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Optimization of oil extraction from oil palm meal for used as animal
feed using response surface methodology

w3ayns ansUsziass”, ngy antin' waz Mwa Yszilvens'
) LE) UV

Jarernporn Thawornprasert!”, Krit Somnuk' and Gumpon Prateepchaikul!

unAnsa: miﬁnmﬁﬁﬁmqﬂizmﬁtﬁ@mmmq:ﬁmmmmmmmﬁmﬁﬂﬁmmmﬂmﬂm’u (oil palm meal, OPM)
et fhuevnadndifen BesdnsAaaaneuaues (response surface methodology, RSM) NTELIUNIHES
vt duRuTediuson (mixed crude palm oil, MCPO) 90919 AR LN LA N F e AR T
INBeasaLRn ﬁmwmm”]ﬁﬁ@ OPM %mmwnﬁﬂﬂ%ﬂu%aﬁumamﬂu@wmié@mrﬂﬁ” WANL9N OPM Snzanindu
(paim nut shell, PNS) Fadnwaruds TwmneAunsihun e wnsdnd Adlétn PNS aanann OPM uazih
AYNNTLBBNANN OPM WLIFY ﬂ’mm@ﬂmmmq (dried oil palm meal, DOPM) T Bunnillsuuastings Wi 8.39
W% WA 15.63 wt.% AugIFL Fariy DOPM fafhBanainsunndng asldAnmduds 3 dautls Ao snmdiu
TTUINIATINAZANLENTUABNINHALNAN (4.9-30.1 g/g of ratio of hexane to DOPM) wnanlun1sanin (0.2-18.8
min of extrachon time) wazANTzaLlunsana (48 552 rpm of speed of stirrer) LW@M’]N@HVL‘UVILMN"IUZVNIH
nsafptngeanain DOPM mnmawmmwmwamf;”mmmvauﬂ@ @mﬁmm”mwmm@vmﬂ[ﬁmmnma
t1dn 19.6:1 g/g wanluni9aia 10.5 min LazAMNIEITRLT 300 rpom funsnataTnuann DOPM 1 Funn
LalEreatnsunIn Nty (extracted oil of dried oil palm meal, EDOPM) ¥ifiu 11.80 wt.%

AdnATy: nneat Ay, nsafintndty, AaAuRaneuaues, tsfuannninuatdy

ABSTRACT: The objective of this study was to investigate the optimal condition of oil extraction from oil palm
meal (OPM) by using the response surface methodology (RSM). OPM can be used in the feed for ruminant animals.
In the oil extraction from palm fruit in the small scale palm oil producer, the mixed crude palm oil (MCPO) was
obtained by a single screw press. The by-product after MCPO extraction process, OPM is normally just used for
ruminant feeding. However, the larger palm nut shell (PNS) mingled with OPM, hard PNS is not suitable for used
as animal feeding. In this study, PNS was firstly removed from OPM, and OPM without lager PNS was then dried
with oven at 104°C temperature and 24 hr drying time. As a results, the dried oil palm meal (DOPM) was detected
8.39 wt.% protein, and 15.63 wt.% oil. Three parameters: ratio of hexane to DOPM (4.9-30.1 g/g), extraction time
(0.2-18.8 min), and speed of stirrer (48-552 rpm), were optimized to investigate the highest extracted oil of dried oil
palm meal (EDOPM). Results showed that 11.80 wt.% of oil yield was achieved with the optimal condition: 19.6:1
g/g ratio of hexane to DOPM, 10.5 min extraction time at 300 rpm.

