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a T o - al o [ Qs o
polyphenoloxidase) 1R A81M11Y 32.33 x 10° AoDAnI/MTy anud umizduinives
wulwilesoanFiaa (welative activity of peroxidase) 1R 8 019 1871 10.33 x10°
Aopanivaiu uazhenssuuoseuleidunesme (activity of invertase) AN AL

42.77 x 10° M8/ /ns Y (115199 3)

] b
a3 guaulianunenweansiveninalauada

Physical and chemical properties of fresh palm sap

Properties™® Value

color L 73.88 1 0.60

a 2371007

b 1521 = 0.06
transmiltance (%) at 650 nm 7758 T 1.98
pH 5.76 1 0.18
total soluble solid (‘Brix) 11.2%00
acidity (% w/v as lactic acid) 0.032 1 0.00
total sugar (Yow/w) 10.91 F 0.21
reducing sugar (Yow/w) 0.67 = 0.02
relative activity of PPO (10'3/_\OD /min/g) 32.3310.58
relative activity of POD (10 AOD /min/g) 10.33 + 0.58
invertase activity (10 unit/min/g) 42.7710.12

Note: * Physical and chemical anlysis were done after 15 hours of collecting palm sap.

Each value is the mean of triplicate determinations + standard deviation.
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Volatile compounds in fresh palm -sap extracted with different solvents
Peak Volatile compounds™
Diethylether Dichloromethane Hexane
1 3-hydroxy-2-butanone 3-hydroxy-2-butanone n-decane
2 1,3-butanediol 2,4-dimethylheptane n-undecane
3 unknown 4-methyloctane n-tetradecane
4 l-ethenyl-3-methylbenzene 2,5-dimethylnonane n-eicosane
5  benzene ethanol 3,6-dimethyldecane
6  1-tetradecene 4-methylundecane
7  n-hexadecene n-pentacosane
8  n-hexadecane n-hexacosane
9  n-heptadecane 2,6,10,14,18,22-tetracosahexane
10 l-octadecene
11  n-octadecane
12 n-nonadecane
13 n-docosane
14  n-tricosane
15 n-tetracosane
16 n-pentacosane
17 n-octacosane
18 n-nonacosane
19 2,6,10,14,18,22-tetracosahexane
Note: * Volatile compounds were analysed after 15 hours of collecting palm sap.
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Chromatogram of volatile compounds in fresh palm sap after 15
hours of collecting palm sap
Note: peak 1, 3-hydroxy-2-butanone ; peak 2, 1,3-butanediol ; peak 3, unknown ;

peak 4, 1-ethenyl-3-methylbenzene ; peak 5, benzene ethanol ; peak 6, 1-tetradecene ;

peak 7, 1-hexadecene ; peak 8, n-hexadecane ; peak 9, n-heptadecane ;

peak 10, 1-octadecene ; peak 11, n-octadecane ; peak 12, n-nonadecane ;

peak 13, n-docosane ; peak 14, n-tricosane ; peak 15, n-tetracosane ;

peak 16, n-pentacosane ; peak 17, n-octacosane ; peak 18, n-nonacosane ;

peak 19, 2,6,10,14,18,22-tetracosahexane

Volatile compounds in fresh palm sap were analysed after 15 hours of collecting palm sap.
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Volatile compounds in fresh palrh sap
Peak Volatile compounds* Molecular weight Relative GC peak area (%)
Ketone
1 3-hydroxy-2-butanone 88 26.59
Alcohols
2 1,3-butanediol 90 23.10
5 benzene ethanol 122 0.95
Hydrocarbons
4 1-ethenyl-3-methylbenzene 118 0.78
6 I-tetradecene 196 4.06
7 I-hexadecene 224 5.71
8 n-hexadecane 226 0.93
9 n-heptadecane 240 4.54
10 l-octadecene 252 6.05
11 n-octadecane 254 248
12 n-nonadecane 268 4.29
13 n-docosane 310 2.56
14 n-tricosane 324 0.98
I5 n-tetracosane 338 1.96
16 n-pentacosane 352 2.88
17 n-octacosane 394 223
18 n-nonacosane 408 0.91
19 2,6,10,14,18,22-tetracosahexane 410 2.16
Miscellaneous

3 Unknown 94 6.84

Note: * Volatile compounds were analysed after 15 hours of collecting palm sap.
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Microbiological properties of fresh palm sap

Microbiological properties* Value
total viable count (cfu/ml) 6.04 x 107
lactic acid bacteria (cfu/ml) 3.66x 10°
yeast and mold (cfu/ml) 2.59x 10’

Note: * Microbiological analysis was done after 15 hours of collecting palm sap.

