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2.4 NQUANTTIIMMIMLMANUTOU [26]
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55'c a b c d k R? X2
Newton 0.0308 0.994 5.16E-04
Handerson and Pabis 0.96949 0.0298 0.995 4.06E-04
Twoterms 0.48475 0.0298 0.995 4.57E-04

three-parameter

function| . -0.04093 -2.79E-02  -3.58E-05 0.995 3.87E-04
65'c

Newton -0.9749 0.995 4.34E-04
Handerspn and Pabis 0.95822 0.0376 0.994 4.90E-04
Twoterms 0.48747 0.0349 0.994 4.92E-04

three-parameter

function -0.05412 -3.48E-02  -6.30E-05 0.995 4.61E-04
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Model name Model References

O'Callaghan, Menzies and

1 Newton MR =exp(—kt")
Bailey (1971) [19]
2 Handerson and|Pabis MR = aexp(—kt) Page(1949) [19]
Henderson and Pabis (1961)
3 Two terms MR = aexp(—kt) + bexp(—kyt)
[19]
. three-parameter MR =exp(a+bx+ ch)
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92| 6| 32| 60 46 0| 48] 33| 64| 48




4' a d' ¥ a &' 9 a
MINN Y7 m@y’awumsLﬂaﬂuuﬂawmumumuaustnﬂgﬂ qmﬁgmmzﬂszuﬁ

9
ad o

o { [~ o 9/ . ? A
ﬁﬂ’l']gallaﬂlﬂﬁﬂqw'lllﬁq Qmﬂgn‘ﬁm 65 °C AYINITATDU 200 rpm LIATNATN 90 mimn “]ﬂﬁl

Switn fangi (°C)
_ wgwinf
£38(min) LﬂéﬂuLLﬂa e 2 ATLILE(A)
a(kg)

0 2438 26.4 26.80 7.48

2 2436 78.3 27.00 7.48

7 24.35 61.7 21.40 5;98
12 24.33 79.7 20.70 8.81
17 24.30 74.6 22.20 5.73
22 24.28 63.4 21.25 5.35
27 24.26 65.1 21.80 5.28
) 32 24.25 65.2 21.30 5.11
37 24.24 70.1 21.30 5.56
42 24.22 68.5 24.30 5.27
47 24.20 69.8 23.50 5.5
52 24.19 69.2 24.70 5.Q3
57 2417 67.5 25.40 5.03
62 24.16 66.8 25.50 5.34
67 24.16 64.5 26.70 5.31
72 24.15 64 27.00 5.33
77 24,15 63.6 29.40 53
82 24.14 64 31.30 5.37
87 24.14 63.5 32.80 5.34
92 24.14 65 33.50 4.88




3 a = 3 o & 9 oY
Foyadumsufoulaenihminilouswiiya gunguuasnTsud

=2a.
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AN

¥
o

o ad o o . ¥
aanzupunze e gungRfias 65 °C A1WEI58Y 200 rpm RATUAL 90 min F1712

Srat gnNil (°C)
wwdnfi
1ia(min) | . “ o o | PIBUTA)
wasuwila| tMiue AU
kg)
0 2431 27.20 24.50 1.74
2 24,28 75.30 23.70 7.52
7 24.26 59.20 22.30 6.44
12 24.24 62.80 20.90 6.08
17 24.22 61.40 20.20 6.02
22 24.20 65.00 18.70 5.77
27 24.18 64.40 17.80 5.14
2 32 24.16 64.60 18.40 5.84
37 24.15 63.80 19.60 5.57
42 24.13 63.70 23.60 535
47 24,12 65.10 26.30 5.64
52 24.11 66.70 29.10 5.53
57 24.08 68.40 30.90 5.2
62 24.08 67.70 27.00 5.39
67 24.07 68.90 29.90 5.24
72 24.07 69.00 32.20 5.34
77 24.06 67.40 34.60 5.25
82 24.06 67.40 39.30 5.27
87 24.06 66.80 35.90 4.89
92 24.05 68.30 36.30 5.19
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Mt ¥ Lﬁ'@gﬁﬁﬁmirﬂﬁlﬂuuﬂawmﬁmﬁmﬁamw%’nyﬂ QuUUlUaLATLUE
anzupuRs it amﬁgﬁﬁéa 65 °C A2113350 200 rpm L3R 90 min #1713
wdn gaungll (°0)
wewdnh
£38(min) , " Y o NITLLE(A)
waeuwa| M1 AU
kg)
0 24.40| 278 28.40 7.1
2 24.38 58.0 21.10 72l
7 2436 1134 22.90 6.2
12 24.35 64.7 24.50 6.07
| 17l 2433 654 23.90 593
' 2 24.30 65.5 23.90 5.94
27 24.28 90.6 23.80 5.86|
32 24.26 89.0 24.20 5.69
’ 37 24.25 86.7 24.30 5.66
0 24.24 83.5 24.90 5.63
| 47 24.23 82.6 25.20 5.61
5 52 2421 82.1 25.70 516
57 24.20 80.9 26.00 s.s8|
62 24.18 79.2 26.70 5.58
67 24,17 77.0 28.40 5.55
72 24.16| 768 31.00 555
77 24.16 78.5 33.60 495
82 24.16 76.0 34.80 530|
87 24.15 74.6 35.30 538
92 24.15 71.2 35.40 535
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A319% W10 m1n%mmnﬁenzw%’numwiuﬁ’mﬁmamﬁm‘lﬂ

