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ABSTRACT

Extraction methods of Moringa Oleifera seed oil used in this study were cold
screw press (CSP), hexane solvent soxhlet extraction (SE), hexane solvent soaking
extraction or cold solvent extraction (CSE). Extracted oil from SE and CSE were further
degumming by hot water, whilst CSP oil was not. Oil vyield from CSP, SE, and CSE
extraction method were 18.89%, 33.99%, and 22.04% respectively. Physical property in
term of viscosity found to be highest in CSP oil (80.40 cP), followed by SE {68.63 cP) and
CSE (47.33 cP) with statistical difference (p<0.05). L* color value found to be higher in
degummed oil (SE 91.38, CSE 93.28) than in CSP oil (64.28). a*value of CSP got positive
sign (11.16) which represented red color, whereas SE and CSE represented green color
with negative sign (-1.29 and -3.35 respectively), this due to the extraction of chlorophyll
pigment into the oil. Saponification value, unsaponifiable matter, and iodine value of oils
from the three extraction methods were slightly difference with statistical significance
(p<0.05). Acid value of CSP oil was significance higher than of those solvent extracted oils
(p<0.05). It might cause from the hydrolysis reaction of lipase enzyme at higher
temperature during pressing of screw. Total phenolic compound determination found to
be 32.73-34.74 pg as gallic acid /ml for all treatments. Thermal property of extracted oil
was determined by DSC. Onset temperature (To), peak temperature (T,), and conclusion
temperature (T,) ranged in between (-22.2) to (-24.9) °C, (-25)to(-3.3)°Cand 1.7 to 2.7
°C respectively. Crystalization temperature ranged from (-40.8) to (-42.6)°C.

Fatty acid profile of extracted oils was not different regarding to extraction
methods. Oleic acid; an important monounsaturated fatty acid (MUFA) was found to be
rather high amount in extracted oils 72.74% -75.00%. Vitamin E or Tocols was analyzed
and tocopherol was found in all forms;oC, B, Y, and 8, when tocotrienol only oC form

was found. Y-tocopherol was presented the highest amount (81.13-105.30 mg/ke)
compared to all forms of Tocols. Total amount of vitamin E in all extracted oil was
183.30-234.37 mg/ke. Oil stability index (OSI) with Rancimat method observed at 120 °c
found to be 25.90 h for CSP, 42.70 h and 47.37 h for SE and CSE respectively. Free radical
scavenging activity of extracted oil by DPPH and FRAP method found lowest in CSP oil
(82.84 and 22.18 pg Trolox equivalent/ml respectively) followed by SE oil (88.56 and
27.95 pg Trolox equivalent/ml respectively) and highest in CSE oil (120.71 and 35.87 pg
Trolox equivalent/ml respectively).

Keywords: Moringa Oleifera, seed oil, solvent extraction, cold screw press
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1.1 amudfeyuasiiun

uzgu ffemainenmaniin Moringa oleifera Lam. {Huliivumieliifuruindnuzjuge
f4 2,510 1wns (Roloff wazamz 2009) undiuvassuzgugnianlidmiveuarinuams
Tnewnis (Armelle, 2011) uzgifiufinipdiuvessemauauaz fusnuazuaufiindulaun Suidle
_Unitanny, edsluuesuensnuwarerside Smulufaulud, duwen, awsninats vivewsni
wilouazle, wijinzunSuileu (Anwar and Bhanger, 2003) wananiuesudonulunnglinAves
e ﬁﬂ@ﬂl’ﬂw’%nmﬁm (155007 @i, 2552) Tudsemalneiinislddwvadilnusuesy, lu
wavaenuguduemisuuudaiu Jagtumside issauislagsuinisveslunegu
(Jongrungruangchok kazAny  2010) wan17deIReRuguanTAnaaiuaznienwiay
Tmﬁmﬂﬁmaamamuvﬁmaalumwmmmnun umumaﬂmnmm’l“uamauwwmﬂumssﬂwﬂm
Autda indesdiens Lwﬂl.llﬂﬂ’MS‘Uﬂ’l'iUﬂﬂﬂ dhiudusaismunadiofieuthiuuenen venani
aamdeuduUSnavenidugds qﬁmiwamaﬂgLUumua:J'Lﬁuﬂ']saﬂﬂumu’tuasmuLﬂua
widlad nsafadaediau 9 lifinsreay

nsAnludaUsEine finuin Ramachandran tazage (1980) sienuinirdude
usquﬁmﬁﬂizﬂawaaﬂsﬂlﬂﬁuﬂﬁwaﬁ‘uﬁﬂﬂ’uuznaﬂ finsihatsazargfuniduililumsane
dhsfutiauds 1y m‘sﬁﬂwﬁ%‘miaﬁ’mﬁ‘wﬁumﬁﬂuvwmﬂamﬁa afalaaldiBn1sfuansafuany
Wlaun msafadeiddudeang (cold screw press) afindeianiyy (n-hexane) LLauﬂ’iiﬁﬂﬂﬂ’J&I
asafanauvesnaslsweda: lwnuea (1:1) (Lalas and Tsaknis, 2002) AsafauTunde
ugguiensldasazaiedunid (enwldusnaiufesay 38.00-92.00 uazilu3ualusiu
Eulouaziin¥esas 26.50-32.00, 5.80-9.29 wag 5.60-7.50 w1ua1AyU (Anwar and Bhanger,
2003) miﬁnmmafmuwan'smwamﬁﬂ'ﬁanﬂ enuienaandanaaiinag MBNTWUHUTENTT
ganhusdnuesuiifivansaneiusvesinaids (Abdulkarim Uazany 2005) wutduienuag
mmmﬂiﬁﬂaLaaﬂmuavuﬂi.,ﬁwﬁmw'lumswamﬂmaLﬂsaumﬂunuﬁmwuﬂau (Abdulkarim
wazAny 2007)

'Lumuawaammmaqmimwmwmumu mmmmmqmu,u'mwﬂ'rs‘[w‘suiwuuav
m’lmma'mmmammmn‘uamauummﬂn%mmma~aﬂ°szu~Lam Yoty MUy
ﬂzumwu,avaamhvﬂawaamuumnawu '«aunwm“uﬂmuummmﬂuuuagavmsmiﬂumawaq
muumammmuaﬂuvsﬂuﬂi“mﬁlmmlmmiswamumﬂun muuwﬂummau‘tﬂmwﬁnm
ﬂmﬂllllFWI’NLﬂilLta”ﬂNﬂ’]EJﬂ’IW’llaﬁu’muiJm‘iuﬁﬂﬂ‘aﬁﬂﬁaﬂﬂ‘ﬂLLCﬂﬂG’I'Nﬂ‘u TnqUsraaAes
miﬁﬂmmmmmm‘ltﬂuanwzuvwaamww's:uﬁﬂm‘[ﬂmﬁmswumnmmumaﬂ‘r‘[&mummu
msuslae Wwuieafutuhiuludondudsug
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Anwmavediinsildlunmsataiduaniudauzsy Wudnsldsviazarauuuldann
Saunarlilldanuieunarisiuiulaaldansdn reamnaui@maeiitaznianmundsznisiay
auainsolunisiueyyadassrenhiuauzquildannisadio
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AnwnavesRmsatmuniufiuenarsiuldun nsldfhazanedundd (enwu) Tavain
wuuldmnu¥ousazlildnnuiounazatndiediuduleeldanglivdn denuauimanaiivas
manlaun aruvis, 3 dudiiuanudey, Aerweudiady, Annudunse, ARNUAIE
yaatgiy, Alelenuy, AruSuaasienedlndlild, s Tocopherols uag Tocotrienols,
sfanazUIuunIalydy, U%mmmiﬂixﬂauﬂuaaﬂﬁwm wagAMUARsalUN TN UBYLaBATY
TngafntfuanudauzguivgaludsemalnglumaufisaninanyGiivwazsausaudelas
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2.1 sy

LAY fifavnaiIngAaasin Moringa oleifera Lam. Foailey Horse radish tree,
Drumstick ﬁ]mﬂumulwasﬂmm Moringaceae WulsfBufurunanatafifiduiidausnadan
Hunde Lﬂuluwuﬂuu'szanli’Lumnmmumaaﬂﬂmmuﬂmm mmimulﬂmmuaam 30
wariin@en widnilvgfenfullnunnidndug funsgumuldvnanavessemelve fdei3en
safiulumuisazyiesiiu wumeadausen Andguniedndtu meawmiedunuzfeutou ¥1insy
widsanaunaauysiEanniutad uavuﬂeﬂiaaaauﬁaﬂ fndield Wusy unnduwulusiuesing
Tuwnuaznndruvassiune sanduen (medund wsatan, 2554)

aeugvasursululandiviei 13-14 anewus way 10 Tu 13 mawuﬁauwmwwv’lunw
wdedn Wunziansy witlies 2 moiugiiansalgnldlulsyindlne fe Tediweds Woringa
oleifera) uazmuamuuLdda (Moringa concanensis) uzgaufialiifoseu wazsduglve fousl
mﬂulﬁguﬁuﬁﬁmaﬁu winggufifufefiunzun Fnde ddsravsamlumsuantuldi§ dld
mv&wams uzgunnsiindinnA AN z.mmmmﬁiaatwaiswLﬂumawuﬁmmsmmmaaq
wndige mevLﬂumawuﬁwulﬂﬁwﬂamwmﬂ'm sy emarinu S duiude naaduge
%zaumluﬂuﬁiumsﬁgﬂ Ty penan ansnsalinardmiuimale ferwiumuselsadfe
188 luuszmalnglainisinifearnauiainehidervglufugld wazdnisinisan
seawside Wasuiuhaeiudludssnedlnetuiosas 80 iiuaeiuglodmassn ulfuinds
adtuindnuusrasin wasgiluoniinswandiusenlufifleanananmaiuduysaivesiu
anrend warnsiiyigeine wannaulRlinandwainduninin (efvn aldens,
2553)

2.2 dauUssnaurauzu

221 Tu ddnwuzadvwuvsuun  laludidissseu lugeudivudinivuinluen 1-3
WURUAS

2.2.2 aan denaniuUTaLInLILY sanammganlu ndusen 5 ndu dunvieriauvasy
widunsitlndsunenuen om 1.4-1.9 wuimas a3 0.4 wufuas Yarendunennitendilau
4 ndu Kamss inashifuenatniuauysal 5 §u auysal 5 SuGsewdufufivudun e Sunes
Aindoanasiudle 1 du (afwd eiaern, 2553)

