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Thesis Title Application of Dielectric Heating in Biodiesel Production
Author Mr. Attapon Choto
Major Program Chemical Engineering
Academic Year 2016
ABSTRACT

The aim of this thesis study was to the sterilize oil palm by dielectric heating. It
consists of microwave frequency (2450 MHz) and Radio-frequency (RF) (27.17 MHz). The study
was composed of (1) investigating the technical possibility of oil palm sterilized by dielectric
heating. (2) determine the suitable conditions of oil palm sterilization using dielectric heating
And (3) analyze the efficiency of sterilizing oil palm using dielectric heating.

The experimental results revealed that factor of heating oil palm were duration
of heating, power and types of frequency. The temperature of palm fruits increases
correspondingly as power and duration time. Comparison between Microwave and RF technical
results showed that microwave can better heat than RF. In addition, sterilization of oil palm from
both technics could inhibit the increasing of free fatty acid in oil palm fruits. The temperature of
heating higher than 60 degree Celsius can reduce increment rate of free fatty acid. The oil palm
fruits can be stored for 8 days in ambient condition with free fatty acid content lower than 5
percent. Analysis energy efficiency result indicated that energy efficiency of microwave higher

than RF.
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2.6 ﬂﬁummaﬁfnq (Radio-Frequency, RF)
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9 UIN
3 2.11 0.05 6.4 388 |22 0.10 9.5 10.74
Y 3.89 10.73
1 2.06 0.05 4.6 2.86 221 0.10 32 3.65
. 2 2.07 0.05 4.7 2.88 2.09 0.05 5.7 3.46
12 U
3 2.10 005 |47 2.86 2.01 0.05 |56 3.57
Y 2.87 3.56
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M319 Al. Gumglamiamﬁwﬁﬂ?mmﬂiﬂ%uuaﬁimmmﬂwmmmmmwaﬂmu (919)

mslianudeudionauing masde 400 Jnd

i

s A29814 8
EGEN U, [NaOH] | NaOH | %FFA | uu. | [NaOH] | NaOH | %FFA
A10814 (va) #29819 (Wa.)
(A5Y) (A5Y)
1 2.17 0.05 122 | 7.17 2.24 0.10 8.0 9.14
2 2.1 0.05 117 | 7.13 2.05 0.10 7.4 9.24
AN
3 2.02 0.05 112 | 7.10 2.12 0.10 7.6 9.18
nay 7.13 9.19
1 2.2 0.05 6.6 3.81 2.05 0.05 11.7 731
. 2 2.09 0.05 6.1 3.74 2.05 0.05 11.8 7.34
3 U
3 2.15 0.05 6.4 3.78 2.10 0.05 12.2 7.44
Y 3.78 7.36
1 2.02 0.05 4 2.53 2.06 0.05 6.3 3.88
. 2 2.15 0.05 4.9 2.92 2.19 0.05 6.7 3.92
6 UIN
3 2.03 0.05 45 2.81 2.1 0.05 6.4 3.90
nay 2.75 3.90
1 2.13 0.05 52 3.12 2.12 0.05 6.3 3.80
. 2 2.10 0.05 49 2.96 2.12 0.05 6.6 3.98
9 U
3 2.15 0.05 5.1 3.04 2.08 0.05 6.4 3.94
naY 3.04 3.91
1 2.07 0.05 5.1 3.12 2.10 0.05 52 3.17
. 2 2.11 0.05 5.4 3.28 225 0.05 5.7 3.21
12 W
3 2.13 0.05 54 3.22 2.02 0.05 5.1 3.20
nay 3.20 3.19
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mslianudeudionauing masde 600 Jnd