anzpussoniuta gamglifing 65 °C anudrseuild 200 rpm navhuks 9o wift

vanugugmilen AU

awh a1 [ae ({43 [iade fah |4l a1 a3 1980

¥ Wi

d) )
o| 529 544| 526| 533 ol 123 193] 10| 1142
2| 48.9| 48| 486| 487 2 95.6 94.4 o46| 949
7| 469 44.7: 46| 454 7 8822 80.8 80.6| 832
12| abs| 08| 426 421 12 74.9 68.9 43| 727
17| 368| 369| 387} 375 17 582 58.5 630| 599
22| 38| 33.0| 327 328 2 48.7 493 485 489
27| 287| 29.1| 287 289 277 403 411 402| 406
32‘l 2:6.7 25.2| 24.7| 256 32 36.5 33.8 38| 344
37: 2:4.7 233 27| 236 37 328 304 24| 309
4:71l 207] 194 207| 203 2 26.1 2.1 26.1| 254
| 1oa| 175] 187] 176 a7 20,0 21.2 231 214
52| 147| 155] 148] 150 52 172 18.4 173 176
57| 06| of| 128] 110 57 119 10.7 146| 124
6| 86| op| 88| 90 62 94 107 96| 99
611 (86| 78| 68| 7.7 611 94 8.4 73| 84
7| l66| 78| 48 64 7 7.1 8.4 so| 68
71| |es| 58| 48| 57 7 7.1 62 so| 61
82| |a6| si8| 48| 51 82 48 62 so| 53
87| 46| sl8| 28| 44 87 48 62 29| 46
o3| 46| 3lo| 28] 38 92 48 40 29| 39
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A13197 w11 BRI
Setting Temp$5 °C Setting Temp 65 °C
Time(min) MR Time(min) MR
0 1.00 0 1.00
2 0.90 2 0.83
7 0.75 7 0.72
12 0.67 12 0.63
17 0.58 17 0.52
22 0.52 22 0.42
27 0.46 27 0.35
32 0.39 32 0.29
37 0.33 37 0.26
42 0.27 42 0.21
47 0.24 47 0.18
52 0.20 52 0.14
57 0.18 57 0.10
62 0.15 62 0.07
67 0.14 67 0.06
72 0.12 72 0.05
77, 0.09 71 0.04
82 0.06 82 0.03
87| 0.04 87 0.03
9 0.03 9 0.2




ﬂ'li'Nﬁ 12 6’¢I‘J'Iﬂ1iﬁ’lll?’i}\1 DR(%/min)
Setting Temp35 °C Setting Temp 65 °C
Time(min) DR(%/min) Time(min) DR(%/min)
0 5.0% 0 9.7%
2 3.0% 2 23%
7 1.5% 7 2.1%
12 1.7% 12 2.6%
17 1.2% 17 2.2%
22 1.1% 22 1.7%
27 1.3% 27 1.2%
32 1.3% 32 0.7%
37 1.2% 37 1.1%
42 0.6% 42 0.8%
47 0.8% 47 0.8%
52 0.4% 52 1.0%
57 0.5% 57 0.5%
62 0.2% 62 0.3%
67 0.5% 67 0.3%
72 0.5% 72 0.1%
77 0.6% 77 0.2%
82, 0.4% 82 0.1%
87 0.1% 87 0.1%
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31l 91 wamsnaaesduIMal u anz Asgungll 55 °C AWIEITOV 200 pm AT 1F Ty