2.2.3 fin flenmen 20-50 s dnvanilouldfinass uiluvesiudeliiinass
Tumwdsnge (Drumstick Tree) wWaeniinseufifuafidiunsauavdiunulussezauauen
yosiin wWasninuafiddhana saamd 2.1 wisdifedudnuaznauidthaa Wuiguinans
Usvana 1 wudans Wilnaziiuszna 20 wita fegluinuvesitn mafufemandadeiindy
Ahmaseunavuts wiaudannsatuituseniniul @ 1fiw nususeR, 2550) mafiuilnu
G msenuRadsuauan Ussna 35 Y lelianuduvde 5-8% luusimelvganunsa



Wuiieninuisld 2 gania Tutadou vansieunnsian - fwian warludinfieunsngiay-
&911a3) (Schmidt and Mwaura, 2010)

2.24 wha (nmil 2.2) wiadddmaidy Weunay Wushgqudnaniwasudn 1-14
wuiiues Tifov1en Wudn 3 Un 813 0.5-2.5 wudues lu 1 Alanfuseivszuna 3,700 -6,000
wie  lusdassvneulufeasemsinningaunso ez quinadadity
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MW 2.1 ANWUEIOIRNLZFUUR
P Uszvuws 9@lve, 2555 (@neaw)

Al 2.2 Snvazvaadnur suwiiaswdouzguuwidiunzdenvuudnoen
d L) 1
fu: Usevuns 1dlng, 2555(denw)

2.3 prsafandiuudaus
af@ efdenn (2553) swnuhnsaiadiduudeusuansoainlinateds laun
o B ow ] = i
2.3.1 manahdiuwisuzgu laen1side (rendering)
analaemsiiudaugusnuiualiaziden udnhluldnsevs iuddasviies
A’ 3 P ¥ o QI:' U s o 3 2 o (Y U a Y o
LuaL&laﬂmqumﬂummlﬂm'hﬂmﬂamLLa'm‘%‘lwaa nasnduiiRgiulnnesaus AuIuty
wunieenut assfuwdeiwmiagrnuihssineaanuun Nazldiiduesnu kaINTOMENLEN
UTULEFUNUTIVIN
r ’ﬂ‘ r “J -
2.3.2 msataiiuwdnuzgu Taen15ndy (condensing)
afalnanisiiudeuzsulullinud uueazieaudinan dulifen 5-10 uid
udrenasaInien hansewneunul udlduiavienivusifivsgs Asld 1 Ay iveddesl
Ytunendduty snntuisdininiuinnsaddwniull dunnueguivdiethliiedunidla



2.3.3 maafntnduwiauesy lasmssfndudeiriasangwea (screw press)
afelasmstiudauzguurldasluaiosanginsminduus gittuesninlneusady
Selussarinanglunuueu alddniiy fewfeuRniuanusadendsewinmsun Usunanisiy
Fariold Usvanas 30-40% snnndimsafiadaelalnsan aldditu defelfdanmenounaziiily
nseeiensEAEnIes nsataterliuianhduanudeursuuieUiina 812 Alandu ez
afldiifugy 1 dns Medtuagfulsydrsamussiafesine

2.4 dhifusdauzu
thifudauegy $infulude en ol fautAliduly fassmaailunisdundu iy
ihifundeduluedosing Mividmesuasnanfusiguaduns Tlulsemeny Sunniomiue unan
Wednaudoulnsanzluhin anwnsadanldifuasfudelugramnssuemis wazddldidy
thifuadaldedsiinie diudnueslifindy awnsoldumahsuieldinssiduyszney
yaansalewadn (nsnluduliduiluagaien) msiesldideinazmen diiunequildeefia
wides fsavanu Lifindu dhiuwdeusguiuthiumusssunanianagudgaulusensaiil
Uselyil Uﬁznauﬁ?amiLza‘l;?‘{aan%umu%‘luﬂ%mmqq ﬁnm“lm?’ulﬁﬁuﬁuﬂ%mmqqﬁw Fad
TngjilunsaludulddusnBadiedosas 70 Jefinuautiadieiidiuugnen Jaduiiunmnmd
dwilisynavams datannasisamesealuduiden tastulsaila uenaniudeingasiie
fgtusrlondlutinannn ausdimanemwesmaeiuazesdusznaunsaluiureniviuwde
uzqy fauandlumsedt 2.1 (eAnd Alaern, 2553)
| eURAN ATV STz sresTminaw 3 Adufeedesdusawuuang
wuuiiidendn Suiiu (cold press) nuindiainaseanles 2.44 fadlua/nn. wagA1909n3A (acid
value) Wity 7.10 un vesiwumaiiealansenled/nsu uenaniisfinmesdusznauvesnsaluiy
Fwuluihdudeusguiléannnisatn duandumsei 22 Glan funsimmndy, 2553)
mAseludniveass vesniaduenans unTinendouiinain asataisiuaniudauzsu dof
gndfudenisiasayiiulnvesdonvaitiiodundnfusidmiuldtun  Taonuinl4lasy
pyodermia Tuyyund fiflamnunann Staphylococcus aureus (wa 3A, 2552)
2.4.1 avrwanuasiwSnus
iR Asaen (2553) erudidinsidesesenldlusdafusiferuay
genuiaud 1,400 Teussannia Sainldasiiseslaansldonsay didunequan wazngh
lgusa thedunauiovuaninsuiu wesiuldnnudulsed dhifuwdausguminzdens
il#lugeainssuiatasdans Tlunisiigein trgems fanssnideuavaunuusa fassmaoilu
nsudfiudy venaintudeiimiu 1o uaed Afvslevfluduiaduae luvazidiorfufiannsa
ihldgsemnaudentuiduusnenuasiianaflnd Ao iz guilassnanuied
1. frethgesneiniuidiuiy deuy wasthvzasmmuuineyiuveia
2. Pawussmnaifiedauuluni
3. hanseaniriesiidudunaannisiauuan vienisidenmu’e
4. Hwinwlsadormuimindulsathinei Wesnurenidu waziou
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A13197 2.1 anadEnenemnuazmaaiiuaresiuszneunsaluiuresidumdnuzg -

AANUR Ailet
Saponification value 182.9
lodine value 66.4
Density at 20 °C (¢/mU) 0.89737
Refractive Index at 20 °C 1.4670
Solidification point (pour point °C) (Method D-97) 6
Free Fatty acid (%) Up to 2.98
Fatty acid composition (%)

Lauric Trace
Myristic 0.08
Pentadecanoic Trace
Palmitic 5.45
Palmitoleic 1.48
Margaric 0.08
Margaroleic 0.05
Stearic 542
Oleic 179
Linoleic 0.76
Linolenic 0.14
Arachidic 539
Gadoleic 2.2
Eicosadieroic -
Behenic £6.88
Erucic 0.14
Lignoceric 0.92

fiun: danUasanaiunm Asdam, 2553



a3ei 2.2 dausznevvensaluiuvenifundauzsuuazdiduusnanduidu iufesazvas

nsmlufurionun

nanluiiu thifunsqufuBuanany? ihsfunznantuby
Myristic acid (C14:0) 0.1 <0.1
Palmitic acid (C16:0) 5.9 7.5-20.0
Palmitoleic (C14:1) 1.2 0.3-35
Stearic acid (C18:0) 3.9 0.5-5.0
Oleic acid (C18:1) 75.2 55.0-83.0
Linoleic (C18:2) 1.7 3.5-21.0
Linolenic (18:3) 0.2 w18
Stearidonic acid (C18:4) = -
Arachidic acid (C20:0) ¥ <0.8
EPA (C20:5) 6.3 =
DHA (C22:6) 0.9 2
Nervonic acid 0.1 -

A = o o
U2 UM AUNTNWNIY, 2553

5. daedavunaan iesnnsdanzguiuuszneulufeassndelsauaziavan
MsEALEUYRIUIALRAIINTaUIe uraringy unaldlvs uuasiases aafiuuazsounaenatie
590157
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15 M Juivasduniag Yseddu vlidsvesldiduatiu

2.5 autfvaeisiy
2.5.1 argrnaulifiatu (Saponification number)
Aemeuiiiady (saponification number,S.N. ¥38 saponification value, S.V.)
o duaudadnfuresns iy Tnunadoulansenled Aldluiufnierfulasndivelsd
(triglyceride) Tu lusiu viethifu (Foni1 URRTeN saponification) agheauysel $1uau 1 nu 18
duaydadundovensalusiu (fatty acid) awluiana uaznfigesen wiedTuuniuvasdig
(NaOH %38 KOH) #iviufAsemedfulusiurdnniieg 1 nfu Aemeuiifiadu (saponification
numben) Midusudunaeduana viedminveanseluiufidudrulssneululuianavesles
ledandivesealulusiuniethsiu lutuniediuitmgmeuifinduge wanahnseludiuiidy
dudsznevlulianaveslasiedenfisesoaiiiminluanam Jeisuulmanavedinsiedantie
ssoasonsdminifuswaunn fedudeedddaduinnunnlunislalaslada e
Benfugaewoudfiadus uansinsalutufidussdusznevluluanaveslasiodandiwasen
fihwiinluanags Jafsmaluanaveslasiedandivesearavisimindudiuutes viluld
astaglunmsiuiien
2.5.2 Alaolady (lodine number)
dleledu (iodine number, N, %3 iodine value, 1v.) {unasiiasiesiiiedus
Sunwiusegluluanavesnselafuiivasdusenaveglulianavestnsiedand iwesead
wammﬂuaa’lﬂwwsaumumama anlelemuvetlasiuviatsiulag Rediuaunduvedlelediu
figngady (absorb) Tnelusumotigusuau 100 ady asalwiuvilaliuiiduasiusyneulu
Tuanaveslasiedanfisasaasgyinujitenfuansazanelaleftuiunniiune leleAuazgngedud
Tufishumisiusee %‘aﬂﬁﬁ%mwﬁﬂﬁyuaem%ﬂ Tuiifialaifuas faldruiuszguin lelefues
g}ﬂﬂm«numrmaw'muumﬂsmmaa"laiaﬁwmaa Weduamuiunalelefufigngeduly
FaturleTefudadusmiussyduanulaidud (degree of unsaturation) wasnsalusiufiiy
aaﬂﬂiznauasjtu‘[mLaqawaq‘lmmﬁaﬂaLﬁaiaamiauﬂmﬂﬂwuu,asmuu fralalofiuas uamen
fUsinunsalesurdalidusiduesdussnevunuazasiinnsiuiin oxidative rancidity léde
dae wenaniisuiidielelefiugs Fauaneidiviinansalaiueialiduieg Suusinusnmiy
é’atﬂuﬁ@%ﬁaﬁmﬁW'N'T,muWﬂWiwaqﬁﬂﬂuﬁﬁmﬁuﬁqa drifuiifianlelefiuge azdamAna
Tngumsge lesnniuinansalusiuedalidusnn fudunselufuiiduiudesame
2.5.3 anunia (Viscosity)
aamilaveslusiunazify Wuladuiidalunsesnuuussuunsvuniglasiu
sartiu anumiavesluiunesiiuesfuiudosuumivevluluanavensaluiuiidu
ssfUsvnavveslasiefandiweseaifiniu mnumiaazanaufieduiuiusegluluianavesnse
lushufisdu uazdlogamafueslutuuasiviududy



