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ABSTRACT

The purposes of this thesis were to study factors affecting the extraction of oil from perilla seed by
ultrasonic-assisted extraction (UAE) and aqueous enzymatic extraction (AEE). The yield of both extraction
methods was analyzed, and the extracted oils were determined for physicochemical properties, total
phenolic compounds and antioxidant activity. UAE involved in two independent variables: extraction time
(1, 3,5, 10 and 15 min) and solid-to-solvent (hexane) ratio (1:3, 1:5 and 1:7 w/w). The result was found that
the optimum conditions of UAE to obtain the most efficiently use of resources and energy were extraction
time 1 min and solid-to-solvent ratio 1:3, which resulted in the oil extraction yield of 33.66%. AEE involved
in two independent variables: types of enzyme (cellulase and viscozyme L) and concentrations (1, 2, 3 and
4 %). Tt was found that the oil yield of both enzymes increased when the enzyme concentrations increased
but they were not significant different (P>0.05), and the comparison of oil yield extracted from the same
concentration of both enzymes by T-test found was shown non-statistical differences. Therefore, the
optimum condition of AEE was 1% concentration and cellulase enzyme was chosen because of lower cost
with oil yield 19.77%. Extracted perilla oil consisted of linolenic acid (omega-3) 58.6%, linoleic acid

(omega-6) 19.1% and oleic acid (omega-9) 11.30%. The acid value (AV) and peroxide value (PV) of AEE



had significantly higher than UAE (P<0.05) due to hydrolysis reaction of the oil extracted by AEE as a
resulted from the aqueous system. The result was also consistent with the oil stability index, it was shown
that UAE (0.28 hours) had slightly higher stability than AEE (0.25 hours) due to the difference conditions
of temperature and time between both extraction methods. Total polyphenol and antioxidant activity
determined by two different assays, DPPH and ABTS of perilla oil extracted from both extraction methods
were investigated. The results indicated that AEE had significantly higher total polyphenol and antioxidant
activity than UAE (P<0.05). It might due to AEE could extract more bioactive compounds present in perilla
oil than extracted by UAE. Perilla oil extracted by AEE was added the strawberry flavor at concentration of
0.5% and sensory teat by 30 panelists aged 50 years and over. It was found that the sensory score of
strawberry oil flavor was significantly higher than that the original perilla oil (P<0.05) and in case of

selective the perilla oil product, 19 out of 30 panelists chose strawberry flavor perilla oil.
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3.1 gAY

UNN 3

M IAUHUNUIY

[ dy Y . @ ]
WARNVUDU (Perilla Frutescens) 3NINHIAUIU szmalng

3.2 M1sadl

3.2.1
322
323
324
325
3.2.6
3.2.7
3.2.8
3.2.9

3.2.10
3.2.11
3.2.12
3.2.13
3.2.14
3.2.15
3.2.16
3.2.17
3.2.18
3.2.19
3.2.20
3221

3.2.22

Hexane

Potassium hydroxide
Acetic acid
Chloroform
Hydrochloric acid
Acetone

Ethyl alcohol
Potassium iodide
Sodium hydroxide

Sodium thiosulfate

Starch

Phenolphthaleine

Wijs reagent

DPPH (2,2-Diphenyl-1-picrylhydrazayl)
Trolox (6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid)
Folin-Ciocalteu’s Reagent

p-Anisidine

Isooctane

Gallic acid monohydrate

Sodium carbonate

Sulfuric acid

ABTS (2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid))
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3.2.23

3.2.24

3.2.25

3.2.26

3.2.27

3.2.28

3.2.29

Distillate water
Potassium persulphate
Cyclohexane
L-ascorbic

Propylen glycol

Cellulase

Viscozyme L

A A d
3.3 !ﬂ‘smuauaz@ﬂmm

3.3.1

33.2

333

334

335

3.3.6

3.3.7

3.3.8

3.3.9

3.3.10

3.3.11

3.3.12

3.3.13

3.3.14

A a
IATIUAASIDYA

from Trichoderma longibrachiatum, > 1.0 unit/mg
solid. Activity: 1 unit will liberate 1.0 mmol of glucose
from cellulose in 1 hour at pH 5.0 at 37 oC, (Ttalmar,
Thailand)

multienzyme complex (arabanase, cellulase, [3-
glucanase, hemicellulase and xylanase) from a select

strain of Aspergillus group. Activity: > 100 FBG/g and
the optimum conditions are pH 3.3-5.5 and a temperature

of 40-50 oC, (Italmar, Thailand)