il

s A29814 i 8
EGEN U, [NaOH] | NaOH | %FFA | uu. | [NaOH] | NaOH | %FFA
A10814 (wa.) #29819 (Wa.)
(A5Y) (A5Y)
1 2.10 0.05 17.1 | 1039 | 2.07 0.10 11.4 14.04
2 2.08 0.10 8.5 1040 | 2.07 0.10 11.4 14.10
AN
3 2.07 0.10 8.4 10.39 2.10 0.10 114 13.90
nay 10.39 14.01
1 2.06 0.05 5.6 3.48 2.05 0.05 10.1 6.31
A 2 2.02 0.05 5.6 3.55 2.05 0.05 9.8 6.12
3 U
3 2.07 0.01 28.6 3.53 2.1 0.05 10.2 6.22
naY 3.52 6.21
1 2.04 0.05 1.75 1.10 2.21 0.05 3.35 1.94
. 2 2.12 0.01 9.4 1.13 2.06 0.01 17.6 2.18
6 UIN
3 2.09 0.01 9.1 1.11 2.1 0.01 17.8 2.17
nay 1.11 2.10
1 2.09 0.05 1.5 0.92 2.08 0.05 1.9 1.14
A 2 2.06 0.01 6.8 0.84 2.12 0.01 8.6 1.04
9 U
3 2.10 0.01 6.9 0.84 2.07 0.01 8.3 1.02
naY 0.87 1.07
1 2.23 0.05 1.5 0.86 2.07 0.05 2.2 1.36
. 2 2.13 0.01 6.6 0.79 2.08 0.01 1.2 138
12 W
3 2.10 0.01 6.6 0.8 2.10 0.01 113 1.37
nay 0.82 1.37
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4 o w 1 v o
mslianudeudlenaululasnw fidads 200 o

il

s A29814 i 8
EGEN U, [NaOH] | NaOH | %FFA | uu. | [NaOH] | NaOH | %FFA
A10814 (va) A10814 (Wa.)
G (M5W)
1 2.11 0.10 5.7 6.92 2.04 0.10 9.1 11.42
2 2.26 0.10 6.2 7.02 2.1 0.10 9.3 11.28
AN
3 222 0.10 6.1 7.03 2.06 0.10 9.1 11.25
Y 6.99 1131
1 2.07 0.01 18.6 | 2.23 3.05 0.01 46.6 3.79
. 2 2.05 0.05 34 221 3.05 0.01 45 3.78
3 U
3 2.11 0.01 18.7 | 2.20 3.09 0.05 8.6 3.70
naY 221 3.76
1 2.05 0.01 7.8 0.94 3.09 0.05 49 2.11
. 2 2.16 0.01 8.5 0.98 3.10 0.05 49 2.10
6 UIN
3 2.09 0.01 8.3 0.98 3.17 0.01 25.8 2.02
Ay 0.97 2.08
1 2.05 0.01 7.1 0.86 3.00 0.01 12.7 1.05
. 2 2.12 0.01 75 0.87 3.05 0.01 12.9 1.05
9 U
3 225 0.01 7.7 0.84 3.13 0.01 12.9 1.02
naY 0.86 1.04
1 2.01 0.01 73 0.90 3.09 0.01 133 1.07
. 2 2.05 0.01 7.6 0.92 3.03 0.01 13.4 1.10
12 W
3 2.09 0.01 7.7 0.91 3.05 0.01 133 1.08
Y 0.91 1.08
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4 o w 1 v o
mslianudeudlenaululasnm fidads 400 o

il

s A29814 i 8
EGEN U, [NaOH] | NaOH | %FFA | uu. | [NaOH] | NaOH | %FFA
A10814 (wa.) #29819 (Wa.)
(N5W) (N5W)
1 2.29 0.05 12.3 7.15 2.06 0.05 214 13.83
2 2.18 0.05 11.7 | 7.14 2.18 0.05 22.7 13.86
AN
3 2.2 0.05 11.7 7.08 2.09 0.05 21.8 13.89
nay 7.15 13.86
1 2.05 0.01 4.7 0.57 2.15 0.01 8.2 0.95
A 2 2.26 0.01 4.2 0.46 2.11 0.01 7.4 0.87
3 U
3 2.18 0.01 5.1 0.58 2.08 0.01 7.8 0.93
naY 0.54 0.91
1 2.16 0.01 5.4 0.62 2.17 0.01 4.9 0.56
. 2 2.18 0.05 1.1 0.67 2.06 0.01 4.4 0.53
6 UIN
3 2.24 0.01 5.7 0.63 2.01 0.01 4.5 0.55
nay 0.64 0.55
1 2.06 0.01 7.4 0.89 2.03 0.01 4.5 0.54
A 2 2.14 0.01 7.5 0.86 2.04 0.01 4.7 0.57
9 U
3 2.11 0.01 7.6 0.89 2.12 0.01 4.7 0.55
naY 0.88 0.55
1 2.24 0.01 7.2 0.80 2.11 0.01 5.4 0.63
- 2 2.07 0.01 6.7 0.80 2.3 0.01 5.6 0.60
12 W
3 2.1 0.01 7.0 0.82 2.18 0.01 5.4 0.61
nay 0.80 0.61
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4 o w 1 v o
mslianudeudlenaululasnw fidads 600 o