2.5.4 & (Color)

auJum‘timﬁmmwmuwmmuulﬂ mamumavwmvuﬁLtmﬂmanumuagﬂumiﬁmﬁu
aa‘meamwmm’Lﬂum'iaﬂmmuuuawaﬁmsmﬂma Trensvlandihduiiidmisseeunsd
ammwmmmmwuﬁmaamu

2.5.5 aanuiunse (Acid value)

Mses iz SN selutudaseianty adildiunin Acd value (AV) @

AV. vpansalusunteotiiu Ao ai’wmuﬁﬁﬂ%'mmiwLmaLG‘Sa:ulamiaﬂl%ﬁﬁ%ﬂumiﬁﬂﬁﬂwlmﬁu
dase muaaﬂulmuumamm $1unu 1ndadunananed fauddddan AV Fusangvieseiuns
wuﬂum‘kvnumvumu fen AV guuansilasiedandigeseagnlalasladifunsalufudaszuin
wanaAnnisiiuilosnn hydrolytic rancidity 310 Yayzaansiinlalasladaveslutuuazingy
vrldlaodusnwilufunasidulidgamgiinmielugifu sl mmmiuazdunid

2.6 uddedineta
Lalas and Tsaknis (2002) ﬁﬂQOé’ﬂwmmaaﬁ‘wa‘J’uLuﬁmuszuTma‘lﬁ%‘éﬂﬁaﬁmﬁLmﬂsm
i Taun n1sfuidu (cold press) ﬂ’]‘iﬂﬁﬂﬁ?ﬂﬁ’lﬁ’laua’]mﬁﬂmu LLavaﬁ‘mﬁm@f'Jﬁwavamwau
sruiAanlsnety : wnuea (1:1) L‘USEJ‘UWI‘EJ‘Uﬂvuﬂiuu“ﬂaﬂu‘iﬁ‘-ﬂﬁ%mﬂu’lﬂL‘tﬁﬂ’l'iﬂ’] Ima
ﬁﬂmumumamwm aneusuega Periyakulam 1 (PKM 1) HaHARYeITIEAAd AR e il
AstulBu (cold press) Sataz25.1 affameivinazauienisuiavay 38.3 waraineiefvi
aranenauseniAaelsnety  wnuea (1:1) Segazdl.d AaunuiLiy 0.899, 0.909, 0.911
waz 0.915 mudidu (Infigungl 24 esmiwaidea ) Adedviniv 1460, 1457, 1.459 uaw
1.4620 np 40 BaAnwal@ud mudnu A1d 1.90/30.00, 0.80/35.00, 2.00/35.00 waz 0/47.00
wAY/AABY ANEy YaLfinadu 203, 200, 206 wag 190 pNANYadYE AUEINU ANANNULR
80.00, 45.05, 56.10 waz 74.01 faduramaiundl snuawiu Arnaudunsa 1.94, 1.12, 1.39 uay
0.98 Sosarwasnsalaldanauainu aasnauddiaty 199.32, 188.36, 186.32 way 188.00 un.
Tnwunadoulansanles/nsuranitiu mudidu atlelofiu 65.73, 6558, 65.46 uaz 80.01 N3u
voslelafu/100 nfuveniiy muddu viinavesnsaluiuresiniuiinsalutueiialidudags
Tnelanizag1abs nsmaadaCcis:1§asaz71.60, 71.21, 71.22 uay 7453 nsalusiunindui Wy
Udufifin (palmitic C16:0) Savag 6.34, 6.46, 6.36 uaz 112 awdwu waz Uigudln (behenic
C22:0) Yavay 6.21, 641, 6.28 uaz< 0.01 auawy nulSuadmesealugUuuunesy B =
sitosterol gafieioray 45.58, 43.65, 44.05 uay 64.30 MUAWU stigmasterol $auay 23.10,
23.06, 22.50 1a=0.60 MUSAU waz campesterol Faway 15.81, 1529, 14.60 waz 3.20
MudIRU Usuna tocopherols Tuguuuunasu O - tocopherols 5.06, 15.38, 2.42 uag 88.50
mud iU Y - tocopherols 25.40, 4.47, 552 uaw 9.90 ua 3 - tocopherols 3.55, 15.51, 12.65
naz 1.60 wn./nn. YaetTuAILETy mmumaﬁuuiuummmmaamamwuwaaﬂgﬂsm
20nTLatu wamwnu 120 sergadod dansadalaenisduiiiu (cold press) miaﬂﬂmamm
TABLENIYU msan@mamma.,msJNemsw'mﬂaeiiwasuummmuaa (1:1) uasthunznan
Y9ASEN AaunIindafuliawiify 282, 317, 325, uaw 7.88 daluanwdrdiu wdinnis
ety eniuihiunenen fduiafu 16.20, 8.70 way 14.30 Falaeauddiu uanalwidiudn



10

druwdnurguiianunsiigananisiineandindu  (oxidative rancidity) nasafiadaeis
Aaalsnesy : lwnea (1:1) Ianuasigaenisiinesndindu (oxidative rancidity)

Abdulkarim wazatug (2005) ﬁﬂmamamﬁ’ﬁmemﬁmamma@ﬁﬁﬁumﬁamquﬁﬁﬁ’mi%
ldfvinaratsuazid’ aqueous enzymatic Frirazateiildlunisadnfia petroleum ether
wuledifldlunisatmbiuudaueguil ¢ wlaluBended #sd Termamyl 1200, Type L (0-
Amylase), Neutrase 0.8L (Neutral Protease), Cellucast 1.5L FG (Cellulase) waz Pectinex
Ultra SP-L (Pectinase) 910 Novozyme Uszinalausisn wuin Neutrase 1ﬁﬁiﬁﬂ§u1mﬁ:’iﬁuq~ﬂ
fign ssRUsznaunsalasufianalaesviazats uazieulesl wunsaleiadniosas 67.9 uaz 70.0,
nsaUrduiiinSevay 7.8 uay 6.8, nsnalfsiniosaz 7.6 uay 6.5, ninddliniovar 6.2 kaz 5.8
sy thifufiadelfiiuresafigungiivies Tfmdesseu 0.7R+5.9Y uway 0.7R+3.0Y dwiy
Tiiuflatlasfvinararsuazievlsdaudiiy fnduadretiudaas yavasumeissun
19.0 serwalded war18.9 asruaided Ulnunsalvdunanlulasiedandwosea Won1sadead
naidntesseusinansaluiluintu diutaiar 2 3% nuilwsasSesasvasesdusenaures
nsalasfusneiy anaudRfuamniw 1wy fasasuasnsaloiadn fovazuasnsaludiulsidudy
Havun Arlelofiu nsalutudasy wazaasfivmeilndlily (unsaponifiable matter) wazd va4
msatmisusaelaiinhnisatniiueshazans

Anwar uazane (2006) AnwUsEansnmussmsiadesaine andnduvestsiufivung
silalnensuaufutiundauzgy afnhsusdous useds soxhlet extractorlatldimiarans
leniey shansaniisnsdudauaz20, 40, 60 waz80 maaﬁwﬁ’umﬁmusqu (MOO) lothanmauiy
drsununru (SFO) uartnsiugamaes (SBO) Fapnuasinuasindudeases rancimat fvus
Sasrimslvaveternea 20 dnsdadalan iguugd 120 asnwaded tniudanzquiiaunsi
w1y 8.75 Wsfumunsiu 2,99 wazdfuduvdes 3.30 $alus ilenaudasidausgnize MOO:
SFO (20:80) flamAsiy 3.75, MOO: SFO (80:60) A21uAFH 5.72 MOO: SFO (60:40) faums
#1 6.76 waz MOO: SFO (80:20) fianuassa 7.29 d7las uavnaudnstdruszwing MOO: SBO
(20:80) flAUAIAT3.79, MOO: SFO (40:60) TAUAFT 5.79, MOO: SFO (60:40) HANUAIAL
6.96, LaMOO: SFO (80:20) fiaawasi 7.51 $alue Fmsfindwuidundauesuiirun
shgeranisiineandiadu

Manzoor wagane (2007) Anwithifulsdauzguaeiug Concanensis fiafnannienisy
USinaveshifundauzguiladaldtenas 37.56-00.06 dsToraz38 82) Usunalusiu Tues
AT wazUSunandnfinudesas 30.07, 6.00, 588 war 9.00 AWENU Yhifuitadal@iian
lelefu 67.00 nfuvadlelafiu/100 nfuvenisiy, fuiln1swnm 1.4648 (309l 40 ssaaides)
A1AUVLILUY 0.8660 un./ua.  (Taf 24 ssAnvalded) Araveudfiaduy 179.00 un.
Tnunadelensenlas/nSuveniniu memedlnglaild (unsponifiable matter) $a8az0.78 A
(1 in.cel) 1.90R+19.00Y uazAmanulunsniaeay 0.34 (Fawaznsalaladn), tocopherols (0, Y
war &) luthiudeu 72.11, 9.26 way 33.87 un./nn. AudIdU A1 specific extinctionsii 232
wag 270 wiluwns 30ld 3.17 uaz 0.65 mudiu Andedeanlediuay p-anisidine vesiiiy
1.75 uaz1.84 faddeiniausi/nn. audidy svosatlumsifeufiseeendedu (rancmat ) 9
Shsnsinavesennia (208n5/4) gungil (120 asewaides) navasigiufuil 108 faluae
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=l

anadiie 8.90 4alue wdtannsindeeranilen (degumming) wudnﬁwﬂ’muﬁmmqumzﬁumﬂ
Towadngefiesasas 68.00 mumensaurduliin, afiedn, 08ln wazezindAniesar 11.04, 3.58,
3.44 uay 0.79 MuaINy