9 9
ADUANTOULVUDIA (Tray dryer)

£y Y 4
AoUaNIoU (Hot air oven)

RGN qYINIF (Vacuum pump)  Sahaburapa (SP-1A), Thailand

A3 0IFIALIDYA 2 ag 4 AWK

10503898 11 103199 (Kjeldatherm)

inTosana luaiu (Soxtherm) Gerhardt (S306AK), Germany

¢
NITAYNIDULDT 1

Whatman, England

w1 19nuTeu (Hot plate)

Lﬂ%@ﬂﬁﬁgulﬁ%ﬂi (Centrifuge) Eppendorf5804r

4
Ta9An1NFU (Desiccator)

A . .
1AT99UYT (Vortex mixer)

Micropipettes 4tas Tips

Aluminium cans
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33.15 1A3993ATIZHANNAIRIVD TuaTu Metrohm’s 743Rancimat, Switzerland

3.3.16 1A5093Ad Hunter Lab §"Ll Color Quest XE, USA
33.17 wnsesa)nlas InTaimes Shimadzu (UV-1601), Japan
3.3.18 179399831 T9din VC750

33.19 giUnsalnTeuta
3.3.20 91W1 (Muffle furnace) Nabertherm, Germany

3321 1A309TZHOTYINA Buchi R-200

3.4 DM IAUUUNU

a ¢ d ~ Ay a o Ay
3.4.1 ﬂ]ﬁglﬂi]gﬁa\aﬂﬂig;'ﬂf’]‘U!ﬂN‘UﬂQQ16113»1’(’)1«!5!a$ﬂ1§lﬂ§ﬂﬂﬂgﬁﬂ1ﬁﬂ1muﬂu

Mdegnvou Inszednlsznaumandl laun ANFu (AOAC, 2000, T1)58u
(AOAC, 2000), Tasiu (AOAC, 2000), 181 (AOAC, 2000), 1ol (AOAC, 2000) Uag
m310'lansa (AOAC, 2000)

~ (% ] A [ aol ) ) dyﬂl Y o gi o 9

MIessuaIptaiiomsanatiy shaveu lildeihnnyazein v T

a IR

15090 VANTBU (tray dry) NQaiHgll 635 odriwarmea wiu 2 9 Tus tdnhwreds I uave

Y A - a y Y a = A aa 4 3 A
A81AT091UA Moulinex ¥HAYUUH U101 10 JuN Uiiﬂiuq@i"la’]ﬁﬂﬂﬂ“ﬁﬂa@ﬂ NUN

QUUNN -18 DIFHAlTYE

3.4.2 MIANAINUINNEA NV

) dﬁl Y A A Y o 4 & o 9 Aas o Y
UNIVUDUNATININNUD 3.4.1 UININITANAUINUAIYITANG ”lmm
@ ) o d 1 o .
34.2.1 ﬁﬂﬂiﬂﬂi%@l’lﬂ'lﬁ%iﬁWﬂlﬁﬂ!%UL!ﬁ%’f)ﬁ@]ﬁWGlfTJLl"]f’JEJﬁﬂﬂ (Ultrasonic
assisted hexane extraction)
o @ Y o U <] dy Y 1
1’]'Iﬂ'l'§ﬁﬂ§°'lT@IfJﬁl,GIfﬁ@Iﬁ’JLlGIJ’f)\‘]LﬂJﬁﬂ\‘]'lelJﬂJ’f)uﬁ’l’)ﬁ'liﬁgﬁ'lﬂ!ﬁﬂ!,“]fu 1:3,
9 o ] = 9 a Y
1:5uas 1:7 wiw Glﬂf@ﬁﬂi?“li']’lﬂﬁﬂﬂlﬂﬂl?ﬁ? 1,3,5, 10 L4ag 15 UIN Muauwagmaﬂaz 80
v 1] I Y