Keywords: oil palm meal, oil extraction, response surface methodology, extracted oil of dried oil palm meal

NMARMINAAINITULATAING AMLZAAINITNANART NMANLNAURITAIUATUNT TanTAg9TaT 90110
Department of Mechanical Engineering, Faculty of Engineering, Prince of Songkla University, Songkhla 90110
Corresponding author: krit.s@psu.ac.th



584
unun

nanualiaN (oil palm meal, OPM) Ag
nanaas L ANAIAINNILUIUNFHARTIN T UL AN AL
B (mixed crude palm oil, MCPO) 29919997114
NAMYNTUUNANIUNAAN TR LN WL dNeanann
- > LY ada B
NALNANTIEE (whole palm fruit) Anedaiu e Ins
rraeiunuLnAIgnALA (single screw press)
feannsni I diudngavlunisuaniluenms
o/ f‘é‘ ‘;j b 1 = [~ £%
dndinsnaadls iy Ia naeile wnwe wazwng Wi
apuznninileluiwanilnds (palm kernel meal,
PKM 7@ palm kernel cake, PKC) Aafiniingiiann
nalndussLATaNan AL ULINALaATHAINALIA
(double screw, DS) N lHa NN WU AN
al 6 EOI o/ (-3 -
annsiuduletdu waztiduannwan lulngau
= dzl [~3 & 20/ o/ 3 %
annistiuiilawdnlulrdunndu inldgunw
- o Al v . Py
unudunlAaegandn wazuazuanasylife
X S
nntlamanluduiduinld dnnaimieinauy
Tugdauaeallsfy wasnasIung NN g
ReIdnTlaang a1 (19N URMBINITIE
n7INAT, 2559) 39 OPM daulngjazaneld
‘ﬂl o Y @) o/ z
wnasnsivatin bl iluaunsdniineaniziasg
1984 WALTeIa1N OPM Rdqutsvnavaeadiale way
o | = A o ) -
lasiuge wadlilsAuan wazfiAunzani g (paim
nut shell, PNS) dziluagvinliinnininlunisinlyl
Wuamnesdedlidadnane Tna PNS Gelviluaglu
OPM HANHOELIILATAN NITN1ZUDIERT LN
anunsnsianls WadndnuAnzatlNduazdana
M ldndtiasa1s L ANNILAZANARTUNANTLINNY
&n7S denannlsiFunaunisnulsvesdnianas way
wuq 11 OPM H15snausinsumnAng Usennns 15%
(Ths, 2558) BatFunauinsTumnAnall OPM SdaLde
Aa M lAAN AL 22az9an lun AL N AR A
11 9IRS WU (2539) Tenananetlszleeml
29915 W 3T NI UL AINAIIUNA THNA99Y
wnnanAfiulamem 2.25 win T AARNN) NI
Fran18dnd e luntdnfaun uLuaIIniInum
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3ANAUR AMfuE Sanfiwe uaznselasifidniy
daganA Ul uI898aIuNe AN Ay
naUNAuen uasATldifinaslleanyns uazdetan
Hesiuidndnludaensdeg wsisinlasduazgn
oxidize Tadnel gl lasluBunamnniiullazda
nawwiuiiy ennseniniuine SEATauuzin
Bunadlasiludoulssnauaesamsdndiaan
‘Basmsitlasiullaifiu 5% (mapdel, 2548; National
Research Council, 1976; National Research
Council, 1989) LainAseRAeafUN1E1 OPM
waznanaagldannnisiiuthautingy eldidy
am9dnd 1w Ju (2558) 1dna1a91 OPM
fidaulsznavaaaiialy (30.51%) Ttlsfiu (7.08%)
warlaumnAng (22.6%) ﬁ@mmmqmms[ﬁ'ﬂu’
wanzaztinlUiuewnsdasnssmnziien uadd
A InTuzganaazamnsatin liiduenmg
FnSiAandadld vde wazisAIYN AuAN (2548)
18na199 uanaaeldainnisiiuiausiid
sunsnlffluunsandanu uasumadysmuiield
Huimgaviuemnsdnsinesisedlda
TunsAninsuiianeenunae wsiann
AMNuataN (extracted oil of dried oil palm meal,
EDOPM) Fhurhiuannnisasaseuiiass nde@In
fnuthdudaulugie MCPO Tdgnaiadan
nsztnunstuueluseuusnlluda $9a9nns
Fupdneniddeiiaalainudn | 4TERae dAnuniin
ANNaTTNaLaIN 28R AT UeENANNNNEA
1n&uutis (dried oil palm meal, DOPM) tiiatinly)
4Tl vnsdm S A AR oL AL (response
surface methodology, RSM) Foiluaniadeiils
Anen 3 Aauds Ae SMINEIUTENINGAINNAZANY
wnausanInEaldu (4.9-30.1 g/g of ratio of
hexane to DOPM) 1aa1lun9ania (0.2-18.8 min of
extraction time) wazAa1NLFasaulunNTan A
(48-552 rpm of speed of stirrer) Lﬁlfﬂﬁm%ﬁ@ﬂm
UTunuuale (yield) m@q{iﬁﬁu EDOPM U@y
uFeudfieuesAilsznasaes DOPM fun ntat g
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lusTupn (defatted oil palm meal, DFOPM) way
Pa9ALIENaLARITNNY EDOPM

