.90x10°
2 6 9.70x10° 7.40x10° 1.91x10°
9 3.90x10’ 1.88x10° 1.79x10°
12 1.70x10° 5.30x10° 2.13x10°

Note : Microbiological analysis of zero time (hr.) was done after 11 hours of palm sap arrival to the Faculty of
Agro-Industry, PSU.
Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.
E,,= Sample E, was collected by bamboo tube, which was dipped in boiling water before and after use

according to an improval method.
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1ag E,.l SefomnaiY 4.52, 4.68, 5.05, 478 tay 4.88 Ud W naziilSinansa
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Table 34. Physical and chemical qualities of 5 palm sugar concentrate samples (A, B,., C,., D, and E,.) during 2 sampling times

%n o Qualities

g* g Color Transmittance pH Total acidity (%ew/v ~ Total soluble Total sugar Reducing sugar

Z i L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (%ow/w)
Ayl 1.89" 9.87" 3.34° 2.80" 4.52° 0.44° 67.07° 54.06" 19.92°
B,.! 6.41° 22.16° 11.19° 5.91° 4.68° 0.46° 64.07° 52.43° 16.75°

1 Cl 3293 23.86' 54.34' 22.02° 5.05° 0.32° 73.03" 71.89* 8.45"

ol 22,96 21.13° 38.47° 12.92° 4.78" 0.26' 66.07° 53.23° 1021°

E,.l 1396 15.82° 23.22° 5.92° 4.88" 0.25° 62.03" 47.44° 8.63"
A2 724 25.52¢ 12.46' 6.70" 477" 0.31° 61.33" 42.00° 9.96°
B2 250’ 12.54" 4.24° 1.34' 4.60° 0.48' 63.67° 55.33" 18.03"

2 C2 1931 26.71" 33.17' 13.07° 5.05° 0.26' 72.67" 66.43" 11.01°
D,2  23.08° 30.33' 39.60" 17.54' 4.85° 0.28° 70.33 61.71° 6.20°
E, 2  33.86 29.17 57.13' 26.31" 4.88' 0.29" 69.67" 47.12° 11.62°

Note : Each value is the mean of triplicate determinations.

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

The first and second sampling times were done in a different day between April and May 2008.

A,..B,.,C

pPC> PpC? PO

traditional method.

D,.and E,.= Each sample was produced from palm sap that collected by bamboo tube, which was dipped in boiling palm sap after use according to a
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Table 35. Microbiological qualities of 5 palm sugar concentrate samples (A, ., By, Cpe, D and
E,.) during 2 sampling times
Total microbial Yeast and mold Osmophillic yeast
Sampling  Sample

count (cfu/g) (cfu/g) (cfu/g)

Ayl 3.0x10° 2.0x10° 1.1x10°

B,1 6.0x10° 4.0x10°" 2.2x10°

1 Cpel 9.0x10" 2.4x10" 4.6x10°
D, 7.8x10" 2.0x10" 4.0x10°

E,.l 5.2x10" 1.4x10° 2.1x10’

A2 4.0x10° 2.2x10° 1.5x10°

B,.2 5.6x10° 4.7x10" 2.5x10°

2 Cp2 9.8x10" 2.2x10" 5.2x10°
D,2 1.21x10° 1.8x10" 5.0x10°

E,2 1.48x10° 1.3x10" 1.9x10°

Note : Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.

Ay Byes Cp, Dpcand E, = Each sample was produced from palm sap that collected by bamboo tube,

PC> T PC> TPC

which was dipped in boiling palm sap after use according to a traditional

method.
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Figure 7. Sample A,, B, C,., D, and E,. during the production of palm sugar concentrate
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Figure 8. L*, a*, b* values and transmittance values of sample A, B,
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Figure 9. Browning index values of sample A, B,., C,., D, and E,. during the production of

palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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Figure 10. pH value and total acidity value of sample A, ., B, C,., D, and E,. during the

production of palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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Figure 11. Water content and total soluble solid of sample A, B, Cy., Dy and E,,. during the

production of palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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Figure 12. Total sugar, reducing sugar and ratio of total sugar/reducing sugar of sample A, B,

C

PC>

D, and E,. during the production of palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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Table 36. Physical and chemical qualities of 5 palm sugar concentrate samples (A.

117

By Cyweo Dy and E ) during 2 sampling times

we> Twe Twe?

%I, o Qualities

E‘ § Color Transmittance pH Total acidity (%ew/v ~ Total soluble Total sugar Reducing sugar

Z i L* a* b* (%) at 650 nm as lactic acid) solid (°Brix) (%w/w) (%ow/w)
Ayl 2276 9.87° 23.34° 32.97" 5.13° 0.28' 68.02" 42.29° 522"
Byl 3578 11.88" 31.25° 35.81° 5.22° 0.20° 66.52" 42.63" 4.86°

I Cyl  63.90 5.93° 45.81° 44.52° 5.36' 0.13% 71.89° 54.26° 3.49°
D, 6283 9.72° 57.45" 50.66' 5.43¢ 0.12" 70.34" 49.72° 3.61%
E, .l  39.02° 11.59° 43.61° 21.16' 5.66' 0.10° 69.83° 44.00° 1.97°
Ay2  38.62° 4.58' 3237 39.98° 507" 0.33¢ 67.00° 61.12° 5.47°
B2 4535 6.37° 44.06° 52.44' 5.29° 0.19° 70.00° 64.90° 3.79°

2 G2 6813 4.68' 55.35% 63.55" 5.50" 0.10° 7117 67.25' 2.86"
D,2  6023° 5.43° 52.16' 59.29° 5.34° 0.14° 68.17" 61.32° 3.44°
E,2 4594 9.66° 49.54° 39.61° 5.76 0.08’ 70.33% 67.63" 2.83"

Note : Each value is the mean of triplicate determinations.