‘Nﬂuulﬂlﬂﬂiﬂﬂlﬁﬂuﬂﬂiﬂlll!@@ﬂ%1ﬂﬂ1ﬂﬂ1%ﬁ}@u ué’am"lﬂszmﬂmmazmﬂ n-Hexane Iﬂﬂ

a =

v pat A < PRgE g~ ad
Glclf Rotary evaporator ‘VIQﬂlﬂﬂll 68+1 DIAY ALY Lummmﬂu’qmﬂﬂumﬂuamw{]umammu

u U Q

=1

I () o % o o 9
ﬁglﬁﬂﬂaqﬂlﬂull@ Iﬂﬂﬁglﬁﬂﬂuﬂjqﬂjrﬂqﬁgﬁqﬂﬁuﬂ 'Jﬂ‘iﬁll']ﬂ!u']lluwaﬂﬂulﬂ
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o 4
3.42.2 msanaalvarsazaioion Lo (Aqueous enzymatic extraction)
) dy Y @ % < [ 1 <3 dy 9 1 % <
Mnvdeunaudviiney ludadrumaanddouderiinau 1:6
y . 3 £ < A a .
vintui ldIdeudeusuwdeadunat 5w udrna I3 Midunguugiides (Latifet al.,

9 1
2011) 1NUUYTY pH maﬂizﬂﬂiﬁLﬁn1$ﬂMﬂUL®u1%ﬁCellulase Uag Viscozyme L. 1 pH 5.0

o [ { o [ 1 A
Tagl4d 0.5 N HCl imsanananusuduveueu lmiosay 1,2,3 uay 4 ananourgin

q U

Do

d a {
mzauveseu lsminaazyiia (Cellulase active N 45 pem QIO Luaz Viscozyme L. 1 45
a 9 ' Y &) A 1 a o g o X A A
psrisaiee) Tdnanlumswerana 2 ¥31ue 71 120 soudowil naannuuh ludumdeed
3 4 ? o 3 = U { Y
8000g 1luran 20 Wit weneniiniuesnvimin udr 14 luTasthagadiundluiiuesnin

M v
SaSuaniniunana'la

a ¢ wa = : 0% d' % 14
3.4.3 ﬂ]i)!ﬂi13?1?’!&!%111‘”ﬂ“ﬂN&ﬂ3~1ﬂ1ﬂﬂ1wsll’ﬂﬁu1uuﬂﬁ’ﬂﬂ“lﬂ

o 901 [y a [ % o EAR [
inuanIsnmsana lasldahazareenmulude 3.4.2.1 uazlfou lmisreania
9 ~ 9 a % Y] d’ a ¢ @ dy
Tude 3.4.2.3 nldmanasminiuganaau1 AT 12¥ 91l

u Q

a d 1 f Y ax
3.4.3.1 NM5AAITIENAIANUTIUNTA (Acid value; A.V.) 22875 AOCS (1997)