ABnN1sANE

IMNALLATAIVINAZANE

ANHALNEN (OPM) e WIATTLAL
ansouzfuueufirsnzardsndantedu dauans
1 Figure 1(a) 1 OPM armuiflaanuunalfildag
PUIAYTZNIL 1-2 NN, ARUAZLATIIUIAAINK
aviaein 2,000 TuTATNAT (2 N3.) 1138 MELNTNULA
#10 sieve mesh number LARNZAT1UEN (PNS) i
faunalvgindn 2 wa. azgnuan wisandui
OPM fluein PNS uén ldeuflguugil 104°C iy
AN 24 °ﬁl'fa<f,3~l<1 (Abdullah and Bulent Koc, 2013;
Rocha et al., 2014) ieindannuauly OPM 7if
agilsznni 4 wt.% azldninuatduuiia (DOPM)

'
=

et I udngavseulunsrusunisain

©

o o

11574 EDOPM #neifnvinazany Laslaunaniads
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192naUNNNIBAN WaTNILANYeY DOPM lu

4 oo o do o . ¥ .
Table 1 d9man1aza18nld lun 1sannu1Ty
EDOPM g fivinazangLaniau HAanuLdqs 98%
LWTALTINITAN

ABN1SANEN

AANBUUNITNAANDY

AENUULNNTNARBIREINENZ RN
nsafntngu TneAnuduilsdass 3 fuds Ae
AATIAIUTEUT WA LAY LENLEUR AN INNA
11au (4.9-30.1 g/g of ratio of hexane to DOPM)
1anlunn9ana (0.2-18.8 min of extraction time)
wazAuFraulun19anin (48-552 rpm of speed
of stirrer) pn843 RSM Taaldlisunsn essential
experimental design 2.216 a8nLULNITNARAY
L central composite design (CCD) sznavsiog
5 3v61 AB -1.682, -1, 0, +1, WAL +1.682 Nanuau
AMAABILA 18 NMsMAaed fananafielaly
Table 2

Table 1 Physical and chemical compositions of DOPM and DFOPM.

Property DOPM DFOPM Analysis method
Higher heating value (kJ/kg) 19,098.7 17,846.3 Calorific method
Carbon (wt.%) 46.59 46.06 Dynamic flash combustion
Hydrogen (wt.%) 5.920 5.424 Dynamic flash combustion
Nitrogen (wt.%) 1.63 1.47 Dynamic flash combustion
Sulfur (wt.%) 0.140 0.196 Dynamic flash combustion
Oxygen (wt.%) 31.51 36.17 Dynamic flash combustion
Ash (wt.%) 10.53 13.27 AOAC, burned at 550-600°C
Total nitrogen (wt.%) 1.34 1.87 AOAC : Kjeldahl method
Protein (wt.%) 8.38 11.69 AOAC : Kjeldahl method
Crude fiber (wt.%) 34.88 21.59 Fiber analyzer, ANKOM*®
Yield of EDOPM (wt.%) 15.63% 11.80" Soxhlet Extraction
Residual hexane (ppm) - <05 GC-FID

Note: ® 15.63 wt.% of yield of EDOPM from oil extraction was obtained by Soxhlet Extraction, ® Yield of EDOPM

from oil extraction was achieved under the recommended condition.
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Figure 1 (a) oil palm meal (OPM) after through a single screw press; (b) OPM with lager palm nut shell; (c)
DOPM after filtration with 2 mm sieve size, and (d) defatted oil palm meal (DFOPM)

Table 2 Experimental design matrix and results for oil extraction from DOPM using RSM.

