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Effect of repeated frying oil on the quality of fried oil
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Effect of repeated frying oil on the quality of fried oil and fried food
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Abstract

The optimal frying condition for fried chicken and fried Chinese dough was studied.
Frying temperatures at 170, 180 and 190°C for 15, 18 and 21 min with ratio of palm il to
seasoned chicken 10:1, 10:2 and 10:3 v/w were used for frying chicken, while frying at 160, 170
and 180°C for 3, 5 and 7 min with the ratio of palm oil to dough 16:1, 16.1.5 and 16:2 v/w were
set up for fried dough. The results indicated that oil quality deterioration in terms of free fatty
acid, peroxide and p-anisidine was increased with frying temperature and frying time. The
suitable frying conditions for fried chicken and fried dough were at 180°C for 18 min and ratio of
10:2 v/w and 170°C for 5 min and ratio of 16:1.5 v/w, respectively. The continued frying of
chicken for 9 hours/day and dough for 10 hours/day on frying oil quality changes were
investigated. Results revealed that the longer frying time used the higher oil deterioration
obtained. Free fatty acid, peroxide value, p-anisidine, color intensity and viscosity were increased
in both oil for frying chicken and dough. However, the polar compound either in chicken frying
oil or in dough frying oil was approximately 20% which was lower than maximum limit
permission in the regulations. The repeated frying experiments with and without fresh oil adding
for frying chicken and dough was also conducted. It was found that polar compound increased
with frying experiment (3 hours/day, for 4 days without adding fresh oil), by the end of frying for
4 days, the polar compound in chicken and dough frying oil was 12.95% and 22.85%. Repeated
frying experiment with adding fresh oil (ratio of fresh oil to used oil was 1:2 and filtered with
cheese cloth by the end of a day), the polar compound of repeated frying for 8 consecutive days
(3 day) in the 17, for consecutive 4 days (6 h/day) in the 2™ and for consecutive 7 days(3 h/day)
in the 3“ fried chicken retailer was 21.52%, 22.13% and 15.32%, respectively. For frying dough,
the repeated frying for 60 days (by adding fresh oil everyday) gave polar compound of 10.8%.
The acrylamide content in chicken repeated frying oil was not found, while the maximum
acrylamide content in repeated frying oil for fried dough was 108 Llg/kg. Although the quality of
frying oil decreased with increasing frying temperature and time, this result was suggested that
open deep-fat frying should be operated at temperature of 170-190°C and frying period for 10-12

hours.
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ci 1 A : U !d' = T
AN 1 mmjmumu‘neﬂ‘lﬂﬂqmﬂgmmznmmaq

) ma a1 (1N)
RUHANU(°C)
15 18 21
170 °C 95.29 + 0.01°¢ 95.18 + 0.01 9471+ 0.01*
180 °C L* 95.09 +0.01° 94.86 + 0.00™ 94.61 +0.01™
190 °C 94.68 + 0.01° 94.65 +0.01" 9421 + 0.00
170 °C -5.86 +0.01" 5,75+ 0.01°° 5.45+0.01°
180 °C a* -5.54 +0.01”" -5.48 + 0.02" 494+ 0.01°
190 °C 452 +0.017 -453+0.01% 393+ 0.01°
170 °C 51.39+0.01° 51.87 +0.01% 52.69 + 0.01°
180 °C b* 49.47 +0.01" 49.98 +0.01™ 51.76 + 0.01°
190 °C 49.42 + 0.02** 49.45 + 0.01%® 49.49 + 0.01°°

* Mean value + standard deviation (SD).
““Means in a column followed by different subscripts are significantly different (p < 0.05).

A“ Means in the same row of each parameter ( L*, a* and b*) with different letters are significantly different

(p < 0.05).



7190 2 Mmanuninveniniunealnfigamaiivazainieg

ANUNHA* (cps)

UNNI(CC)
15 min 18 min 21 min
170 °C 69.00 + 0.02* 69.30 + 0.03*" 69.80 + 0.01%°
180 °C 69.80 £ 0.02™ 69.50 + 0.03™ 69.70 + 0.02*
190 °C 69.60 + 0,03 69.60 + 0.01" 70.00 + 0.01™

* Mean value + standard deviation (SD).

“* Means in a column followed by different subscripts are significantly different (p < 0.05).

** Means in a row followed by different subscripts are significantly different (p < 0.05).

»

C; L. T ’ v S o o 1
ATHN 3 ﬂ1ﬂ‘\lﬂﬂﬂﬂﬂﬂm‘ﬁqmﬂﬂﬂ‘u'lil‘lﬁlﬂﬂl!ﬁtnﬂl‘ﬂﬂﬂﬂnﬁ]

L'

- a a1 (3111)
gUHHU(°C)
15 18 21
170 °C 44.54 £1.09° 40.08 =2.11" 40.87 + 0.40™
180 °C L* 40.54 +£0.28™ 40.34 £0.26™ 36.28 + 0.52™
190 °C 37.34+0.84" 36.94 +0.38" 3621 + 027"
170 °C 14.40 + 0.54™ 14.67 +0.55"° 15.48 + 0.43"
180 °C a* 15.45 £ 0.52" 16.17 +0.78" 12.79 + 0.52"
190 °C 11.01 +0.49™ 11.78 +1.31% 10.92 +0.45"
170 °C 28.26 +0.18 24.22 £2.01% 24.87 + 0.40°
180 °C b* 24.18 + 0.60" 24,05 +1.04" 19.84 +0.91™
190 °C 18.75 £ 0.67"" 18.52 + 1.27% 17.85 + 0.40%

* Mean value + standard deviation (SD).

*“ Means in a column followed by differeni subscripts are significantly different (p < 0.03),

** Means in the same row of each parameter { L*, a* and b*) with different letiers are significantly different (p

< 0.05).
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M3 3 1A Al Inneafiauyniinazna1eiy NUIAIAIA I L*) 1zl

anas Amiluduag (a*) nazdmies (b*) araseduiiisdfay (p < 0.05) egmumnginazia
A :al 1 = o o = f o v

MIneAiuYY nazfigun il 180°C naz 190°C na1 21 i i Indndmaannzainen
@ o dln 3 d.y d‘ - 2 S, ~ :’ » .
asanpuzysng lunwi 7 etidesninnisinad s enditeiauuy Maillard reaction and

B R M et A 1A t LY
caramelization (Carabasa and Tbaez ,2000) E]fJNU]‘iﬂmllﬂ!‘lﬁ‘ﬂUﬂ‘[ﬁﬂ“}ulﬂinﬂm‘isl‘liﬁm?:m’i

P S 2 A d YA A ' 9 v Aa '

neaNgmMn Nl 170-180 °C namaa 15-18 wi i ldhiimaeglusislndifesdudia lnnea
:ia.l by o LY " LT Y w 1 A U
nHhwumuyuludunemalvyndsediazfus Tnalimsseniy (mammousn laneasin
MIAUAIBENT MU 30 AI0819 WU TATLY, a*, b* 1ndmilu 41.81 £ 431 16.81 £2.94