il

s A29814 i 8
EGEN U, [NaOH] | NaOH | %FFA | uu. | [NaOH] | NaOH | %FFA
A10814 (wa.) #29819 (Wa.)
(A5Y) (A5Y)
1 2.13 0.05 26.5 15.92 2.10 0.10 16.8 20.48
2 2.13 0.05 25.8 15.50 2.28 0.10 18.5 20.77
AN
3 2.03 0.05 25.1 15.83 2.04 0.10 16.2 20.33
nay 15.71 20.53
1 2.07 0.01 15.2 1.88 2.08 0.05 3.6 2.22
A 2 2.16 0.01 14.6 1.73 2.14 0.05 3.7 2.21
3 U
3 2.01 0.01 13.8 1.76 2.10 0.01 18.2 2.22
Y 1.79 221
1 2.02 0.01 122 | 1.55 227 0.05 4.1 2.31
. 2 2.04 0.01 11.8 | 1.48 2.08 0.05 3.7 2.28
6 UIN
3 2.20 0.01 13.1 1.52 2.13 0.01 18.7 225
nay 1.51 2.29
1 2.06 0.01 12.1 1.50 2.15 0.05 2.6 1.55
A 2 2.10 0.01 12.8 1.56 2.10 0.01 12.5 1.52
9 U
3 2.01 0.01 12.0 1.53 2.04 0.01 11.7 1.47
naY 1.53 1.51
1 2.17 0.01 13.5 1.59 2.17 0.05 3.0 1.77
- 2 2.23 0.01 13.1 1.50 2.09 0.01 14.9 1.83
12 W
3 2.09 0.01 128 | 1.57 2.10 0.01 14.4 1.76
Y 1.55 1.78
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m3lianudoudlonauing fasds 600 ind
M3 #7081 N 4 R 8
NAADI o [NaOH] | NaOH | %FFA | uu. | [NaOH] | NaOH | %FFA
#0819 (wa.) #0819 (Wa.)
GED) (GEEY)
1 2.16 0.10 7.1 8.41 2.11 0.10 9.3 11.28
2 2.28 0.05 153 | 8.50 222 0.05 20.0 11.42
ALY
3 2.07 0.05 13.8 | 845 2.10 0.10 9.2 11.22
Ay 8.46 11.30
1 2.17 0.05 48 2.77 2.08 0.05 58 3.53
. 2 2.12 0.01 235 | 2.78 2.10 0.01 29.4 3.51
5uM
3 2.28 0.05 5.0 2.78 2.04 0.05 5.7 3.51
nae 2.78 3.52
1 224 0.05 490 | 2.77 231 0.05 4.05 222
. 2 2.28 0.05 495 | 275 2.13 0.05 3.80 2.26
10 W
3 2.07 0.01 228 | 2.76 2.17 0.01 | 19.30 2.23
naY 2.76 2.24
1 2.50 0.05 1.9 0.94 2.21 0.05 2.1 1.18
. 2 2.65 0.01 74 0.89 2.08 0.01 8.1 125
15 U1
3 2.10 0.01 6.1 0.93 2.02 0.01 7.7 122
Y 0.92 121
1 225 0.05 2.0 1.13 2.12 0.05 22 132
. 2 2.54 0.01 7.7 0.97 2.20 0.01 8.9 1.29
20 UIN
3 2.20 0.01 6.7 0.97 2.07 0.01 8.6 133
Ay 1.02 1.31




9 a J v oAa Y yJ R J 1
#1319 A2. Gllf)ﬁallﬁﬂTi'Jlﬂ31$ﬁﬂ%ﬂ1mﬂiﬂqﬂmu@ﬂﬁ$ﬂlﬂiﬂ1§1ﬁﬂ31uﬁﬂullﬂ“ﬁ@ﬂ1au (99)