Test  Ratio of hexane to DOPM (g/g) Time (min) Speed (rpm) Yield of EDOPM (wt.%)

1 17.5 9.5 300 11.71
2 17.5 9.5 300 11.80
3 17.5 9.5 300 11.71
4 17.5 9.5 300 11.62
5 17.5 18.8 300 11.99
6 17.5 0.2 300 10.06
7 25.0 15.0 450 12.13
8 25.0 4.0 450 12.05
9 4.9 9.5 300 8.02

10 30.1 9.5 300 12.39
1" 25.0 15.0 150 11.21
12 25.0 4.0 150 11.84
13 10.0 15.0 450 10.80
14 10.0 4.0 450 9.51

15 10.0 15.0 150 9.70
16 10.0 4.0 150 8.10
17 17.5 9.5 552 12.34
18 17.5 9.5 48 11.09

dunauMSAnn naaadld Tawieenauansazaneuasduna i

111 DOPM 10 g waunusinazaeanisuld
Tufininesmunn 400 mi mudasdsnildaanu
Aenaaedld arnduld uvaus mdnnauans
(magnetic bar) Taiininasfioaegiifiaunaad
L AAaINIUANTAZANE] (IKA RCT basic) lun1snau
AN DOPM iU fainasans ﬁqmuqﬁﬁmﬂa:mm
30°C uaziliudannuiSasanmuildeenuunig

A o ° N A Aot o

WHaATLIANAIUUALNENTaz a8 RABI AR TN T
289NNHAUNFNHANALFNa A EnmWiFendn
= . o A
Rawmaan (miscella) linseasaanszanunsasi
TWIRANNAZIBEALLBST 1 YiTa 11 TuAsaU (3u W.
& R. Balston Ltd. Genuine Whatman) agle
1aaman ladwaaaliil DOPM waq1n miscella 14
Ipufaur g InInngn 68°C daiflu
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AALABATBIAININATAENEN LT aszimeiasin
azangeanann miscella azld EDOPM wdaanntiu
11 EDOPM lilavugiaeidat ($u Memmert UM 500)
ﬁ@mmﬁ 104°C flwinan 6 s (Rocha et al.,
2014) estimeriuaziavnazaneiienaazandng
wadaaat/l EDOPM MAINIWNIZLAUNNIEMY
wazwimiingeindiy EDOPM iileAtuanm
Usnnnufeuazualdveindiy EDOPM wazifie
FATITUNIAI1BIALTENBUNIINILNIN N4
Tn1uinns uaznaaiiany DFOPM

A8n1sAuIluunalauas EDOPM

n3aATIEUIu A le (yield) 389t
EDOPM annnsinnsudsfidaasiatsz@nanm
Tun19aiin arunsnA i Buukaldannannis
'17{ 1 (Al-Hamamre et al., 2012; Abdullah and Bulent
Koc, 2013)

44
Y =—2x100 (1)
d

el v Ao thunoussldvesinguninaatdy
(Wt.%), W Ao twiinaestnunnaaligud
gaunmaniale (g) way w, Ae tvenaeenInug
Unduutieildluntsain (9)