11 27.43 + 4.07 MUARY) Judendnzmisneafigumnii 180°C a1 15 Wi lun1sdng

Wt

T

¥ ¥ v b
Have99AT I INYT AT LAR MR Inhlidenn nwvsatiniunesauas lanea

L]

| i R |

(@ (e) ®

P
e
- i
(g) _ (h) ()
2;. w ¥ H‘ = \J
MN 7 aﬂymzﬂﬁmg]sum"lnﬂ@ﬁwqmﬂgmm'maﬂuamamaﬂmaq

(@) 170°C 15um (b) 170 °C 18%0 (€) 170 °C 21 UM

(@ 180°C 1510 (e) 180°C 18 U (0 180°C 21 UM

(g) 190°C 15 UM (h) 190 °C 18 1119 (i) 190°C 21 uM
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3.1.2 wavesdandszunafnaniniuneaanihminlnfilinegamminiunen
¥ » v ¥
navostas1danlSuaninfudetiminlanddequamveniniuneauas lnnea
= ' a @ o 4 o 4 e ' 1A
paasluasiei 4 wodfinansaluiugdszuay Auwedeon lod hiinnuumadisesadl

v o w ' A x “ o w i o 1 3 o 4 4
WudAw uAs p-anisidine iNuAvBtTodRY (p < 0.05) Wednsrduve iy lamuiu

a

. ] ¥
10 : 1.5 L"fl‘LIIO 20unr 10 :25 mumsLﬂﬁuuuﬂmmmﬁmmm:mmwﬁﬂ WuUN

¥ A L=

3 W yE ~ v A &L o -
YAIHTHUNDAIEADTIVUDYIIE maﬂsmm'lmwmu Tﬂuwmtmmﬂ’amrﬂumma {(a*) uaza

ST 9 e

q' J 1 1 1 ) ] L)
mine (b*) WuAustsivediny (p < 005) danmmnuniialilinuuandiseid]

T o dyd 1 & a‘ oA dy =] [ = O [ 1
utlﬁ1ﬂﬂ.lu(ﬂﬁ'l~‘l1’15) uﬂﬂ%mumu"lmuum]imm'lﬂmmuuwamaﬁmmm"lmwvam b*
4 &

Y =
IHUYUDNHIURNIT N 6)

4 LA L4 1 : L7
M 4 Pnansalwidase Auneseenlun azm p-anisidine voninUNA

a a ° IR 1 T 1
‘nqamgu 180 C a1 15¥n ma‘lvammm‘uemmumaﬂ‘%mm‘lnmaq

dAIAIUVDI Wwnwnsalviiudasy*  aAunessenlaa*
LY 1 A1 p-anisidine *
it : Piinadlnnea (Yopalmitic acid) (mg O,/kg fat)
10:1.5 021+0.01° 547 £0.24° 1.32 £0.04°
16:2.0 0.21 + 0.00° 5.71 £ 0.08° 2.04+0.24"
10:2.5 0.21 £ 0.00° 5.68 +0.19° 230£0.15

* Mean value + standard deviation (SD).

* Means in a colurmn followed by different subscripts are significantly different (p < 0.05).

r
=y ~

M1 5 Mmanazmnnuwiiaveninfuneangamgll 180°C 131 15 i islHiniuuay

€

PRnalaludanarumg

an318 I A AMANUHUA*
it YFnedn L* a* b* {cps)
10:1.5 93.81 +0.015° -5.81+0.008° 49.71+0.017 69.70 £ 0.06°
10:20 91.91+0.004" -4.82+0.008 51.61 +0.009° 69.70 £ 0.03°
10:2.5 92.74+ 0.015"  -5.34£0.004° 50.61 +0.023 70.30 +0.07"

* Mean value + standard deviation (SD).

™ Means in a column followed by different subscripts are significantly different (p < 0.05).
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11139UNBA 180°C 1At 15 W tilsl¥onT1a 1ves Inuaz

ﬂ%mmﬁ]ﬁuﬁinqﬁu
a3 EIu Aax

vaninhe: Wanals L* at b*
10:1.5 38.28 +0.46° 16.69 £ 0.62° 22.57+0.39°
10:2.0 38.67+0.64° 16.12 £1.91° 23.89 +0.85"
10:2.5 38.29+0.42° 17.16 £0.03° 34.11£0.38

* Mean value + standard deviation (SD).

*® Means in a column followed by different subscripts are significantly different (p < 0.05).

v
o @r

3.1.3 HavessEaznIM I T annhiuneansgu 1WA N

-5 3 S o |
fni‘f_"fﬂy"|ﬂ131.°]f\ﬂu1-ﬂllu1’|ﬂﬂllnﬂﬂﬂiuﬂQTﬂﬂ

]
Y =

¥ ] 14 .
Sl liniusudui2 das sasrdamniniu: 1a dssuim 102 iinveaiigungiilzsec

] 0 [ ¥ ¥
avtiiad 3 11 1u9 (an1dmeaudazasa 15 uIn S1au 12 ATAaRoiu)
3/ ei Slcy ar A 9 = a [} oy CY T o d‘. oy
a2 IdduiusuduT das sasidauindu: 1o dszinm 102 imisneangangil 180°C
3 d‘{ o a ¥ 1 :j <3 g q’j = J @
aoitioe 6 47 Tue (A lEneausazAse 12 U $1149U 30 ATAARBNL)
] ¥ * b v
$ui 3 e §oams)  ThiuhuSudu7 Gas dadaniniu: 1ndszanmio:2 ivmeneai
3 ' 1 ¥ ¥
gamgll 190°C Aaitee 9 41 Tua (a1 ldmeausiazasa 18 WIH 119U 30 ATdARBAY)
¥ v
wanisanumIniniuneafiyngungidntmea@in 3w TUSumnsalviu
- ' & < 1 P a cg 1 ] @ P
darsz Aunesoan lwAuaz A1 p-anisidine INUAUABITDINDDATLYZIAMOA AINTNT 8 (a) (b)
' '3 s 1 Py ¥ 1 o
unz(o) lnomwizAauwesoonlsn uaze p-anisidine HNIBOINIIAGI TUIZOZNINYBINTS
% [ g A a 1 Py ¥ ' 4 o
noR F1apAndostl Shahidi & Wanasundara (2002) #oBU10TIMSIHNATNYD IR UWBS BN 36
" qyw e o o e e = ar @ =Y
Turnnawsn dunsdiamaiamsmwesean ladanlgisovendinduvonsa ludnwiia

a o A | ama = @ w1 o - o A ey
Tidud uenaninlJasneendiasudielWifiaainlsynouuoadlad 4 p-anisidine v21ilu

a

ﬁwﬁmﬂ%‘mmmamaaﬁ”laﬁ (principally 2-alkeenals and 2, 4-alkadicnals) 11«!"1"’11171‘!5@'3‘“?1311‘!