Each value is the mean of triplicate determinations.
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Palm sap pasteurized at 70°C for 15 minutes
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M 7 auauiAnsmenmyvesthnia lauaaauaziiaaTauawmeeslsd
figainiizo 80 90 Lia 100 perrRITua 1M 10 15 UAS 20 1TF
Physical properties of fresh palm sap and palm sap pasteurized at 70, 80, 90
and 100°C for 10, 15 and 20 minutes

Temperature Time Color Transmittance
(c) (min) L a b (%) at 650 nm
Fresh palm sap* 73.8810.60° 2.3720.07° 15213006  77.58t1.98°

70 10 73.424029° 1.89F0.54" 11.2241.02°  66.3113.03°

15 72.841040° 1.91F0.18" 11281038  65.811+3.44°

20 72.90F0.66° 1.9230.21° 11.2510.61°  63.4670.35°

cd ab

80 10 67.0910.89° 24510.14° 12.084+0.38 58.6810.10™
15 67.8510.75° 241%0.15°  12411030°  56.81%E1.49°

20 67.6811.60° 244F0.14° 12201051°  55.48+1.74°

b ah

90 10 66.3810.26° 2541033 12.0710.76 51.991+0.58"

b b

15 66.0510.86" 2.5910.35° 12.041055%  51.05+2.68°

20 65.5510.33°  2.79%0.16°  12.521029°  49.6412.26"

100 10 66.7310.15° 2.601021° 12371021 52.45+2.05%
15 66.2810.15° 2.82+0.08°  125510.09°  51.16+2.61°

20 64481036° 2.68%0.15° 12.53F0.13°  48.781+0.35°

Note:  * Physical analysis in fresh palm sap was done after 15 hours of collecting palm sap.
Each value is the mean of triplicate determinations T standard deviation.

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

(%) at 650 nm
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70°C (A), 80°C (B), 90°C (C), and 100°C (D) during storage

at 40C for 5 weeks

Error bar represents standard deviation from triplicate determinations.
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aa19ii 8 ﬂtua‘uﬂ'ﬁmqmﬁﬂmQ‘tfmmimuﬁﬁmm:ﬁymmTﬂuﬁmﬁwaﬂiﬁ‘ﬁqmﬁqﬁ 70 80 90 1A% 100 BaFUAEIdos WY 10 15 uaz 20 wIH
Chemical properties of fresh palm sap and palm sap pasteurized at 70, 80, 90 and 100°C for 10, 15 and 20 minutes
Temp Time pH Acidity TSS Total sugat Reducing sugar Relative activity (10°AOD/min/g)  Invertase activity
(') {min) {% wiv as lactic acid) ("Brix) {Yaw/w) {Sowiw) PPO POD (10 unit'min/g)
Fresh palm sap*  5,7610.18" 0.032£0.001° 11.240.0° 10911021 0.6710.02° 32.3310.58" 10.33%0.58 42.77%0.12'
70 10 5.6510.03" 0.02930.002° 11.5%0.1° 11.66£0.32° 0.4830.02% 463%0.21° 1.1710.06' 34.23%0.15"
15 5.7610.16" 0.028£0.001% 116202 11.78%0.21% 0.46F0.01% 4.63t0.21° 1.13%0.06' 29.6710.29°
20 5.87%0.12" 0.028%0.001" 1703 1z.18ton® 0.4630.01" 423%0.15°¢ 0.8330.06" 27.57%0.21"
80 10 5.90%0.15" 0.028%0.001" 12,1703 11.99%0.14™ 0.4610.01" 3.97%0.06° 0.8030.04" 23.13F0.25°
15 5.94%0.14" 0.02710.002° 119+05" 12491030 0.46%0.01° 3.9710.06° 0.73%0.06* 11.63%0.15°
20 5.89%0.08™ 0.027£0.002" 123302 12.5810.14" 0.460.00" 3.9710.06" 0.7010.04" 8.47%£0.15°
90 10 5.84%0.00™ 0.027%0.001" 11.9102™  1239t0.n” 0.45%0.01° 3.93%0.06" 0.6710.06 " 433%025"
15 5.8810.09™ 0.028+0.001" 12.0£0.2™ 12.54%0.10' 0.472£0.017 agiton® 0.6310.06°* 0’
20 5.8910.08™ 0.028+0.002™ 123403 12.61%0.02" 0.4720.00" 33710.15° 0.60%0.00™ 0°
100 10 5.8910.09™ 0.028%0.001" 12.5%0.1% 12.4710.13" 0.4910.01° 333t0.1° 0.57%0.06" 0"
15 s5.89%t0.11™ 0.02820.001° 13.0L0.1 13.03%0.03° 0.51£0.01° 3.33t0.21° 0.53%0.06* 0
20 5.8910.09™ 0.02810.001" 132408 13.1710.10% 0.5120.02° 3.20t0.10" 0.50%0.02° 0"
Note:  * Chemical analysis in fresh palm sap was done after 15 hours of collecting palm sap.

Each value is the mean of tripticate determinations & standard deviation.

The different superseripts in the same column denote the significant differences (p<(.05}.