Abdulkarim UazAue (2007) ﬁﬂmmmmﬁ'ﬁvmwmiwamuuuﬁwﬁuﬁammﬁwﬁumﬁm
wmuﬂsmumamummmau Ae thsfualua (CLO) Pfudimdes (SBO) wazthsiuldy (PO)
n1saﬂmumumamwaﬂwmma«maLLavm‘quiawﬁimmmimamm wiflen mswenduniuiu
wazn1sedanau LW@aﬂﬂ‘iﬂl?JiJuLLa”ﬂ']‘-\lﬂa’ﬁﬂ‘i“’malﬂ nsalasiuitfussiusenauvestiuild
TunsvRanwadEiu PO, CLO uazSBO wunsalduiiinfasayar, 8.9, 11.3 nsalawadniasay
45.6, 57.4, 24.8 uavmma‘imaan%‘aaa 10.8, 22.8, 53.5 gy tiune £33 (MoO) flUSunu
Yasnsalawadngsdis Sovas74.5 gestnfuvavue fnsmdufiindesas 6.1 LLavﬂmaIuLaaﬂsaa
ay 0.7 ﬂsmlsuuu"l,ueummLﬂmmwumiuumuu~iuumﬂmiaEmv 78.1 Wieifigufuisiudude
PO (§anay 46.3), CLO (§awaz 58.6) waz SBO (Fasas 25.1) ﬂiuﬂquwaqmmlwuluaum
Baderluhiuduifemaiemnivsslerisegunw nsaluiilidusudases (vielewadn)
sufentastunsanarudesadsanaanideniladiu

Mani wagamy (2007) Anwnisiiaszavmweesnsafindieivhazansvenisiuude
uviuimalmﬁwummauauaa Anwmaveswiladvinazaly wwneuna guudiinnsaiauaziian
Yaefviazatedenandningiy namamaqaﬂumawamavmw’lmmu Wgnigy Segay 33.1
WNasiduudineisevaz 31.8 Nawamasammmnumaﬂuuiwaﬂﬂ‘lﬂmmﬂmmwmaLsmwju
wuwmaqmﬂummmﬂmqsqmmawawamn:Jumanmiamumaqmwnﬁumiaﬂmu,a.,nawaqmm
aranevianun Insldmedeidmsiunuiifiofefinussavsnwnisadniduldafivnganves
WIRNBYNA 0.62 ul. gandlinisadn 56.58 esrivalded LayszaEliawesiinazate 7 Falus
Nawama@mmuﬁlﬂmaﬂﬂasaaau 33.5 Ingldienwuduarsain

Rashid uawAfz (2008) ﬁms']mawaalu‘[amwamﬂmuumaﬂuuiu wwauamaqmumu
A1 kinematic viscosity gaetsTuiien 29.63 ais1ediadwns/Auii umumaﬂuquum cloud
point Waz pour point i 18 symiwaldsd uay17 asmwaida mudwu Usunansaluduny
degefansaleladniowae 72.2

Rahman wagaue (2009) ‘lﬂﬁﬂ“enﬂmammn'NLﬂmmammmumumaﬂuuw angwug
Fudtosertnanne afaihulasliue Saeniey (H) Vlmdeudmeseliniun (LPE) (Raiiian 40-
60 asenizaided) wavaaslsviasu/umuea (50:50) (CM) Vinanhuiiadaldarniusiudios
getfananinaiia 3 eUTinadoas 37.5, 35.6 wag 40.2 AuEdU uen it iusdeuzguans
wuﬁwumawaqmnawmﬂmuﬂ“ WuveInsaleiadngs (C18:1) fsseeas 74.41

Silva wagauy (2010) ﬁﬂmaﬂwmvumumaﬂuwiuuaummam‘lu‘[amsﬁa vmsafaviniiy
Tagldgrhazasenisuaniudauesuuisiigangd 80 ssrgadea iy 24 Halue Fadranu
Hunsafesay 4.0 Gevaznsaleiadn) Aanumuiutu fawinfu 912 an/au u. (aigaumgll 20
pergaldea) Jsmsdnuninuuinanseluiuiifussdussneulutufunselutusialidui
Tnedlngdunsalomdniovay 78



uni 3
AR U

3.1 dnQfu

3.2

=l

3.1.1 uz3u (Moringa) lasuanuayaieianaudiamiaguiununsdursdanys

1

\A3asila

3.2.1 iadaenszimnzdanuuuladiu

3.2.2 1303un (Blender) (Moulinex, China)

3.2.3 gausuunia (Tray dryer) (Progress, Thailand)

3.2.4 favaniau (Hot air oven) (Memmert UM 400, Germany)
325 Lﬂ%aﬂwyuLw%HG (Centrifuge) (Beckman Coulter, USA.)

3.2.6 Lﬂ'%'aamgum%m (Centrifuge) (Hettich zentrifugen , Germany)
3.2.7 1A3eateaziBen 2 dumus (Pioneer, USA.)

3.2.8 in3astasidon 4 dumids (Denver, Germany)

3.2.9 1A3edias iz A uAiva iy (Metrohm's743Rancimat,switzerland)
3.2.10 \A30Y SEAne (Evaporater) (BUCHI, Switzerland)

3.2.11 edatafialuiiy (Gerhardt S306AK, Germany)
3.2.12 inseandululniau (Gerhardt vap 30S, Germany)
3.2.13 1A30eYnd (HunterLab Color Quest XE, USA)

3.2.14 iafevias ety .
3.2.15 \p%a4 Differential Scanning Calorimetry (DSC 204 F1 Phoenix® ,Germany)
3216 1A303 Gas Chromatography (GC) (Agilent 6890N, USA.)
3.2.17 1A% High Performance Liquid Chromatography (HPLC)
b (Agilent series 1100, USA.)

3.2.18 UV-VIS Spectrophotometer (Shimadzu UV-1601, Japan)
3.2.19 81muavgum)il (Water bath) (Memmert-WNB 7-45, Germany)
3.2.20 w1k (Muffle furnance) (Nabertherm LT40, Germany)

3.2.21 vy

3.2.22 Micro-pipettors uag Tips

3.2.23 Todm3ugaan iy (Desiccator)
3.2.24 Magnetic stirrers wag stirring bars
3.2.25 Vortex mixer

3.2.26 Thermometer

3.2.27 gunseliataaum
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3.3 @19.Adl
3.3.1 Acetic acid (Merck, Germany)
3.3.2 Acetone (Merck, Germany)
3.3.3 Acetate buffer
3.3.4 Calcium chloride (CaCl,) (Ajax Finechem, New Zealand)
3.3.5 Celite (Fluka, Germany)
3.3.6 Cyclohexane (Merck, Germany)
3.3.7 DPPH (2,2- diphenyl - |- picrylhydrazayl) (Merck, Germany)
3.3.8 Ethyl alcohol (Local)
3.3.9 Folin-Ciocalteau reagent (Carlo Erba, Italy)
3.3.10 Hydrochloric acid (HCY) (Merck, Germany)
3.3.11 Hexane commercial ( Local)
3.3.12 lodine (1) (Carlo Erba Reagenti, Italy)
3.3.13 Potassium hydroxide (KOH) (Ajax Finechem, New Zealand)
3.3.14 Potassium iodide (KI) (Carlo Erba Reagenti, Italy)
3.3.15 Potassium dichromate (Carlo Erba Reagenti, Italy)
3.3.16 Starch (Fluka, Germany)
3.3.17 Sodium hydroxide (NaOH) (Carlo Erba Reagenti, Italy)
3.3.18 Sodium thiosulfate (Fluka, Germany)
3.3.19 Trolox (Merck, Germany)
3.3.20 TPTZ(2,4,6-tripyridyl-s-triazine) (Fluka Chemicals, Switzerland)
3.3.21 Wijs solution (Merck, Germany)

3.4 @gouNMIN1SNAaag

anzgRamMnIsuinens dntumaluladnszaeunduhguvmsainnsels uazgudiamia
guauinunsdunidanyd duavinds Sunevirvjs dminanys

3.5 AWM INAADY
3.5.1 MawBsudaussuLasine129AUsEnaY

Luaﬂuvimummwumaqnumuanwmv%iﬂﬁmma LALLOMUAATUAINULARYKID BULK
7 45-50 paenwaldea uiu 3 Hlus (uduiesas < 5) (au’Lunmmamwsmummwmuw
A1uua) u,aﬂLﬂaaﬂaaﬂmumsa‘lﬁmwmamwuuaq;fmﬂ'mmu’Lummuvmﬂmaw’lﬁumau 14
mamamamuwzu yfusethdunsadningiy ntuhumesiusEneuvasiudnue UL
USues AUy (moisture) M1U3E AOAC, (2000), 11 (ash), 1uiu (crude fat), TusAu (crude
protein), le@15 (crude fiber) uag A15lulainsa (crude carbohydrate) @135 AOAC, (2011)



3.5.2 n1sAneRavasdsnIsainugiu
Anwiidnsadmiduilidequeaudfvesdiduainfeaudaue sy vnsada

v
CY L

it dedl
3.5.2.1 Tnonsfuiu 1Hie3esdudauuuang (CSP)
thudausuus (Whanddendusdnoan) (mududosas <5) ldadly
wdasiiudauuuang (screw press) ddufifininveawdaunsdnuey vilila Taadsl3l
anavnou 6 Halue wenenisuusdiulaudiunsadiaensyaunsas (Whatman) lwedt13
@miununsenisilasiams) WivluvndnTeain (ulugiiu) dunudiinadesasveniniu
g
3.5.2.2 afalags Soxhlet lidiazanaenigu (SE)
hiwdeueguuieildann (183.5.1) uunlaainiesuanenyu (blender) 49
uzgu10 + 0.1 n¥usiadenszamunses afmiiiulneldinies soxtherm figumgll 180 osen
wadea Wunan 150 uidt anduianszmesiagaigeaniag rotary evaporator AIUAY
gamgi 50 ssueaifiva suveaunEharargvue Tiidune R (Crude moringa oil)
wazahufidee1auilen (degumming) AAWUasI5a N Anwar and Bhanger (2003) Tneintheu
gaun)dl 70-80 e walfua USinmiasay 20 nunauY 10 u1d Tnelfuviasiindnnauainty
Wlvifufigumgiviesuniesi 6000 seuseui wiu 10 ufl udniwnsesgaainia fe
AsYANuNSaY (Whatman) 1wa$113 (@wmsununsesiniulngianiy) nsasendndiduvesuds
(solid) sen Whiunendavdiivlurndylufifu wasdnuinufevasvesiwiuils
3.5.2.3 a@nalnsudludvitazatsenigu (CSE)
thudauzguuisiildain @e3.5.1) suslasiaiasuamey (blender) ud
szguuisualudasdiunese: wnteu 1:3 Wuan 12 $lue imiuvasmasnanveuden
suvgiviaratsesniay rotary evaporator AIUANAMANT 50 aerisaldud sTmeaunIIch
nazaunun Lﬁa‘lﬁﬁnﬁumzquﬁu (crude moringa oil) Y1u1A13ns9uiiea (degumming)
iUl 3.5.2.2
3.5.3 AnwsalRvesnsuiiainenudeussudedtuandieiy
3.5.3.1 MUNIBAN
3.5.3.1.1 anundainlayld Brookfield viscometer §u (Brookfield DV-
) ¥riatues18 Small sample adapter
3.53.1.2 & falapiATesind Hunterlab u (Color Quest XE) Tnedvos
ihdhluszuu CE gruadiliu Laa*b* A1 L* mnefe samnuaine ffleglugas o @) e 100 (@
91) A1 a* wunedie Aeadudues duduvan (+) wazaradudider dudu O A1 b* wunel
marndudindes duduuin () wazarnuduididu fudu O
3.5.3.1.3 autdduainuiou (Thermal  properties) Tagldiadasile
Differential Scanning Calorimetry (DSC) i:‘u DSC 204 F1 Phoenix®
3.5.3.2 M uLAl
3.5.3.2.1 mwmeuliiadu (AOCS Official Method Cd 3-25)
3.5.3.2.2 manuunia (AOCS Official Method Cd 3d-63)
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3.5.3.2.3 alalafiu (AQCS Official Method Cd 1-25)