4 o w 1 v o
mslianudeudlenaululasnw fidads 600 o

il

s A29814 i 8
EGEN U, [NaOH] | NaOH | %FFA | uu. | [NaOH] | NaOH | %FFA
A10814 (va) #29819 (Wa.)
(A5Y) (A5Y)
1 228 0.10 7.4 8.31 2.48 0.10 11.9 12.28
2 2.10 0.10 7.0 8.53 2.03 0.10 10.1 12.74
AN
3 2.04 0.10 6.7 8.41 2.10 0.10 10.3 12.50
nay 8.42 12.51
1 2.27 0.01 7.9 0.86 2.05 0.01 8.0 0.97
. 2 2.06 0.01 74 0.89 2.16 0.01 8.6 0.99
5 U
3 2.04 0.01 7.3 0.89 2.07 0.01 8.1 0.97
naY 0.88 0.98
1 2.15 0.01 7.7 0.89 221 0.01 8.3 0.93
. 2 222 0.01 7.6 0.85 2.20 0.01 8.2 0.93
10 WA
3 2.10 0.01 7.4 0.88 2.12 0.01 8 0.94
nay 0.87 0.93
1 2.09 0.01 6.4 0.76 2.17 0.01 6.8 0.78
. 2 2.20 0.01 6.5 0.73 2.30 0.01 6.9 0.74
15 w1
3 2.11 0.01 6.4 0.75 2.01 0.01 6.2 0.77
Y 0.75 0.76
1 2.09 0.01 6.1 0.72 221 0.01 6.6 0.74
. 2 222 0.01 6.3 0.70 2.07 0.01 6.2 0.74
20 U
3 228 0.01 6.4 0.70 2.14 0.01 6.3 0.73
nay 0.71 0.74

88



&9

) 1 @ 1 o v ) 1 s Y A a ) ¥
AT NN 73, ﬁumg,aumuﬂﬂauuawmmﬂﬂmmaauuﬂwaﬂmumﬂﬂamﬂq LLﬁ%GUfJﬂaJ.ﬁﬂ'lﬁcl“lf

WA
o w 1 Y [} A Y Y [ Aq ¥ [ Aq ¥
[IGNGN 131 AIDYIN HULTUAU uu.f,;rﬂmﬂ ‘Wﬁ\i\ﬂ”“ﬂﬁlﬁﬁ ‘Wﬁ\i\ﬂ”“ﬂﬁlﬁﬁ
50 (i) G G (kWh) (kJ)
1 150.7 147.1 0.03 108
3
2 150.6 147.8 0.03
1 151.8 147.3 0.05 198
6
2 149.1 145.0 0.06
200
1 149.3 1443 0.08 288
9
2 151.2 145.8 0.08
1 149.9 143.8 0.11 396
12
2 150.5 144.1 0.11
1 1512 145.1 0.04 144
3
) 150.9 145.2 0.05
1 150.7 1422 0.09 324
6
2 150.7 1415 0.09
400
1 150.9 139.9 0.12 432
9
2 151.8 140.2 0.13
1 149.0 1352 0.17 612
12
2 150.9 137.5 0.18
1 150.7 1443 0.05 180
3
) 149.2 143.1 0.05
1 151.4 140.4 0.11 432
6
) 150.3 139.6 0.13
600
1 149.7 135.8 0.17 630
9
) 150.2 136.0 0.18
1 151.8 135.1 0.24 864
12
2 150.3 133.3 0.24
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) 1 @ 1 o ) ] ' ) A v
AN 74, Ellf)ﬁall'ﬁlﬂﬁuﬂﬂ@ulla%ﬁﬁﬂﬂ'ﬁiﬂﬂ'ﬂuﬁfJuLLﬂWﬁ°]J'IﬁiJﬂ’JElﬂﬁuulﬂJIﬂﬁl'Jw Haguayn