I a J v A i A 1 3 o R 2 v 2
L']J’L!ﬂ153lﬂi131’iﬂ1ﬂﬁﬂ1ﬂmu@ﬁ§$ (Free fatty acid; FFA) ‘VI’EJQE]JMUWM’H FIATHISUIBAUNN
3 o 2l o TN < 3 o A A a A
ﬂlﬁ)\ﬂﬂﬂJiﬂ’ﬂﬂlﬂﬂJuNﬂ1ﬂ’N§JLﬂuﬂiﬂ’c;NLlﬁﬂﬁ'ﬂuﬁJuLﬁ@uﬂmﬂWWﬂiﬁ)LﬂﬂﬂWﬁﬁuﬂﬂﬂ N3
a 0 I o v @ 1 ¥ o @ Y a
’JLﬂﬁWZ’HﬂWﬂ’NﬁJL‘]Juﬂ'iﬂﬁﬁJWﬁﬂﬂ11mﬂﬂ%ﬁﬁ3@ﬂNu1Nu 10+£0.01 DTN 4AAANBDNIUDA 95%
= A aa ° ' {1 a <3|
Y3 30 Hadaas vazai llgunenaiugugungiidszuin 60 eerusamed 1Junal 10
= J =, = ° @ = J
wIn MndurgaesazaeNuenmay 3-4 o Lm&uWhl‘]Jhl‘ﬂWlﬁﬁﬂ‘UTWLl‘ﬂﬁLGﬁfﬂJUlﬁ@i’f)ﬂhlcliﬂ

° 4 < v a @ {
Llagﬂ'luﬁﬂlﬁ']ﬂ']ﬂ'JWNLﬂuﬂﬁﬂﬁ%@ﬂ%ﬂ?ﬂ!ﬂﬁﬂqmﬂu@ﬁﬁznﬁﬂﬂﬁuﬂWiﬁ (3.1) uag (3.2)

ml KOH x anududuvesansazars KOH x 56.1

Acid Value (mg KOH/g) = (3.1)

et (n$n)

ml KOH x anudwduvesasazars KOH x 28.2

Free fatty acid (%) = (3.2)

e (n3)
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a g 4 4 . 9 an
3432 msuasizrauleseenlaa (Peroxide value; P.V.) 92835 AOCS

Y
% v 1 v a

I VoA = Y] sol Y] 9y A 1 J A
(1997) L‘]_IuﬂTVI1]\1Uf’)ﬂﬂ\ﬁgﬂﬂﬁlﬂlﬂ']‘wsu@ﬂu’]lluclsﬁﬂ5Iﬂﬂ ’Jmmumamuaﬂ%ﬂcﬁ“lﬂﬁma

U

4 % Y ) %’} v Q/ 1
idoudonman lluinoaiioals ¥ ld lnededodraninggu 5:0.05 n§u lalu vaagil

a

] Aa Aaa a aa 4 aa 2};
FUNUUIA 250 HAaaAT EUTITASAINTUDSHAN: naolsnesy (3:2) 30 Yagaaas NNUU

@ I~ 1
Tnmsadreaisazars Ts@ey InTesamladudy 0.01 N auaisazarotludivaosoounas

a % Aa Aaa 1 %’ a 1 4
mnmiazmﬂumﬂqmmﬁm?’u 1% 2 maa@mag”lmmmmu%mmumww tazA o3

(2

Y
4 o Y
o0 leamusomula laaail (3.3)

ml KOH x anudutuvesensazars KOH x 56.1

mindaethe (nfu)

Acid Value (mg KOH/g) = (3.3)

3.433 myuniziaiaveinngi laslHn3eq Hunter Lab (Color Quest XE)

a J 1a = a g‘/ .
3434 msuasiendsuuarsdsznoudueannerua (Total phenolic

as o = a y o 9

compound) A1UITYDY Parry azaay (2005) laganad1syseneuiusanainiiiuaiie
1 Y @ 1 g‘.: ) v { Y a aa o
UNBOUAIYT1TAL 018 methanol 61‘14@@131?(314 1:3 (w/v) Fi]'lﬂuuu'lﬁ1ﬁﬁﬂﬂ‘ﬁul@ 0.1 ¥aaans 1N

Aaan o . £ A aa @ o ann A o <3| Y

ﬂ;]ﬂﬁfﬂﬂ“u Folin Ciocalteu 0.5 40993 Tia\‘ﬁ]'lﬂﬂﬂ_]aﬂ'iﬂ'l 3UIMN ﬂWiﬁjﬁ'lﬁaga'lleﬂUﬂa'Nﬂ'Jﬂ
s Y 9 g ° A aa ¥ o S S v
M@wumiumumﬂmmuiaﬂaz 20 91U 1.5 Wanang mﬂuuﬂiuﬂ?mmmﬂmﬂauiﬁﬂ