™, not significant at p <0.05
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Changes in pH and acidity of palm sap pasteurized at 70°C (A),
80°C (B), 90°C (C), and 100°C (D) during storage at 4°C
for 5 weeks

Error bar represents standard deviation from triplicate determinations.
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Changes in total sugar and reducing sugar of palm sap pasteurized at
70°C (A), 80°C (B), 90°C (C), and 100°C (D) during storage at 4°C
for 5 weeks

Error bar represents standard deviation from triplicate determinations.
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Changes in relative activity of polyphenoloxidase (PPO) of

palm sap pasteurized at 70°C (A), 80°C (B), 90°C (C), and 100°C (D)
during storage at 4°C for 5 weeks

Error bar represents standard deviation from triplicate determinations.
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Volatile compounds in palm sap pasteurized at 70, 80, 90 and 100°C for 10, 15 and 20 minutes

USmaesdszaeufiszme1dhuimalauawaweslsdngumngil 70 80 90 uaz 100 seriaiBoe UM 10 15 LAY 20 UIH

Volatile compounds

Relative GC peak area (%)*

70°C 80°C 90°C 100°C
I0min  15min 20min  10min 15min 20min 10min 15min 20min  I10min 15min 20 min
3-hydroxy-2-butanone 92.82  90.70 66.75 7244 316l 1.85 3.70 1.86 1.69 1.90 1.59 0.80
1,3-butanediol 90.20 g1.19 8056  80.89  29.68 1.56 3.75 1.75 1.65 1.59 1.41 0.75
1-tetradecene 55.54 47.43 28.94 39.79 12.20 0.29 1.76 0.73 0.71 0.75 0.47 0.14
1-hexadecene 9498  90.88 6561 6407 2622 1.49 3.05 1.23 1.30 12 Q.’/’O 0.34
1-octadecene 95.51 8598  40.06 4512  16.25 1.95 2.71 1.00 0.99 087 -0.78 0.27
n-nonacasane 77.27  61.84 4328 6443  55.03 3.86 6.31 5.74 3.18 3.39 3.11 2.32

Note: * Relative GC peak area (%) is caiculated based on specific peak area of each volatile compound in fresh palm
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Chromatograms of volatile compounds in fresh palm sap (A}, palm sap
pasteurized at 70°C for 15 minutes (B} and palm sap pasteurized at 70'C
for 15 minutes after storage for 3 weeks (C)
Note: peak 1, 3-hydroxy-2-butanone; peak 2, 1,3-butanediol; peak 3, unknown:;
peak 4, 1-ethenyl-3-methylbenzene; peak 5, benzenc ethanol; peak 6, 1-tetradecene;
peak 7, 1-hexadecene; peak 8, n-hexadecane; peak 9, n-heptadecane; peak 10, 1-octadecen ;
peak 11, n-octadecane; peak 12, n-nonadecane; peak 13, n-docosane; peak 14, n-tricosane;
peak 15, n-tetracosane; peak 16, n-pentacosane; peak 17, n-octacosane; peak 18, n-nonacosane;
peak 19, 2,6,10,14,18 22-tetracosahexane; peak 1*, acetic acid; peak 2* 2-butoxyethanol;
peak 3%, l-hexanol; pcak 4%, 1-octanol; peak 5%, 2, 3-dihydrobenzofuran

Volatile compounds in fresh palm sap were analysed after 15 hours of collecting palm sap.
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Microbiological properties of fresh palm sap and palm sap pasteurized at

70, 80, 90 and 100°C for 10, 15 and 20 minutes

Temperature Time VC Yeast and mold  Lactic acid bacteria
‘C) (min) (cfu/ml) (cfu/ml) (cfu/ml)
Fresh palm sap* 6.04 x 10’ 3.66 x 10° 2.59 x 10"
70 10 5.68 x 10° 0 0
15 1.50 x 10° 0 0
20 1.31x 107 0 0
80 10 5.60 x 10' 0 0
15 3.05x 10' 0 0
20 0 0 0
90 10 0 0
15 0 0 0
20 0 0 0
100 10 0 0 0
15 0 0 0
20 0 0 0

Note: * Microbiological analysis in fresh paim sap was done after 15 hours of collecting palm sap.

Each value is the mean of triplicate determinations.
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Microbiological properties of palm sap pasteurized at 70, 80, 90 and 100°C

for 10, 15 and 20°C during storage at 4°C for 5 weeks

Temperature Time Storage TVC Yeast and mold Lactic acid
‘) (min)  time (week)  (cfu/mi) (cfw/ml) bacteria
{cfu/ml)

70 10 0 5.68% 10’ 0 0
1 2.41x 10° 0 0

2 3.07x 10° 332x10° 7.12 x 10'

3 9.42 x 10’ 1.47x 10° 6.49 x 10°

4 1.33x 10° 3.43x10° 2.49x 10"

5 2.72 x 10’ 145 x 10° 527x 10’
70 15 0 1.50x 10° 0 0
1 1.50x 10° 0 0
2 3.93x% 10’ 0 0

3 2.43x 10° 1.01 x 10° 5.09x 10’

4 1.08x 10° 7.53 x 10° 2.43x 10°

5 2.28 x 10’ 132x 10 443 x 10’
70 20 0 1.31x 10° 0 0
1 1.49 x 10° 0 0
2 1.16x 10° 0 0