The different superscripts in the same column denote the significant differences (p<0.05).
The first and second sampling times were done in a different day between April and May 2008.

Ay Bye Cyos Dycand Ey, . = Each sample was produced from palm sap that collected by bamboo tube, which was dipped in boiling water after use according to an

we> Twe Twe?

improval method.
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Table 37. Microbiological qualities of 5 palm sugar concentrate samples (A, By Cyer Dy
and E,;,.) during 2 sampling times
Total microbial Yeast and mold Osmophillic yeast
Sampling  Sample
count (cfu/g) (cfu/g) (cfu/g)
Ayl 2.34x10° 2.43x10° 2.00x10°
Byl 1.72x10’ 1.64x10° 3.20x10"
1 Cyel 2.85x10" 1.58x10’ 2.30x10°
D! 4.60x10° 1.86x10° 3.00x10"
Ey.l 2.62x10° 1.28x10° 2.87x10°
Ay2 3.45x10° 2.62x10" 2.5x10"
By2 4.12x10° 1.03x10° 2.80x10"
2 Cy2 1.83x10° 1.22x10° 2.50x10°
Dy, 2 2.71x10° 1.54x10° 2.68x10°
E,2 2.46x10° 1.10x10° 2.15x10°

Note : Each value is the mean of triplicate determinations.
The first and second sampling times were done in a different day between April and May 2008.

Aye By €

o Bwes Dy, and Ey,. = Each sample was produced from palm sap that collected by bamboo

we?

tube, which was dipped in boiling water after use according to improval

method.
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Figure 13. Sample A, By, C

Dy, and Ey;,. during the production of palm sugar concentrate
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Figure 14. Reducing sugar and total sugar of sample A, By, Cy,co Dy and E,. during the

production of palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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of palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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Figure 16. pH values and total acidity values of sample Ay, By, Cyc» Dy, and E,. during the
production of palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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Figure 17. Water content and total soluble solid of sample A, By, Cyc, Dy and Ey,. during
the production of palm sugar concentrate

Note: Error bar represents standard deviation from triplicate determinations.
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Table 38. Sensory evaluation of palm sugar concentrates with ranking test

Attributes
Sample Color Overall
Transparency ~ Sweet  Sour Smell -

Yellow  Brown liking

d c b ab b a a

Cpe 4.27 4.27 3.50 3407 433 250 2.27
Cyec 127" 1.20° 497 350" 240" 5.20° 5.13°
D,. 530° 543 2.07" 333" 473" 230° 213"
b b be b a b c

Dy 2.17 2.27 4.23 4200 270" 437 5.00
E,. 537 5.30° 2.70" 297 427" 223 2.13"
E 267 253 3.53" 3.60° 257 440 427

wC

Note : The means (n=30) followed by different superscripts in the same column denote the significant
differences (p<0.05).

Score 1 = the lowest score of each attribute, Score 6 = the highest score of each attribute.
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Table 39. Sensory evaluation of palm sugar concentrates with 9-Point hedonic scale

Liking on
Sample
Color Smell Transparency Sweet Flavor Overall
Che 623"  6.13° 597" 447" 4.43" 5.00"
Cye 7.70°  7.73° 7.97" 7.60° 7.63" 7.83"
D,. 533" 5.40° 553" 4.80" 477" 483"
D, 7.90°  7.70° 7.87" 7.53" 7.73" 8.03"
E,. 483" 593" 487 3.93° 4.07° 4.10"
E 633" 710" 6.53° 7.33" 7.00° 7.10°

wC

Note : The means (n=30) followed by different superscripts in the same column denote the significant
differences (p<0.05).

Score 1 = dislike extremely; Score 9 = like extremely
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Table 40. Physical and chemical qualities of palm sugar concentrate from 5 producers with 2 different methods during harvest

