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ABSTACT

The objective of this research is to study the chemical and physical deterioration of palm
olein oil and rice bran oil used for frying potato chips. The oils were used 5 hours per day for 5
consecutive days and frying at 150, 170 and 190 °C. Free fatty acid, total polar compounds and p-
anisidine values were increased by longer frying time in both oils. Peroxide values of oils frying at
150 and 170 °C were increased in the first three days then decreased, but showed rather little change
at 190 °C. After 5 days of frying, viscosity of rice bran oil was finally higher than palm oil with
higher increasing rate when fried at higher temperature. Lightness values (L*) were decreased by
longer frying time and higher temperature in both oils, rice bran oil was slowly decreased as
compared to palm oil. Redness (a*), yellowness (b*) and chroma value (C*) of both oils were
increased when frying time and temperature increased. With consideration on rate of the reactions, it
was found that the changing in chemical and physical properties of both oils could be described by
zero order reaction, except peroxide values. The rate constant of the reactions were higher when
temperature increased. The relationships between rate constants of reactions with temperatures
followed the Arrhenius equation. The changing of Thiobabituric acid value (TBA) in fried potato
chips kept for 120 days were more higher when using higher frying temperature and frying in longer
frying time oils. TBA values of potato chips frying in rice bran oil revealed higher values than those
frying in palm oil.
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2.2.1 dﬁﬁ?maan«?mi’u (oxidation)
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Augans Tidml§sndely
initiation RH + O, — >  RO+H°

propagation R°+0, 2 ROO°
ROO' + RH —» R’ +ROOH
ROOH - > RO’ +HO’

termination R°+R° — various products

2.2.2 findenmetuei1¥8u (polymerization)
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31 : Casimir e al. (2008)

14 J

2.3 HANIENUVBINNNITBUABIIIUNGA
t4 %’ v:. o o a ﬁ o y?’ o aan a o A
msiamfeuusiniuigungiguiunanuilmihviufal§isoeendiagu o
3 _ A A 13 5” ar =
finnuduuozesnFisundsuiisonyivINeINIFTENINNGA HBATIMIUTUNANITTTINGYDINTS
s a a a a A o AW o sa s P &
Uzneumivetia nsalaasend nsaflau uaznsatnend Mlminfulidadwasiindumin
.’ o a o = or 144 LY 9 = &t 2t
Tuagaveainiuszinalfisvmedies Taaduluaambiliosndisunaz lwedwesnil
~ 1 d a7 s AI L4 ‘Q A
Tumgagenielimnlsznoulandn dwaldaamidudsefinnademaiuieunifiasznin
° 9:’ o a1 1 .&’ ° L4 o : o J - = o
psnea T bhiuianumilagedu uaziifemsgadninhnnniu uazmsinaeendlad
o a o o 9 a - * a < 4
veimiufiazanldlu luiumidans gaufequamilnsunms sduea unlshueea uaz
(3 © a : o 4 H -
TnTameseassgmitae i duaznduveniniuniaouly edilsnamms Inlaieseagn
b 4
pond ladeziinalunmsflestunszurumafanseondinduveniniu Gla famanes, 2545)

° aaa ar a 2 a 3 & o o = aaa
TaossrinlfnsoiueyyadasziifatiuTaoase inefiineyyadassinuall nSengmljisn



11

4

an T hildduiiude Inlanleseadmibumsdmeyyadasshligniussmmnsongalgnse
v a a ° ana [y aa d . .
an 1918 Imifinudeeinl§isovineyyadnanledesnd (ipid peroxy) wazldiilueyyaves

= o P i ° o ] o oo a @ 8
Smiiu® Suifueyyaiianuld midiannsefiadianeseendindudelu14

& >« o i >
qnmsséauf;iuﬂm'ummuu’mmsﬂmmﬁ‘lﬁ'ﬁlmmilﬂﬁsuuﬂmmamumw Nameaud

[] t 4
nau Ay ﬂ'lilﬂﬂﬂf)\lllﬂzﬂ’nﬂﬂﬁﬁ il

2.3.1 @ (color)
- o a0 o & v 3 o ' - A T 1 v A v
alﬂuﬂ’)ﬁfﬂ\jﬂmﬂ'lw%flqu"nu‘lﬂ u1uulmﬂ8‘]mﬂilzll’dlmﬂﬂNﬂ'u‘Uu0gﬁ15ﬁﬂﬂu8g1u

@ a Ao Ny - ac o w A a d o daa a ' - o s
'JﬂQﬂnwu1u11‘§ﬁﬂﬁu1uullﬁ3']ﬁﬂ1ifn%ﬂﬂ’[ﬁﬂfniﬂaﬂﬁ u’luu“u’dlﬂﬂﬂqaﬂuﬁzuﬂﬂlﬂ']‘)"ﬁﬂ’n
' v »

:' o A o 14 A .’ LY ] o o ]
SRt maeudu (501 Saunuuy, 2548) dimhiurunisneashmaieq ase sxdanal