Aa aa ] aﬁl ¥y < o o 1 4
10 Yaaans LLazuum%Lﬂumm 2 615'3111\? u']ﬁ']ﬁagﬁ'lﬂ'lﬂﬂ']ﬂ']ﬁﬂﬂﬂauuﬁﬂﬁ 765 uﬂumm

a d o W a a
3.43.5 N133A512HANNE NS IUNTiITaeYYadd32A10975 DPPH
Y
aauad91n35U09 Lee tazaniz (2007) 1niniu 1 a5y azanglueiaszdan 10 Naaanslu
[ =~ Y 9 -4 a a o Y o %
vIaial3uas wiien DPPH (tudu 10 M Tuenase@ianyinld Iagea DPPH 11 0.0039 N5
mazareluenaozdanidsulsuiasldld 10 Uaaans vz ldarsazals DPPH (1udu 10° M
Y v
MINUIUGAA1TazA1 DPPH 04U 10° M 11 5 Jaaans iueiaozsmniunsznidisazatell
|2 =) an - o % %
UYSuas 50 Hadans a¢ldesazareniasgiu DPPH WYY 10° M asazaieuiiuan
dy 9 Aa aa 1 @ gﬁ a A aa o [
Veum 2 Hadaas lalviainilsuns amiu@uaisazale DPPH 9 Haaans 1 liwenilu

a =) gﬂ Qy 9 S o 1 =) d' d‘
3971 10 2UM uazmm'la 60 1IN IANIPANAULAINANNYIINAU 515 W Tuuas

a 4 o o a 9 Aas 9
34.3.6 ﬂﬁ’JLﬂﬁZVfﬂ’J"IiJﬁHJTiﬂGll!f‘lﬁﬂ?‘ﬂﬂ@kli;lja@ﬁi%ﬂ’m’l‘ﬁ ABTS Iﬂﬂﬂl%’

as . 2 a Y o
Fuee Sevim tazAmE (2013) FunINMsaseuds ABTS ldeglugiloyya ABTS” Tasns
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= [ (Y 1 Qy A A A a9
9383 ABTS 7 mM Waui K,S,0, 2.45 mM Tusasidau 1:1 fel3luniauaz Ngungivie
3 o Y o A vy A A [ Y
W 12-16 GH']IIN HAIMINITRDINAWYAITASAYDNIUDAIUNAINIT ANAULUTUNINY

A A 0 Y o A9 dyy a v
0.70 (i0.0Z) NANUNINAU 734 u’ﬂulll@]ﬁ u1ﬁ15aga1flu11]uﬂ]mllﬂu‘]/]llﬂinﬂﬂ1imifllliﬂﬂ(1"]f

v

Y kg A aa o 1 [
e 0.5 nfuwauiumsazeenay 5 Jaaans hdsazaeinauiundin 0.15
HadansuaziAveyya ABTS” Nivea1wdd 2 Jaaans ldaslilunasanaaes wanlvid fu

vy &2 AA g a o o A A
Ll,a’mthlﬂuvmmﬂunm 15 m‘mmzuﬂﬂ’;m1mi@ﬂﬂauum‘n 734 ‘Ll']I‘LlLiJ@'ﬁ

3.43.7 mineresniszneuveansa’lviy Tas ALS Laboratory Group

(Thailand) Co., Ltd. #1835115 STM No. 03-010 based on AOAC (2012), 996.06

(Y] [ s o 4 a
3.4.4 ‘ﬂﬂﬁf’]‘ﬂﬂ1iﬂf’)3»]5‘]]61]9QNEWﬂﬂ!“ﬂHHJHQV?]ﬁ@H!!dQﬂﬁu

v A2 2y y A s Ay a Y o 2y
Ll@\?ﬂauu’luu\i’]muauIﬂﬂi%ﬂauﬁﬁ@jlu@iﬁ@ﬂag 0.5 Gll’f]ﬂﬂiu']mu’llluﬂ']sllllﬂu

pupgeuaulFuanmrasuuumaudniuinzianyazyesdys Ina uazliisnaaoy
M3EANTUAIITS 1A1N (Hedonic test) AAAUVUANAY 9 T2A1 (9 point hedonic scale) NAADY
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HULAInAuaRD e Il 2-3 iaaanIaasantiaYiie nagounureludunay,

a 9 a (Y] ' g’J
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d
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[ [ 1 < g 1 Aa A ] ] o v J