o A

HIUNUA

®e

! gy A q’ o 1
(Abdutkarim et ¢/,2007) 8619 lsARMAUgAMIIFN 3 6 uaz9 Falue Wud

G

ar

A g g o o & e 1w 1
iuihlSummsdsznenTwagilsswin 5.65 8.82 unz 20.16 %auddy Fadadoglu
I ° Yy e ¥y e
inwmfnIznI s smgusmua ldiidiumemsdszneu Tnans 18 Ay 25 % (nsznsag
{ =1 ' a o
MFITUEV,2547)  waznInmwh 8 (d) muldimamsneassueannddilsuim Inasvas

oy @ = cg a a o e ¥ A a d?‘ dy 13 = v )
u’]huﬂ@ﬂlWﬂJ'ﬂuﬁhwuﬁﬂUL’Jﬁ']ﬂ'i'ii%’QWH‘ﬂLWﬂJﬂJ“H uaﬂinﬂuwna“mmﬂl%qmﬂgn175"()

18



1 2 ﬂ o ) d a .}I ' 4 5 '

NoARBINDILULIRT 3 ‘]ﬂhﬂ Uﬂﬁn’lﬁliﬂﬂ‘lilﬂﬂ‘lﬁu33”310ﬂ151ﬂﬂﬂﬂ531ﬂﬂ!1.5% FIATNN
= a e 4 = Ja a r-g ]

HANWLI1NIIUIVYV D IHouhoulatlazAME(2002) “KQWU‘]JS?J’IQ!IWE‘I’]?THﬂﬂﬂJH531’!?’1'!“]5718?]

-l A 3 = )
finnlszana 5% W l¥qungiinea 175 °c ifunm 3 d2Tu

3

@

Aunafaanils
@

Mnansalmud

0 2 4 6 8 10
annETH (1) R wr e (o)

(a) (b)

"~
R

-

=]
- N
> =4

e mlsznauiwad
=

#1 p-anisidir
8 8 &8 &8 &

7
* (L

=
w
o

0 3 6 9 mﬂu.‘:mﬂﬂm
sud! §uv2 §ruvt3

el ()

(c) (d)
A 8 USinansalviivdasza) auweieanlua(b) Al p-anisidine(c) vazSumms

Twas (@) voariiunkumImea lnwunesiios

3.1.4 waveamsininfundvinlineadhdenmnmvestiniuar lnnea

o r? CY @ ny 1 ry tY § = =
nansAnpIveImatininiundnldneadwonunmiiuiunas lonea  lasiiny

¥
@ [ o o _ w ¥

:’ % 0 as ' LY o g
ﬂ']'f]ﬂ"l\‘l‘lﬂﬂ“ﬂﬁ]ﬁl!ﬁzqﬂﬂ@ﬂﬂﬁﬂ%Tﬂi%ﬂ?ullﬁﬁi?u HIHILUUINT O LL@]%@LﬂUiuﬂ’l“ﬁu%ﬂﬂ

a a

v oy a @ 9 J
m%mw"lquamQuwmuawmauuﬂwmm
y Y a va o A w a v ' Yy oo ! ° o a
INUMYHTUN 1 1Fiuiusudun2 ans snsiamuindu: 1n sz 1022 NINMINoANYUHYN

1 v b Vv

175°C Yuay 3 %3119 (nami%’wammmma 15 U0 1IUIY 12 ATIADIU)
) P = v o A a v 1 o ' - - a
IUMYHTUN2 1Fiiusudu7 aas oasalwiniy: 1n Uszuim 102 NINTNOANYUHNY

. ' Vv ¥
180°C Suaz 6 %1109 (an ldneaudazase 12 U1 $119U 30 ATIADIY)

19



¥

difsinasmaGauiaamdang aroasimm

d:i oy LA, 9 : o Q' 9 =y o T cy Y ] a c;
i 3 (el fiidnts) ThiniuSudu7 Aas sasrdanniniu: 1o dssunmio2 sinisnean
' ¥ t »
gamnil 190°C uaz 3 ¥2 11 (e ldnoaudazasa 18 wiH $1uau 10 ATweTy)
] : L = 3/ : o
3.1.4.1 imiiaunlyneasuiunar 4 M
[ 2

HaN1INAadaAllumIsT 1IN 7 HUIININAARITIING 3 311 Usumnia ludu
= 1 é‘ 1 T A d‘ a : o9 ar d.r E; 3 1 -~ 9 Q s
daszingaiuesdais uleiiuaswas v iuinesamuyusdiivdifyp< 0.05)
& o [ S = w  a oy
%3 Che Man uazamz (1999) ldedsuiwin msmnysumnsa lududasy Wuwauniniiu

a 9‘0" v AN Var 3/ u’: = = ey ) 9/ @ e A
pm1nearh iy Idsuanudewiuiml§aselslas lagaldnsalududase  die

] ¥
=) =2 1

a ] & o 1 = a @ : o a o
W‘Tl'ﬁﬂﬂﬂ“‘ﬂﬂﬁﬂﬂﬂui“ﬁﬂ W"U'J']%"]u“ﬂ 1 uazl mE)mmuaumﬂ%’muu‘nam‘wumummai
P { w A &y m oA RgE o) o 1
aan"lm%mmmm‘lmumn”]immi;ﬂﬂmumi)wmaﬂm ﬂﬂuiu@ﬂ@1ﬂﬁ’ﬁnﬂ@‘iaﬁ]ﬂ1°ﬂﬁﬂﬂ
@ - ] (X1 P 1 I'd £ o .3 [ A n’: n::'
ﬂQ‘F]’JﬂQﬁﬁTUﬂi’)ulﬂ UATTIUN 2 ﬂ'l!.Wf‘]‘iﬂ@ﬂqmﬂlwwﬁ]uﬂﬂluﬂﬂﬂﬁﬂﬂi$U$tﬂﬂ1ﬂ1§ﬂﬂﬂ‘l’lﬂu31ﬂ

a oy A

fimansznunein)inaleiluiagavduniidiusm@ud 2 Ggduuumameauandis

9

Dy o

b o o A ' W =1 ] 1 R ¥ - .5 L] 1 Y A °
nd il deina1n A lusufivnd533e) daufip-anisidine UAUAVIUDIADIHTD BLBT U
o SJ: a’ dy o = s a o oy as g A ¥
Fuvosmisldihthanniiy  hues@erdulSinams Inansveniniugavunnainis 15

1 ¥ ) ¥ ¥ ] [ ¥
MnTuuazNuATveIMINeaNINARAINIWA 9 Gl 2 ey 3 wnauaeans

r z . 2 o 2. A2 N e e .
neah 12 Ay 71 30A599U wazlonsyiu mwudwu) NaulsuaTnariveniniunamn

o o i = ¥ 1 1 l:§ (= 1§ =1 o
norduusnaudeTun 4 fmegsznang 7- 28%  wafiuu wRgidumanmimaaswos
Abdulkarim UazAM(2007)