3.5.3.2.4 auSunmasismedlndlilé (AOCS Official Method 6b - 53)

3.5.3.2.5 U3u1a Tocopherols wagTocotrienols Taeldiadas HPLC
(AQCS Official Method Ce 8-89)

35326 tlauavUSunanialuiu Taglfia3eaGC (n-house method
based on AOAC (2005), 996.06 (NFi T 974)

3.53.2.7 Vaanauansusznauiiuaaniianun (Total phenolic compound)
Taadnulasain Singleton and Lamuela-Raventos (1999)

3.5.3.3 MuAveiiy

35331 asedeumiuasirantsiinuiiioieendindulasldiaies

Rancimat fuundnsnislvaveseinia 20 Anssadalue fgamgl 120 srnizaided
3.5.3.4 ATuAIsalunTIeNuByyadase (Antioxidant activity)

3.53.4.1 anwaiusaluniseiuayyadasy DPPH (DPPH scaveng- ing
activity) lnadauuasain Murakami tag A (2004)

3.5.3.4.2 aud1u150lun153ndinessn (Ferric  reducing  antioxi-
dative potential, FRAP) Tng Benzie and Strain (1996)

3.5.4 NMTAATIZRHAVISEDR
Fn1svaaed 3 97 sniiude 353,13, 3.5.32.5 Uas 3.53.2.6 ¥nsneas 2 41

A1TUHUNTINARBIUENENYTal (Completely Randomized Design, CRD)nenirfioyadils
PNMTAATLRTIATIZM AN LILUTUSIU (ANOVA) uardinsizsfaiunananesenitadiaie
#2638 Duncan’s New Multiple Rance Test fisesiumnuidesiufasar 95 Ainszvineaialagld
TUsunsumeuaeasdnsagy
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nan1sVeaaduaziansal

4.1 psAUsEnoUVR LUAAULTY

\dosnnudauruuwisiddendumdeeg msfinviesddszneudelingied diulwanuas
Waenduudausnainiy nanisiinsisiuansdemsieil 4.1 ludiuresiuimesdusznauves
wdeurgy wuuSinuvestifudenay 35.3¢ Uiunalusiu dels Ay iuarUTanm
mdluleinsm $auay 29.10, 5.85, 4.24, 5.19 war20.28 ANAIFU eapnndesiu Manzoor Las
ans (2007) SenuinsAnehiunEauzsiiade Meenguiivinasenhiundaus i
aflifonar 37.56-40.06 (adpdorav38.82) wailusunalusiu el audu uazuiuandh
Savay 30.07, 6.00, 5.88 waz 9.00 AUASU Wag Anwar and Bhanger (2003) $1891UNAN WY
gashuwdnue g Wusivgnlugliaatniouesdsyinedifaniu faradeieniguiiuiunm
vhiudosar 38-40 Yalusiu ele whuazaautiy Sevay 26.50-32.00, 5.80-9.29, 5.60 -
7.50 uaz 4.86 — 5.70 AUAWY

druvesudentuiin wuuSinamesihiuiosay 2.24 fuimallusiu olamnudu i
wazUSuamdlulawmsa Yovay 1.50, 73.20, 1.70, 2.71 wag18.65 mud1du szuiulailuiudan
FuwdaduiivsinansuegdesnnluvusifiviinadeloaggumusssumavesiUdan

a51edl 4.1 aeddssnaulaedssinnuedisinue sy

avAUsTnau (Fauaz) \dn Wasnuan
USinaunnudu 4.24+0.02 1.70+0.85
Tushiu 29.10+0.02 1.50+0.04
Tagiu 35.34+0.03 2.24+0.12
dele 5.85+0.06 73.2040.53
e 5.19+0.00 2.71+1.37
mslulaiase 20.28+0.00 18.65+0.00

4.2 Guraumandaiildanmsaiaiuanse

nansAnw RN safniTusdeusuiiuanseiy 3 Bms wandlumseit 4.2 1ud nns
Juidu WieSestiudauuuang (cold screw press : CSP) afvlagldfivihazarndunid donnsld
ansavansleniey wuuldauiounsas (soxhlet extraction : SE) uazafnlagldarsazanais
auuUlaldanuou (cold solvent extraction : CSE) wuiyiunamandmiiufiliusaiins
afauansnedy nsafaduds cspldusimaniudgadadu mstudmbduiaudeniuide
eteduuilumstudathiu Wessnmsveasdlémaasstuiewiziuda nuinstudedl
wWendudulansnsofuihsiulieanunls wlddnuarmilounihunuthiy



has s sl TRt el e e

1%

Usinamenanain msdudadeinienduiidnuaznistudaveanisiinadenanandils
umstuetnedgerlduiimanhsiunnnifuda (edesangmaililunistuselunsmaassils
quandlii 2 usen) nnsAnwideuesuiauden 1 Alandu wuindiviinaudn 482-598
%y Andudiaudnndesesasss lummaaediuiinaundeus piitiudenduudainag 10
Alandu TeUsinanisiuads 1020 ndu dufunandn (yield) AldidoRnfsunnudauzgiiuios
8218.89

myafelaeldiviazats wwuldanudounarlildanusausin wuhmshildnnuieu 3
narAnTildmnin myafeintudeivhazansenfeudnnisiiiduses lufuaunsaazangldluin
vnazanglagliinharmeduiaiudeioiiiumsun Weriuiudidlumsdudafuimhazane
sniu msafmieivhasaeilfasiuniduinliitiaunsaararsluasadinfiomnsdes
tinsulumdeansililslasiueanly Benianszuaunisdesumming n1sdegumming AR
#1509 phosphatidelanzsingeg dsanUsniugeensimiuduiiatafearsazaneld Tuds
gramnssudeuldansiadl lumsvasesilithioulanszuiunisdesumming fauvasiBan
Anwar and Bhanger (2003lnenfunin$eugamaf 70-80 ssrniwaidea YSinaiesay 20 muwa
u 10 willegWurtamimdnmumniuilhiiuoumgives tumdesd 6000 seusoun? iy
10 wift Flgnhsifesms Wilimegydediusdusentuduansisiin foweitedina
soUsaniiuiianas

A15199 4.2 USinamasiiuianalaainisnisana

Fnsanm Uiy Govaz)
CSP 18.89+0.02
SE 33.99+0.01
CSE 22.04+0.02

4.3 namsAnwaasuiiaaiuasnisnmwrasirtuwdaue

nansAnwautiviaiadivemenwessiuldnuz gy afndeiBnisuandie udasly
a1snd 4.3 wuhanamiadauuanssiuatadifsdiymeada (p<0.05) (Taflgamgll 25
swrwadua) Inefimnuvdnanmsafindeds CSP Tengean (80.40 lwufinewd) aumemsario
Fe SE (68.63 Lwufnend) uazarinde s CSE (47.33 lwufinesd) osnns csp iuthiiud
Lilgrunssudtnisidnansdunia (qumming  substances) Sadsnalsirfuniauinnia

thiudlafnlaglimvinaras afndaedd SE wavaindieds CSE wutidn L* geluuans
femnuahannninhiiuain CsP iflesannszuauns degumming afdnanswiinafieglu
thitueenly ilwhsuliruainedu venanithiufiadadefwhazats faflanndudiden
(@ flu) winndihduadadisans Wukaanmiuaiunsavasiiiiazaredunidlunisarde
asuszneuifindraelsiadanudeuzgu (nmd 4.1)

4 4Aa900N0
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nenuidunsavanihduiiadald wuiinisadadeds CSE fdvdngn (2.28) luvaziints
affadaeds SE ogfsening (2.90) uaznisafadiedd CSP fldgegn (443) Fammudunsage
(acid value) udasinlnsiedandiweseagnlalasladiiiunsalutudaszuin faderaduna
deanmeuladlaaannsaiuiiteioangddmnsaudadutvluseninamsiudnangd
Uszanay 50-55 sspnieadua vilwilmanandunsaiuduluis csp @8e1 Smunvuud, 2548)
aenudunsedniiuiiadnfuvednunadeslansenledae 1 nfuvedlafundotiiy wmsg
Tsfunaslusiuudlansmuslaii ¢ Sadnsuvedwunaifoulansanled/n3u (ven 47-2533)

a519% 4.3 antiniuediiasnisnweasdfiuudeuy safianangBuandng

guianaaiiaznenIw Warsada
CSP SE CSE
AMUULln (cP) 80.40+0.20°  68.63+0.40°  47.33:0.37"
&  Aenuaie (L) 64.28+0,13°  91.38+1.18"  93.28+0.85
AduAa (@¥) 1116078 -1.20+1.75"  -3.35:0.77"
Adwvias  (b%) 105.44+017"  114.61+1.39%  101.73+1.51°
e wouliiaty (me of KOH/g of oil) - 185.82+3.37% 175.88+550° 191.21+7.01°
manuidunsa (as%oleic acid) 4.43+0.06" 2.90+0.03" 2.28+0.12°
Alalofu (wijs) (g of 17100 ¢ of oil) 517040015 50.60+0.02° - 48.30+0.08"
ASunaansfirwetlnglild (/1009 096+0.02°  0.6140.06" - 0.7620.01
Usinaiiluadniioan (ug eallic acid 327240147 3357+002°  34.74+0.12°
eg/ml)
ab,c

nuefe Anadefdfmdnesaeiulutuiveufeiunaasindauwanaeiues el
oAy 1adial (p<0.05)

