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ABSTRACT

The purposes of this thesis were to optimize the condition for oil extraction from papaya
seed by microwave-assisted extraction (MAE). The experiment was carried out using response
surface methodology (RSM) with central composite design (CCD) to achieve the highest extraction
efficiency and reduce energy consumption. The oil yield at optimized MAE conditions was
compared with MAE which water bowl was added. The antioxidant activity of extracted papaya
seed oil was also determined. The three independent variables were extraction time (X,),
microwave power (X,) and papaya seed to solvent ratio (X,). The results showed that the optimum
-extraction conditions of MAE which low energy consumption was extraction time 2.32 min,
microwave power 800 W and papaya seed to solvent ratio 7 % (w/v), which resulted in an oil
extraction yield of 28 %. The results obtained were compared with those given by the same model
in the case of the MAE with added water bowl. It was found that the MAE gave better yields within
very short times. The antioxidant activity of the papaya oil extracted from both extraction methods
were determined by two different assays, ABTS and DPPH antioxidant assay. Results indicated
that there was a statistically significant difference (p < 0.05). The oil extracted from MAE with
added water bowl contains the higher antioxidant activity than MAE because the temperature in the

system during the extraction process is lower.
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0Oil Souree Oil content % PUFA'% MUFA'%  SFA®% Reference
Papaya seed oil 30-34 2.1-63 67.5-77.6  18.6-29.0 Puangsri et al. [5]; Lee et al. [6]
Olive oil * 22-24 3.5-223 55.3-86.5 10.5-20.0 Salvador ez al. [14]; Codex [16]
Grape seed oil 8-15 50.0-83.0 13.7-36.5  5.8.0-235 Passos et al. [15]; Shahidi {17]
Orange seed oil 32-35 435450  26.0-27.0  28.0-29.0 Shahidi [17]; Ajewole [I8]
Apple seed oil 21-24 48.4-65.3 24.7-43.0 6.3-124 Shahidi {17}; Tian er al. [19]
Watermelon seed oil 50 60.0 18.4 21.6 Baboli and Kordi [20]
Pumpkin seed oil 42-45 55.6 20.8 23.5 Shahidi [21]; Schinas et al. [22]

' PUFA, polyunsaturated fatty acids; > MUFA, monounsaturated fatty acids; * SFA, saturated fatty acids;
4 olive oil from the fresh fruit.
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ad o A a o
ABAVHUINIUIDY
3.1 IngAY
] . @ o 4 ¥ Vel @
IWAANEDEND (Carica papaya linn.) WUFaoaUAUA 9105 1MvwHa liina1aiia
GREELIEY

=
3.2 a3

3.2.1 Hexane (Commercial grade)

3.2.2 Folin-Ciocalteu’s Reagent

3.2.3 Ethyl alcohol 95%

3.2.4 Methanol 95%

3.2.5 Sodium carbonate

3.2.6 DPPH (2,2-diphenyl-1-picrylhydrazyl)

3.2.7 Potassium persulfate

3.2.8 ABTS (2,2’-Azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid))

3.2.9 Gallic acid monohydrate

3.2.10 Trolox (6-hydroxy-2,5,7,8-
tetramethychroman-2-carboxylic acid)

3.2.11 Potassium hydroxide

3.2.12 Phynolphthaline

3.2.13 Potassium iodide

3.2.14 Chloroform

3.2.15 Sodium thiosulfate

3.2.16 Starch

Etalmar, Thailand
Carlo Erba, Italy
Etalmar, Thailand
Sigma, USA
Merck, Germany
Sigma, USA
Carlo Erba, Ttaly

Sigma, USA

Sigma, USA

Sigma, USA

Ajax Finechem, Australia
Carlo Erba, Italy

Carlo Erba, Italy

RCI Labscan, Thailand
Carlo Erba, Italy

Fluka, Germany
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A n
3.3 1A999U0
3.3.1 1A509UANET (Hammer mill)

3.3.2 geUauseuLLUNIA (Tray dryer)

333 iv';TE]“lJa uiau (Hot air oven) Memmert (UM 400), Germany
334 Lﬂdiimﬂﬁ NG YYINIA (Vacuum pump) Sahaburapa (SP-1A), Thailand
3.3.5 m‘%m%’qamﬁﬂﬂ 4 AUHUS Denver (SI-324), Germany
3.3.6 3eqana luTasvdaulag Samsung ME711K/XST 800W
3.3.7 N3EAYATBULDS 1 Whatman, England