[ [ =1 :J " ;’i g W ﬂ 3 A [
wamsdamid uazanuniinvoniwumeans 3 Huliwaduuur Ideaiu  waag
» 1 }'d 1
AIA15199 8 WU M1 L* SA1aans dauel a* uazal b* inuiue1siied Ay (p < 0.05) tile
1) ¥ ¥ ¥ ] ¥
§nuiulumsnoamiuay Wil Ngadi nazaniz(2006) sTuwnmsidomdsvos@vuesiniy
] =, a o = e o '3 =Y .
senanmaneaiannnsaszd lutuemsiilfassduaslseneuariveiiafinaian
- :’ PV o o El 9 o EY] 8 :voy o e o 9 =
mavpanmismiwieeondedy Weldiuanuieou Mldiwuidadr dwaaslunmiilo
P o & 1 o o
tazAunTadauRnIuRaeaszoznaInImen 4 Ju saffusariufviiuauitoves
Sanchez-Gemino HOYAZ{2008)
dy 1 J 1 = o By ar = dg = 9 a A d?
uananiiwudnie Innealnsaaduriniuwyimanlssauaimnoanmiuvy

(A13199 &)

20



B

8

sl au v
2 o

van o ()
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M 9 WnalnatvesiviunaatlaglFinmsdunea lnilunar 4

o o a 1 ¢ J - T
M3 7 Wnanialuiudas: aunwasoeanlud uay p-anisidine ¥voariniunaalnluy

#3010 4 31U

Y
31N 1
L. hnansaluiidasz: Auwessenlyar ‘
RN (33) A1 p-anisidine *
(% palmitic acid) (mg O,/kg fat)
) 0.14 4 0.00° 1.03 £0.13° 1.18 £0.14°
1 (3.9 3) 0.26 +0.01° 3.9540.17" 4.65 +0.62°
2 (.91 6) 0.42 +0.01° 23+001° 10.27 +1.84°
3 (3.9 9) 0.414001° 2.10+0.12° 14.42 +1.88"
4 (¥1.912) 0.47 +0.02° 3.31 £0.03° 16.54 +0.07
Fufi2
L Wwnensalvidaszs  Aunessenlua _
namsIvad () AN p-anisidine *
(% palmitic acid) (mg O,/kg fat)
0 0.13 £0.00° 1.03£0.13° 1.27 £0.19°
1 (¥.9 6) 0.34 +0.00° 11.12+026° 18.18 +0.99"
2 (¥, 912) 0.63 +0.01° 1243 +0.22° 28.57 +0.02°
3 (W.18) 0.78 £ 0.01° 19.39 +0.27° 28.61 +0.2°
4 (¥.9124) 0.95 +0.00° 22.20 £0.13° 4283 +2.29°




4 o < 4 : o
M3191 7 (@e) Yimansa luviiudase Auweieoanlua uay p-anisidine vosrinuneainly

Y2338 1MeA 4 T

$un 3
. o wnwnsalvfudaszs dunedeanluds .
NaIMSIEau (3} AN p-anisidine *
{%palmitic acid) (mg O,/kg fat)

0 0.22+0.01" 0.98+0.13" 0.95+0.16"
1 (3.4 3) 0.54+0.02° 543 +0.02° 27.15+ 0.53"
2 (1.9 6) 0.80 £0.12% 6.85 + 0.40° 41241047
3 (W0 9) 1.05+0.25° 458 +0.37° 37.89 + 0.85°
4 ($3.9112) 1.05 £ 0.03° 3.41 +0.48 3795+1.77°

*Mean value + standard deviation (SD)

" Means in a column followed by different subscripts are significantly different {p< 0.05)

P 1A - 5 o ' V. b 3
ATINN 8 AT AIVHBUHAYRIUTUY !lﬁ%‘lﬁ'u1@!11‘”“1“171“9953“?1\3nﬂ.l'ﬂﬂﬂ"lﬂiﬂfﬂ‘u

yinneAtiunal 4 Tu

I1UN 1
T L & N
Y . Al AN NIUTUA* (%)
naldau () .
L* a* b* (cps) Tvstu
0 95,13 +0.17° -7.97+0.07 4747+£291° 67544031 -
1 (%3.9 3) 86.78 £+ 0.01° 1.32£00° 7091+001"° 68.73+001° 4,05
2 (¥3.9 6) 6532+ 7.42° 827+092° 69.04+4.39° 69.78 +0.40° 5.41
3 (¥ 9) 4461 +590° 1089092 5925+3.79°  71.98 +0.00° 5.78
4 (¥0.912) 4029 +1.78°  13.84+1.05 7506+929" 73.44 %055 5.87
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F1UN 2
AT Y a MANUHUA* (%)
(W) L* a* b* (cps) Jouata
0 95.13+0.17°  -7.97+0.07° 4747+291° 67.54+0.31° -
1 (%Y. 6) 71.44+021°  1552+0.04° 80.90+0.16  68.40+0.33" 2.75
2 (¥1.12) 5491 +6.70° 2332+1.15 7829+5.13°  68.69 +0.33" 3.13
3 (%3.18) 4924 +9.69" 31.14+1.65 79.30+13.33" 78.06+0.47 3.33
4 (%3).24) 4099 +4.88" 36.17+1.34° 79.08+7.70° 89.45+ 1.67 451
N3
A I ma MANUKRUAT (%)
(3u) L* a* b* (cps) Tusiu
0 97.34+0.01° -7.09+0.00° 41.76+0.01°  69.20 +0.04" -
1 (¥1.91 3) 76.15+0.01° 17.16+0.01" 94.69+0.03° 70.70 £0.01° 2.20
2 (Y. 6) 5072 +0.03" 34.68+0.02° 89.27+0.02" 72.80+0.02° 2.55
3 (¥.9 9) 4823+0.02" 4223+0.01"° 81.24+004"  73.20+0.00" 2.74
4 (¥1.9112) 4238+0.00° 4584+0.01° 7234+0.14" 7428+0.15° 2.90

* Mean value + standard deviation (SD)

a<

Means in a column followed by different subscripts are significantly different (p < 0.05)
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I3 : ar :, S : ar ] N ] a o
Tnanveniniunead laomuduiniulminndu nudhinmsneaduas 3 $rlmamsanes
LY o/ a‘} %) :’ .7} = a
1ddszanm 8 Junazmsneaiuas 6 43 1u9 14 195z 4 SuTasinduneaiidiua inats

by s o i
21.52 1o 22.13 % mﬂmnummﬁﬂmummnsxm'Nmm'sm'qﬂs (ﬂ'lﬂﬁ 12)

A s o ' 3 '3 g « sy MY o
A19131 9 YSnamialuifudase Auneseanlesa uaza p-anisidine YoninTunealnfivih

as i : i) = : v J ar v A
ﬂﬁ‘lﬂl1115"”ﬂﬂﬂﬂﬂ]i!ﬂﬂ“1ﬂﬂ1ﬂuuﬂ’)u {(uUn 1)

a & v ¢ d
nannana ﬂ?mmn‘iﬂ"lwuaasx ﬂH‘WB‘inﬂ“ﬁﬂ

’a’u?imﬂ ' M p-anisidine *
(i’aim) (%palmitic acid/g fat)*  (mg O,/kg fat)*

1 0 0.13 £0.00° 1.03£0.13° 1.18 £ 0.14°
Fahwath 3 0.27 £ 0.00° 3.95+0.17" 11.65 +0.41°