= Y a 8 o < M o o A '
AN 4.1 ﬁﬂﬂmﬁﬂﬂ@ﬁquULﬂaﬁugjumﬂﬂqﬂﬂ']'ﬁﬁﬂﬂVlLLﬂﬂW"\'i

Aewaudiiadu (saponificatiom value) wazailalafu (iodine value) Mndegtindy
Wi 3 BnsatadeusifaruuandvedeiitodWameadauslifiruuansidudegaainuindn
angmeuifaduduiudontedana vieiminlnanavesnsalasiufidussduszneuly
Tuanaveslasiedandiwesealuisiu difuiifidemeudfinduge uaniinnsaleduiidu
asfusznevlulianavedlasiedandiveseaiiimiinluanam vievuislanadin Tuiues
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Foatu thifuiiiemeuiedush uansinselwiuiiduesdusznevlulinanaveslasiedand
waseailhwinluianags uderualuanalvy Fauidsves Abdulkarim uagay (2005)
senuhmsweuifeduluiinmsadadeeuleduasmsatameiinsldfniagaredunddlid
amuuananay vieaananlditinsataiuandetuiulifidutefiidmademsmeuiiia
Fu aemeudiduluifufivededugduinfuignont 188-196 drifufundes 189-195
Frstumendn 250-264 uazthdusiin 181-189 andeeudaduluthiuftveiinseg ity
fiflosdusznavveansaluiurindus wflmemeudiiadugs

drualeleduusivsinthiuinsalafuslalidud (degree of unsaturation) w3e
SruuRuszafifegluluanaveninluiuiuesdusznaveghuluanaunteaiiedlaidnloledu
guanvhivinunsaluiusdaliduindueiusznaunnnuazaziinnisiturinoxidative
rancidity WWineshe wuitmsanadedd CSP fiegedn audiamsaindaeds SE uaznisaniame
38 CSE (51.70, 50.60 waw 48.30) mud#U Sedenadosiveuidenes Lalas and Tsaknin (2002)
dhudnuzsuiiataldan cold press nlalaiu 65.73 (nSuvesleloiiu/100 nfuweiiiy) &
aqm'mﬂsaﬂmmaﬂ1i'Lﬂummavmaaumamﬂﬂa‘lamu 65.58 (ﬂimwaa’laiamu/lOOﬂimaamuu)
mlaiamu‘lumuwuuﬂauﬂ iy thifuuznand 74-95 Yhafudamdes 116-145 thifungwin 8-10
wazthiiusiin  99-108  namildinsuiifinaaluiunialiduieguimannneedidilelofiugs
Funaldndhfaewdmiifdlelefudndesmiiumenininsalviuringud

fUTInaasewedlWdliild  (Unsaponifisble matter)  Aeesdusznavafinitlign
lelaslaZadageine wundimnuuandeuyedin Tnefinsarindeds SE way CSE fiAnshnd
csP araiilasnainnszuIunTg . degumming wmaﬂmsﬂiuﬂaumaq LU m‘sﬂsmaummn
lelasensueu naweaimesen uarinlnawesen MliiUSnealissesinszuIunsHaiEes
W (@1 Sounuw, 2568) Tasvalumualifiansfiemedindlild Lifuderas 2 Ty
uilnn

USinauansusenaufiusdniiansn (phenolic compound) wuinmsafafieg® CSE wu
asUsrnevituednimunganiviaeiinisdesnnnsanalegldinvhazaredunidiannsogy
avensdnfey aaﬂmmmuuaum'mlmLﬂsawmqmnmﬂ%‘tumsaﬂﬂ fe¥msarn SE @44
gaumgll 180 asrugalTua Tunsafpdsansusznaudinamemazgnvhanelnsrnudoufigamgd
&9 m‘:ﬂs”nauﬂuaaﬂmmauumﬂums antioxidant (Juansfiwumusssunaiivareyszian
anwmzu,a..,qmsiﬂiqai'mmaLﬂummnmmulﬂamuﬂmlﬂ yesUszneuituedndeavaeluihly
Bntosausoazandldfiluasasaedundd  Taevhluansuszneufiuedingnuusninqld 5
Uszum 1dud nsafluedn (phenolic acids) asusenaudiwanvailiueed (flavonoid) afadud
(stilbens) Au3ud (coumarins) wnufiud (tannins) ansuszneufiuedn figaslasaiomaniidu
Jwmny fidueyiusveauudy fvyflansenda (-OH-groupleeatfoevilamiseny a1sfiuedn
fugnu Aefluea (phenol) Uszneudheawnuiwudu 1 % uasmilensenda 1 vy Liu (2004)
Msfinwues Kong and Lee afungidiuvessiinmuasdszneufiuedngege sesawnfadn
ndeuaeivinasmagalutmum lufuddnde 2 aeiug Wu§ Heugjinjubyeo fSnaifiuadn
vavun Tusidnn 108 1ndes 18.20 uazdnem 2.73 @adnduunadnuedndainiaud/nil) uas
#ug Heugkwangnyeo fusinadluedniiomn Tusin 89.20 4ndes 13.30 wae dnam 1.73
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(Hadnduunadauadadaiinaud/asy) adlsfn AT UsEneULeAnTLAd ]
ﬁ’lﬁﬂ'ﬁﬂiou‘léﬁ’%Lﬁﬁﬁﬂiﬂ‘i“ﬂﬂ%ﬂﬁﬂm
4.3.1 ﬁ31ummam'\maummmuumaﬁu"m

wa*‘nadﬂmawmmqm’;mau‘uaaumumaﬂw*ﬁm nsRdnlaeds  differential
calorimetry scanning (DSC) Anwfidisaamgll 70 fa 70 awrwadea (5 ssmeadea/ wni)
Humedansianeidenudeuiiazmnuazsingy  fadwildlunsdmuemdnuusgmgl
gpshiulusauziianisdouaniue nsasuanuefiguviniaafenisiuasudanugain
‘uaw?mﬁflwaamaﬁqﬁmﬁ’uﬁ‘ﬁummaaumaﬂmaamuﬂmﬁ nsidsuamugdtigliuumauns
Bongaumafifivung aﬂumﬂ%’mutmvﬂmﬁﬁﬂ‘m miLﬁﬁauaaﬂuUQWﬂmaaLL%aLﬂumaama’; M
nsAnwaTRveeutey veshsufiatndieiiuanme (Gimsed 4.4) wuigadudumsia
IAWaaULAT (onset temperature; g umasﬂuma -22.2, -23.6, -24.9 asrwafsauaisns
afm CSP, SE wazi5CSE mumﬂu m%ﬂmﬂm’a’nﬁmiaﬂﬂwumnmqlumamamsL'smum'smmam
wasuwman ‘um.mmam‘vmmmﬂﬂwwaaummmaﬂ (peak temperature; T,) wdmﬁ CcSP
aaumil -3.3 aamuaawaﬁ'l,ummumﬁ SE fiqauugil 3.2 aerniwaidea wagds CSE figaumgll -2.5
NFLTALT mumiﬁnmaﬂwaauma‘mawmumnml@aa’lwmammu 25 09 - 3.6 8Im
CRIGHG mqquuqmmamﬂm‘mwaa:umm (conclusion temperature; To) 2935 SE agluts
gungil 1.7 esnwadva 35 CSE egludasgamgil - 22 psmisadeauazds CSP aglut
gouvindl 2.7 osrnieaiFea (1 4.2)

A15199 4.4 auiinamnuiaureniiumGaNE Y

Waganna P, T, L T
CSP -22.2 -3.3 2.7 -042.6
SE -23.6 -3.2 1.7 -40.9
CSE -24.9 -2.5 22 -40.8

e T,= onset temp., Tp= peak temp:, T = conclusion temp., Te= crystallized temp.

Tudnwaizmsmendanugssnsanedn (nandl 4.3) sessfuiiadalianniBnisuanseiu
Fensmitldvesiiuusaradnlifiruuanieiy  saeiiuulil luiemafierilaeiintan
winveshsuitafindaeds CSP, SE uaydd CSE mnudnfigamall - 42.6, - 40.9 wag - 40.8 83
wadea muddyu #991n9113dtres Abdulkarim wavAmir (2004) S18UTIMEANTTHYEIA
vasumalkazantEnTenTudn suiafadasaraneionou WU yAvaBLImadUfL
(onset  temperature; To) flgamgll -126 ewmwadud guugiaeuwiaIggn (peak
temperature; Tp) manmﬂu - 44 pEiwaded LLauamwmaﬂmamwaauma'a (conclusion
temperature; T figaumgll 3.4 swnwaud uavmanmaaumumﬂwaﬂmmmu —38.1 89N
L‘ﬁaL‘iiElﬁLLﬁ“ﬁ’]&JuLilaﬂiluimﬁﬂ@mﬂLaul‘dm WU qwaaumammu (onset temperature; To)
wamwm.l -17.3 aamuﬁawaa (peak temperature; Tp) wamwﬂu 4.4 a»amwaifejaa (conclusion

temperature; T wanmnu 1.4 E]Qﬂ’llﬂiﬂl.‘?iﬂﬂh&ﬁ"Naﬂﬂﬁﬂu’iuuﬁlﬂﬁdﬁﬂ‘lﬂ@m%ﬂu -37.5 89
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wadea amdes nialn Ussnalng) enuihtsufitlnandusieg vesivdu Tagtun
N SEUIUMIaRRTTTUAARe daaliduildiuazdlasndwelsd lilundiwelsd land
1wolsd edlvaln awmesons Imilu asuszneviiuedin av uandeiulude auaut@nisan
mamaammw%uaaﬂuaaﬂﬂ'ﬁvﬂammavwmimaLamvwmuauﬂ'ammmﬂwlwuaum Joya
vesgamnilunsanedniaztaslunissvyslaveniduuarmuunszuaunsndued ailusyans
aw Bslunidudehelinsuieumgifmnzailunsudn Weiusnw delalsiiudsy
anmuavansdniduleiy amuseeuves Chiavaro wazame (2008) Fnwimsuszgndldinias
DSC aavdey tiwewativilunsnduihiuusnenuians wuhmdnveniisuuznanuianden
wanfigamgil -38 asrniwaduauariniuenizatanudniigamail -37 ssrisaidua oty
wnwainmauasluifungnenuiaviviiligaduilunsenudniaeulusie ednlsiany
mnmaﬂ'ﬁﬁﬂmuﬁm'jﬁammnﬁ%waaummuauamwnﬁmﬂwﬁﬂmﬂumiﬁﬂmu‘Lumnmmﬁmaq
Thitu msthidfudisavaeumauaznrsanadnaatutiuffueg i dnauemsvausaoy (Q) ves
thiuwazalauenandaunsolisuunanuunnamwesiegslatiiuusiar i Fad
asdsznaumaaiimefuoenty efulselesinisduhiuldlunsuendou vievdndiogd
anegmaly