3 1.55x10°  249x 10° 1.13 % 10°

4 1.69x 10° 238x 10° 1.04x 10°

5 220x10° 5.03 x10° 323x 10’
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maR1l  (A0)
Temperature Time Storage time TVC Yeast and Lactic acid
‘o) (min) (week) (cfu/ml) mold (cf/ml} bacteria (cfu/ml)
80 10 0 560% 10' 0 0
1 1.50 x 10° 0 0
2 3.62x 10° 0 0
3 103x10°  1.06x 10’ 8.12 x 10’
4 245x 100 139x10° 7.58x 10°
5 823x10°  2.84x 10’ 2.49 x 10°
80 15 0 3.05x 10 0 0
1 6.15 x 10’ 0 0
2 1.60 x 10° 0 0
3 6.38x10°  8.70x 10’ 528x 10'
4 145%x10°  842x 10’ 6.51 x 10°
5 6.98x10°  9.54x 10’ 8.13x 10°
80 20 0 0 0 0
1 433x 10 0 0
2 1.37x 10° 0 0
3 3.17x10° 0 0
4 126x10°  528x10° 458 x 10’
5 520x10°  7.15x 10’ 6.54% 107
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Temperature Time Storage time TVC Yeast and Lactic acid
o) (min) (week) (cfu/ml) mold (cfu/ml) bacteria (cfu/ml)
90 10 0 0 0 0

1 0 0 0

2 1.09 x 10° 0 0

3 2.53x 10° 0 0

4 546x10° 1.01x 10° 7.45% 10"

5 1.81x10° 1.84x 10" 1.54x 10°
90 15 0 0 0 0

1 0 0 0

2 1.04 x 10° 0 0

3 2.15 x 10° 0 0

4 3.07x 10" 1.44x 1¢° 4.60x 10’

5 525x 100  1.53x10° 1.42 x 10°
90 20 0 0 0 0

1 0 0 0

2 8.40 x 10’ 0 0

3 9.18 x 10’ 0 0

4 146x10° 4.41x10' 3.40 x 10'

5 3.64x10°  134x10° 117 x 10°
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M1l (#)
Temperature Time Storage time TVC Yeast and Lactic acid
(U C) {min) (week) (cfu/ml) mold bacteria (cfu/ml)
(cfu/ml)
100 10 0 0 0 0
1 0 0 0
2 8.40 x 10' 0 0
3 9.18x 10’ 0 0
4 146x 10°  441x10’ 3.40x 10'
5 247x10°  134x10° 8.37x 10
100 i5 0 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 6.42 x 10' 0 0
5 1.14x 10° 0 0
100 20 0 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 4.86x 10 0 0
5 8.72x 10’ 0 0

Note: Each value is the mean of triplicate determination.
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Sterilized palm sap at 114°C for 25 minutes
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aino3 ladnguwnil 114 semuwadoe Ui 25 uif

Physical and chemical properties of fresh palm sap amd paim sap sterilized

at 114°C for 25 minutes

Properties Fresh* Sterilized
color L 73.88 1+ 0.60° 70.37+0.21°
a 237X 0.07" 2.3010.02"
b 1521 £ 0.06° 14.3040.09"
transmittance (%) at 650 nm 77.58 + 1.98° 6%8.4110.40"
pH 576 +0.18" 5.7910.01™
total soluble solid (*Brix) 112+ 0.0° 11.810.1°
acidity (% wiv as lactic acid) 0.032 % 0.000™ 0.03110.002™
total sugar (Y%ow/w) 1091 * 021° 11.71%0.14°
reducing sugar (Yow/w) 0.67 £0.02° 0.56+0.02°

Note: * Physical and chemicl analysis in fresh palm sap was done after 15 hours of collecting palm sap.
Each value is the mean of triplicate determinations T standard deviation.

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

™, not significant at p<0.05
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Physical and chemical properties of palm sap sterilized at 1 14°C fot 25 mintues during storage for 6 months

Storage Color Transmittance pH Acidity TSS Total sugar Reducing sugar

(week) L . b (%) at 650 nm (%w/v) (Brix) (Yew/w) (Yow/w)
0 70.37+0.21° 2.30%0.02" 17.18%0.09° 68.41%0.40" 5.79%0.01™ 0.03110.00" 11.810.0" 11.71%0.14° 0.53%0.02"
2 70.93%2.13% 2.34%0.03" 17.03%0.10" 68.66F0.26’ 5.78%0.04" 0.03110.00" 11.810.0° 11.75%0.02° 0.5630.03™
4 71524054  238%0.06" 17.1630.31° 72.2010.03° 5.7810.01" 0.031Z0.00" 11.8+0.0° 11.6910.06" 0.5610.02"
6 72281018  238%0.06" 17.5710.39° 72.28%0.15° 5.78%0.01™ 0.03120.00™ 11.8t0.0" 11.7210.03" 0.55£0.03"
8 72251000  2.52t0.11% 17.65%0.11° 73.117+0.10° 5781003 0.03240.00™ 11.8t0.0° 11.72%0.00' 0.5510.01™
10 73.6310.27° 2.59%0.02° 18.241:0.20° 73.8510.06* 5.8010.02" 0.032%0.00" 11.9%0.1° 11.7240.03° 0.5410.02°
12 73.41F0.23% 2.6310.15° 18.1120.13° 73.64%0.14% 5.78%0.01™ 0.03210.00" 11.930.1° 11,7330.03' 0.5710.01°
14 72771066  2.55%0.13° 18.84%0.12° 73.551034"  sgot000™  0.03230.00™ 11.910.1° 11.73%0,01" 0.5610.02"
16 72.082092™  2.55%0.18° 18.38%0.16“ 74.00%0.19° 5.8010.02™ 0.032%0.00™ 11.8%0.1" I 1.74io.0hi ) 0.5640.01°
18 73.1920,06" 2.6230.08° 18.6710.37% 74.43:+0.27" 5.79%0.01™ 0.03240.00™ 11.8%0.1" 11.7230.03 0.5710.04
20 73.28%0.02% 2.6210.01° 19.020.02" 74.7030.00" 5.801:0.00™ 0.03210.00" 11.9t0.1° 11.7410.02° 0.5610.01"
22 73.2810.02°  2.6240.02° 19.07%0.01" 74.7010.07 5803002  0.032F0.00" 12.0%0.0° 12.0610.02° 0.6110.02°
24 71327R0.2%  2.62F0.02° 19.08%0.017 74.4010.30" 5.81%0.00"  0.032%0.00™ 12.0%0.0° 12.07%0.01° 0.61£0.01°