ABNsATIEI

AT ANBIALITNBLYRIENR ANTLAY
lalasiau lulnsiau dames Laveendiau Iaaldis
dynamic flash combustion (CHNS-O analyzer, CE
instruments flash EA 1112 series, thermo quest,
ltaly) SaAA2105RU (higher heating value, HHV)
Imel43 calorific method (IKA calorimeter system
C5000 control, Germany) Mﬂﬂ?‘ﬂ’]mﬁﬁ’] (AOAC,
burned at 550-600°C) sn13anaslulnsiausiaa
(AOAC : Kjeldahl method) wni/Furnuldshin
(Kjeldahl nitrogen x 6.25, AOAC : Kjeldahl
method) Laziiunauiele (crude fiber) (fiber
analyzer, ANKOM™™) 189 DOPM ey DFOPM
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lindesqanssel@iannsau (scanning electron
microscope, SEM) Lﬁﬂm?ﬁuﬁdﬁﬂﬂm:%’mﬂﬁﬂﬂﬁw
28979 DOPM waz DFOPM 1dwmalia thin layer
chromatography/flame ionization detection (TLC/
FID, g'u IATROSCAN MK-65, Mishubishi Kagahu
Latron Inc.; Japan) lunnsiasnzsivnasAdsenay
A lmsnamelss (triglyceride, TG) lanawwelss
(diglyceride, DG) TuiuﬂﬁL‘ﬁ@iiﬁ(monoglyoeride,
MG) waznsalusiudasy (free fatty acid, FFA) lu
1ihiTu EDOPM Lmzmﬂ?‘mmﬁﬁﬁugqqmiu DOPM
Aq83 Soxhlet Extraction §1m3§1U AOAC
(Moldoveanu and David, 2014; Reshad et al.,
2015)

NANITANHILATIANTOL

madaszidsunanalavasiitu EDOPM
AredERURIRDUAUDY

Table 2 uansFunnmaldaaaingi EDOPM
ANNNIIARBTRINIARALNEIANN DOPM Aand
NALRIANNANNUSTEMINeFaLLIRATE 3 Fals
AD AMINEIUIENINAINNAZANLENLTUABNINKA
an warlunisana wazanudasaulunisana
'1'71|'a'<1N@ﬂ@zwuﬁiﬂﬂ?ﬁmmmiﬁmmﬁﬂﬁu EDOPM
Inensldmaiia RSM waz 138 multiple regression
Amszinaagtluuuannis full quadratic flszii
Aidesi 95% anunsnadradluaunisinune
ALl AF LA uansluannish 2 aunis
e duRuET L Ay fosfiansnnfadnde
AATYIRIUFATNALINY feaz1den p-value lums
Na13euAa 81A1 p-value NINN31 0.05 KEASIN
wFiuliTTfArysegunns s A RN
a1NNTnAAeanaINaNn1Tla LAGA p-value
aena1 0.05 wansdn wwﬁﬁuﬁﬁmﬁﬁﬁmﬁimum?
Arunapanduiug lnafadulsc@niuans
nsRmndaulaldatan (coefficient of multiple
determination, R%) i1y 0.967 WazAN R-Square
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PRnsUFLLAlTmNNzaN (adjusted coefficient of

o) WinU 0.949 Tl
m@ﬂummmmummww (B) wazAn p-value 184

multiple determination, R

ANNNTh Table 3 mmu"meW@uﬁ R 1A p- value
ummmmLumﬂmumﬂunquu@uj Fatiu
FRNINAIUIENINFIINazAEFANINNALN AN Hile
anAtyraniadasuntlassesFunuualfesindis
EDOPM annn1sanatnxuann DOPM N1AN9
faukdg anluni17ane wazauiFraulun1sann
o o 9 . 4 dnsa
ANNANAL LarlANARaLAN F-test Tanaile Aa AN

F = 5417 (1MN&NN"3) AN F =309

LNULNEAT 45 (4) : 583-592 (2560).
CRULRESS AN ﬁqﬁuﬁmﬂﬁm: ARNTIEIU
srpingAaNnazateEnEusanIniadian 1anlu
ngane wazANEres N At NuaneFu
Laldra9vinsi EDOPM
v=p,+ PR+ B,s+ BT+ PRT+ SR +P.T 2
Tt v Ao thunausaldvesinguninaatdy
Wt.%), R Aa 8Rsdaussudnasiarinazanssanin
nalNan (g/g), T A8 wanlunisania (min), S A9
aruisasarlunisana (rpm), B Ae Andudse@ns
YRSUAATNAL

Table 3 Coefficient value and p-value of response surface model.