o Y a
NTINIULKN 45 UIN

" ? a < {
51 92 HamInaaeaduMA & A1z AquINgH 55°C AMWIGITOV 200 rpm DA 1T

° Y a
ANTINULHE 60 UIN



107

. g .
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SGS

Test Report 1845137 Date : 13-Jan-2011 Page 10f 1

Client : King Mongkut's Institute of Technology Ladkrabang

1 Chalongkrung Rd.
Ladkrabang , Bangkok Thailand Bangkok 10520 Thailand

The following sampla(s) was/were submitted and identfiad by client as:

Sample Description Shdusehndgef amnhuiadaumtnyaluranguonmanufulurine slseed
Wanugfaruan 55 C mhravlumu 200 sousand o) 90 nft
Sampie No. : 1993587
Sample Condition : Sample is contained in gidss bottie,
DOate Received : 10-Jan~208 1 Date Commenced  11-Jan-2011
Test ltems Method Resuits Units
Fres Falty Acis (as fauric 8ic) AQCS Ca Sa-40 010 %
Peroxce Vaiwe MOC8CB8 082 e/
£rd o' Report -
Signed for and on behalf of

SGS (Thailand) Limited

fanspe T

Kanogkarn Thongluang
AgrifFood Laboratory Assistant Manager

FrevE e LaRa1n X Y By NBITER 058

£ T Sbcanet & Kpand 2y S0 Sansery wane & Sewn Constion ¥ Secvte auoss ds o B NL L Dot

m;m-*«n::cémmwa«mtmwmmwu SNS A W 0N AT 28 SRR SY) AN N tg foe o Thevce
g v Coveny ¥ s3e 70 48 SR ONE I SOt iR A KRR SRUUE U 4 BUASIN AN SRTRIN 4] T2 TINK 09 SN0 SN RN

8%&-’%“-—0«”%0 L ] ° o

3 S . Bt o S vy

=

5055 Thaitand] Umited | Laboratory Senioes 41723 Soi Rame 1858 Rama 8 Road Chorgnanses Yaneawa Bangkek 10120
465100 6230541 294 748590 1 455 (012 234 74 84 653 07 58 weaw 598 tom

1 Masber e $58 Grus

51U a1 Tw51091mHAN3 AR Free Fatty Acid (as Lauric acid)liagfi1 Peroxide



121

|
!
i
i
i
!
|

Test Report 1945138 Date : 13-Jan-2011 Page 1of ¢

Client ¢ King Mongkut's Institute of Technology Ladkrabang

1 Chalongkrunyg Rd.
Ladkrabang , Bangkok Thailand Bangkok 10520 Thalland

Tra fotiowing samplals} wasiwers submitat and identliad by cliant as:

Sampla Dexcriplion H u‘mﬁuummﬁms‘é‘-nnmnhz;ﬁadmmﬁ:mmmn:tsqgmmﬂmﬂﬁaﬁﬁnuaaaxm{
Wamugfiaaenn 65 C anidirarluni 200 caudawst Ry 93 il
Samphe No. ;1933588
Samiple Condition : Sampie & contained in giass botte,
Oate Recaived ¢ $0:Jan-20LL Date Commenced : L1-33n-200¢
| Test ltems tathod Results Units
Fl'fe.:- FattyAsls featsuns aaigy ACOS La 5240 510 3%
P;ércx’xfﬁ« aive FOCS C5 888 fot daated mafKy
|
. Eed oiReert
Signed for and on bohatf of