1 4
o a

H >3 s
shsiutidulasulil Aefidamivusinau

2.3.2 AUNIIA (viscosity)
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nanmnouazdwadenanmysniniuiilémea Taedsiiziaguamdmiumsdsaliuguain
°y ar ~ T = o’ o = S ] o =
infuneaietiuendsganmysniniunsalisfinmnonasis Tasludwemiseziivuldasii
o ' )l 4 34 a & a A 2 a a
Fianmeam wu msildsunlaavesinad vy ianeunniiu ANuMANYY nTosTNA

» v y 9

vyosomisnfasuuasly Tumsaadulefiainiu (Innawong et al.; Moreira et al., 1999) Tuvaie
A' 14 1 (3 o dd’v P L or
#lasnugagmnssudiuingivesInsseiionldrii¥iaguammanil 19u msimlSinansa

o o ' By 4 s = e
lusfudaseniennTinunsa (acid vale) Amlesoonleauazlnaanlszaoniva dudu

1 4 » »

PeRunsel gaunu (2549) Tadnudsiiziaquaminiuimmnzaydmivmsdssdiuganm

o’ Y AHaq 9 : o Y ° a o & : ' ad
dinfunean 1 FlunsAavuiminiuifilsznoumaiimneaniaiua (ilvenlns vzuiing
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o o 1 y A A o 1 2 é A :’ Y u’:’ ]
dudvgluazndan) ednrenissiigamgiiqe nuhmsseyfmsdendeveniniunemivhinis
» . 2
1958 ms TafioadBiRowiniu udnis ldnaea3iedsensunnsandadulelumsseygaam
~ 9 o
vyead 1iunea
o o,’ - =) é - o, w A = ¥ [ dd’w 4‘
suiusedimsAnumndeudoveniniuissiianieg Inolddsiid iaquaminainnay
1 d v
Tumsisziiuguamveninfufifunsnen Shahina uasame  (2005) Aonmsidedoves
o’ o : LY o’ v o P o
iniuuznen dniudn Inauasiniudaundes Tavldneadsusrsedigangii 180 eem
3 3 A 3 o 4 \J
wadea shia 30 60 uaz 90 Wi Wenar lumsneafiiunntui s udeseen lad A1
PR 1 v a L 1 Vs a a & i " e
uoutigaunasa1vensa lutudassiiivaudae uam le leAusimsnlaoundasin hiuanaaiu
A = # -y °y o - ) a 3 .’ @ 9 o [ 4
wazilonfSouifivumsideudeve niniusiianieg Aldmeanuininiuusnenliduleseen lua
' o el ’ P=) ded o @ o o A ~ s
s ueunidau a1'le loAu uazilesidudusensa luiudaszdifga isannlisnyseneu

¥9en3A lTuNAAu

2.5 N15NeA (Frying)
' . &
aszuaumsneaiiunszuunsls e msdonrdeunléuum iagussasniie
o o ° 3 a -% 4 U4 '
amsuldoundnsquamemts susuinuiems lasmnhmudeydunid wulsl uazaam
v b d 14 ]
water activity (a_) A8 M1IMIBAABATUEIMS DI INBResiidnyaziileduianseuen yu
> 2 2 v 3 v 4 '
Tu nfensounadu Hndusaunsdnumzdsingiivmidivdszniu emissmealiudsed
R SN T 4 o 1S 8 ¥ -
M09 1w Tudfaneanssy vunvumonlszinniudss suuvuRsalszandnine ssiiengns
3 o 1 = @ A w
Pusnumnuds 12 Weudigungivies unzamnsasmnquamveniaiue 14 Inons 19ussy
ar g o 3 o ] ] {
Suatazannzafiuinnimnsay Gla Simanes, 2545) dauluguduminlflumsnea
£ o a J o 2
2M3YUBEAY Fiiaveso s gungiivestiniu IFMINea ANUMUIYBIFUBINII UAZAIY
avans lumsnldsunlasganmmsyilan
[ d .
Tunszurunisnea gunginwluduemisesiindiniigaiieavesveunainie
A el s A y sl ﬂ e a
sasawduq N5 luems tisasnveamnardau Ingniiluematini yaiReavesvsunal
2 v o A a4 2,
melusuemisilndifviiugaRenvenii WenszuumsneaEusmhimunnesszmelay
[ ¥ ¥ 3 »
Sudwaduniisnuenvesemmaiedusiadminiuiou nszunmeasunsontiv 18l 4
] o d’ = 4
¥29A91 (AT UGUIMNATRD, 2547)
1. $2ausnvesmsifnnudou (nitial heating) szitlusrsiiligamglindveseins
A J <3 oy o - : ' ade Te)
divdusuiigumnginhiugaireavoni mssemaufeudlumsmuusssuanansebifims
»
szimguenn
Y ¥ v
2. ¥RMINBAVONIAAINMS (surface boiling) sxiilusiniiifivesemisssssmy

A a o ’ o o
namihd et uiadhuldenuds nsdromanuisuiumanuuuiedy
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3. $8ATIMITLUNOAANA (falling rate) Tugreiigungiiiganenarsveseimiss
qmﬁqﬁqai‘futﬁmmﬂmﬁqmﬁﬁuﬁwmmuiu%’ummﬁ Sanmsszmerheziudhas emsezidy
gnuazifamsnlasunasmaaiivasnemenin gy idanswad lugveuds