9 [
M3 lFwaaau
o w 1 Y [} A Y Y [ Aq ¥ [ Aq ¥
[IGNGN 131 AIDYIN HULTUAU uu.qmmﬂ WE“I\‘I\HUV]G];GU WE“I\‘I\HUV]G];GU
50 (i) G G (kWh) (kJ)
1 150.5 143.9 0.01 54
3
2 151.3 144.8 0.02
6 1 150.3 139.7 0.03 90
2 152.5 141.9 0.02
200
1 149.6 134.4 0.04 144
9
2 151.0 136.2 0.04
1 150.2 125.9 0.06 216
12
) 151.8 127.6 0.06
1 150.7 130.1 0.03 108
3
) 150.8 130.0 0.03
1 151.6 124.5 0.07 252
6
2 150.9 122.7 0.07
400
1 150.2 114.8 0.10 378
9
2 151.2 116.0 0.11
1 150.5 106.3 0.12 468
12
2 150.1 107.3 0.14
1 150.3 123.4 0.05 180
3
) 150.7 126.5 0.05
1 150.5 115.9 0.09 324
6
) 150.5 116.0 0.09
600
1 150.7 106.3 0.13 486
9
2 149.9 105.2 0.14
1 149.4 102.0 0.18 648
12
2 150.1 101.8 0.18
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3 o 1 @ R 4 o w 1 o
#1319 AS. %’ay,aumuﬂﬂ’auuazﬁmmﬁclﬁlmm%lauuﬂ%aﬂmuﬁ}wmmm 600 19191 LIS

9 9 [
"um%lamihwmﬂm
A A o A g9 Y 9 Aq ¥ o Aq ¥
FUANAU n PRIAN UULTUAYU UU.FANY waun e naauN e
(W) (N5W) (n51) (kWh) (k)
1 604.7 580.3 0.12 432
5
2 599.2 574.8 0.12
1 598.9 561.4 0.19 702
10
, 2 601.9 567.0 0.2
AAUINg
1 603.7 561.9 0.28 990
15
2 600.4 561.1 0.27
1 594.9 5452 0.31 1152
20
2 604.7 551.6 0.33
1 599.6 563.6 0.08 288
5
2 602.2 562.3 0.08
1 608.0 531.5 0.15 540
' 10
Afu 2 602.4 530.1 0.15
TuTasm 1 606.3 506.3 0.23 846
15
2 603.6 502.1 0.24
1 598.5 470.7 0.29 1062
20
2 601.8 4772 0.30
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% [] 9 a 4 v 0 Y 9 9 d' a d' o o I
A15149 A6. mﬁ]EmﬁumglaqmﬁgmmNaﬂmammmumﬂwmmmummamwEmmm N
v J
400 1919
al A8 QN (°C)
ANIMUS Y
Tl T2 T3 T4
1 31.6 315 31.6 31.7
2 31.4 315 31.5 31.5 31.6
AV
3 31.7 31.5 31.6 316
4 31.5 316 31.6 31.6
1 57.7 54.1 55.7 55.7
3 U0 2 51.4 51.0 51.5 513 53.0
3 57.3 54.5 56.1 56.4
4 49.4 48.6 482 49.0
1 63.5 62.5 64.5 61.2
. 2 66.2 66.7 65.4 66.8 62.7
6 UIN
3 65.3 60.6 61.1 62.0
4 59.5 59.4 60.2 59.0
1 76.2 70.7 73.6 722
. 2 64.6 65.4 65.1 66.3 71.1
9 1%
3 71.4 76.8 73.3 75.4
4 71.9 71.1 73.9 70.0
1 72.4 775 76.8 73.4
. 2 76.8 75.5 76.6 77.7 75.2
12 1
3 74.5 71.9 74.5 73.5
4 76.3 74.8 76.2 75.0
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Maaas 181/ #0814 QN (°C)
S1 S2 S3 S4 DAY
A
AAUINY

3 U0 36.8 41.4 40.5 423 40.2
6 U 457 44.8 47.4 48.5 46.6

200 -
9 U1 51.4 53.4 53.4 52.8 52.7
12 U 57.4 54.5 55.2 54.2 55.3
3 W9 55.8 51.3 56.1 48.8 53.0
6 UM 62.9 66.3 62.3 59.5 62.7

400 -
9 UN 732 65.4 742 71.7 71.1
12 1 75.0 76.7 73.6 75.6 75.2
3 U0 60.2 54.3 51.4 50.4 54.1
6 117 78.7 743 75.3 78.4 76.7