2 > 0.24 +0.00 3.67=0.13 9.21 4 0.26
Faluah 6 0.40 +0.004" 4.32+0.00° 12.09 +0.13"

3 » 0.37 2 0.00 4.84 £ (.00 9RO =021
Faluah 9 0.56 + 0.00' 4.71 £ 0.01° 13.94 +£0.31°

4 » 036 £ 0.00 |08 = 0.27 45 =001
Faluah 12 0.42 % 0.00' 2.04 £ 0.06° 14.9% 212"

5 » 0.34 £ 0.00 191 £0.01 11.63 = 0.01
#aluaft 15 0.35 + 0.00° 3.62 027 15.08 +0.04"

6 > 0.22+£0.005 1712029 13.29 +0.85
Faluad 18 0.30 £ 0.005° 2.66 +0.26" 16.31 £0.01°

7 » (1,26 = (0.00 1.9 = (.60 1356 w000
%’ﬂmﬁ 21 (.32 + 1,003 2.38+0.12" 17.77 + .18

g » (3,25 £ (.00 31 =001 {564 £ 032
FaTuafi 24 0.31 £ 0.00° 2.77 + 0.13" 17.84 £0.37

9 » 0.26 £ 0.00 210 0.00 16.04 £ 0.66
Fluaf 27 0.31 £ 0.00° 2.86 + 0.01" 19.38 +0.11"

10 > (.23 £ 0.00 boA3 o (00 17.66 40,34
Faluadt 30 0.32 +0.00" 3.89 4 0.38° 20.88 +0.10°

* Mean value + standard deviation (SD).

*J Means in a column followed by differcnt subscripts are significantly different (p < 0.05)

¥
» MALDINAN 1T
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v 7

1 v A 4 < ¢ T . e xe e _ ar 18 o
M3t 10 Panamnsaluiudass A3 00N 1A laz A p-anisidine ypihsTumnealnih

w gy = a o ow R A
navy Ia‘”"ﬂ]iﬂﬂﬂﬂ]ilﬂuu]u’lﬂﬂuuﬂ’]N (314N 2)

o 4 natimea  WBanansaluiuBase  Auweseenlad
IUNNOA . f11 p-anisidine *
($MH)  (%palmitic acid/g fat)*  (mg O,/kg fat)*

1 0 0.072 + 0.00" 1.04 +0.13° 1.49 + 0.03"
Fluafi 6 0.25 + 0.00° 578 £0.12" 13.05 +1.09°

2 » 0.11 £0.00 3.54 £ 0.15 533 + 0.2
Faluad 12 0.23 + 000" 6.66 = 0.006° 17.89 £0.75°

3 » 0.16 +0.00 420010 [1.46 & 0.50
$lu 18 0.28 +0.01° 9.80 + 0.60" 21.69 +0.27"

4 > 0.16 +0.05 6.87 + 0.01 16.28 =036
Falush 24 0.27 £ 0.00° 11.16 £ 0.15° 27.83 +0.61°

5 > 020 L 0,03 5034007 1226 =025
FaTuafi 30 .32 + 0.00' 10.86 + 0.11° 30.52 +0.06'

6 » 0.27 = 0.005 4842022 9.79 & 1.64
#2luai 36 0.33 + 0.005' 9.53 = 0.49" 34.16 + 0.6°

7 > 0.22 + 0.00 6.02 = 0,12 15.07 = 0.39
Falusfi 42 0.35 + 0,009° 11.65 + 0.09" 37.42 +0.85"

8 > (.21 = 0.003 410012 17535 = 1.610
Faluaf 48 0.35 + 0.00° 11,58 + 0.14' 40.24 + 1.06

9 » 022 - 0003 SIS INE! 787 - 0ud
FTuafi 54 0.42 £ 0.00" 12.09 £ 0.07° 43.04 + 0.24

* Mean value * standard deviation (SD).

* "Means in a columa followed by different subscripts are significantly different {p < 0.05)

¥
» NA49 1A T
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= ar A 1 3 ¢ 4 . ) 14 o
AT 19N ﬂ%ﬂ1€l&ﬂ‘iﬂ1ﬂlﬂuﬂﬁi$ Awaseean lua Uz p-anisidine vestihniunealnmin

adinnlss lasiinsfminiduwimau (Gl 3)

o v a ' ] ]

3annen ‘lﬁﬂ]ﬂ!ﬂ‘iﬂ‘lﬂﬁﬂﬂﬁ‘iz ﬂ]l'ﬂﬂ‘iaﬂfﬂ“”ﬂ .

S f1 p-anisidine *
(FNu9)  (%palmitic acid/g fa*  (mg O,/kg fat)*

0 0.22+0.01° 2.77+0.12° 0.95+0.16"
Faluah 3 1.190.03" 4.28+0.84° 31.85 + 0.90"

» 1.24+0.00 3R4 =064 21.68 4817

Falush 6 1.73£0.12° 4.91+0.24° 36.70 + 0.84°

» {26 5 (.05 4.75:0.23 2002 £ §.20

Falusht 0 1.87 £ 0.03° 5.210.50" 38.31 £0.62°

> 163015 315 0.43 20.75 £0.60

Faluafi 12 2.37 £0.23" 4.42£0.55" 41.17 £ 1.01"

> 192031 429+ 0.44 20.94 0.7

Faluah 15 2.22 £ 0.09’ 4.36+0.34" 34.67 + 0.85°

6 ¥* DRI I A 378 20.A2 20097 £004
Foladt 18 2.60 +0.10° 4.48 £ 0.24" 33.18 + 0.84°

7 » 2075012 388 =010 20.88 £ 054
Faluadi 21 2.44+0.12°" 2.44+0.12" 32.82 £0.26"

* Mean value + standard deviation (SD).

"' Means in a column followed by different subscripts are significantly different (p < 0.05)

» asnn@uniiiy
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a:;. =] ) : L 1 4’1 y: L7 : =y = : (7] 1 a
MINA12 MF uavaNuniavesiiniunealn tislyiiniuneadlasiins@aniniulwainn i

Gwn
1 ] [=}
oo A MAVTINNHA*
Fuhinen
L* a¥* b* {cps)

0 9734+ 0.01° -7.09 + 0.00" 41.76 +0.01° 69.20 £ 0.00°

! 82.16 + 5.99" -0.02 + 1.43° 65.98 + 1.81° 68.15 £ 0.19"

2 87.16 + 0.35" 0.05 + 0.05" 69.01 +0.19° 65.55 +0.28"

3 62.87 + 13.77 10.20 + 1.00° 71.86 + 10.0™ 64.56 + 0.44°

4 77.65 + 1.60™ 9.73 + 0.06" 81.54+1.25° 66.38 £ 0.56°

5 65.41 + 5.20" 1262+ 0.50° 1 74.89+333" | 6527 %059

6 76.02 + 0.42™ 10.69 + 0.035' 79.47 +0.18% 65.07 + 0.45%

7 74.28 + 4.92° 10.78 + 0.58" 78.61 +3.05™° 53.10 +0.14"