4. YAYAYBINIIAAND (bubble end-poin) ilzLﬁﬂi‘fusi’iammigﬂnamﬂunmmu h
szmulddhanh TiSinaresveslerhiieenviniemisanas

§ - 1 ) A w a ' = = 1
ms ﬂﬂﬂﬁq‘m"l}nq@ WHIAALIAASIWUDATINITHAA Uﬂ'lqll‘iﬂﬁ'lllf}ﬂl'ﬂqnqquﬁ\ﬂﬁ

v
e _ o =

v a 4 = A e a S v o a¥y = .

iiuiansa lviiudassdaznasuulannunila duaznauveainiy Mlddeuasuiniv
L J ﬂl T 1 o af : ar 1 i
vesuduumsiium lFwdimiminiulunisnea uaznisideaveseInIsedrsguns i
_ o = : @ .ﬂ J @ : :: @ bl o T =
gamgiigei Idinansgydniiunaavuindy el Bnnszduguugigeszdidanaliine

msuandnaoilues Insau

2.6 MIGAFVINIUIAZAMNINVRIDIN1INDA

> ¥
2.6.1 NalnamsgaF YL 1811 13NGA (Saguy and Pinthus, 1995) A9L
4 -g . - :’ d 1
2.6.1.1. MIUNUAANUFY (replacement of moisture) Tupmisaziiuilussdilszneudau
[ 4 o o b : ﬂ ' < o ¥
vy  desmsdudadminiuion  dimeluemiswzszmonmiiulessniiads  ild
o - ¥ ' : ar ar : : ] '
Tnssadveuraanioluemsifayesing uazihniuezgnaaduinumuimiluyesnns lTavemns

a A & ; [ Yt o : @ J
ENH‘]J';'1I’Iﬂlﬂ’J'liHﬁJq&%zﬁﬁﬂﬂlﬂuﬂﬁQﬁ“li‘l.lﬂ'll.lﬂll'lﬂ'lm

Water
Frying fat

Food solids Frying fat

Steam

Steam

H v
2 2.2 na lnmsgadaniniuluszniumsnen

301: Stauffer (1996)
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H L4 0’ A o { .y 0, aQ’ 4 oy J

i 2.2 ugasna lnlumsgadininiuTaverfomsunuimidoiniu duna lafifaiu

J o P ° = L4 = J .’ ar = - o’ 2
Tuszndunnmea TasuSnafidhuddwumufimiwesemisfisueghniniu v fe ey

2 : z Z o d . 2o
moluduems doudm fe Tovh vazfmduieiuiuii ¥ lumsnea nalamsgadniniuiSy

. L d [ 4 [
siniorldesuomisaalniniuieu szifensuannlisuniudeussnindmiemisuas
o %l o g v g A a ) 4
iiufeu 013 ldsunnuieusinsaasiguugiigassuna 180 ssruwaioa i luems
» I d t d
gi5uszmonmoiiu lhsemnasavegseniniminemsuaninludnsasdhilduun q
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wAsvsgimmhemsszoznamila mimiuszszmongasen e dieviundouiiesn
o k43 3 Py ﬂ * y = A P o’ or L4 A a

nnemsh iihemsfadugssinuasfanisinieuivsniniud Tdunuivsna

»
¥8371U

Py - . & a - . a v o Jde

2.6.1.2. Mmsnanlfien (crust formation) FamuHatidenuenvessmisianuduiusiy

14 0’ o A 1] D’ L4 3 (4 ] 1
amsunsnszneveninfuiluediounn dissnnmminiuigngadudi lfluemisTasdulng
Q L) -
insngegusnmnlaenuen

2 o = . B & A :' o’ o’ o A Aa 9
2.6.1.3. U39ASA (interfacial tension) tiiviSugueIMIs Iuniniu dniuimeniminens
1 4 b4
L) » = [ o _ o ¥ \ o @ Q/ &

szilussdsmiseninAmhemisiminhunnndsstgassnnainiudlsiues  wazifersm

b d 1 td 1 4
i lussdsfiseninemmniniuszanassudndusdgassn nainiuduminiy - Wid

» v
o £

1 a A 4 »
iunRamTuadeundn lumeslususims
- v Ao o A * et 3 1Y : ar
2.6.1.4. ANUNTY (porosity) Huilssondifailinademsiilinanemsgadiniu any

A o L] ¥ L 4 T s 0’ ar
WiuSuALYeeMIsUdAstdadIuvesTeITmeluemis Flinademsgaduiniu

2.6.2 tlodninanemsgadininiu

:w ¥

9 i o oF ¥ or 3 Y o o
mms1ﬁamuminaﬁuﬁmsgnqnmumm'lﬂ‘lumam1suﬂnmaﬂuwaqﬂmmmm
»

o 4 ar o @ C,I ’J 1o =\
pm1snena Awaasluasei 24 mgadminiuvetomisssnnnsedesnsiivusgivyiiaves
NP NN
8113 uazileduBuqiinglves Al
2.62.1 nawozganiilumnea gungiivenisneaniulngssedlusn 160-200
] [ d » y ¥
paruralfoa arsneafigangligailinsgadminiudg msizvasiihiudouanunuuniv