Note: Each value is the mean of triplicate determinations + 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 palm sap sterilized at 1 14°C for 25 minutes

Volatile compounds Relative GC peak area (%o)*
3-hydroxy-2-butanone 7.04
1,3-butarediol 5.97
1-tetradecene 2.61
1-hexadecene 1.94
1-octadecene 2.67
n-nonacasane 23.08

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

compound in fresh palm sap.
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Chromatograms of volatile cornpounds in fresh palm sap (A), stetilized palm sap at 1 14°C for 25

minutes (B) and steilized palm sap at 114°C for 25 minutes after storage for 6 months (C)

Note: peak 1, 3-hydroxy-2-butanone; peak 2, 1,3-butanediol; peak 3, unknown; peak 4, l-ethenyl-3-methylbenzene;

peak 5, benzene ethanol; peak 6, 1-tetradecene; peak 7, 1-hexadecene; peak 8, n-hexadecane;
peak 9, n-heptadecane; peak 10, 1-octadecene; peak 11, n-octadecane; peak 12, n-nonadecan ;
peak 13, n-docosane; peak 14, n-tricosane; peak 15, n-tetracosane; peak 16, n-pentacosan |
peak 17, n-octacosane; peak 18, n-nonacosane; peak 19, 2,6,10,14,18,22-tetracosahexane;
peak 1*, 2,.3-dihydrobenzofuran

Volatile compounds in fresh palm sap were analysed after 15 hours of collecting palm sap.
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Palm sap pressurized at 600 MPa for 15 minutes
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uand1enIntiaaTauana Taos L wind 74.26 (p<0.05) vmeTizzozaaIms Way
duiinanenl Liandeu (p<0.05) A1 L mml‘ijﬂ]aTﬂuﬂﬁmummﬁuﬁs:ﬁ'u 200
wangdheate w15 uaz 30ud fAunfenifiy 7238 uaz 7329 auddy
(mswff"l 15)

ﬂﬂmjummﬁmmiﬂumhummﬁ'uqﬂaa’a’eﬂugﬂmﬁmqvhmlmumﬁ
ATUBIAAY 650 W1 e wu’hﬁtﬂwma%uﬂﬁimmmﬁuqaﬁfhmimqvhummum
uandrsfnianalauaan (p<0.05) M1319RH 16) dlefnsanravesmsldanudu
fiszfunazomiaiu wudwhmquvimmamm‘lmfmmTﬂuﬂﬁrhumi“l%’mmﬁu
nn3EiY e 15 widt S lduandteiy (p>0.05) daumslFanuduiiszdu 200 400 600
waz 800 wanzthania wiu 30 i Mmsnegrvvesaadimindifoedu udilothly
ANTITHNNAiA wuhlianuuana19iu (p<0.05) ﬂ'mﬁmqrhmmmﬁwmﬁy1ma
TauafidIuALA LT T2AY 200 400 600 waz 800 wAnzLheAIa UM 30 UTH SAundy
M1 63.94 64.10 65.18 1AL 66.31 MILAINY (131371 15) vz fiszoznains I
anuau lilinadefA1N1INEgHIUYB A (p>0.05) fi'tmsmqr«'mmmuﬁwm%ma
TauaRAA LR LR TERL 200 wonzdEma W1 15 taz 30 iR dsuademify
64.87 AT 63.94 AL (13197 15)

ynsadinszdazdi 16999 L negmnsmzgrinveuaslutiata Tnund
auaeandeiulagdl L ua:fi1msmqrhummumﬁﬂ'uﬁufﬁummzﬁ’ummﬁu
Feitormdul18Rns Idanuduiiszdugeesinadewuss i hilswusz Tanoudda
duiuseiitiodlulaseaduafogiuagvgsglivesIlsaum i Tlsdugadoann
FITUMIAUDTANATNOURAIUT (Smelt ef al., 1998)
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anas (p<0.05) (Nmiszneud 13) ﬂywma‘lﬂuﬂmummﬁ'uqaﬁizﬁ’u 200 1Az 800
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.d? = g/ oy = =8 [] d%'
wuduiinalimima laualinunuuaauazyuuInay