8 66.95 + 8.83" 834+ 127" 69.70+ 4.84™ 65.50 +0.17

9 78.61 + 0.48™ 7.18 + 0.07° 76.74 + 0.24™° 63.55+0.47

10 81.73 + 2.84" 490 +0.52" 75.27 + 1.46™° 63.33 +0.40°

* Mean value t standard deviation (SD},

a

" Means in a column followed by different subscripts are significantly different (p < 0.03)
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= T A & : U T d' v: s : = a : o T [
A1319N113 Ma uazmmﬁuﬂmammumm‘ln ma‘lﬁumuﬂaﬂ%ﬂﬂuumimumuu‘lﬁm}mu

Grun 2)
o= 1 24
r A AMNUHHA*
IHNNOA
L* a* b* (cps)

0 95.13 £ 0.17° 7.09 + 0.00° 4747+ 291" 67.54+0.31°

1 74.00 +0.22° 1491 +0.18° 82.84 + 0.11" 69.62 + 0.44"

2 60.99 £ 2.76° 24.42 + 1.46° 85.95 +2.13 70.51 £ 0.84°

3 4436 +4.19° 24.64 +3.08 72,20+ 6.11° 71.16 £ 0.33%

4 35.54 4+ 1.62° 25.26 +0.29° 36.09+2.17 7131 £ 047"

5 34.76 £+ 3.87° 20.87 +1.26° 58.53 + 6.41° 73.63 +0.38%

6 30.37 + 4.86° 29.98 +2.13° 51.25 + 8.01" 73.72 £ 1.07°

7 21.96 +2.06" 31.33 +0.85 23.75 £ 9,02 7439 +3.16"

8 21.24+122° 33.02 + 1.69° 60.29 = 6.73° 76.78 £ 0.21°

9 13.82 +£5.37° 16.58 £ 0.37° 37.41 +3.39° 80.93 £ 0.07

* Mean value t standard deviation (SD).

"% Means in a column followed by different subscripts are significantly different (p < 0.05)

29



ci L= 2 : @ !4-"..1 y: ol : = ) : Lo 1
131914 A llﬂzﬂ'ﬂu‘ﬂﬂﬂ’llﬂﬁ‘u'I‘N‘uﬂilﬂ‘lﬂ!ilﬂl‘lﬁﬂiﬂﬂ’lE)ﬂ"lﬂiﬂtlﬂﬂ"l‘ilﬂilu1uu1ﬁu

N (1udn 3)

t A L] -~
w4 M MANUHUA*
Tufinen

T L* ar b* {cps)
0 97.34 £ 0.01" -7.09 + 0.00" 41.76 £0.01° 69.20 + 0.0004°
1 75.45 +0.02' 19.75 + 0.04° 94.91 + 0.09" 71.80 + 0.0003°
2 64.70 + 0.01’ 3260+0.02° | 99.65+0.09" 72.80 %+ 0.0003"
3 59.15 + 0.03° 37.08 + 0.02' 05.58 +0.11’ 72.30 + 0.0003°
4 54.27 +0.01° 41.73+0.02° | 90.28+0.11 73.50 + 0.0003°
5 52,19 +0.01° 42,89+ 0.02" 87.46 £ 0.04° 73.70 + 0.0002°
6 45.01 £ 0.02° 45.16 £ 0.01" 76.38 £ 0.10° 73.70 + 0.0002°
7 37.80'+ 0.01" 4406 +0.01" | 64.59+0.18 74.40 + 0.0002"

* Mean value + standard deviation (SD).

a

™ Means in a column followed by different subscripts are significantly different (p < 0.05)
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3.2.1 Anwmavesgumaiinaznailumaneanenannvssiniuneatazihviedls

¢
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~ 4 9 3.8 ' + o Aq ra '
ANATINN 15 lﬂuVlﬂ'ﬂqmﬂﬂullﬁm’)ﬁ’lﬂﬁl%ﬁﬂy'lﬂ'liﬂ8ﬂﬂ1ﬂﬂﬂiﬂﬂiﬂu‘lﬂﬂﬂﬁﬁﬂ

«“

A 5 -5 LY - D’ o ' o le H 3 A
asnduvenlSuansa luindaszveniniunsasdisdaau Aiilnwioninszoznai
1 3 o P 1 [= 1 o 1 5 =
I¥meadunmduuazaunginldhiqunn edrlsifnnnmiin wuldihmeguvgiivaz
f=1 " e LY = L] a c:’d ) 4
nafinadednuazilnagimdedudanu lumsnaassiizainsuiienanizniinen

=y

Uwiealdfgungid 170°C nan s influmsdnunde i

ar

o o o o w ' +el o ]
MIN 15 ﬂ%ulmﬂiﬂ\l’uuuaﬂwﬂmumuﬂmh‘ﬂNiﬂ‘nqmﬂgulm:nmﬂaﬂmdﬂ]

gangi 1301 (1)
un Q) 3 5 7
1 160 0.10£0.00™ . 0.12+005" 0.09 + 0.00**
170 0.21 + 0.09™* 0.22 +0.12* 0.23 + 0.05
180 0.22+0.04" 0.22 + 0.05™ 0.20 +0.12*
2 160 0.24 + 0.04" 0.26 + 0.06™ 0.32 +0.02*
170 0.26 + 0.04 0.27 £ 0.05" 0.36 +0.05"
180 0.33  0.09™* 0.25 + 0.02* 0.35 £0.03*"
3 160 0.20 £ 0.00™ 0.21 +0.02" 0.22:0.06
170 0.25 +0.02" 0.25 + 0.02™ 0.270.02°*
180 0.34 + 0.02* 0.30 + 0.02° 0.33%0.02""

* Mean value + standard deviation (SD}.

"¢ Means in a column of each retailer followed by different subscripts are significantly different (p < 0.05).