600 -
9 117 75.5 75.5 79.8 80.4 77.8
12 1 77.7 79.5 85.5 85.8 82.1

aauluTaso

3 U0 55.5 60.2 56.3 59.7 57.9
6 UM 71.3 66.4 68.5 69.2 68.8

200 -
9 UN 72.7 66.8 72.8 732 71.4
121 78.9 80.1 75.6 735 77.0
3 U0 65.7 68.1 64.7 57.7 64.0
6 117 72.9 69.6 75.5 74.6 73.2

400 -
9 U1 86.1 84.7 90.8 87.9 87.4
12 1 122.9 124.9 116.9 1315 124.0
CRTRLT 78.6 74.5 74.7 72.0 74.9
6 UM 112.9 105.8 110.1 105.3 108.5

600 -
9 UN 160.5 152.8 152.7 145.9 153.0
121 193.6 187.5 185.0 183.3 187.3




[

9 a g o v Y ¥ R s Ao o
AT NN M8. magaqmﬁQmmwaﬂmmﬂi’cNmumﬂwmmmmm“vaﬂmuﬂmmm 600 36191
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¥iiandu | 11/ dret NN (°C)
Sl S2 s3 S4 mae
5 UM 52.2 56.6 57.0 53.6 54.8
i 10 W17 64.7 64.9 68.9 62.7 65.3

AAUINg -

15 Ui 722 75.7 68.1 70.2 71.5
20 UM 80.2 71.5 72.1 73.4 743
5w 79.7 73.5 79.6 71.6 76.1
AdL 10 17 81.2 79.3 83.3 76.6 80.1
TuTasn 15 uf 88.3 84.5 81.2 87.7 85.4
50 W 84.5 93.4 94.3 91.1 90.8
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Sterilization of Oi1l Palm Fruit Using
Radio-Frequency Heating

Attapon Choto, Chakrit Thongurai, Nattawan Kladkaew and Montep Kiatweerasakul

Abstract—The objective of this research is to study on the
sterilization of oil palm finits by radio-frequency (RF) heating in
term of enzvmatic inactivation. Oil palm fruits were heated by the RF
applicator at different frequency. and periods of heating also be
varied. The experimental results revealed that the increase in RF
frequency and duration of heating causes the increasing of mesocarp

i} . From experi 1 results, it showed that the optimum
condition of RF heatung in order of interrupting the enzymatic
reaction was at 27.12 MHz and 6 minutes of operating. which can
ncrease the mesocarp temperature to 329.5 K. The obtained energy
efficiency at this condition was 19.12 %. The tested oil palm fruirs
can be stored for 4 days in ambient condition with the increase of free
fatry acid is acceptable. On the basis of experimental results. it can be
showed that RF could inhibit the increasing of free fatty acid in oil
palm fruits, however this process should be studied further.

Keywords—Sterilization. Palm fruit. Radio-frequency. Free Farty
Acid.

1.  INTRODUCTION

IGH content of free fatty acid (FFA) in crude palm oil is

the most problems for the palm oil mill. After harvesting,

oil palm delivered to mill early before the high rate
increasing of FFA will be ocowred.

Sterilization is a step in the milling process, which objects
to nactivate the naturally occwring enzymes in the palm fiuits
which split the oil to FFA and encourage remove the fruit from
the bunch [1]. Conventional sterilization of oil palm in the
palm oil mill is wet process which uses steam and hot water.
The oil palms are subjected to high pressure at 15-45 psi for
90 minutes and the temperature more than 100°C [2]. [3].
However, steam sterilization process has produced much waste
water. Thus the high cost of water trearment was imperative to
rigorous environmental standard. The mulling process always
practiced stringent control on the process in order to produce
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crude palm oil (CPO) with acceptable specifications,
especially on parameter such as moisture and FFA content.
High FFA contemt is inevitable since wel processes are
engaged and the presence of water will promote hydrolysis of
oil to FFA [4]

RF is a new tool for high temperature process which is rapid
and uniform heating including decrease sintering temperature.
FF is a range within electromagnetic spectrum which covers a
frequency berween 1 to 300 MHz. Microwave are similar to
RF in their heating behavior but it has a higher frequency
range [5]. In addition. the difference between RF and
microwave is principally of technology. In RF, the product to
be heated is placed between the electrodes plates while in
microwave, heating occurs within metal chamber such as
microwave oven [6].