Coefficient f3, B, B B, B, B,
1.556 0.621 0.00280 0.436 -0.01042 -0.01032 -0.00943
p-value 0.05097  0.0000004914 0.000381 0.000081162 0.00231 0.0000285797 0.00602

0.967; R? =0.949

adjusted

Note: R* =

g
o

ANIETANNZANTDINSAA AU EDOPM
AMNANNINIUIEAINNENAUTURIBFT1E U
ITUINFMNAABLENEUF AN INNALNANALLAN
Tun13ana 8nsdIUIENINFTINazaneLEN LU
nnuadisuiuAInFasaulunisana way
AEasenlunnsainiunanlunisain Adeua
st Funnsaldnisaintingi EDOPM wamansw
contour 11 Figure 2 WLAZAINNITILAINEHAE
mAtlA RSM waz 4 excel solver tool W‘Ll':i’]liii@ublm
ﬁamf;:‘ﬁ'mmmuﬁ@m (optimal condition) lunns
afpnguann DOPM Ae PR gauszmdnasiani
azanefanINEaLan 25.6:1 g/g Lanlunisana
9 min wazAuiasaulunganina 552 rom H
PFunnunalfgegaainaunisyinung winiu 13.00
wt. % waziiiatihReulagsnansliUnaaesads wudn
amnsnafmTneTh B nmald WAl 12.58 wi %
FafAaanniaaeuan B s Fraqtingud
TEnsvnelsvanms 3.34% sl dugnaionlauas

Ul faaringdiilu Table 4 uazlduanagyl
Fragnatindu EDOPM u Figure 3(a) Faile
W RauFeudnEnEnIenfennty MCPO deld
ANNSATRITILL LIRS AR aznLdn T
EDOPM annnnadniasagfarinazans azladudais
ﬂfj’l‘fi’]ﬁu MCPO m1u Figure 3(b) F9pAinans
Lmiiﬁu@ﬂm’iuiﬁﬁﬁuﬂﬁﬁugnmﬁm@ﬂm%ﬂLwima
AfATNEU MCPO annuAtduEng aeftlsznataes
$insu EDOPM flaadtszney A 2.48 wt.% (FFA),
20.00 wt.% (TG), 1.58 wt.% (DG) WAz 75.94 wt.%
(MG) ANNAAL wazluringiu MCPO fasflsznay
A8 11.13wt.% (FFA), 75.38 wt.% (TG), 11.16 wt.%
(DG) way 2.33 wt.% (M
Fununsnlasidaszingy EDOPM fldn FFA

< A A
G) TIHBANWANTDINAIN

Hundningii MCPO waztinu EDOPM fiLf5snny
Tulundgelssfigeannndningu MCPO atng
Fovau flefansantinnmenifdfiginndenng
Mﬁamzmummﬁmﬁ”wL'fi'lauiﬁmmmu%m
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Wugn SeiiBunnnduandnsegilszinm 3.05
wt.% e FHUMEUNAAINNIIILAT IS FHAY
1157111 DOPM #9833 Soxhlet Extraction T<4wwq0
114 DOPM H130naingTs windu 15.63 wt.% w6l
Ha9a1nNn1azaninngy EDOPM aanunlsilaunn
‘ﬂl £ Y o o 4ﬂl v A
ngpazAasldmarinarataFuinuanivalviuae
WndunnAnglu OPM taaign Seldaniiunazsias
afpunTuiueanain DOPM AUMKAWTaNINAgn
Faii 911Rdsee ande (2548) lananadnlu
o ri{l ilj ll o G3|
2U138RSLALNIRRId N30 N lsuTludqulsenay
1oldiAs 5% waz National Research Council
(1976) 1a31e97191 Usunasindulasiuluenuns
wiaradnIiladssinny 2-5% wazluanunagding
lasulélszanns 5% (National Research Council,
1989) WAXANUIAEUD Eastridge (2014) Tiaz1ydn
unaladuluansdndoglugadladiniu 6-7% 184
a dl 1 v k% = v
n3istnAaIMg AnwsRannaaNng1esu Als
\ o d . . Y
nnnaaenNewluluilasnisunuA i amnals
209NAUNINEAUNAN (V) THaNNIINIUIL AN