1 d v [ d
veniniuszAnamihinfuduissgngadulunatiia diuszeznmlunismeaniinasens

¥ 3 y
qaduiniu nsdildgaungiidezdedldinmlumsmesuiu mldtemisgaduiniu1ldumn

° K J

]

. » ’ »
137NN Pedreschi UazAmE (2007) Wil udimenssiimsgaduiniumuiliegungiily

=

3 Py : “ e o
n1sNeAaAal mszgungliganszuiunisneasz 1dnmdunaznfenuenvewmdniuaie:
(] v b 4
Anvasutaimindusdumsunsnduveniniy
- 4’ A 1 A b4 5 o b4 & : o
2.622 Wmamwsulusmis  winlilSnasudungeessilinmsgadminiuun

]
o 3

2.4 = ¥ 2 3 e o 2
ey Tunsasathy mnemisiitfinaniudusududniiuwa Idiniuiigadurd T unuimi
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a‘

I 4
- é 1 L] ar - L
TuFusmisiiosnd ¥9 Debnath UazAmz (2003) Wwunemdulssaninisaislsuuina (mass
y o : v o do
transfer coefficient) voniniutazaNuuiinnuduiusnuthuduass
o ' 1] a o 3 o =
2.6.2.3 sanlsznsunazjUdinueems emisudazyiialissmliznsunanateiuiing
' 4 4 J dae 1 a :
asmsmasunveniiut T luems Tasemsniidaduvesss luTamnAusess uTagdn

v 3w ) S 1.2 4 4 o
Heggadminiulddesndn uazemisi llsdudhuesmlszasuiiuurTiufisziiunisgadu

L 4

1 e Tsaudiautimiusiad Mousisus 131§ 18 Iasnoaassauiesiia annsoanms

D =

t 4
aduihiiuvessimisneald 19U 715IAGOUAIBINITAIY  methylcellulose W30
hydroxypropylmethylcellulose (Dow Chemical, 2002)
o 1 4 'ﬂ 1) \J O’ Q 3 z = o
sasidmvesuiimvesomisdewasziinademsgadniuiu smsilinuFvgseim
.i da 2 ! ° = J v 4 o 2 .
MWiinufimomTunuu minllSinaveniniungngaduluemisuniy Pinthus ef al. (1995)
vy 3
nuhanunguvssesneunealinnuduRnIFuduasidudadiuvenlSunaniniuiignga
Y 9 »
dulusimisasTunanimissmosenvine s uenvniinmuvsseImIsineaudlnaz
- s o 2 2
Ysuaniniulusimsmeassiiuiunssosizamon
o A - S o & da
2.624 guamuazeanlszneuveniniunen nisnessswindenifiniuRsni
0 T y L 4 »
na ludu hidudage Weiinms lgnufeugananieifiniuneadivaisq ads ilvinsaludu
= o PX ¢ a ana a o 9 Aad -
hisudignesnd ladunziimlfisumedwes 1siwdu1die Tasmmzasneasmasfilhinnnd
9 (a o = - ‘: a aan ) 3 9 = ai
wa M Snansa luiudaszivvuuazmsifagnioluseninmisneasivinamsdseneun
» »
Whufivassame (301 Saunluun, 2548) uasi liinamsnedes niniu i ldhiuiiaaw
~ A 5 ] 9 ’ d'n 4 ) : o o (-9 A;
nitaiudu dawmalimssomanuieuinmiiissniininiudueims 14 higimings ems
or ﬂ’ or 3 1 Q’ or 3 ar -
NoaTIgaFIiniu TANINAY Pokomy (1980) Wuiminfunidfiaseninsnemisneassiitline
= d y o’ @ At A4 : LY ]
msneawssnnh luihlunmunsneasmisuda uazlunsdin ldniniulmilunsnesais

- o P oy 9
nodweiwzina lulsunanlennn

'a’u 3

Nasirullah and Rangaswamy (2005) Anmslhiniuneaomis 4 sita 18us iiuaia
aenmuAz thiudae dulamdauasiniuhdy seefmhisdosesiimin i
Sasraau 60:20:20 Tumsneaturaguusls (potato bajii) igamgdl 180-190 vesruwaFa noa
deifteamuiiunm 60 widt mnﬁmﬁuﬁmdnﬁudé’nguuﬂquazﬁ’ﬁnﬁmﬁomnmmaﬂ dmsy
1{1ﬁuﬁznﬁmmmsnamﬁu%’nmﬁqmngﬁﬁmuaz‘lﬁ'ﬁ'uﬁ'ﬁﬁummﬂ funa 7 5u amainn
voade Taiweiiieatu 3 aft muduiudsalirmidudevas 12.8-16.0 naamnasnoatiudiaga
Furiniudevas 32.5-38.1 shiuiigaduluemsdiummgiv inaasusidoudusnl§isn
ponFiasu wazwuhmmwisweuiigauvesniufimdenaneaveninhundanenamuns fu
weazi T dme TAuRuTueIn 10.8 89 244 uazen 158 107 awddy diuada

[y o 1 aaa o oo 4 ¥ : LY ¢ o
aenmuaz Turauiinnunirelfisneendiadulssiqe daniniuhdunauiinnunadaga
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S