M 15 ﬂmfcmffﬁ“n1qﬂ1tmTwmaaﬁmmiﬁﬁa%mmzﬁy‘lﬂmhmﬁmmmﬁuqq
fisz@1 200 400 600 1Az 800 WANIAMIA W 15 LAz 30 WIF
Physical properties of fresh palm sap and palm sap pressurized at 200, 400,
600 and 800 MPa for 15 and 30 minutes

Pressure Time Color Transmittance
(MPa) (min) L a b (%) at 650 nm
Fresh palmsap*  73.8810.60° 237+0.07°  15.2130.06 77.581+1.98°

200 15 7238t1.19° 2.61F0.01° 1441F027F 64.87£0.72%
30 73291088  2.69%007"  14.6810.297 63.94%1.76°
400 15 73.061064° 2.68F017°  14.12%021% 64.9630.95™
30 72401033 2533001 14.131F0.63% 64.1010.28"
600 15 73.14%019°  234710.03"  13.6810.67 64.2530.62°
30 73.633045°  2.10%0.11°  12.9010.80° 65.68+0.92"
800 15 74263069 2.113000°  12.74%0.25° 65.44%0.22%
30 750240365 2454013 12.4710.03° 66.3110.06"

Note:  * Physical analysis in fresh palm sap was done after 15 hours of collecting palm sap.
Eash value is the mean of triplicate determinations + standard deviation.

The different superscripts in the same column denote the significant difference (p<0.05).
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Changes in L value and transmittance of palm sap pressurized at
200 MPa (A), 400 MPa (B), 600 MPa (C) and 800 MPa (D) during
storage at 4°C for 5 weeks

Error bar represents standard deviation from triplicate determinations.
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M 16 ﬁ]tuﬁmﬁ’ﬁmqmﬁﬂmqﬁ’mwaTﬁuﬂﬁmmzﬁmm'iﬂuﬂpimﬂ'Jmﬁ'uﬁszﬁu 200 400 600 Liag 800 uNNzama UM 15 tag 30 i
Chemical properties of fresh and palm sap pressurized at 200, 400, 600 and 800 MPa for 15 and 30 minutes
Pressure Time pH TSS Acidity Total sugar Reducing sugar  Relative activity (10° AOD/min/ g) Invertase activity
(MPa)  (min) ('Brix) (%w/v) (Yow/w) (%wiw) PPO POD (10 unit/min/g)
Fresh palm sap*  5.7620.18"  11.2%0™  0.032£000°  10.91%0.21° 0.6710.02°  32.3370.58° 10.33+0.58" 42.7710.12°
200 15 s563%0.05"  11.2%0"  0.0290%0001" 1159022 0.76+0.02°  2.81F0.05 0.941£0.08° 196.6020.20'
30 550008  11.2%0°  0.020%0.001"  11.29F001°  087t0.11%  2.83F0.06" 0.9710.10° 120.130.06
400 15 565%0.06" 11.24£0"  0.02030.000° 11.4410.14%  084F0.14°  2.55F0.03° 0.7310.06" 117.80+0.01"
30 s67t0.05™  11240®  0.028%0.001°  t1.62F0.10%  081F0.10™  2.5310.05° 0.7210.03° 107.5310.06°
600 15 558+0.13" 11240 0.029F0.000°  11.624008°  09310.00°  2.3510.06 0.6410.03°  36.20%0.01°
30 s7ro21™  11.2f0™  o.028t0.001" 1143001 09610097  233F0.08° 0.6610.07" 24 4710.06°
800 15 56710.06" 11240  0.02810.000°  11.79F0.16°  0.83t0.08™  2.1130.08" 0.5510.02° 18.2720.06"
20 se6to.1™ 11.240" 002810000  11.50+0.09"  080t0.06™  2.1530.02° 0.5510.02° 15.1010.17°

Note: * Chemical analysis in fresh palm sap was done after 15 hours of collecting palm sap.
Each value is the mean of triplicate determinations Fstandard deviation.
The different superscripts in the same column denote the significant differences (p<0.05).

", not significant at p<0.05

£8



pH

{(a/mop) AIpLoy

rH

Storage time {(week)

(Armos) Anp1ay

Storage time (week)

—®— pH: 15 min —¢— pH: 30 min

- - 3 - - Acidity: 15 min - - # - - Acidity: 30 min

mnilszneun 14

[] 1 4 ¢

maasundasmfiesuazsuunsanamua lusihealaua
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s o