3.3 m’%aaﬁzmﬂq Y107 (Rotary Evaporator) — Buchi (R-215), Switzerland
3.3.9 1503an0a 1v3i1 (Soxtherm) Gerhardt (S306AK), Germany
3.3.10 UV-Vis Spectrophotometer Shimadzu (UV-1601), Japan

3.3.11 IA309 Differential Scanning Calorimetry MEITLER TOLEDO (DSC 2),

(DSC)
3.3.12 109U yum%ﬂ (Centrifuge) Beckman Coulter, USA
3.3.13 m’%‘@myumﬁm (Centrifuge) Hettich zentrifugen, Germany

3.3.14 TodwSugan i (Desiceator)
3.3.15 Vortex mixer

3.3.16 Micropipettes 1@ Tips

3.3.17 Electric Meter

3.3.18 Aluminium cans

3.3.19 gnsaiing o

3.4 I5MIAURUNU

3.4.1 MSwIaNINgAY

Q

o < Y o o o q ¥ ¥ o ¥ ¥y A a
HUUARAUSAZNDUIATNNINNUTELDIA m'hlm‘lvrum'Iﬂam'suwumaqumﬁgu 80

= o & A o Y a & Y= Y
paA Iy aITee 1ual 3 GH’JT:UWia%uﬂaunaﬂ%zumﬁuw mﬂuumm‘i‘uﬂwazmmmﬂ
4 o 1 a a a
lﬂ%ﬂﬁllﬂﬁfﬂll (Hammer mill) LL@i’f"l!"lflﬂ'ﬁBT-JTﬂﬂcl%ﬁﬁlLﬂﬁ\']‘U"ll"lﬂ 0.067 UAALNAT HILUAA

a ' A = ' A A @
uzaznevrgninulagendaaiinuazldlogannusumesemsanaae 11
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a d d
3.4.2 maanszriesnlszneumaniiveananuzazne
o, a =3 4 < =Y
1535 u09 AOAC (1999) Tun153n31EHYTNIUAINEY (moisture content) taz 1975
a g = %’ s g <
Y94 AOAC (2000) Tun1571A 5121 US W15 (oil content) VDINAUNAANZAZND TAIHANS
sd 23 @ oA

naaevzuaadluglvenlesiumimindlen

3.4.3 M300ANLLNISNARDY

» M & g & d

ppnuuuMsnaasuiemanziimuizanlumsadainiunnwdauzaznedie
11511051 Design Expert 7.0 trial 1ng1@9nn1500nUU VUL Central Composite Design (CCD)
Fatgaulsnuaninaduou 3 aals laun szeznamsana (X,), fasllihlulasod x)

[ { o 1 = @ o a w 5 J =
gazeandiuuaanzaznanelSuuaiiiazaty (X)) Teglsavesfatoasusd —Q D9 +Q
o) s ] o w 1 a
qhu sreznamsana (X,) Tusae 1.6-8.4 win mas il lu s (x,) Tuae 200-700 Fad
a 1 [ v @ o 1 . o 4 s

pazeadIuwasNEazneaalinmaazats (X)) Ty 1.6-18.4 wlesidud ndaninms
dszunanalaellsunsuey 1dszavveatfods 5 szaudutanaluaisian 3.1 nazesnuuuns

S ) % g
ﬂﬂﬁ@ﬂﬁﬂﬁﬂﬂﬁﬂﬁﬂﬂﬂm 15 Manaasd Iﬂﬂﬁﬂ”l‘iﬂ’l%'l‘ﬁﬁgﬂﬂﬁ’]d%ﬂ 5 A59 TINNIHUARTU

20 MINAADY AAATUAITINN 3.2

M19197 3.1 gl suazsea IS uBINISBANILVIUY Central Composite Design

\ $ 52A1
Aanls W
-0 -1 0 +1 +Q
187 (1) X 1.6 3 5 v 8.4
maa Iih (ad) X, 200 300 450 600 700
AT IUNAANZAZN DD
3%, 1.6 5 10 15 18.4

@ o ¢ d o,
Aazaly (1osigua)
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A19190 3.2 A15MTOONLULNITNARBINUL Central Composite Design

AvaIaals

n13

5228 maalwihlulasnd  sandumiauzaznedei/5ina
NAADA s ) e
(U9, X,) (190, X,) aviazaty (Wesiaua, X