[y 4 4 . - . .
fgadm3ivlelasnlosoonlud (hydroperoxide) uaznougnaladu (conjugated dienes) wulu
o’ ar -] [ » n’l' o’ o ., o LY >
iniuaassnmuay JuRaulimgaga faiiutimdsninnsneauazihiungngadu luliunsa

L4 C’ F o 0’ o , A Qy A o
nea daniniulamianauuanininhauway inunsugina laduilssniminfuiinnuneda

[ 4 1 4 »
mnnInhtusdsssamuaz Sunuas i us R aINa

< a v & w
AN 2.4 USams AATUHIUUYDIDINIINDA

Type of fried food Fat content (%)
Potatoes (French fries, chips) 15-36
Cereal products (doughnut, etc.) 18-30
Bread slices 35-50
Vegetables (both breaded and not) 35-75
Mushroom (breaded) 65-80
Beef, pork meat balls 10-25
Chicken, battered and breaded 10-30
Fish, breaded 20-42
Sausages 38-70

#3: Dimitrios and Ibrahim (1999)

A &) ‘! LD =\ U
2.6.3 MatdemazvessIMIINeatasnnlfizeesndiniy
o Yy A @ < P o o’ o v a o ¢ & >
Taoma liludndadasiemisneassiimsgadininhudr hiludwdadus dniuguam
L d ]
ysainiuildneaszdinn lasnsiAonuURNNASIAAUNNYBINAANNFDINIINGA (Plessis and
. P ’ g o a o o o o o

Meredith, 1999) #aluszninmsipusnuszasfanseendiaduves luiuh idamsilszney

4 p ) . U ’o a a o8
aaufafszimyld (volatile decomposition products) @1snguilviiiifanausaluemisnen ¥
dunaui bidlunoeuuvesnguiusTan

3 ' : ad
Lake and Schole (1997) finyigammusiomisnumusenitnIng i lasadissy
+ » L d
Alszmeiiiduaus  Taomsguazetnemisyuaulanasiudiwsinameanuminiuno
o, o M o’ o 4 Py o o o aaa L T 4 LY
hnihufisuaginiunndad dsniiuguamlasiassdumsifalfitusensiaduvestuiiuly
#rvtnems nuh sanuiunsauasanesoen Tervesluliu anfunusiinasgiu dmsy
Ty z ¥ ° v A o A r 0 \ ¥ 1

Pinamsisensuiitaiindnidesas 25 Fwdailuiveniy d1 TBA finegluye 02-0.6 Tu

» ar : L4 LY NQ' o g 3 i o’ L4 A o
TasTundensu  siniufiwezilszneudlonsalui hisud lulfinafigenininiui ldnndad
o a ¥ - o :’ o A = 9 ) Ve ﬂ 3 e o
samuiaoe Idesndiadu lnhiuisszidialdnnnt  udmamuilunsa  Audeiesnleduas

- ad da 2 » A y @ od v 3 o L
ﬂiu’lmﬁ‘l‘iﬂizﬂﬂ‘lﬁw’l MARVUNVNUABIANA NAUDNUBY TS INHTBUNDAINUIUUNTLOS

110313



18

J o o ¢ v J v 4w a J o o & at ’ 2w 4
dnunndad tazwuininiunadanndafinealuiniusindgad lim TBA wnahlniiun
] o’ o A 1 o’ Y o
noa  unzilimganimhiuimianminiinealnintiufimanies  YSinuvesnsuginalady
t 4 [
(conjugated dienes) luniniulusmismeaiineglugan 20-30 wiluluadeiindniy wozmsn
= Yaor J = aoan Y (Y LY o LY A o = =y @ -
é’vﬂﬂﬂ'lﬂsummsmﬂﬁﬂgﬂsmaanmmmﬂm'lwum’lnmuszfmmﬁmnaanmmuhmaa
- aw d o an @
A9l HSuAgY 1oz Aug (2549) Annogmsiusnndadaainizmeagaenme
ar ’v -3 - o LY o W a8
Semsldewilasann manarendiaduveslviulundasasnauidum 12 @eu meld
- = ¥ 5 :A -~ P o = 4 w ]
QuMgll 30 40 uaz 50 BRI NuniidishssenfinavesszAugNMSNUTNYIAD
a o A ) a a P P 1 v ad )
mstfRounasdsiiaeg nuhiigamgll 50 swrurafod sIMIRNANYEIAYTIINABIBEN
o 1 3 J &’ 3 d
vin'ldsa Tasludauvessinnuiiy (TBA) sslimgeiulasinde Jevaz 30.3 uaz 26.2 tie
nfSoudiouiigangll 30 uaz 40 evruwaliva awd Ay uasnuhmaehoaTimsnldounlas
' & 1t A @ ] ' - -2
YN NUY Nifianuthuduassdangradainanemnnamaniiudumsugasds
s P a o 4 = - o o ° ¥ =
san1lsenoufissmo ldvesnansainnnsinaoendiatuves lulu wldmsanaums
[ 3 »
wasuilasnnmdsnanosnamsnasu lamszil Tenraaie 1) 1@ nduasunsndauazms
3 o
iNuSn
o s - a o Pl
930 quiums1 uaz milasd weue (2551) Anvmdwiumudusiasuaizaiiu
a o dda A LA DA - ) J w
waasaaPanauildhe TasaSoufiominiuildven 3 wiia As iniuhdy (A) isuhay
Y - v a P Y L ' AF o v
(B) uaziiwiusdm (C) wuh ndwhuniwimeadininiuiiin immsgasuiniugenmn
~ o P2 : LY o e’a ~ v '3 qad’ 1] o o 1
wansunmeasIniuhdunideviia Anewmeitendin auleseenlyn uasAnsuuuNs
- A a o > [ 2 ] 4 o ) a a
Panduiuvewdasaaiianuaelingaiulussninamduinog  masuuumsifandui
~ _n A 1] [] = o o .4
UszdiulaoldmansuBuiirunsinduimau 12 au YosnanduaMdInen wozyn 2 dilamt
o ¢ & P o A Ao J v I'd r'd ’
e 8 dlam mﬂzlmquauﬂms:ﬂummnu'nmu-uuTﬁnmulasaan'lemuazmﬂzuuu
Y A A 9 IS a .’ o L4 o) 2 a o P 9 : @
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ginsamazIsnInaass