AB \eans in the same row with different letters are significantly different (p < 0.03).
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Ci LY \J +‘:‘ ‘; =) \J
M 13 anvazlnnguesthnealnnneangumgiinazminig
(a) BM¥QI 160°C 1A 3 5 uaz 7 Wi (Mndnelilun)
(b) AN 170°C 1301 3 5 naz 7 Wi (3ndnalilu)

(c) guwgil 180°C A1 3 5 uaz 7 Wi (g lua)
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Ci [ = L} + Y ‘1.. l=; =, |
AN 16 madmealavesdiun 1 2 uaz 3 NRANAZIUHHUN TNIARAINYG

y gamglifinea  nan A
U ) o
(C) (1) L* a* b*
Frul 160 3 5798+ 1.19°  2.50+0.48  19.98 097
5 4936 +2.48"  870+0.18°  29.03+1.39°
7 41.96 +1.75° 10.70 £ 0.62°  33.34+2.14°
170 3 56.60+3.71°  2.77+038 2116137
5 4857+ 151" 881+1.17° 2791+041°
7 40.61 £2.12° 11.93+052" 28.88 +0.46
180 3 51.29 + 0.41° 3.22+041° 22.04 £+ 1.06°
5 4596+ 1.80° 8224086  27.14+1.28
7 40.28 +0.51° 13.60 £ 0.56°  35.46 £ 2.36°
¥y 2 160 3 55.78 £ 3.26° 249+ 1.81°  20.10+3.20°
5 48.46 +0.18° 956+2.52"  28.00+3.11°
7 4450+ 1.63" 4450+ 1.63°  12.80 £0.67
170 3 5727152 235+1.12° 2132+1.22°
5 4937+ 1.18%  923+1.22°  28.36+091°
7 39.94 + 0.64° 11.26+£1.51° 2501 +1.94
180 3 58,39+ 0.74° 252 +0.89 21.04 £2.30°
5 51.69 + 2.54° 755+£1.17° 2704+ 128°
7 4262 +1.24°  12.13+3.10°  26.80 +1.06°
U3 160 3 54,28+ 0.55° 239+ [.10° 16.17 +0.50"
5 47.62 +0.87 9.4940.29° 1890+ 192"
7 43.73+158" 1354+ 1.17° 2713 +3.35°
170 3 54.68 + 1.68" 213+ 0,67  22.62 +0.40°
5 4897 £0.74°  7.23+0.20°  27.00 +0.48°
7 1942 + 124 11424 156" 2870 +0.86°
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A191afi 16 (die) mdihviealavesdufi 1 2 uaz 3 fnawazgamgiimaneanag

. gatgiifinen na ma
I “
¢O) (M) L* a* b*
$u3 180 3 5846+2.17° 2524016 21.21+2.60%
5 50.06+3.34°  7.89£034°  27.20+1.26
7 41.69+241" 14.13£0.70°  27.37+1.60°

* Mean value + standard deviation (SD).

" Means in a column followed by different subscripts are significantly different (p < 0.05).

= o 4 TR T LY, ¥ +
322 ﬁnumm!aaem1muﬂ%mmmuumu‘f]amqmﬂmmﬂmmmm:ﬂmaﬂn

¥ ¥ T
a13199 17 wuinlsuanhidusazudliludnsduag Tulinadenanlaeumnlas

voalTununsalwiudas: st lulinadead@isisnigesmesInaie

s 17 Wnansalvi@aszveniniunsmhnaalnfigamgi 170°C na 5 niiiely

Pmaninfuazuilalu shsiaaunag

NI 1AINVBS Hawmnsntviudase
v dla huig $raevi 2 Pt 3
16:0.5 0.14 + 0.039° 0.20 + 0.041° 0.20 £0.041°
16 : 1.0 0.14 +0.037" 0.21 +0.020° 0.17 + 0.020"
16: 1.5 0.13+0.012° 0.18 + 0.007" 0.19 +0.053"

* Mean value + standard deviation (SD).

" Means in a column followed by different subscripts are significantly different (p <0.05).
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=)

M15197118 Mdvesthrealnfigaumgiiviniunen 170 °C na1 5 wiikiiel¥dSnanidiumes

utlsludasiadauaiag iv

v 4 CIERT PITUEY A
ITHN -
1 wila CLx a* b*
1 16:0.5 12.49 +0.79° -1.65 + 0.06' 527+0.14"
16:1.0 12.67 +0.29° -1.81 £ 0.18° 546 +£0.35%
16: 1.5 12.94 £0.19° 1.29 £0.16° 589+0.13°
2 16:0.5 11.20+ 1.12° -1.68 £0.21° 536+ 0.09"
16:1.0 11.66 + 1.43° -1.81 £0.19° 52340.52°
16: 1.5 12.19 +£0.08° -1.69 £0.07° 5.67+0.14"
3 16:0.5 11.53£0.20° -1.50 £0.13° 475+ 0.34°
16:1.0 11.68 +0.09° -1.71 £0.12° 5.54+0.78°
16:1.5 12.51 £ 0.04° -1.72+£0.11° 5.52+0.09"

¥ Mean value + standard deviation (SD).

a-

® Means in a column followed by different subscripts are significantly different(p <0.05).

3.2.3 HavBITzEzAIMIIT NI TUNeana g UM HYB BITY
3 :‘ o ' ol o a & a4 ﬂ o
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s { T = Q@ & 3 a o ot =
warRaRans e 19 wuInfSumnse luiudase Aunesoonlad A1 p-anisidine unzilSunm
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TwasnaAwRudumussoznmIIFOu uagndanms 1daud 10 49 TualTuw Twarsiian
A ' o s ' = A = = 4
19.6 % Faog lunasiinszns nmmsuguimua dmmiduasanumiia@Esed 20muld
1 1 J =5 = - d? i
1IA1 L* AAAAHINNTT 50%) A1 a*uag b* sadennumtialsiniumuszeznainms laa

Y. ' P 4 Y v 4 y . '
13y Tagaanuniiamuvual sz 13 %ysainiusuau ua:aﬂymxﬂﬁngmmm UAOU

¥
+

r ¥ [
waznaanisnoal v lnnaadamnd 14 usnvinimudsua lvsiuludmsa 0wy

Y o o A o Y W - M
ANTEHXIINT 1TV RN U U®19190 19 )Fwmd s dansiiunean 10 92149

dwinalandsuna lulusglssine 35%
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= LYY v d ¢ 1 R 1 d : s
M3 Pnamsaluiudase aunesoenlsa A1 p-anisidine MINa1FVoNIY Uay

Panadlviiduihnesln eneassanaieauilunal 10 52119

PHwansa  auwes o lsialu
A3 - , . 3 .
» lwiiudasz  eenlwa a - thnesln
BT Wag
5 (Yopalmitic (mg O,/kg p-anisidine *
(¥2119) (YoW/w)
acid)* fat)*
0 0.07 £ 0.00" 1.04 +0.13" 1.49 + 0.03° 434+0.14" -
2 0.15 £ 0.002" 1.27+0.19° 7.25+0.53" - 27.63 £0.26"
4 024+0033"  551+£021° 13.62 +1.46 - -
5 028 +0.002°  621+0.14° 1508059 - -
6 03440032 6324017 1529 +1.19" - 29.13 +0.22°
7 033+0008  657+008  17.06+0.10°  13.22+0.14° :
8 0.34+0033°  13.02+023  1727£0.70° 1453 +026°  34.35+0.23°
9 03740052 13.08+043° 2283 156  16.67 +0.49" -
(4 ¢ d
10 03840001 1324+029 27.19+1.02° 19.60+035° 3525£042

* Mean value * standard deviation (SD).