In an RF heating process, the RF generator produce an
electric field berween electrodes where the alternating energy
causes polarization, and where the molecules in the product
continuously reorient themselves to face opposite poles [7].
When an alternating electric field is applied to material, it
causes movement of positive ions in the material towards
negative regions of electric field and the movement of negative
ions towards positive regions of electric field [8]. The
movement of ions in this characteristic is referred to as ionic
depolarization and is principally resistance heating as found in
OH. Heating occurs due to electric field is not static. with
polarity continually changing at high frequencies (e.q. 13.56,
27.12 and 40.68 MHz for RF). However, irregardless of the
frequency. the continued alternated of polarity in the electrical
field leads to the oscillation of ions forwards and backwards in
the product with the effect of this being the internal generation
of heat within the product by friction of dipolar molecules such
as water in a product [8]. [9].

The aim of this research was ro monitoring the feasibiliry of
the beneficence of RF heating as a primary stage of the small
milling process for enzymatic denanwed which could be
reduce increasing rate of FFA. extensively store will not be
problem of milling process.

II. EXPERIMENTAL PROCEDURE

A. Materials

The oil palm fruits were collected from Songkla and nearby.
The experiments conducted within 24 hrs after harvested. The
experiments were carried out on 150 g of fruitlets which is
detached by slight push of the finger from the bunch.
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B. Radio-Frequency heating

The heating process was camried out by using a RF
application unit. It consists of RF generator and RF applicator
which matching network and parallel plate electrodes are the
major parts of it. The dimension of parallel plate are 16x28
cmr” The distance from the bottom to the top electrode was 4
cm. The RF generator has operating frequency of 13.56 and
27.12 MHz respectively.

The oil palm fruits were placed berween two plate
electrodes, then heated by RF unit at 300 watt for 3, 6, 9 and
12 minutes respectively. The temperamwe and temperanwe
distribution were measured before and after heating by using
infrared camera (Model FLIR i3, FLIR. Systems, Inc.)

The energy efficiency of RF used in the study was also
investigated by comparing the energy provided of RF and
following equation:

Ot = P41 (1)
Where Qpenenea 15 energy generated (k7T). P is transmission
power (W) and t is retention time (s).
,(_}mmn’ = ';_)ﬂbw + (_)Mm ol +§_)|-ara- + = vaporizarbn 2

Where 1,y 15 total energy absorbed (kT).Qg,., is energy
absorbed of fiber in palm fiuit, Qp,, i is energy absorbed of
palm oil (kT), Q. is energy absorbed Of water in palm fiuir
(kT) and Q,porizanicn 15 energy of vaporization of water in palm
fruit (kJ).

Qrotat

= panerared

efficienci(®0) = «10Pa  (3)

C. Free Farty Acid Content of Palm Oil Analysis
The FFA content of exmacting oil palm was analyzed

according to AOCS Official Method Ca Sa-40 [10].

III. RESULTS AND DISCUSSION

A. Temperature Distribution

Fig. 1. Temperature distbution within oil palm fiuits prior 1o RF
heating.

Fig.l. presents the typical intermal temperature distribution of
oil palm fruits before to heated by RF. The red background of
thenmal images represents temperature of swrroundings. and
the blue side demonstrates temperature distribution of oil paln
fruits.
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(d

Temperature distribution within o1l palm fiuits afier RF

12 at 13.56 MHz. The heating time were (a) 3 minute (b) 6
minute (¢) 9 minute and (d) 12 minute respectively

The temperanire distribution within oil palm fiuirs after RF
heating at 13.56 and 27.12 MHz are presented in Figs.2-3,
respectively. The blue backgronnd of thermal images
represents temperanwe of swroundings. A transition from
green to pink rings showed that oil palm fruits had a higher
internal remperamre than at surface due to convective hear
wansfer between the oil palm fruits and swrounding. Heat
conduction within oil pahm fruits, resulting from a lugher
sirface temperature next to the swroundings, would generate a
temperature gradient inside an oil palm fuits.
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(a

(b)

(c

(d)