Qualities
Color ) Total acidity Total soluble Reducing Total sugar /
Sample Transmittance pH Total sugar
(%w/v as lactic solid sugar Reducing sugar
L* a* b* (%) at 650 nm (Y%ow/w)
acid) (°Brix) (Yow/w) ratio
A 4.56' 17.69" 7.90° 475" 4.65' 037° 64.00" 48.03° 14.94" 3.46'
Aye 30.69° 7.22° 27.86" 36.47" 5.10° 0.31° 67.51" 51.71° 534" 9.65°
B, 485" 18.31° 8.42° 407" 4.65' 0.46' 63.80" 53.59" 17.15° 3.10°
B, 40.56" 9.13" 37.66° 44.13° 5.26" 0.19° 68.26™ 53.77" 4327 12.96°
Cpe 26.12" 25.28° 43.76" 17.55" 5.05° 0.29° 72.75° 69.16° 9.73° 7.27"
Cyrc 66.01° 531° 50.58" 54.03° 5.43° 0.12" 71.53% 60.75" 3.18" 19.52°
b c c b b d be ab c be
D,. 23.02 25.73 39.03 15.23 4.82 0.27 68.00 57.47 8.20 7.57
D, 61.53° 7.57° 54.81° 54.97° 5.38° 0.13° 69.25" 55.52" 3.53" 15.79°
be be c b b d ab a c ab
E,. 2391 22.50 40.18 16.12 4.88 0.27 65.75 47.28 10.12 4.78
E,. 42.48" 10.63" 46.58"" 30.38° 571" 0.09’ 70.08% 55.81° 2.40° 23.26'

Note : Each value is the mean of triplicate determinations.
The different superscripts in the same column denote the significant differences (p<0.05).

A, B, C,D and E = Palm sugar concentrate from 5 producers such as A, B, C,Dand E ; ,.and . = Two different methods during harvest
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Table 41. Microbiological qualities of palm sugar concentrate from 5 producers with 2 different

methods during harvest

Total microbial count Yeast and mold Osmophillic yeast
Sample
(cfu/g) (cfu/g) (cfu/g)
Ay 3.00x10° 2.00x10° 1.10x10’
Age 2.34x10° 2.43x10” 2.00x10"
B,. 6.00x10" 4.00x10" 2.20x10°
By 1.72x10° 1.64x10° 3.20x10°
Cpe 9.00x10°" 2.40x10" 4.60x10°
Cye 2.85x10" 1.58x10’ 2.30x10’
D,. 7.80x10" 2.00x10" 4.00x10°
D, 4.60x10° 1.86x10° 3.00x10"
E,. 5.20x10" 1.40x10°" 2.10x10’
Eyc 2.62x10" 1.28x10° 2.87x10"

Note : Each value is the mean of triplicate determinations.
A, B, C,D and E = Palm sugar concentrate from 5 producers such as A, B, C, D and E

e and g = Two different methods during harvest
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Qualities
Color Total acidity Total soluble Reducing Total sugar /
Sample Transmittance pH Total sugar
(%w/v as lactic solid sugar Reducing sugar
L* a* b* (%) at 650 nm . (Y%ow/w)

acid) ("Brix) (%w/w) ratio

A, 79.05° 2.06" 12.68" 64.18° 4.19° 0.11° 11.17° 9.63" 2.14° 4.53"

A, 89.87% 1.39° 12.22% 86.25% 4.71% 0.09° 13.30% 11.55° 2.03% 5.80"
bed

B, 79.23° 2.37° 13.92° 65.44° 4.56° 0.09° 14.18° 13.00° 1.02° 12.72
cod

B, 80.48" 1.54% 12.99" 76.67° 511 0.08" 14.33° 13.75" 1.05% 13.24
be

C, 86.80° 2.00" 13.81° 79.18% 4.52° 0.64° 12.97% 12.35° 1.38% 10.55
Cy 92.18 1.36° 12.63" 89.08° 520" 0.05° 1327 13.47° 0.66° 20.61°

D, 83.26™ 1.83" 14.05° 77.83° 5.03 0.08* 12.40™ 10.78 1.68% 6.43"
. d

D, 85.38"¢ 1.49% 10.32° 81.50"¢ 5.04%" 0.08° 12.55™ 12.12% 0.87° 14.07

cde C Ci al C Ci b

E, 87.48% 2.15" 14.56° 74.23° 4.83% 0.41° 11.94% 11.48 1.59% 9.95
d

E, 96.47" 1.39° 13.93° 96.65° 4.91°° 0.30° 13.43% 12.00° 0.85° 13.80

Note : Each value is the mean of triplicate determinations.

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

A, B, C,D and E = Palm sugar from 5 producers such as A, B, C,Dand E ; ,and , = Two different methods during harvest



135

Table 43. Microbiological qualities of palm sugar from 5 producers with 2 different methods

during harvest

Total microbial count Yeast and mold Lactic acid bacteria
Sample
(cfu/g) (cfu/g) (cfu/g)
A, 1.10x10’ 7.10x10° 3.95x10’
A, 2.55x10° 5.5x10° 3.88x10°
B, 9.15x10° 5.85x10° 4.40x10’
B, 1.52x10° 2.03x10° 4.64x10°
C, 8.75x10° 6.00x10° 4.10x10’
Cy 8.45x10’ 5.75x10’ 3.35x10°
D, 1.02x10’ 7.65x10° 1.44x10"
D,, 0.84x10° 5.75x10" 1.47x10°
E, 7.00x10° 4.90x10° 1.01x10’
E,, 1.24x10° 6.85x10° 2.13x10°

Note : Each value is the mean of triplicate determinations.
A, B, C,D and E = Palm sugar from 5 producers such as A, B, C, D and E

» and = Two different methods during harvest
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