NITENA !,Lamﬂﬁmumamﬁﬁ’@ummiazmﬂﬁﬂymmwammﬁmwaﬂ UAZANUTUNUD
1 @ o 1Y o - 1 2 oA o 9
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Y] 1 4
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9 a’gz a I [ Y 19 a d Y a
i@ﬂazmmmu'lcmmﬁ@wumﬂuﬁﬂﬂﬂ ulﬂl!ﬂ IERY 1,2,3U0¢ 4 umwwmayammama:

=\ 1 A Y A [ A v 9

Llﬁﬂﬂlﬂﬂﬂﬂ%ﬂﬁﬂﬂ?ﬂ Duncan’s test NIEAUANUIEDOUUIDIAL 95

@ 1 7] 4
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UNN 4

a d
WHaN1INAavdaZIDIIN

a ¢ ¢ ~ < Ay
4.1 fns’]!ﬂﬁ13%9\‘]?]1]53?19”7]1Q!ﬂumﬂﬂluﬁﬂ\11mu@u

1 < cglﬂi =\ v Y a9y
NNMInaasanuIannveutlTna lviudesas 42.45 Tilsaudesas 21.26 uay
Y [ v
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Y
T1l5@u wazid Sovas 40.12 Sovay 24.18 azSosay 3.33 muaiau uenantlsua lviu
d v 1 [ Aa o % @
Tal5@u vaz o3 §aiiarlndiReanuaIdeued Joshi wazane (2015) 41815 ua Tvaiy
4 o w [ Y]
T1lsdu uaz Iiuesionsas 40.1 Fosaz 18.21 uagsesaz 22.32 mudwy uanisualviuves
I dy 9 aw dy 9 1 a o 3 & Iy A
ARV DUVDINUINGT WOHNINNIUIVYUBY Gwari azAME 2015 Halaseeas 52.0 A1
a o <3 dy 9 1 v 2 = 9 ) 4 oA
Ysualviluwaandifeunanaeiudie1vsznerdosnumeiug tazuvasnlgna
2y % A < gy il o ~ ) &
Vieu wonntYTnaaNuFLYeINaaITe Ut NN NeaeIl S Tesay 3.43 @4
9 1 = g a o . 9 -
Hean31151N N uFUIINUIVEUBY Sargi ttagAME (2013) Gwari LLagAME (2015) Joshi
) L gy { v 3 ,
wazAe (2015) Uag Silva tazag (2015) ¥4 laa/Suannusuiesay 6.02 Sesas 6.8 Soeay
9 o w 1 @ = 4 3 3 ] a
6.9 uazderaz 4.1 MUMIAY ANVUANAIIAUUBIT A NNFUVOINAANTEDY 1NA1N
1 a @ [ Y o 9 =3 % 1 1 ~ o
ANULANAI9YITMIEToNAI0619 TALA M wazmanuSndIeganeunazin
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naavd lagluasan 4.1 awnansesnllszneumaniveaundanidoui laanauiseil
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a s ~a g
M15197 4.1 09nsenoumaaliveuuanNILoU

paAlTzRRUMINAL] AN 1491NNINAAI (%rvinilen)
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Taatus 42.45+1 47
Tas@au 21.26+1.87
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4
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' 7
WUIHS) : AN + Standard Deviation 91AN1INAADY 3 51
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4.2 MIaNANHNNAAN VLU

v

4.2.1 ManainNumNaaNnIteulagl¥ainiazareanisuuazo anI BNy e

ana (Ultrasonic assisted hexane extraction; UAE)