3.1 in3eilenazginsel

3.1.1 nieneadalula . Fritel PROFI-LINE (FRI-3505), Belgium
3.12 wiesimlSinamslsznouiies Ebro™ electronic (FOM 310), Germany
3.1.3 nseedaniumila Brookfield (DV-IIT), USA

3.14 1n3peind Hunter Lab (Color Quest XE), USA
3.1.5 m‘?mmﬂﬂ'im T Intines Thermo electron corporation, USA

3.1.6 3o lod Omas, Ttalia

3.1.7 ieedaniminnaiion 4 dumia

3.1.8 Gusuda

3.1.9 1111 (hotplate)

3.1.10 gUnsalinseenialumsimdadaat

3.1.11 giasaid@miumsimseiilSnanialviudass (free fatty acid) Aueiosnled

(peroxide value) ATWISWOUIITAY (anisidine value) BSAMUAU (Thiobabituric acid, TBA)

3.2 IAgaAY

32.1 Sudsa Wugiauiiun @wammiiezd anu.)

322 viwhnhduTlendu  aswsna @lszoznamsiiveniufindalszna 6 dou)

323 s as1ns @szoznmmsiunnSuiiranlszana 4 1feu)
3.3 mand

33.1 Fausanasd 95% MERCK Germany

3.3.2 Hueanmiau CARLO ERBA France

333 Iwidouleasenlan CARLO ERBA France

3.34 NIABLFAN LAB-SCAN  Thailand

33.5 naslsnesy LAB-SCAN  Thailand

33.6 TmunoFoulelelas CARLO ERBA France

33.7 Twfoulslodama Scharlau Germany
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3.3.8 ninlalasnaosn LAB-SCAN  Thailand

3.3.9 WS ueUNTAY MERCK Germany

3.3.10n50 lasAne lsesdfn Fluka Germany

33.11n50 I TeTAan Fluka Germany
3.4 amuihnnInAaos

nazgag Ny suINEAs aaniuma Tuladnszeemndudgaummsmansie

=4

3.5 IsNINAaed

3.5.1 MIIATBNAIBENS

° o o - ' @ ) a ¢ 1a A
rahanuazeaiudSwazdenulaen wlsdrsinesnnAnievlsanury
= .’ -4 = :’ EN v o=

(AOAC, 2000) uazaiSuranima3aad (AOAC, 2000) TasauguilSinanhmasaad liifiudouns

] 3 ] :' o o v a o v
0.2 daufimasusitsunsenedlas Tasalasmiuudunundszana 15 Sadiuns vwadunu

13 » f 4 » »

quinan 4-6 isuAmes anentlsesnsniamiuruiuds sy amiininiudsssusanan

:’ Y ] :c o r'y P + °
Tunivdeadluar 1 W anldiudu udninnis 20 A vuazunsanewirlunea

P 1 £ ¥ : A
3.5.2 MIANINaveIgAMYIMINBARBABIMINIETI
i 4 ] »
dnbuthduTemdu Usua 4 8as Warwdeusuiigumgiineiawiismumiunon
¥ » [
30 wH lundenoasa TulA (Fritel PROFI-LINE (FRI-3505), Belgium) 91a3iiniudsanduns
. } 4 v
WToN neaNgUngll 150 170 uag 190 BIRUYAFUL NOANTIAL 80 N3 wnszmqnmﬁmxﬂu
3 \ B ~n 1 or 3 .’ o 1] 3
13e1 2+4 A (Auegfuguingiinlimen) nasnaneawisldsslhiniudoureiioslilwuasu 1
. 4 v T » 13 ¥
T i niusTaimson'ls 80 nsu neawumeItuMIneass lusnuduasaes Iiniu
) A P & ° :’ ) A & W o 2 ar o A’
ZouseiiloalBnsunsy 1 $21ue Msrsiilesnuiuas 5 931049 Fandinnmineawmisiuly
) ar A’ : o o o o’ @ 4 o 1
uaazJuse s liuitududanssniniudefviauane lénealuiude 11 Taunea
PN Y o o 3 o 1] o’ Y o .3’ ' [y o as
Aadenuiiuszozng 5 Su fudeiininiundinnad sdumsneaveaunasiu 100 Hadars
' " 3 - A - o & 1 a v o Vv a v o v 1t
Taluradyuiuiigangl -18 ssrusadvd MduswReriududizunimeaiuh 1 uanlagu