o

Fuiuslugaunisi 2 azldrnvaasiaulsis 3 Fauds
A8 FRINAIUIENINFINNATANLENETUABNINNA
11au (R) warlun1zans (7) wazmnmsasauly
n13afm (S) Wenlefwurtn (recommended
. o 8 o s A o
condition) 1 lun1sadatinguninual gy Ae 7
ARTIEIUIZMINFINIAEANEFDNINEALNAN 19.6:1
g/g wanlunisania 10.5 min wazauiFsaulu
n13afin 300 rpm HFuNuNalAgIgAaINaNNIg
Nue Wwindu 12.00 wt.% waziiatinkaula
fanannlinmaadass nusn aN1natAtinTua
S0uAls WinAu 11.80 wt. % TINANAAIALAADL
aniBunnsualsrestindunlanimnune sz
1.69% Fal@nansidaulunaziFunnmaliuasingi
11 Table 4 Wau1lsL@NTNINUBINFER ARSI
4 4 . Y e v am A
RavlaRuusinuasfaanisaninsaedanisn gl
ce X sy - v % .
n93aeH AaglaFaumeuliniaualiaeetingy
EDOPM annianisaasisaiinialgisaulannuziin
WUINHUILANEANANAY 24.50% tHawlFauiiey
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f1A% Soxhlet Extraction (ﬂ?mmmiﬁmmﬁﬁﬁu
EDOPM winfiu 15.63 wt.%) wsin1sl438 Soxhlet
Extraction Lﬂu'?%mﬁLmﬂxﬁmﬂ?mm{iﬁﬁuqq@m
Tdmanzaniunistiundssensldauass ilasann
Iﬁmfm‘?@u@;qme"lﬁ’mmmﬁmﬁqﬁu%mdﬂ Ine
Rocha et al. (2014) 1#181971497 FEnnsariatngu
ANNINNILNAae Soxhlet Extraction azldiaan’lu
AsamTnTuLnY Mdarasaneasndaanly
ATATANTN IR LEAIRIALIIENALNIINIBATN LAY
naAll %'uj 91949 DFOPM ‘1 Table 1 34a7nuan"s
ArszsiBunauldsiuinlfnsudn DFOPM 1aq
afinsuasin 1Ty sAui B aafintulsyanag
39.50% F9a0AARRNLARE94 Berk (1992) 7
W poddueslsuaziaa Wadinngin
daullszneviilailaldsiugnaineanaindagau
WaZANAIINERLTRY DFOPM anaalsyunns 6.56%
fleuBeFieniu DOPM feusnunIzLnunNsasa
fhit ilesnnann DFOPM gnmﬁmﬁﬁﬁu@@ﬂ WAL
A Table 1 Wud1 A1 BuaslulATIawTanNA
(total nitrogen) 284 DFOPM H1/3nnaunnnnan
DPOM uanwudnAtBuaululngiay (N) aannig
AATILHAIAE CHNS-O analyzer lu DFOPM
fliBunniiteandn DOPM d9lsfaanndasiiu
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Figure 2 Contour plots of a model for the oil extraction from DOPM. (a) Effects of ratio of hexane to DOPM and
extraction time, (b) effects of ratio of hexane to DOPM and speed of stirrer, and (c) effects of speed of stirrer

and extraction time, on the yield of EDOPM

Table 4 Conditions and yields of oil extraction from DOPM

Condition and yield Optimal condition Recommended condition
Ratio of hexane to DOPM (g/g) 25.6:1 19.6:1
Extraction time (min) 9.0 10.5
Speed of stirrer (rpm) 552 300

Predicted oil yield 13.00 12.00

Verified oil yield* (wt.%) 12.58 11.80
Efficiency of oil extraction® (%) 80.49 75.50

Note : © Compared with 15.63 wt.% of yield of EDOPM from oil extraction by Soxhlet Extraction.

(a) (b)

Figure 3 (a) EDOPM from solvent extraction process, and (b) MCPO from mechanical extraction process.
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Figure 4 Scanning Electron Microscopy images: (a) DOPM; (b) DFOPM
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