]
A o

v 9 ax Y A A a I R v @ aaaqgq Y
ﬂ"liﬁﬂﬂﬂi]fl?]‘ﬁﬂﬁi"]fﬂauﬂ’ﬂllﬂﬁﬂﬁi@@ﬂ@]iﬂcﬁuﬂLﬂu@n‘lﬂﬂiuﬂﬁﬁﬂﬂLﬂu’J‘ﬁ‘Vlcl%
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[}

A

narlumsanasenduleeunuITasanauuUFITUAT (Solvent extraction) 1919991AAAL
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anudgzan llvi iiemeues Taganvia azimaanuieunuduh ldiiundesns
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N1TINAABDI
Saturated fatty acid
Caprylic (C8:0) 0.05 - - - -
Lauric (C12:0) 0.10 - - - -
Myristic (C14:0) 0.03 - - - -
Palmitic (C16:0) 7.30 6.86 6.54 9.90 7.23
Stearic (C18:0) 2.67 3.16 2.67 2.33 2.89
Arachidic (C20:0) 0.18 - - - -
Behenic (C22:0) 0.05 - - - -
Lignoceric (C24:0) 0.02 - - - -
Monounsaturated fatty acid
Palmitoleic (C16:1) 0.09 0.11 0.17 - -
Oleic (C18:1) 11.30 11.55 11.41 0.10 20.77
Polyunsaturated fatty acid
Linoleic (C18:2) 19.10 18.45 22.09 14.50 10.54
Ol-Linolenic
58.60 59.84 56.96 68.60 52.58
(C18:3)
SFA 10.70 10.05 9.37 - -
MUFA 11.40 11.66 11.58 - -
PUFA 77.80 78.29 79.05 - -
SFA:MUFA:PUFA 1:1.07:7.20 1:1.11:7.79 1:1.24:8.44 - -
n6 19.20 18.45 22.09 14.50 10.54
n3 58.60 59.84 56.96 68.60 52.58
n6/ n3 1:3.07(0.33)  1:3.24(0.31) 1:2.57(0.39) 1:4.73(0.21) 1:4.98(0.20)

NN : SFA= total saturated fatty acids; MUFA= total monounsaturated fatty acids;
PUFA= total polyunsaturated fatty acids; n6= total omega-6; n3= total omega-3

1’ZSiriamornpun et al., (2006); *Saklani et al., (2011); 4Ding etal., (2012)
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4. masarilediFua lulasmuludied
(A-B)XNx14
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e A =1USunavesmsazars lalainaosnilF lamIiniudiedi
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n.4 mMsaLAsIzlE Il (AOAC,2011)
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3. @T a1 Tvlih (hot air oven)
4
4. T09anu%Y (desiccator)
5. Ay (tong)

6. Boiling chip

=
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a d wA
ﬂ]i’c’l!ﬂﬁ1$ﬁﬂmﬁﬁlﬂﬂﬂ1\‘i!ﬂﬁﬂ1ﬂﬂ1w

v.1 M3 InNzHinniunia (AOCS Cd 3d-63, 2009)

a g I @ %I @ ) a Aa o
MIAATIEHAANUUATA (Acid value) vod lviiunT 01N Ao S1wIuTaanTuved

a ] v o

v H 9
Tnunadonleason lad 15 lunsildnsa lviiudasyadiegulvduniodniuduou 1

Y
]

o & & A ~ 3 v [ v Y < 3 o A
N5y 11 una1e B euNeUIesazued acid value AIUUAIANUAIUNT AT UAITUILON

= Y] %’ ) Y g 1 ~ 4 <
mstivved luiurazinie damnnuunsaguaasinlasname lsagnlalas ladilunsa

Tuiudaszunn Laaaunan1sHULIN

=
a1ny

1. e3ALaNY Potassium hydroxide {W1FY 0.1 M
2. Phenolphthalein indicator 1.0%
3. Ethyl alcohol 95%
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IBN1INAA0N