U 5 alan

Changes in pH and acidity of of palm sap pressurized at

200 MPa (A), 400 MPa (B), 600 MPa (C) and 800 MPa (D)
during storage at 4°C for 5 weeks

Error bar represents standard deviation from triplicate determinations.
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Changes in total sugar and reducing sugar of palm sap pressunized at
200 MPa (A), 400 MPa (B), 600 MPa (C) and 800 MPa (D) during

storage at 4°C for 5 weeks

" Error bar represents standard deviation from triplicate determinations.
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HUNNTY ﬂﬂlﬂull“h'ulﬂﬁﬂuﬂﬂﬂE]ﬂ"lﬂﬂﬁlm:ﬁlﬂull"h'ill,ﬂﬂiﬂﬂﬂ”]ﬂﬂﬁuﬂ']ﬂﬂﬁQLEﬁﬂﬂNﬂU
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Changes in relative activity of polyphenoloxidase (PPO) of
palm sap pressurized at 200 MPa (A), 400 MPa (B}, 600 MPa

(C) and 800 MPa (D) during storage at 4°C for 5 weeks

Error bar represent standard deviation from triplicate determinations.
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Volatile compounds in palm sap pressurized at 200, 400,600 and 800 MPa for 15 and 30 minutes

Volatile compound Relative GC peak area (%) of pressurized palm sap*
200 MPa 400 MPa 600 MPa 800 MPa
15 min 30 min 15 min 30 min 15 min 30 min 15 min 30 min
3-hydroxy-2-butanone 72.75 72.57 72.60 72.57 66.03 63.39 34.50 23.88
1,3-butanediol 92.62 £9.20 84.20 73.44 61.54 3319 3847 27.51
benzene ethanol 73.50 72.81 7233 64.03 61.88 ND ND ND
1-tetradecene | 71.88 61.35 33.90 29.94 2573 8.98 12.38 7.57
1-hexadecene 77.25 74.33 71.65 69.04 53.47 23.56 3231 21.93
n-hexadecane 71.56 70.97 65.82 64.28 54.71 31.85 28.09 18.17
n-heptadecane 13.28 7.38 ND ND ND ND ND ND
1-octadecene 89.39 89.19 86.27 81.81 65.45 55.29 3745 31.39
n-octadecane 89.77 80.11 73.89 62.13 55.90 43.48 29.89 29.11
n-docosane 64.49 58.37 54.93 41.19 17.51 5.71 4.20 1.87
n-tricosane 77.55 62.88 61.23 59.77 58.81 45.62 2192 16.00
n-tetracosane 76.92 75.87 72.92 72.79 62.57 4488 ND ND
n-pentacosane 97.84 95.02 93.71 90.37 89.98 59.27 42.24 37.78
Otacosane 91.87 80.90 71.66 70.83 56.63 45.75 37.05 31.66
Nonacosane 79.98 70.45 69.80 63.34 61.15 58.67 50.18 48.06

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

ND : not detected

£6
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Chromatograms of volatile compounds in fresh palm sap (A), pressurized palm sap
at 600 MPa for 15 mintues {B) and pressurized palm sap at 600 MPa for 15
minutes after storage for 3 weeks
Note : peak 1, 3-hydroxy-2-butanone; peak 2, i,3-butanediol; peak 3, unknown;

peak 4, 1-ethenyl-3-methylbenzene; peak 5, benzene ethanol; peak 6, 1-tetradecene;

peak 7, l-hexadecene; peak 8, n-hexadecane; peak 9, n-heptadecane; peak 10, 1-octadecene;

peak 11, n-octadecane; peak 12, n-nonadecane; peak 13, n-docosane; peak 14, n-tricosane;

peak 13, n-tetracosane; peak 16, n-pentacosane; peak 17, n-octacosane; peak 18, n-nonacosane;

peak 19, 2,6,10,14,18,22-tetracosahexane; peak 1*, acetic acid; peak 2*,2-butoxyethanol;

peak 3*, 1-hexanol; peak 4*, 1-octanol

Volatile compounds in fresh palm sap were analysed after 15 hours of collecting palm sap.
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Microbiological properties of fresh palm sap and palm sap pressurized at

200, 400, 600 and 800 MPa for 15 and 30 minutes

Pressure Time TVC Yeast and mold Lactic acid bacteria
(MPa) {min) {cfu/ml) (cfu/ml) {cfu/ml)
Fresh palm sap* 6.04 x 10’ 3.66 x 10° 2.59 x 10’
200 15 1.46 x 10° 1.46 x 10* 233 x 10’
30 1.21x10° 347x 10° 1.13x10°
400 15 5.96 x 10° 0 0
30 5.12x 10° 0 0
600 15 2.83 x 10° 0 0
30 1.22 x 107 0 - 0
800 15 1.15x 10° 0 0
30 8.72x10' 0 0

Note: * Microbiological analysis in fresh palm sap was done after 15 hours of collecting palm sap.