DSC ({mWimg)
1 exo

1.0+

0.51

0.04

-0.5 1

60 40 20 0 20 40 60
Temperatue °C

Al 4.2 wasluunsuaaanTiniimuieunisiingavasuiaiveniiuudaus sy
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DSC /(mWimg)
L exo
0.0
021
=CSP
0.4 1
06 = CSP
-0.8 1
= CSE
1.0
’1 2 L T T T T T T T
60 40 -20 0 20 40 60

Temperature °C

a il 4.3 eslaunsunmaudineanuieumsanudnvesiiuudae

4.3.2 asfusznavvemsaluduluhdiumdausy

nansAnuasiusenevvesnsaladludwiuadeusp fadaseTiunndranui
ssfusznevvensaluiludiuadaue witainanFBusndefilassadlifinnuuandieiueting
fudrdyneedi (p<0.05) (M3 4.5) sniunsnseletadn (oleic acid C18:1) waznsndddn
(behenic acid €22:0) JANUUANANAUNIATH namleAEnsatnthTuse R umnms Ul
daasannuuanisetstaruntruasnsaluiuiild faudfasdanuuanisiuin udlivans
femnulaniau

nsalusty Wunsaduvidfivsenausne asueu lelasau uazeandiau ninluly
FnunanuaUsenauludng muUssanvesnsaleiu uusmalassainald 2 ofia Thud nsaluty
561 (saturated fatty acid) waznselusiulaidud (unsaturated fatty acid) Ussianvesnsaludiy
Laidusuvadiu monounsaturated fatty acid wagpolyunsaturnted fatty acid MATNT 4.5
ﬂsml*uuuwﬂammwwumﬂam'lummumaﬂmvsm‘lmﬂ nsndadn (behenic aCId C22 0) 38301
fansaawnsesn (stearic acid C18:0) waznsauralan (palmitic acid C16:0) Fansavaaeswiniiny
Tuusunalndifesiu ehu'lunwhmwuﬂauqwumaaﬂsmmaﬂuaﬂm*mu nsnlusiugiinly
3361 (unsaturated fatty acid) Usztan monounsaturated fatty acid wuuSununsaloadngda
(oleic acid C18:1) wazwunsalusurialidusala polyun-satumted fatty acid tesUSunm
toawhiu msdeszinesiusznevvesnsaluludusdanegd aunsouwenliiniiiy
wisuzsuduinslowdn Hussuszneugean Tasfimsarndensldansasane® CSE wuge
A1 3% SE wagi® CSP Wintiey JedenadasiusmAdues Abdulkarim wazame (2004) dnw
ﬂma:uummaLﬂ:JLLa~mamwwﬂivmimaamuumamu“iuiﬂaiﬁmiavmmm giaulgiilun1saia
mwm"z'lum'iﬁﬂmmﬂﬂi.,ﬂamiaqﬂim‘lﬂuuuuﬂmﬂmmﬂhLaaﬂ (oleic acid C18:1) iy
asfUsznouguEaTuisaiukasdisenuimsaiameiBieulsiwuirdnialaadn (oleic acid
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C18:1) ganimsafndeiBnisldasazardunidfeliuiinunsalaadniosas 70.0 uay 67.9
auaneu nisleladnloleic acid C18:1) fuSmnageeamsanusieanufouguumnzdmiuliuse
pwnsUssivvenviedaiildianuug esnmsdanunsings way Nzikou wazAne (2009)
Anwpnantivenhiusdauzguaowud Congo - Brazzaville fafishonsldansazars wull
Usunaunselatadn (oleic acid C18:1) gafiafonay 74.93 nsauauildn (C16:0) Sovay 6.24 was

T b bl

nsaUEN (C22:0) UsunuSenay 5.33

= 3 o Y =
A19190 4.5 't‘]\‘]ﬂ'l_]33ﬂﬂ‘U‘Ua\?ﬁiﬂ‘l“ﬂﬂﬂﬂyuuqﬂutﬂaﬂﬂgiﬂ

Whrsadmhdudeuesa

Asmlusy Ssunnunseleiu Gevavvedlausiurionun)

CSP SE CSE
Saturated fatty acid
C14:0 0.11+0.00" 0.10+0.00° 0.09+0.00 °
C16:0 5.62:0.02" 5.65+0.06" 5.36:+0.04"
C17:0 0.08+0.00" 0.08+0.00" 0.08+0.00°
C18:0 5.60+0.00" 4.96+0.01° 4.93+0.01°
C20:0 3,74+0.02" 3.29+0.00° 3.29+0.00°
C22:0 7.07+0.08° 6.42+0.01° 6.21+0.01°
C24:0 1.12+0.00° 1.08+0.00° 1.05+0.01"
Monounsaturated fatty acid
Cl6:1 1.19+0.00" 1.05+0.01° 1.07+0.00°
c18:1 72.24+0.08" 74.46+0.25" 75.00+0.08"
C20:1 2.14+0.00" 1.97+0.30 1.20+0.14°
C22:1 0.09+0.00° 0.07+0.00° 0.08+0.00°
Polyunsaturated fatty acid
C18:2 0.760.00" 0.71+0.00° 0.70+0.00°
C18:3 0.17+0.00° 0.17+0.07° 0.100.00°
C20:4 0.06+0.00° 0.06+0.00° 0.09+0.00"

Aoy o

B ynefie Anadniitifsnwsisiuluwnusudnfutanriiianuuandiustradiduddiymeadia (p<0.05)
Shahidi  (2005) sheewdn  naalewedn  sfiustluvireguamluSesnsanyn
Tinawmosoatinueaduea (LOL) Filideinsludenld  ewdsuieuiuisufivededuldud
dhiuailuan thiudsdes wasiudy wuimivhusdensgudinsalomdnguduientu ua
mﬂmsﬁﬂmmmmé‘hswa’wmﬁwaﬂuwﬁwﬁuvi'awaaﬁﬂﬁuméﬂus@MLﬂ?HULﬁauﬁuﬁqﬁuﬁ‘dSu
fo thifuaun (CLO) thiufuwmdes (580) uazthsiutda (PO) thifusizg (MoO) fiinames
nsslaiadngiiefaray 745 vesthiiuiome Tuvneiinsalewadn (C18 :1) Tuhsuanludh (CLO)
shefuduies (SBO) uarthiiuudy (PO) Gewawds.6, 57.4 uay 24.8) MUAWU ANTIBIUYER
Abdulkarim uagaguz (2007 ﬁﬂﬁutuﬁﬂmquﬁﬂ%mmniﬂaLﬁﬁﬂmﬂLﬁuLﬁaqﬁUﬁﬂﬁuMSﬂaﬂ



24

(olive oil) wazAIUTIBUTBS Frank D. Gunstone (2004) wudnisungnengaulumenialaiadn
fouaz78 ninlaadn d¥aviumiiin octadecenoic acid Wunseluty (fatty acid) Usziannsn
Tududialiusa (unsaturated fatty acid) S91uIuasveu 18 axmeu dnusee (double bond)

ar

1 Wusy Ansuauimuniai 9 (-9) Il monounsaturated fatty acid (Junsaluduniiiwuse

agszninaiveuazaenlullanamunisi 9 wazlinisiFessudy ds - configuration (81

R

a®_

Qs
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5ﬂﬁ’um~naﬂwqu13é’w wuﬁﬂ%mmﬂsﬂhﬁuumﬁmﬁ’u dofl  hafune ﬂaﬂu%am“é (extra virgin
olive oil) umum"‘ﬂaﬂ (oUve oil) U’mum‘,ﬂaﬂﬂau (refined olive oil) nMAtsiuznen (olive-
pomace oil) uay nmnthsfutznenndy (refined olive- pomace oil) dUsuunsalaadniosay
74.1, 75.2, 74.4, 71.8 uay 72.4 sudsu nsadulAniesay 11.8, 10.4, 10.9, 10.8 uaz 9.9
auEPU Uasnsaaluadniseaz 6.9, 8.3, 8.4, 8.8 uay 9.0 sua IRy
4.3.3 Vanamamevasivlafizaauasivlalassusaluduiumiausy

navaslvlafseanarlvinlnsduealudiudauegy wansfonsnad 4.6 Ui
Wanumvesansaesnauignisunsannd “Gmniud vide aead (Tocols)” Taamsnwniinulvilad
seanninguivielasiuea  Fangainlelasdueatinuiedanaieiidugurefuuuueaiin
(OL-tocotrienols) Wiy wagnunsafndeds CSP gagade 41.11 (un/nn) nisfduSinasneiy
Fuaghunseurumssdauaznszaumsiniine . Tnlafiseaazlnlalasdusaduimiiui
azarglulutuedantl Innfufisgvseeddviesseuaoudramdsumiiowiviu annsoazansld
Tulvdfunasdiwiazatsltu nuanwieulsedds 200 asrugadiea nudensa wigninatelsdne
Tushe uaedanilalown sondwdu visludthuniiuity (rancidity) wielllane wu wdn uae
nesuaseging (aydn sjsm, 2555) Viwnilvlatseativuiiion 4 Wosy wafu?iwumnﬁaﬂ
RHENTTED! Y, O, S way B 1Jwm'llmiﬂwiaamwmwm”smiﬁﬂﬂmmﬁ CSP mmﬂaacﬂmwm
aeems  veiduseunnszuunsadatiy  flesenBmsadadiedninaraiedunid
aunsaviazateasngulvnaead (Tocols) sanlume Jsviliiiusnailvaead (Tocols) fssni
Wnsadade CSP waensrusumsiadeduvesiniy fnavilduiuandy Tveead (Tocols)
anad

A3 4.6 UsunuvadinlaflseaussinialasBuealudndusfauy sy

Fa8ud (un/nn)

/N3 ngu Tocopherols n&u Tocotrienols PRiY
ane

« B v & o B v 8

€SP 6649 273 81.13 4283 41.11 23437

SE 35955 0.26 105.31 46.48 2511 210.73

¢CSE 28.66 - 98.30 41.28 14.22 183.30




25

doAAARINUIIUITEYEY Anwar and Bhanger (2003) finsnuinsruunsirdaiuveniitu
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anullunsa (acid value)

3. aedUsznavvesnsalasiuainirsiuiiaiaa 3 RivdnvesnsalufusazUiuiad
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Abstract

Maringa Oleifera seed oil has been used in cooking, cosmetics, and lubrication
industry in many countries including India, Pakistan, Malaysia and The Philippines.
Nowadays it is mainly used in cosmetics in Thai market. However its charactenstics have not
been fully explicated. The objective of this research is to investigate the characteristics of the
Maringa Oleifera seed oil obtained from different extraction methods which include screw
press method (CSP), soxhlet method (SE) and cold solvent extraction (CSE). The extracted
oils were analyzed for physico-chemical characteristics; acid value, iodme value,
saponification value, color (L* a* b* system) and wviscosity (Brookfield method). The
extracted oil from SE and CSE were further processed on water degumming, while CSP was
not. Qil yield was obtained as 10.02% for CSP, 34.99% for SE, and 22.04% for CSE. The
significant difference (P<0.05) of viscosity was observed with CSP had the highest (80.40cP)
followed by SE (68.63 cP) and CSE (47.33 cP). Both the solvent extraction oil (SE and CSE)
showed lower L* and a* which made oil color more yellowish than CSP oil, this may be due
to the ability of organic solvent to extract pigment compounds from the seed. The amount of
acid value of CSP was noticeable the highest (4.43), when SE was in between (2.90) and CSE
was the lowest (2.28). However, saponification and 1odine values of the oil samples were in
the same range of quality. The results from this research shows that the extracted oil from
CSE has a better quality with respect to the acid value with moderately yield obtained.