S 1 3 o o ) 3 o A 1 A aa
1. @081y 5£0.01 03N safunmhwminiutiueu luvaagdywy 250 Naaans
2. 1AW Ethyl alcohol 95% 30 Hiadans 1 lguluenarugugungiyszuia 60 e
= <3| =
yadee (Juan 10 wIN
. I a a 4 o Y .
3. 189 Phenolphthalein Fuduaames 3-4 vea 111 lamsnivesazaie Potassium
{ ] { g a
hydroxide auasazaelasuiudrune ddesnsiiunaizo Jud
4. uiinifFunasnldluns lamsn

5. muaafsunansa lviudeass
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I5MamuIn

Acid value = [(A-B) x Nx 56.1] /W

ie A =15masvesmsazaenlFlums lawsndiedna (iaaans)
B = 15masvesmsazanen e luns lamsn blank(aaans)
N = anuwuduveIasazaien 14 lamsn

¥ L} 901 % QU
W = WU UNUBINIBYWUHIUU (NTN)

a Al d d
v.2 msanszvinnlesesnlusa (AOCS Cd 8-53,2009)

1 J J. s 1 y o Y
Amjesoon lua)Peroxide value) Ao Usiaoon leaniogluiniuues lud wineda

a

v 9
i]m’;unaaaﬁiﬂlmmﬁazmﬂimﬁﬂu"lﬁia«vamﬂﬁslﬁumﬁhlﬂmm"lmuuw%umu 1 N3y

= A @ Y
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Lﬂuﬂmmvamimaumﬂmmumuuaz"lmuu i'JiJ‘V]\'iEﬂTﬂi‘ﬂiJul"UNHQQ ﬂnﬂ@iﬂﬂﬂhlclfﬂﬁ;f\i

1 o 3 o a - | . A a aaa J A ...
naaedn luiunIeninu inae lipid oxidation 411 Unauiuun Lﬂﬂ‘ﬂ;]ﬂﬁfﬂ oxidative rancidity

un

=
anny

1. Sodium thiosulfate solution l,“fljm?lju 0.1N
2. Chloroform: acetic acid (2:3)
3. Potassium lodide WA

Y
4. vl Wty 1%
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1. HIA0819U10U 5+0.05 g 1d1U Erlenmeyer flask Y119 250 40003

2. 1@ Chloroform : acetic acid (2:3) 30 aaans

]
=

3. a K1 duda 3 viea aalu flask wesiunlundiauiu 1 i
a % < 1Y) Aa aa
4. ©UINAUNUN 30 Haaans
Y = [ Y 9 14 I =
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Peroxide Value = [(S-B) x N x 1000] / W

do B =1Sinasvesmsazaren s ums lawsn blank@adans)
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N = anududuvesansazaien 19 lamsn
W = thinuesdaediaihii (n$u)
V.3 mi’:llﬂaﬁ’mm%m Spectrophotometer aﬁﬂ Hunter Lab éu Color Quest XE
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1 Y
n3etnaiaulaeldann13uee Spectrophotometry A4t 1rilasinumasnuiia
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° [ I Y .. . .
MM aTeonu U uA1aVTLUY CIE (Commission International de I’ Eclairage)
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Q q

[

9
angle HA10g531319 0-360 09e A Idnnaumsaail

Hue angle = arctangent (b*/a*) 13149 a* > 0 119 b* > 0
= arctangent (b*/a*) + 180o 119 a* < 0
= arctangent (b*/a*) + 360o 11® a* >0 130 b* <0

1 I A 1 = [ A
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9 =2 A A A¥ a A 2oy a
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T —. m— "y~ | gl o2 BN
90-135 997 LAAITIVABIDITVY 270-315 897 HAAITUUIUDITNI
= A = =R Aa A = | 2K A
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[
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2. %A calibration
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5.4 RTRAN d1%15Un153ALUY Transmittance JAIMNIZAT regular 1353301 diffuse(

A108191au1n9)

o . . A J o H Y . . [ g A
#11N13 Calibration 1nT9INOUTANTILTNAIYYA Calibration A8 1A INIUADUN
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