y Y o o, @ °
sminuthduTemduthniniusdn

353 mIaAIguaImveniniunen
a J :’ o
a3 imsziguamaniiveniiiv

- dSuansaluiudase (free fatty acid) (AOCS Ca 5a-40, 1997)
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- Pnamslszneviiés (total polar compound) Taoldindes FOM 310 ’z’ﬂﬁqmngﬁ
15041 DIFIBUFLT
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5 ' = o = = e e a 4 w
AN 4.1 Msivesdannsiial §sn (o) uazmdnlszaninsdadule o) vesnmnmues

L

HIUY
gaumgll yhshuthdy i
AUNIN 5 = :
(asryaIBod) k r k T

150 0.1435 09807 00526  0.9797
Wnansaluiudase 170 0.1465 09857  0.0574  0.9960
190 0.1581 09636 00618  0.9633
150 2.5250 09935 31250  0.9957
Wnamslsznouiida 170 3.9250 09968  4.1250  0.9754
190 43000 09999 51000 09953

150 NA NA NA NA

Anlosoanlad 170 NA NA NA NA

190 NA NA NA NA
150 124480  0.9947 135000  0.9563
AN WU TAY 170 158510  0.9032  14.0100  0.8857
190 17.5340  0.8276 152210  0.8893
150 25000 09553  4.7300  0.9819
MANUNIA 170 50550 09997  7.6950  0.9602
190 84700 09888  10.6000  0.9855
150 26770 09907  -1.4445 09239
ANIWADN (L*) 170 -2.8640  0.9949  -2.1400  0.9913
190 3.1560 09815  -24260  0.9972
150 24165  0.8965  1.3680  0.9739
MALAI (a*) 170 29820 09709 25840  0.9584
190 3.1425 09831 33585  0.9905
150 28770  0.8487 54570  0.8242
MANanI (b*) 170 3.0045 09782  7.6405 09711
190 33650 09476 92160  0.9843
150 2.8476  0.8477 53863  0.8225
AMaMudud (c*) 170 31362 09723  7.6240  0.9726
190 3.6469 09600 92747  0.9867

HLIMA: NA ninetia Bisnsofmuaaumsl§ase 14
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@ 7 2 w_ a 4 o
pofia 91315iilod (Svante August Arrhenius) Uninoenaasynaieu lddsaumsueans
anuFuRuBszIAInRIveIsaMsnalisenfugungll Asaunsi 2 uag 3 (McNaught

and Wilkinson , 1997)

Ae (4.2)
Wi In(k) = In(A) - E/RT (4.3)

H L} ar ﬁi =
i Ae fio ummesnmd (misumilou k) 1¥3annuduaziamanmssuves Tuiana
o 1w @ d
E, A9 Waswnenuaiug (/mol)
L3 4
R Aip ANINvewnd (8.314 J/mol K)

T flo gaungil (K)

é’atfumsﬁnymmmqmnaﬁa’aé’mmmﬁaﬂﬁﬁ?mé’m1mszﬁaﬂ§ﬁ?awammmw
mednuadiazmenmesinhnhduezitihdn  msmamdniuiszniinsives
da3Msalfise (k) Augungiilumianes annsesfinelddvaunseriisifion (Armrhenivs
Equation) hI¥eunsntsziiuins Humsnasuu/aswesgauaméneiing vpninfumen Tau

aauasaums v 1ddsaun1sN 4 (Dimitra et al., 2002)

Ink =a-b (1/T) (4.9)
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= ar

=4 = aaa
o k f8 ﬂﬂﬁ'lﬂ'l‘i!ﬂﬂﬂ{]ﬂiﬂ'l
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T f8Quuil (eI UADIU)

a b v AININVOITUMS
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= o = aaa : r o : o -
gungisednsMsinalnsmveninivthasuaziiniuinm

o’ a o s’ o &
oy s
AUNN :
Y k Ea ( J/mol K) r k Ea ( J/mol K)
USinunsalviiudase 09014  -0.4845 4.03 0.9977 -0.8060 6.70
YSunaasilseneulivy 09467  -2.6620 22.13 0.9536 -2.4490 20.36
AN WBULTAY 0.8741 -1.71250 14.24 0.9941 -0.6000 4.99
ANUNLA 0.9921 -6.1010 50.72 0.9860 -4.0350 33.55
MANUAI (L*) 0.9895  0.8240 6.85 09184 2.592 21.55
AR (a%) 0.8925 -1.3135 10.92 0.9454 -4.491 37.34
AMFNAD4 (b*) 09378 -0.7835 6.51 09737 -2.6200 21.78
MANUTUA (C*) 0.9841 -1.2370 10.28 0.9748 -2.7170 22.59