$GS (Thailand) Limited

fotsjan T,

Kanogkarn Thongluang
AgrifFood Laboratory Assistant Manager

W= TAL S00SVRN i HEr S 87 80 £75ay A SABH LINETE P SRS ATHELE # NSHFRIIEIT TR ENLIINETUACT, ATUSVE FEanT £ Satyy f AR, Sdwitagr e
KPP 0 360 € st Satheg cxnn hvp Ass & £ SII0TRY £ 92V 0T DT NETHORNSTATEIMNCIZY VA LN SRR INFLIE B 2198 BT4T £8 K0T 037 934 wANN 319 Lo f Lok
£ 8774 TN &7 A Lo LN T BTETIR ;&v: Pt méﬂ EITUD 23 3 MAIEY 22y uv:l‘-vﬂm ZPVE AN SNYOETE WAII AN FEUMINIY

et ptie e
¥y XY e T8 SHHOVRA

s
SSzersradog 239y ¥

§6% {Thaiksnd! Livitad | Laboratory Sanites: 41723 Sei Roms 1859 Rama 8] Poad Chorgnanges Yandwar Banghek 10120
¢ 61006300341 284 746590 1 465012 234 7482 63307 58 wawsgs om

1 Martorol e $0$Emg

Sl

15EY) °l|uswq1uwami'j"ﬂﬁ1 Free Fatty Acid (as Lauric acid)itaf1 Peroxide

I
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APCC STANDARDS FOR VIRGIN COCONUT Ol

L Scope
Ihis Standard applies to virgin coconut oil.
2. Description
Coconut oil is derived from the kernelimeaticopra of the cozunut (Cocos nncifer L
Virgin coconut oil is obtsinesd {rom the fresh end mature kernel of caconut by
rechanical or natural with or without the application of heat, which dogs not
bead to alteration ofihe oil. Virgin cozonut oil is suitable for human consumption in its
matural state,
3. Essential Composition and Quality Factors
laterim APCC Standards
Identity Charscteristics
Ralative density 0915-0.920
Refractive index at 40°C 14480 - £.2292
Moisture % wi. max. 0.1-9.5
Insoluble impuritics pereent by mass 0.08
max, 250 -260 min
Saponification Value 41-11.00
fadine value 0.2-0.5
Unsapoaifiable matter % by mass, max, 0915 -0.920
Specific gravity at 30 deg/ 30deg, € 0.5
Acid Value max. i3
Polenske Value min.

GLC Ranges of Fatty Acid

Compasition (56) 0.4-06
C 60 50- 100
C 80 45-8.0
g ii’ig 43.0-530
N 5;':0 16.0-21.0

- E4 25 -10.0
C 60 , 2040
C 180 Y

$.0-10.0
C 8 1.0-2.8
c g2 <05
Ci183-C 241 ;

2 o ;1

[ e
51l a3 AP APCC ﬁmmumunzmnmqwﬁ Hull

U
(
|




Quality Characteristics

water clean
Colour <0.5%
Free Fatty Acid <3 megkg oil
Peroxide Value <10 efy

Total Plate Count

Free from foreign and rancid odour and

Odour and Taste taste
Contsminants 0.2 %
Matter volatile at 105°C Smgky
tron: (Fe) 04 mg'kg
Copper 0.1 mgkg
Lead 0.1 mgkg
Arsenic
4. Food Additives
None Permitted
5. Hygiene
it is recommended that the product be prepared in accordance with the GMP and
HACCP standards.
6. Labelling

The name of the food on the label shall be “Virgin Coconut Oil.”. The provisions of

the General Standard for the labeling of Prepackaged Foods(CODEX STAN |- 1985
Rev. 1-1991)) shall apply.

P

Methods of Analysis and Ssmpling

Based on Codex Alimentanus {Volume 13),

: y = o
14 a3 @y APCC dmSuminiuugndnuigns min
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1
Vitamin|E élalpha-to copherol)
ﬁﬂms‘ﬁ“ﬁ' saodueyyadassuaswyldna 1 lundafuaiiniosdie1e saefloaduuny
l 3/ a o 9/ voA 9 o v &
Fouuaums nvseveuduny #1 uazifnld Tnsmwizesstaneilesiuuazdudims

[@ouaN YDA FIe¥zaonNUUAlAY Vitamin B ma“lusﬂ alpha-tocopherol ~ 92l

a { 4 o o v o
Uszangammniigadefiontugluuudug Taseedeuiiunssuiumsadabu ez

¥ v
1395w Vitamin B 2l 13181015 umgeiiga
Moisture and Volatile Matter
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Boiling Point (deg F)

600 |
280
500
230
400 4 )
=
7 T 180 5
- z
300 7 E
- 130
. £
200 ,r“g atmospheric 2
pressure - 80
i
PN =
100, LA - 30
en ineerin toolbox cor]1ll
0 Leng | LI 20
0,1 1(0.07) 10(0.7) 100 (7) 1000(70)
Pressure - psia {bar abs)

{ 4 ar a a 1
|7 91 yiRpAre ¥ seALgNHYILAZANUALA1NA [46]
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q

Flat Faced
Panel

Quartz Quartz

Catalytic Ceramic

Tube Lamp

80% 88% 9% %

o
R A ek

Physical : ; _ ’
Strength High Low Very Low High Medium  Medium
~ Heat-Up/
" Cool-down Slow “‘;Ver‘ylslow Slow Slow
Temperature  1400°F 1600°F 4000°F 800°F 1600°F 1300°F
Color  4F.