Each value is the mean of triplicate determinations.
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Microbiological properties of palm sap pressurized at 200, 400, 600 and 800

MPa for 15 and 30 minutes during storage at 4°C for 5 weeks

Pressure Time Storage time TVC Yeast and Lactic acid
(MPa) {min) (week) (cfu/ml) mold (cfu/ml) bacteria (cfu/ml)

200 15 0 146x10° 1.46x10' 233x 10°

1 185x10°  5.04x10' 2.42 x 10°

2 299x100  1.73x10° 4.79% 10"

3 549%x 100  2.17x10° 725%x 10°

4 783x10° 6.68x10° 6.75 x 10°

5 288x10°  8.86x10° 1.48 x 10°

200 30 0 121x100  237x10° 1.13x 10°

1 133x10°  347x10° 133x% 10°

2 247x10°  791x10° 2.05x10°

3 463x100 1.23x10° 5.68%x10°

4 648x10° 6.44x10" 6.06x 10°

5 1.58x10° 1.73x10° 7.63x 10°
400 15 0 5.96 x 10° 0 0
1 145x10° 8.88x10° 0

2 1.79x10° 127x10° 5.90x 10’

3 284x10°  1.68x10° 6.47 x 10'

4 862x10°  3.45x10° 1.67 x 10°

5 456x10° 3.59x10° 3.97 x 10°




#5190 19

(#8)
Pressure Time Storage time TVC Yeast and Lactic acid
(MPa) (min) (week) (cfu'ml) mold (cfu/ml) bacteria (cfu/ml)
400 30 0 512x 10° 0 0
1 633x10°  4.54x10' 0
2 1.78x10°  7.42x 10’ 4.26 x 10°
3 293x10°  220x10° 5.48 x 10'
4 450x10°  4.48x10° 1.93 x 10°
5 8.01x10°  7.35x10° 6.55x 10°
600 15 0 2.83 x 10’ 0 0
1 3.30x 10° 0 0
2 4.18 x 10° 0 0
3 147x10°  1.33x10° 549x 10
4 139x10°  193x 10’ 1.48 x 10’
5 657x 10 4.43x10° 2.59 x 10°
600 30 0 1.22x 10° 0 0
1 2.28x 10° 0 0
2 3.72x 10° 0 0
3 158x10°  1.43x10’ 137x 10°
4 1.87x10°  137x10° 1.43 x 10°
5 198x10°  4.55x10° 4.55x 10"
800 15 0 1.15 x 10° 0 0
1 331x10° 0 0
2 422x10° 0 0
3 133x10° 134x10° 3.88% 10’
4 145%x10° 1.74x 10° 3.91x 10
5 238x10° 2.71x10° 6.41 x 10'
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Pressure Time Storage time TVC Yeast and Lactic acid
(MPa) (min) (week) (cfyml) mold (cfiyml) bacteria (cfu/ml)
800 30 0 8.72x 10’ 0 0
1 1.79x 10° 0 0
2 3.18 x 10° 0 0
3 6.80x10°  6.58x 10’ 0
4 1.29x10°  8.68x10' 0
5 228x10°  1.73x10° 0

Note: Each value is the mean of triplicate determinations.
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5197 20 AzuLumAsTBIMINATeUMasEamAuRaveniaa Tauara 1haa
Tauawienees 1sd (quugl 70 saruwaidoa Ut 15 W) vihwa
Tauadinos lad (uugil 114 ssruaaiFoa Wiy 25 i) wazvhaa
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Mean score of sensory properties of fresh, pasteurized (700C for 15 minutes),

sterilized (114°C for 25 minutes) and pressurized palm sap (600 MPa for 15

mintues)
Treatment Mean score
Palm sap Caramel Palmsap Sweetness Astringent
odor odor flavor

fresh palm sap* 11.10° 0.09" 11.73° 7.45™ 0.00"
pasteurized palm sap 4.73° 6.73° 7.76" 7.89" 0.53°
(700C, 15 min)

sterilized palm sap 3.27° 10.57° 3.70° 7.71% 2.57°
(114°C, 25 min)

pressurized palm sap 10.57° 0.31° 11.41° 7.60™ 0.10"

(600 MPa, 15 min)

Note * Sensory analysis in fresh palm sap was done after 15 hours of collecting palm sap.
The different superscripts in the same column denote the significant differences {p<0.05).

" not significant at p<0.05
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M2l Asuundsvesmsmageumsveniumeizamduie 1ng3E hedonic
scale (9 AziY) vourhna Tauaan vima Tauawimees lsd
(amuwgil 70 esrwaiFod Ul 15 wif) vhmalaunmneslad
(RN 114 DIAUTALTIT WU 25 UIN) wazrhea lauarun Uy
@4 (600 nnzahana wiu 15 W)
Mean acceptance score as evaluated by 9- point hedonic scale of fresh,
pasteurized ('I'OOC for 15 minutes), sterilized (1 14°C for 25 minutes) and

pressurized palm sap (600 MPa for 15 mintues)

Treatment Mean score

Appearance Color Odor Flavor  Overall liking

b

fresh palm sap 7.23" 747" 7.37 7.03" 6.97"
pasteurized palm sap 7.23" 7.40™ 683" 647 6.53°
(70°C,15 min)

sterilized palm sap 6.93" 7.10" 5.83"° 5.60" 5.63"
(114°C, 25 min)
pressurized palm sap 7.00™ 7.40" 6.73" 6.73° 6.87°

(600 MPa, 15 min)

Note * Sensory analysis in fresh palm sap was done after 15 hours of collecting palm sap.
The different superscripts in the same column denote the significant differences (p<0.05).

", not significant at p<0.05