1 7 300 5

’) 3 300 15
3 e 300 15

4 5 197.73 10
5 5 450 10
6 5 450 10
7 3 600 15
8 3 600 5

9 1.64 450 10
10 5 450 18.41
11 3 300 5

12 § 450 1.59
13 8.36 450 10
14 5 450 10
15 5 450 10
16 7 600 5

17 5 450 10
18 5 702.27 10
19 7 600 15
20 5 450 10
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o so) w o 9 ] w a
3.4.4.1 manauniuudauzazneale lulasndssanauuulnd
o =] ' a aa a
Munaauzaznoualdulradunanuuia 1000 Tadans MudIsazalolgniyy
= A Aan & o o 9 w 9/ o o 4
U5u1a 150 Haaans mnuwi ldadadqelulasnndantas Tasldszezinar drde Wi
. o . .
luTasnuaziSnanudauzaznoaiudasiaiui laesnuuy 19 1ua15199 3.2 ieasual
o 9/ A A =1 9
i linsesdannisensesgaimaensssusnivaauzaznauaeeninalsazals layld
4 g’) o a @ o 9 dl.
NTEATENTBRLDT 1 1nUuihasazateh 1a llseimeadviazaloeenalu rotary evaporator N
a = A [ o ¥ o Ay v & ¥ a
guvgil 100 R aaIFoansovunIngniyuzsivenn ldvua 11hduin1a lddaihmin
A ° 9 e g &Y . ~ v w aq 9 o w =
omuImTesaznananiiy (%yield) i ldnnmsana Tasldgasnmsduiudiaunish
(3.1)

as ar

2 H =] Y 9/
HIHUAUT uﬂ?ﬂmaﬂﬂgﬁﬁiﬂﬂ’ﬂﬁﬂﬂqﬂ

Fovazmananiniun'ld (Yyield) = %100 3.1)

4 —
Winagay

M~ = L] Y] I~ %
3442 m‘aﬁﬂﬂumumaﬂ;u:',azﬂ@ﬁ’m"bﬂﬂsnﬂ‘mﬂﬁﬂﬂuuuumqm

a

° [~ 1 a aa
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3’; 0 as o 9 = soJ s A =i :) o 9/ ~
VINUUNINTANALASATUIUITDUASHAN AU T (%yleld) ﬂvlﬂﬂ'lﬂﬂ']iffﬂﬂ Iﬂﬂi‘h’ﬁllﬂ"tﬁ“ﬂ (1
IFURYINUTD 3.4.4.1
a d aa a X a
3.4.5 n1‘571Lﬂ51xwrmtmﬂﬁ’mﬁﬁummmmmsmzmuna‘uaums
£ @ 3 a d o £y =5 =
mmga%mmsﬁnﬂuma 344 VCPNIAUAITISH 'Vl']cl‘ﬂ‘ﬂ'i']“U'El\‘lﬁﬂ"l']ﬁT]!ﬂM'lgﬁlJ"Uﬂﬂﬂﬁ

l v ¥ @
anauaziaa I gluuuaumsE AN 2 SaUANHUATMNURIAB UEHDIVDINT 2 TEMIana

£
TaofigUuuuvesaunisasae Ui

TuTnsnvseana : Y =B, +ZBX + 2P, xX,+2B,x’ (3.2)

Tulasnsadauuuiienni . v =B, +2ZBx+ 2B, XX+ 2BX’ (3.3)
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. ~ ' VoA Y o 1 ANy A
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a d qw = s [ :‘ o a
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WinsduTIIuseumInyuveuiwes i Tasuaagdn112v1n1599 3 Fuaz a1y

wasnu i ldnnaasiuindsaims 3.4

a

TIUIUTOUNITHYY

nasu Wi Rlathdan Tug) = (3.4)
1200

amasau Iihnd e ldluaazanizeygmaonazinnaiiinsssuinamdaau

o

W (Q) naznai () o3 9auMIIFUA5 AT

300 A9 Q = a(t) (3.5)
450 IAF: Q=a(t) (3.6)
600 Td: Q=a(1) (3.7)
700 Tae: Q=a(l) (3.8)
800 Jad: Q=alt) (3.9)
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a o o q v A o YN 91
NNAUMIN 3.2 nag 3.3 aggninnduiumszeznainlslumsadaii 1y 1dan
=y " w [ { =y o 1 9
waramniAuaiaen1d Tasld3sd1uaumanilivuie (Goal seek) 10 T151nT1 Excel
o 1 { o LY { 9/ g}
version 2013 uaziia19 14 lla s inasau Iihaldauaunisiduase ndeuna
@ ar 4 ) a Y { 1w z::y
WEeumeunsldwasnu T lumsadan ldnandalulSuaimisunazduilaeaios
~
ign