Sensitivity .~ EOW Low
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2. The optimal condition for coconut flakes dryer with vacuum and infrared heater
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Pelfoulnnee of Machine for Drying Coconut Flakes with Vacuum and Hot water

thust Bauusal’ uas NeRa Ananstein”
Panmanas Strisomboon® and Mongko! Skunthongaram™
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ABSTRACT

The objeclive of this research aimed to study the performance of diying machine with vacuum system

)tw?ter for coconut flakes. The performance testwas conducted atvacuum pressure of 730 mmHg, heated

watler temx%erature of 68.5 - 71.5 °C and temperature of drying coconut fiakes 55 °C at 3 different stiring paddle

speeds of; 0, 50, 106 rpm and the amount of coconut flakes of 0.5 and 1 kg. The amount ofvirgin coconutcll (g5

coconut figkes) wasimeasured at those different conditions. The vacuum drying kinetic curve showed its trend to

l

ight line. The! experiment condition of 50 rpm paddie sliing spaed with 1 kg coconut fiakes provided the

s,
maximum virgin cogonut of 0.15 g/g coconut flakes oil yield and the experiment with no stiring paddle speed

provided the coconut milk not oil.

Keywords; Paddle speed, virgin coconut oil yield, coconut flakes
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The optimal condition for coconut flakes dryer with vacuum and infrared

heater

Panmanas SIRISOMBOON!, Mongkol SKUNTHONGARLAM"!

Abstract

Using of far infrared radiation for drying i the vacuum chamber has been increased because this method proved effective
drying. Therefore, this study aimed to dry coconut flakes to produce virgm coconut oil by using far infrared radiation with
drying in the vacuum chamber. The machine performance testwas done. The heater temperature set pomnts were 33 and 63 °C.
The speed of the agitator m the coconut flakes was 100 and 200 rpm. Drying time were 43, 60 and 90 minutss. The vacuum
pressure was 30 mmHg. The results showed that the best operating candition for producing virgin coconut ofl was the heater
set pomt of 65 °C, drymng time of 90 mimites and agitation speed of 200 pm. For other conditions, the coconut milk mixed
with oil was obtamed instead of virgin coconut oil. The ol yield was 14% by weight of coconut flakes.

[Keywords] Virgin coconut oil, vacouny, infrared, drver

I Introduction

From opaning the Free Trade Area (FTA) with Chna, 2
huge amount of Chma’ s fruis and vegetables were
importad to Thailand due to their cheaper price. Hence, the
domestic Thai fruits and vegetables were reduced i price
which effected significantly on Thai farmers. As Thailand
is m ASEAN, the key to compete is the improvement of the
packaging ad distributng of the product, product
processing and quality msurance [Anon, 2010].

Coconut is one of the agricultural products with high
productivity in Thailand and Thailand has several varieties
of coconuts m the world. From [Chomechaloa 2003],
Coconut is 2 miracle tree that can benefit both from roots,
trunk, fruit, stems ofleaf and fibers. In Thailand, extraction
of coconut oil has been done over 700 years and coconut
oil was used as food, cosmetics and medicines. In the past,
Thai people rarely had health problems, much unlike today.
With 2 misunderstanding about coconut oil makes most
people consume less coconut and coconut mik Virgin
Coconut oil productions have been done by 2 methods. The
first method is the fermentation of coconut milk, and then
left for the oi and water to be segregated. The
disadvantages of this method are time consummg and
coconut o1l 15 combined to be emulsion with water [Anon,
2002]. Altematively, second method is a cold extraction by
drying the coconut flakes at low temperature and then
extracting the oil from dried coconut flakes. As a result, the
virgin coconut oil is obtamed [Attanatoe, 2002].