** Means in a column followed by different subscripts are significantly different (p < 0.05)

(a)

(b) (c) (d) (e)
awdi 14 fﬁmam]‘nngﬂuwl%ﬁufiﬂmm:11ﬁ’qmsmamﬁaﬂﬁﬁ‘smzrzmﬁw]

(a)

(b)

(©

(d)

(e)

v g

Hniundmen assefiuiiinni2,3,4,6,7,8,9,1092 Tuandne livan)
¥ ¥

s uduneunen

¥ ' ¥ [
yifundmes Juazs 2 lwathura 5 Julaehiimadmnmivihenu bl

E
o

¥ ¥ .
Yfundames Juazs 2 luatlunal 10 Sulaetina@uigianu i
¥

o

. ¥ l
Mfungamen Juazs ¥ luadhuna 60 Sulaslims@uminiunnni
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a:i v et 2 Y v A gy ' + P o
ATTHNZE ANALBRZAITHBHAYDIHTUY Iualﬁﬂaﬂﬂ]“ﬂﬂiﬂﬂ'iqa:? SHIN ﬂﬂ!“ﬂquluna‘l

10 $alua
namsl¥au e AR
@l L* a* b* (cps)
0 84.75 + 0.05" 0.99 + 0.06" 6358 £9.2°  67.17£0.30°
2 78.31+0.41" 20.5+0.02° 52.07 £ 0.02°
4 59.96 + 8.66° 23.86 +8.02° 80.65+£0.25°  70.06+1.35"
5 48.72 + 1.08° 33.03 +0.09" 78.73 + 1.43°
6 46.99 +0.07° 37.46 + 1.28" 5622+ 690"  71.37+0.02°
7 45.96 +1.79° 38.92 £0.01° 64.18 £ 0.02°
8 41.40 +0.13% 39.80 4 0.02° 69.88 £0.24°  74.67+1.41°
9 37.88+£0.01" 38.04 +0.02° 78.29 + 0.12°
10 30.50+0.21° 42.62 +1.24° 80.59 £0.53°  75.78 +1.50°

* Mean value + standard deviatien (SD).

*''Means in a column followed by different subscripts are significantly different (p <0.05)

3.2.4 waveamsrnnsiunaumlineatinenuninve niniuneanesln
3.2.4.1 ihdfwdnanlineag uilunar 5 Ju
- ] = LYY ] o
namsnaasataaslumsai 21 wuhdSuanseluiudas:  Aunes
gt g = 4 2’ a S g * ' ] A g n’j
ponlan Alp-anisidine uazSura Inmsveoniniuneniinigeliuatsraiipuilodauaiy
1 1 Fd ]
uazdnouiuimeamiuiy uazndamsneaiuar 3 1 luathua s u dSumnsalveiu
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“ Means in a column followed by different subscripts are significantly different (P < 0.05)
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2 waaEniuin 0.16 = 0.004 9.83 = 0.37 17 4 0.2]
Fugamsifan 0.19 £ 0.00° 9.90£0.09°  13.36 £0.98"

3 Rl 0,47 4 0.05 CIERIAl 911 =124
Fugamslda 0.20 +0.002° 1010 £0.01°  14.05+0.72°
4 ndudminulm 0.17 5 0.005 7.66 = 0.03 1107 - 0.006
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60 éummﬂ%’uu 0.36 + 0.01' 1889 £0.31°  40.27 = 0.61°

* Mean value + standard deviation (SD).

* 1 Means in a column fallowed by different subscripts are significantly different (p < 0.03)
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Fugamsldon 0.17 £ 0.01° 6.85 + 0.49° 445+0.72"

2 wdeduhiuing 0.16 4 0.004 9.83 & 0.37 117 20.21
f‘??uqﬂms”l%am 0.20 +0.01° 8.39 £ 0.17" 7.94 + 0.64°

3 il 0.18 4 0.008 916 + 0.54 501+ 0.44
Fugamsldan 0.28 + 0.02" 9.10 + 0.52° 6.18 +0.02"

4 wdaduhi il (.25 + 0,008 3.52 4 0.0 3.82 2 0.06
Fugams e 0.31 £ 0.03° 6.44 £0.70° 5.78 +1.04"

5 i v (.22 £ 0.009 7.29 £ 0.01 5.58 = 00,29
Fugants i 0.31+0.02° 624+039" 1467 £0.82°

6 il 0.26 + 0.018 R4 =022 1040 - 014
éuqﬂmﬂ%’qm 0.36 + 0.00% 7.83 + 0.21° 13.13 + 0.24"

7 yidamni i Ini (.29 + (.03 6.0 & 0.09 R ERTRS
Fugan1slda 0.36 + 0.00" 823+0.15" 1278 +£0.17"

8 i 0.30 + 0.004 573 £ 011 13.80 2031
Fugams 1o 0.30 £ 0.01" 6.44%0.06° 1512 +0.75'

9 wduRuhs g 0.32 £ 0.008 6.77 = 0.09 10,73 & 0.7
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3

* Mean value £ standard deviation (SD).

a-k

"~ Means in a column followed by different subscripts are significantly different (p< 0.05)
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msmm P3unsensinars lnihdiunen (Dobarganes er al..2000)

Y < W
1. ADDNUILNT
9 ] 4 [ 3/
2. VIPAUNAY, UNPDT, HNUNIAY

3. vinentlsd, vIniaUTuIns, TLC plate20x20 cm, layer thickness = 0.25 mm

1310l
1. Silica gel
2. Petroleum cther
3. Ether
4. Silica gel 60, Particle size 0.063 - 0.200 mm 70-230 mesh ASTM, Merck No. 7734
5. Sea-sand, Purified by acid

6. Molybdophosphoric acid, 10% in alcohol

=
ATNeEaY (Ko
- §¥583 mix solvent Petroleum ether + ether (87:13)
. o &
- ¥y silica gel #78 mix solvent Pack AINBANI P43~ 10cm

- Spray reagent %9 Molybdo. 2.5g oY a16#90 ethanoltFuidhy 25 ml

¥

JUADUNMINANDI
W ENAIBE1

' ¥
FIA20019110TUNDA 2.5 £0.1 g (+0.0.001 g)
o | ¥ . ¥ o Yo o = ¥
ara18AI58194 78 mixed solvent guiazilvtBuRgavivog
azateloe1aaz U5 Soml 1as Volumetric flask

. . o/ r ' v dA
14 Volumetric pipette ARAIVEAN 20 ml Uaos asnenulin pack 13

1390 solvent 1av1¥8931115 1@ ~ 2.5 ml/min

l



Fraction 11 1 l‘ﬂumi‘m’znonpolar components #70 mixed solvent 150 ml

9 ot ¥ Yy o 9r @ : w 3 F'd
1‘5[33'1 ~ 60 -70 min 51 fraction HAWNAUNAUN OV HALBEBIUTHUMNITIDTDULUAD
Fraction 1 2 83U polar components mzﬁ'w ether 150 ml 1%5ﬂi1m‘5111ﬁ!“ﬁmﬁﬂ’)ﬁn (f1)

5211 solvent 1AY rotary evaporator <60 ° C

l

1 ¥
FIIUUALASATU IV
Calculation

FITUN polar components % wiv
E—A

% polar components = x 100

A = g non polar fraction , E = g sample T 20 ml %0913 ATAIAIBE1 (~ 1g)