Keywords: Moringa Oleifera, seed oil, solvent extraction, cold screw press

Introduction

Moringa Oleifera is a shrub or small deciduous tree reaching 2.5-10 m in height
(Roloff and others 2009). Some parts of the Moringa Oleifera tree are utilized for their
considerable pharmacological and nutritional value (Armelle, 2011). It is a native of the
western and sub-Himalayan tracts; India, Pakistan, Asia Minor, Africa, and Arabia. It is also
found in the Philippines, Cambodia, Central America, North and South America, the
Caribbean Islands (Anwar and Bhanger, 2003), and even in the humid tropics or hot dry
lands. In addition, Moringa Oleifera tree is also found in all Thai regions.
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In Thailand young Moringa Oleifera pods, leaves, flowers have been used as
traditional food. Current research has been reported nutrition of Moringa Oleifera leafy
(Jongrungruangchok and others, 2010), but no research on composition and nutrition of
Moringa Oleifera seeds. The extracted oil is popularly used cosmetic dermatology but not
for consuming. The price of crude oil is very high compare to olive oil. Moreover, the
availability of oil is limited. Screw press method is commonly used for oil extraction at
commercial scale; no other extraction method is reported.

The studies of the paét, the Moringa Oleifera seed oil resembles olive oil in its fatty
acid composition (Ramachandran and others, 1980). Moringa Oleifera seed oil from India
was extracted using three different procedures including cold press, extraction with n-hexane
and extraction with a mixture of chloroform:methanol (1:1), (Lalas and Tsaknis, 2002). The
oil amount extracted by hexane was ranged from 38.00 to 42.00%. Protein, fiber, and ash
contents were found to be 26.50-32.00, 5.80-9.29, and, 5.60-7.50%, respectively (Anwar and
Bhanger, 2003). Studies on the effect of extracting methods were reported on some physico-
chemical properties of the seed oil from a Malaysian variety of Moringa Oleifera
(Abdulkarim and others, 2005). It has high oleic acid content and good performance in deep-
frying (Abdulkari and others, 2007).

In view of growing demand of oil exploitation and scientific awareness about the
nutritional and functional properties of oils, the quality assessment and composition of oils
from some non conventional oil seeds is of much concern. Until now, a full characterization
and comparison of the oil produced from seeds of Moringa Oleifera, indigenous in particular,
from Thailand have not been reported. So, it is interesting to study chemical and physical
properties of Moringa Oleifera oil from different extraction methods. The objective of the
present study was to look into the characterization of the Moringa Oleifera oil extracted by
different methods for their edible and other commercial purposes.

Materials and Methods
Materials

Seeds of Moringa Oleifera were collected during February-March and July-August,
from private organic farming community enterprise, Lopburi Province, Thailand. The seeds
were dried at 45-50°C, until moisture content reached about 4% and then the inner shell was
removed, thereafter packed in a vacuum bag, stored in a tightly closed container and kept in

refrigeration (0-4°C) until used.
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Methods
Proximate analysis of seed

Moisture, crude protein (Kjeldahl method), ash content, crude fiber and oil (Soxhlet),
were determined following the AOAC methods (2000) and total carbohydrate was
determined by the difference.
Qil extraction

The oil extraction methods used in this study were cold screw press (CSP), soxhlet
extraction (SE) and cold solvent extraction (CSE).

Cold screw press (CSP): Dried Moringa Oleifera seeds (without removed inner shell)
were put into screw press machine. Crude oil was collected and set aside to sediment for 6 h.
The solid residue was removed by filtration then stored the filtered liquid oil in a amber glass
bottle in the refrigerator (0-4°C).

Soxhlet extraction (SE): Dried seeds were ground into fine powder using a waring
blender. Ten grams of ground seed were tightly wrapped with filtered paper and placed into a
cellulose thimble and solvent extracted using hexane (extraction temperature 180°C) by
Soxthrem 2000 automatic model S 306 AK Gerhardt, Germany for 2.30 h. The solvent was
evaporated removed by rotary evaporator at 50°C for 1.20 h.

Cold solvent extraction (CSE): Dried seeds were ground into fine powder (as SE
method). The powder was soaked overnight in hexane solvent ratio seed to solvent 1:3 (w:v),
for 12 h and filtered to remove the residue. The solvent was evaporated removed by rotary
evaporator (50°C) for 2 h.
0il degumming

Oil degumming was performed by adding 20% of hot water (70°C) to oil obtained
from SE and CSE extraction methods and mixed well with a magnetic bar. After cooling, the
mixture was centrifuged at 6000 rpm for 10 min in an automatic centrifuge (Beckman
Coulter, USA). The degummed oil was dried over anhydrous sodium sulfate, filtered, and
kept in sealed amber glass under refrigeration (0-4 °C), the method modified from Anwar and
Bhanger, (2003).

Analysis of extracted oil
Determination of physical and chemical characteristics of extracted oils as follows:

viscosity at 25°C (Brookfield viscometer DV TII), oil color (Hunterlab) using CIE L*a*b*
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system, Saponification value (AOCS Official Method Cd 3-25), Iodine value (AOCS Official
Method Cd 1-25) and Acid value (AOCS Official Method Cd 3d-63).
Statistical analysis

Completely randomized experimental design (CRD) was performed. The test data was
analyzed using one-way analysis of variance (ANOVA). Comparison of means was carried
out by Duncan’s new multiple range test.
Results and Discussion

Proximate analysis of seed

Table 1 shows chemical components of Moringa Oleifera seeds. The percentages of
moisture, protein, fat, crude fiber, ash, and carbohydrate were. 4.24:+0.02, 29.10+0.02,
35.34+0.03, 5.85+0.06, 5.19+0.00 and 20.28+0.01, respectively. The results correspond to the
report of Manzoor and other (2007) the quantity of Moringa Oleifera seed oil which was
extracted by hexane was about 37.56% to 40.06% (Mean = 38.82%). and the protein, fiber,
moisture and ash were 30.07%, 6.00%, 5.88% and 9.00%, respectively.

Table 1 Proximate analysis of Moringa Oleifera seed.

Components %
Moisture 424+0.02
Protein 29.10+ 0.02
Fat 35.34+0.03
Crude fiber 5.85+0.06
Ash 5.19+£0.00
Carbohydrate (by difference) 20.28 +£0.01
Qil extraction

Oil yield from three extraction methods was record and reported (Table 2). Lower
yield from CSP was unsurprisingly noticed for about 10%. SE could remove all non-polar
organic compounds from the raw seed. Compared SE to CSE, SE was operated extracted at
higher temperature (180°C) while CSE was at ambient temperature, but both of them used
organic solvent hexane. So, it is confirmed that the higher temperature could do certainly
obtained higher yield as shown in Table 2. However, the removals of gum affect the loss of

yield.
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Table 2 Yield of Moringa Oleifera seed oil from three extraction methods.

Extraction method Yield (%)
Cold screw press (CSP) 10.02
Soxhlet extraction (SE) 34.99
Cold solvent extraction (CSE) 22.04

Determination of physical and chemical characteristics of extracted oils

Table 3 shows results on physical and chemical properties of Moringa Oleifera oil
extracted with three different methods. It is found that the viscosity (at 25°C) is significantly
statistical different (P<0.05). The viscosity of the oil extracted with CSP was the highest
(80.40 cP) among three, followed by SE extraction (68.63¢cP) and CSE extraction (47.33 cP).
The oil color determined by CIE L* a* b* system showed that the oil extracted by solvent
(SE and CSE) had higher L* and lower a* values than those of the oil extracted by CSP,
which made the oil more yellowish color. This may be a result of the ability of organic
solvent to extract pigment compounds from the seed. Acid value of CSP was noticeable in
the highest (4.43%), which indicated the tri-acylglycerol was hydrolyzed. It can be explained
from the enzymatic lipase could react at optimum temperature rising in screw compression at

about 50-55°C (Rattanapanone, 2005).

Table 3. Physical and chemical properties of Moringa Oleifera seed oil from three extraction methods.

Properties Extraction method
CSP SE CSE

Viscosity (cP) 80.40 = 0.20° 68.63 £0.40° 4733037
Colour  L* 64.28 +0.13° 91.38+1.18" 93.28 +0.85°

a* 11.16 £ 0.78° -1.294+1.75° -3.35+0.77°

b* 105.44 £0.17° 114.61 £1.39° 101.73 £1.51°
Saponification value ( mg of KOH/g of oil) 185.82 £3.37%® 175.88 +5.50° 191.21 +£7.01°
Acid value (as %oleic acid) 4.43+£0.06° 2.90+0.03" 2.28+0.02°
Iodine value (g of I/100 g of oil) 51.70+£0.01° 50.60 £0.02" 48.30 +0.08%

Mecan + values standard deviation in the same row with different superscripts indicate significant difference (P<0.05)

However, Saponification value, an indicator of the size of the molecules or molecular

weight of fatty acid composition in a single molecule of triacylglycerol oil, and Iodine value,
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an amount of unsaturated fatty acid composition of the oil, were in the same range and were

not much different in terms of quality though the statistic shown.

Conclusion
The results of this study have shown that Moringa Oleifera seed oil extracted from

screw compression has the lower yield than that from solvent extraction method. Apart from

that, the viscosity and oil color were different from the solvent extraction. In term of quality,
the cold screw press oil seems to be lower which can be seen from acid value, when
saponification and iodine value of three oils were in the same range of quality.
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