The coconut flakes drymg processes are 2 very mportant
step since the fresh cocomut flakes have a short shelf-life.
Drying reduces the moisture from the coconut flakes to be
produce to be vrgin coccnut oil. It can also stop the growth
of microorgansms and mhibition of enzymes that cause ol
deterioration, such = rancid and the fres fatty acids. Dried
coconut flakes then can be kept for the oil production.
Therefore, equipment used in the drymg process is
important. The equipment cost, energy consumption and
most mportant, qualities of coconut ofl are to be put mto
consideration. The optimum temperature for drymg coconut
flakes is 50-60 *C [Attanatos, 2002},

Recently, far mfrared sadistion has been widespread
applied in agro and fod industris. The heat sources
enhance the entire process of dryimg technology over the
other heat source. [Gindburg, 1960). Energy of mirared
radiation penetrates through the material. Radiation is
converted to heat, so materials can be heated quickly with
consistent power from the source. The radiation can pass to
material directly without considering of the air around and
it can pass through vacuum. The power consumption of far
infrared drying process s less than that of hot air drying
[Mongpranest et al., 2002]. Many researchers have found
the application of far mfrared drying on many kmds of food
such as potato [Afzal and Abe ., 1998], barley [Afzal and
Abe, 2000], banana [Swasdsevi, T. Swasdsevia T,
Devahastinb S., Sa-Adchoma P. and Soponrounarita S.,
2009, onicn [Mongpranest et al., 2002] ad rice [Abe and

* Correspondmg author, Tel.: (66)8657 76723, Fax: (66)2329-8336 E-mail address: mongkolbest@hotmail com
1 Cumiculum of Agricultural Engmeering, School of Mechanical Engmeening, Faculty of Engmeermg, King Monghut's Institute

of Technology Ladkrabang, Bangkok, 10320, Thaland.



Fig. 1 2 diagram of the coconut flakes vacuum dryer with an infrarad heater 1. Infrared heater 2. Vacuum gauge 3.

Thermocouple for temperature-controller 4. Temperature controller 3. Coconut flakes surface level 6. Agitator 7. Inverter 8. Gear

motor 9. Thermocouples 10. Condenser 11. Vacuum pump

Afzal, 1997].

Vacuum drying means to drav mosture from materials m
2 chamber where there 15 no oxygen. Vacuum dryer 15 used
under pressures

below atmospheric pressure. The advatage of this
method is the evaporation is occurred at low temperature. it
avoids oxygen food degradation. [Rattanasak, 1988]

When we compare between drying at the atmospheric
pressure and at vacuum pressure, the latter provides high
rate, lower temperature, and no oxygen dryng. These may
help m mereasing of the quality and nutritional value of
products of awide range of rav materials. There are several
researches [ArevaloPmedo and Murr, 2006a, 2007,
Bazyma et al,, 2006, Cui et 2, 2004, Jaya and Das, 2003,
Methakhup et al., 2005] on vacuum drymg kinetic analysis
for fruits and vegetables which indicated that the different
vacuum drying conditions affectad the quality of products.

Many researchers have taken advantage of symergies
between far infrared with vacuum. The result of vacuum
drying of onion and welsh Maongpraneet et al, 2002]
showed that the heat concentrations of radiation affected
the drying rate significandy and affectad the quality of the
product through drving. [Swasdisevi, T. Swasdisevia T,
Devahastinb S., Sa-Adchoma P. and Soponronnanta S.,
2009], reported that the far infrared drymg experment
consumed the energy mput less than that of the hot air
drymg for evaporatmg water. However, its performance
decreased with mcreasmg distance betveen the heat source
and drymg material.

The pupose of this study was to find the optimal
condition of dried coconut flakes under vacuum pressure
combimed with mfrared heater This will lead to the
development of the coconut flakes dryer for production of

.... -

i
i
i

good quality of virgin coconutoll.