Fig.2. Temperature distribution within oil palm fruits after RF

heating at 27.12 MHz. The heating time were (a) 3 minute (b) 6
minute (¢) 9 minute and (d) 12 minute respectively

TABLEI
EFFECT OF RF HEATING FREQUENCY AND TIME ON MESOCARP
TEMPERATURE OF OIL PALM FRUIT AT 500 WATT

Retention time Temperature of mesocarp (K)

(min) 13.56 MHz 27.12 MHz
3 3169 3205
6 319.9 329.5
9 3253 335.5
12 330.0 336.6
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B. Sterilization of Qil Palm Fruilet

The mesocarp temperature of RF heating oil palm fruit was
showed in Table I. the result indicated that mesocarp
temperature of palm fruits increases correspondingly as
frequency and retention time. The maximum temperature
reaches 336.6 K by using 27.12 MHz within 12 minutes.

Fig.4. shows the percentage increments of FFA of oil palm
fruit that carried out by 13.56 MHz. 500 Watt RF-heated oil
palm fruit compared between heating and non-heating. The
results shown that increments rate of FFA of oil palm heated
by RF lower than non-heating oil palm fruits. However,
consider on the percentage increment of FFA to be hardly
different between non-heating and heating for temperature at
316.9 K .Therefore temperature lower than 316.9 K cannot
halted enzymatic reaction.

Fig.5. present the percentage increments of FFA of oil palm
fruit that carried out by 27.12 MHz. 500 Watt RF-heated oil
palm fruit. The results indicated that temperature higher than
320.5 K can reduce increment rate of FFA. The increasing of
FFA m heated o1l palm fruits above 335.5 K rarely increase
when compared with non-heating oil palm fruits.

z
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0
Reteosion Tune
Fig.4.The percentage increments of FFA content at 13.56 MHz
RF-heated of oil palm fruitlet.
120
07
000
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£
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E 2000

Retention Time

on-host

Fig.5.The percentage increments of FFA confent at 27.12 MHz
RF-heated of oil palm fruitlet.

As a result of FFA data mentioned above, RF sterilization
system can be halted enzymatic reaction. It could be retained
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‘THE EFFICIENCY OF BF HEATING ON PALM FRUITS AT S00WATT

Retention Time (min)

13.56 MHz 27.12 MHz
3 ] ¢ ) 12 3 ) ] ) @ ) 12
Energy absorbed of fiber (kJ) 0.92 1.48 1.91 2.473 1.48 2.37 3.07 3.16
Energy absorbed of palm oil (kJ) 1.05 1.67 217 2.808 1.68 2.70 348 358
Energy absorbed Of water in palm fruit (kT) 15.87 15.87 15.87 15.871 15.87 15.87 15.87 1587
Energy of vaporization of water in palm fruit (kI) 595 13.47 18.33 16418 595 13.47 18.33 2641
Total energy absorbed (kT) 26.80 3249 3828 47.57 2798 3441 40.75 49.03
Energy generated (kJ) 90.00 180.00 270.00 360.00 90.00 180.00 270.00 360.00
Efficiency (%) 29.78 18.05 14.18 13.21 309 1912 15.09 13.62

oil palm fruit until 4 day, advantages for pressing tarried oil
palm fruit.

. Energy efficiency of RF stevilization

RF heating of oil palm fiuits, energy efficiency was
generated by the transmission power of the RF and absorbed
by oil palm fiuits. Table II presents the energy data calculated
in experimental.

The results shown that value of energy efficiency decrease as
the RF exposure duration increase. The efficiency of RF for
13.56 and 27.12 MHz at duration time 3, 6, 9 and 12 minutes
shown in Table II.

IV. CONCLUSION

The present smdy shows that oil palm fruits can be
stabilized by heating oil palm with RF to inactivate enzymatic
reaction. In tlus study, the optimal condition of RF heating in
order of interrupting the enzymatic reaction was at 27.12 MHz
and 6 minutes. The tested oil palm fruits can be stored for 4
days in ambient condition with the increase of free fatty acid is
acceptable. The obtained energy efficiency of RF at this
condition was 19.12 %. On the basis of experimental results, it
can be showed that RF heating could inhibit the increasing of
FFA in oil palm fiuits, however this process should be smdied
further.
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