ey

= asl s :’ a [=1 d’d \J =
3.4.7 nﬁﬂumsjuaﬁmﬁanﬂummuaﬂuzaznaﬂwaﬂa@mauu MAUMENTN
a @ 1 o3| ; ' @ a
3.4.7.1 Aas1zva1nuiunsa (Acid Value; AV) w50 ansa lviiudase (Free
. a = oA & ¥ ' =
Fatty Acid; FFA) Tt 1935909 AOAC (1997) iHlumintssquaiwvesiniuminaininniy
v Y o oA ° 9 & @ 1 2 a a - ¢
NIATY LAAINUINUTOUAUNN W18 Tag5aa 19819115 10 D51 duasazawiluea s
= a an Y = d 9 = o
Au 2 Haaans lnmsademsazals Twunadoy laasen laa ﬂu"lﬂmaazawmmgmm 30
a o T ol e 1 a qz Pr
M mmmmﬂ?mmma\mﬁﬂ"lmu‘uﬂﬂsziugﬂnleimuﬂﬁ%muawmﬁumm (3.10) oy

(3.11)

OH (ml) X AMITUTLYD NaOH(N) X W3a Tianavednsa luiu

Acid Value (%) = (3.10)

10 X M nA9819(nTY)

153195999 KOH (ml) X AU uiuved NaOH (N) X 56.1

Free Fatty Acid = (3.11)

y 1 s
HUNA29819 (R5Y)
a \? I'd o {

3.4.7.2 wnnznaneseanlod (Peroxide Value; PV) TaaldaFuad AOCS (1997)
2 g o A A at A o 9 & o 1 3 o o fa
FutluAINUIBD NS A sve It 11 18 Taen1sHan 1081911309 5 AU AvaIsazaly

an o a aa a ~ A

nEuezEan : naolsWeiy (3:2) 30 Taaans uasanaisasats lninadeu'le To ladousi 0.5
a an 1 I~ = A = la’ & @ A a aa uy;
Haaans woraisazatgdlumar ryanlunyauazmuiinaunun 30 Jaaans 100U lnmsa
Y = L Y g A A 1 a
aroarsazareTadon InTesamadudu 0.00 NougITaza1odud iAo uLaZIAY
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¥ 1 o A [
ﬁT‘iﬁBﬁWUu']LL{]\‘]ﬂTIiJL‘ﬁlJ%H 1% 2 maaamuax"114&145@161@%11?111'};\11@1@1415 TTDATIUIN

Amlesean ludaiaunsi (3.12)

(1311915 Na,H,0, ¥93¢179814 - blank, mI) X (N) X 1000

PV (mEq peroxide /Kg) = (3.12)

= o & 1 s
IMUNAIE19 (NTN)



45

a o = 5 o
3.4.7.3 UAT1zHUT 1AW U89 (Total phenolic compounds) Insaaasiuea
¥
Hrncirik 1@ Fritsche (2004) Tagiiialea1adniuu 2.5 nsuazateluleniay 5 iadans @
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Bo’ -] o/

wazamy (2007) Tagn1511i1du 1 05w azatgluwenaesden 10 Sadaniluviadnlsuias

= o
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a a Iy =y aa £ - 2
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a aa Y 9/ gl -4 o et g LY a an
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1 ] = ar = a an o 1 a3 =
laluviaiadsuas 1niuauaisazaly DPPH 9 daaaas 1 llwduiluiaal 10 Jui waz
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aana'13 60 il TaAiganauumeiameIInau 515 U Tumns
3.4.7.5 Insaziauamse lunisiidaeuyaddszaa0it ABTS 81989013
WNT1H 1ABTTVR Sevim nazAms (2013) Tassuonmawiouais ABTS Iieglusleyya

ABTS” Taun1siasoy ABTS 7 mM HaunU K,S,0, 2.45 mM lusasiaiu 1:1 ne'l3lunilauas

=Dn.

a = & Y _ o A v S
gaungiiieutiumal 12-16 %3 T udiinisdevidisaisazatoieniueaauiininmg
AANTUUAUNIAY 0.70 (£0.02) NNINE1IAAN 734 W1 TwnAs 11AI0819%5 0A15IATTIUN
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3.4.7.6 Inszimsnlasun)asvesguigivednisanwaniaznisnasuivan
i o =] | o’ N -, 4 . o . .
vosiunnaauzaznenana laluunazds TaoldinToa differential scanning calorimeter
1 a q' o gc; ar
(DSC) 3u DSC 2 Mettler Toledo @11 NT543TVY8Y Yanty uagamy (2014) 1509111141500
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1 A Yy a X g/ 24 o °
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R’ 0.9749
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3. mamamanuiunsa (Acid Value; AV) (AOCS, 1997)
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4. msanszrin)eseanlad (Peroxide Value; PV) (AOCS Cd 8-53, 1997)
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