II Materials and methods

1. Experimentequipment

Diagram of the coconut flakes deyer with vacuum aud
infrared heater is shown i Fig. . Drying chamber was
made of stamless steel (SS304) and had 24 cm m diameter
and 25 cm height. The 800 W infrared heater is 2 heat
source via radiation (FQFB-1800, Germany). The dstance
between the far mfrared heater and the surface of coconut
flakes was about 15 cm. There were 2 thermocouples
(51/3211, Fluke, USA) that were installed on above the
coconut flakes and at the bottom of chamber. The type K
thermocouple for temperature controller (Maxtach, PID
temperature controller, Taiwan) wa wed to control the
temperature i drying chamber. To ereate a vacuum in the
drymg chamber, the vacumm punp (VE280, Value, Chinz)
was used. The agitator was powered by a gear motor (8TS,
1i4hp, Taiwan) and the rotation speed of agitator was
controlled by the mverter (AF.300, Sumitomo Heavy
Industries., LTD, Japan).

2. Materials

White coconut flakes were bought from Hua Takhe
market, the local markes m Ladkrabang district, Bangkok,
Thisland. It & important to dry the coconut flakes within 3
hours to prevent rancidity.

3. Methods

(1) Moisture content determination

Coconut flakes samples were weighted approximately 5g
for 3 samples with an electric balance (BX300, Shimadzu
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Dryizg Time _Agitstor speed 100 prm Agitator spsad 200 pm

{min) 554C 65°C $5C €5°C

45 ¥ ] Covonut milk mixed with Coconut wmilk mixed with
vitgin coconut oil virgin cocosus ofl

& * * Cocont miilk mixad with Cocomt milk mixad with
visgin coconut oil virgin coconut oil

% Cocomxt milk mixad with Cocomut milk mixed with Virgis coconut oil Virgin coconut oil

virgin cocomat oil visgin cocomut oil
* No experiment

Table 1 Extracted virgin coconut oil obtained at different drying condition of coconut flakes

Corporation, Japa). The samples were put m hot air oven
(ULM 500, Memmert, USA) at 80 °C until constant weight.

(2) Equipment installation

The mstallation of 2 coconut flakes dryer was coussted
of 4 steps. The first step was he connecting of an agitator
mpeller within the vacwum chamber. The second step was
putting the chamber on the motor base. The third step was
putting the cover, i which the mfrared heater and vacuum
gange had been mstalled, over the chamber. The fourth step
was connecting the condenser and vacuum pump to the
chamber. In the condenser, the cold water was supplied to
condense the vapor obtained from the vacuum chamber.

(3) Expermaent procedures

The 0.5 kg coconut flakes weighed by electronic balance
(Advanturer, ARC120, OHAUS, USA) wa put mto the
vacuum chamber and then the temperature controller of the
mfrared heater was set at 55 or 63 °C and the speed of
agitator was set at 100 or 200 ppm. The vacuum pressure
for experiments wa set at 30 mmHg. The experments
were conducted for 45, 60 or 90 mm. Change of the mass
of the coconut flakes samples during drying in the vacuum
chamber were contmuowsly weighed by the electronic
balance and maximum capacity of 60 kg with resolutions of
00lkg (WUE, MFA, Tawan) for monftoring the
evaporation of water in the cocomut flakes dryer and the
mass were recorded every 5 min.

The current mput to thesystem was measured by digital
clamp meter (TESTO 3010, USA) aud was recorded every
5 min for calculating the electrical consumption (P) by the
following formula:

P=IVCOS$6 )

where 1 is the current measured (A), V is the voltage
supplied (220V) and COS8 is the power factor (0.95).

(4) Extraction and filtration of virgin coconut ol

After each condition of the experiments were done, the
dried coconut flakes were pressed by 2 hydraulic machine
for extracting (or producing) virgm cocomt oil. Then, the

S
i

oil was filtered by vacuum filter vsing vacuum pump (Air
Admiral, Cole Panuner, USA)

III Results and Discussion

1. Appearance of extracted virgn coconut oil from
dried coconut flakes
From Table 1, the workable conditions for coconut flakes
dryer was atthe settmg temperature of 55 and 65 °C with
the agitator spead of 200 rpm 2nd drying time of 90 mm.
On dryme time of 43 and 60 mm, the results showed that
some cocomt milk came out with virgin cocouut oil. This
result was the same as whan the agitator speed was setat
100 rpm. The reasons behind the falmg results were from
two reasons. The first reason was that all coconut flakes
(0.5 kg) need time for nearly absolute drying. The second
reason was that the agitation speed m the dryer was not
enough for coconut flakes i order to tramsfer heat from
space and betwaen the flakes

2. Change of moisture content of dried coconut
flakes in vacuum-infrared drying chamber
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Fig. 2 Change of moisture content of coconut flakes m the
vacuum-mfrared dryer with time at 30 mmHg and 200 rpm
agitator speed

Fig. 2 showed the changed the moisture content (dry
basts) of dried coconut flakes with time at 35 °C and 65 °C
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20:0 pm sgitator speed and drying time of 90 min. The
oislmxe content| of coconut flakes at the differemt time
\vhic‘h dryigat 6;.'! °C was lower than that at 55 °C.

LHence, at the high tamperatures the heat effect evaporates

|
ore.

3.| Temperature of coconut flakes in
vacuum-infrareddryer
Fig’ 3, the e gbove coccnut flakes surface at

the top of’ wcumn chamber was reduced with drying time,

At 35¢C senmg temperature, the temperature reduction
was h:gherthan that 3t the 65 ¢C setting temperature, This
msght be becausle when drying process occurred i the
vacuum-infrared chamber, the heat was teken along with
the vapor aapomed, hemee the tamperamus reduced
Though, the \zpcr evaporated more at 65 °C seting
tempezamre But 2t 65 °C, the hest supplied by mfraced
heater was moxehxzndutatis <

At the begmnnlug of the drying time, the temperature at
the bottom of vacuum-infrared chamber of both seting
mnpetamre was{ reduced due to the rapid evaporation of
water in cocouut flzkes. During the first 30 min of drying
time) the temperature 2t the bottom of the chamber 2165 °C
sextﬁ:xg temperan:ue was still decreased due to the same
reason. After 30,min of drying, the water fa the coconut
{lakes had been hardly removed bacausa the water on the
surface of coconut Aakes was reduced, and the inside water
was difficult to| move out from the flakes. Hencs, less
evaporation and theheat supplied could reach the bottom of
the chamber, m’urm the temperature at the bottom of the
chz’nber was ee[mnz higher. The changed temperature at
the topand bottom of 33 °Csetting temperature was slower
dm%gh.
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F:g 3 Change of temperature of the coccnut flakes
measured on the top and bottom the vacuum-infrared dryer
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Figure 4 Electrical power consumption of the coconut

_ fiakes dryer by vacuum-infrared heater

4. Eleetrical consumption

Electrical power consumption for dried cocomt flakees at
setting temperature 55 °C ad 65 °C was 1202.6 and 1199.2
watts by average, respectively. The power consumption
with drying time wa reduced rapidly at the beginning
because of the rapid water evaporation, Then, it was
reduced graduslly water evgporation. It seemed that the
reduction of electrical comsumtion at 65 ¢C setting
temperature was slighdy higher than that at 55 <C setting
tempearature because the temperatuse i the chamber (Top)
was neatly constant compared to that at 55 °C (Fig 3)
which is constantly decressed which needed more power
supply fo matsin the setting temperature. Hence, suitable
the setting temperature Hr drying coconut flakes shadd be
63 <C. This temperature 2lso provided higher heating rate
(Fig.2).

13.2%

pE VT

4%

14.0%

Yield (%)

14.0%

1348%

13.8% A
$$'C 65C
Sv.-mngTempcmmte =

E-'xg, 5 \msm cocomst oil yxe]d a different senmg

temperatures at 30 mmHg and 200 1pm agitator spaad

5, Virgin coconut oil yield at different drying
conditions
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F!ig. 5 showed the amount of produced virgin coconut o
obtained from 55 °C axd 65 °C sening temperamure, The
obtaimed virgin coconut ofl yields were 13.95% and 14.12%
respactively.

IV Conclusions

Tlhe optimal [condition for cocanut flakes dryer with
vacoum-and infrared heater which produced virgin coconut
off was 3t the setting temperature of 65 °C, the agitater
speed of 200 rpm ad % min of the drying time. This
drying time is iz.? times less than the drying by hot air
drying at 50-60 1C (4 hs) which were thestudy of Attanatos,
2002. The virgin coccnut off yisld was arcund 14% by
weight of chnut flakes. The average electrical power
consumption s totally 1200 wats,

Using of vaewum chamber with imfrared bester e
coconut flakes ‘drymg could praduce virgla coccaut ol
satisfactory, However, this method should be improved by
reducing the tenlnperanxe different between the bottom and
the sbove of surfaze of coconut flakes in the vacuum
clizmbes. The teduction of the thickness of the coconut
flakes layer should solved this problem.
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