nnaumsi 2 12 1dnsmanuduRussznig n k vespuamAuAI Audaunduves
= : 4 " P
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' ¥ = : Y d = e a d @ o " v
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e o ®© 1w s d w s ] 1
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yoniiuiianuduiusnuguuginldmesmugtuuvvesaumseriisiiiod
o q :' ar 4
Dimitra azaz (2002) lRAnvvaumanivesmadomdoveniniuwdatwhls
noaudafigamgll 155 165 175 185 uaz 195 ssruaidod iurat 12 %2 Tua wud ms
= a - = 2 2
waswnlasuealSinaasdszneniia (polar compound) ABUYINAlABY (conjugated  dienes)
a . : ' o aa o we A A 4 A
ﬂﬂuﬁlﬂﬂ‘lﬂﬁﬂu (conjugated trienes) LLAZATWITIOUNFAY (p-anisidine value) HANUWNYULILBIIAT
ad £ o a |aas = s @ =
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MINNAIUNTZAU (Ea) veulffsemsulasunilasgunminiuneaniadiueiee

o ‘:; ar s 1 o 1 ar A
Tasmsihdeyain 18 ladunsdarudiniussenin n k uaz 1T sl ldnmasnunszdu as
Annannmanudugudsinaiveanta Tawiiy 8314 Jmol K wuhamasnunizduly
¥ » '
ihiiuihduegszning 50.72 §3 4.03 Jmol K uazAmasnunszaulniniuiwhiegsonin 37.34

l:'- & ar ar - 'ﬁln d'ﬁ 1

64 4.99 J/mol K (310 4.2) FmdsnunszdquihundsamnlSinantesnganiuiiudents
= S ee " o Y = g v aaa - J ] ar £
malgisen  Tasdhamdsnunszduiinnieouansinlfifonuiavuldne  uazdasimaiia

Ugnseezga

4.3 MSANYIAIANNHAY (Thiobabiturie acid, TBA) liusiusl5anen

ar g4 a 1 ar o o o : ar
ﬂ'ﬁ5ﬂB“ﬂ‘Uﬂ?881@””#5\1“3ﬁ!ﬁu33ﬂ3nﬂ1 03060 90 uaz 120 U ﬂﬂﬂﬁiuu‘lﬂuﬂ“lf?ﬂ!!ﬁ:

¥
o o o 9 =

o
WNINNNIRUNYI 150 170 wag 190 sermigaltsa :Inmsneansagamoveslundaziu wun
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O i 1(PO)

L+

(=¥

8/1 B 5ui 1(rBO)
£ 200 B 5ui2ro)
kS N juh2(rBO)
5 150 0 ‘i’uﬁ 3(RBO)
s P @ iul] 3(PO)
2\ Ui 4(PO)
£ 050 =l 7 4RBO)
= O 5uin spo)
2 000 - Z 3u% 5(RBO)
s

G-

0 30 60 90 120

d o @
seozan lumanusne ()

y P = = e o o o = @ { =
MW 4.12 71 TBA vosndasumtudsineandiunsmeaiiuszozing s Ju NQuugil 150

$ ¥
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222  aulwRouleasenled 4 n3y uazlimaudnuliazaw
223 AnTwmmmdou Ts@oumsmn 75 ndu auldazarn
224 funsa 3,5- 1alulased lwan 0.25 n3u auldazais

y [
225  masazawasluvindiudSunaeaa 250 Hadaas udsudsuiadoingy
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2.3 MImsaumIazan e
"’ L U @ :’ o [-3 y .4 O’ 6" o o A v
23.1  ¥aetnaiudse 15 nfu i luiludmihndulsua 50 iatnns Aoniesily
ol
w1 Ui
A o e -y EHey
232  auldideahunm 15 i dledumasluwialsuSuasvina 100 Haddas
» [
UsulSinasdaoinau

233 ﬁm"ﬁazmuﬁ'lﬁ'nsmﬁ'wﬂszﬁmmm Whatman No. 4

2.4 FEmadiancH
24.1 talamsazarodlstidaed 0.4 iadans uazaisazato DNS 1 dadans aaly
NavANANDY
242 Aulusrriudionun 5w
243  yalddwiidilaouslusraindu
244 mnhnduluvaeanaass nasaaz 10 Taaaas werliithiu
245 'l Samganauudaii 540 11 Tumas

246 DuNAHANISNANBY

2.5 manssunshnasgiu

251  wdenasazmenasgung Taa aamndudu 1 nfwdas Taosanglng 1 nsu
azawhnindu wazlinBnas lumedfnfinasnna 1 ans

252  Uulamsazasnasgungladg 0.1-1.0 inddas aslunaeananss ozl
PSinasdaninduliudozraeaivfinasihy 1 Toaaas

253  MulaasazaiuDNS 1 Hadans aslunasanaany

254 dulusraindeauu s uid

255  lddwiilaouslusnindu

256  wnindulunaeananss nasaaz 10 Taddas iy

257 il adgandunasii 540 i Tuwms

258 ufinHanmsnaney
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¥3. m3dmsevmninInlemilifiadn (TBA) (Aau)adnin Jayasingh tneAy, 2003)

1 TBA flums anaadaatsusuasiiifai1dus Son (alkanes) 8o (alkenes) Dof
8¢ (aldehydes) fi Ty (ketones) 1tBaNBIDA (alcohols) 1BAMBT (esters) 1MMIARBINFIATUYDY
i Sawansusinguitennsoszmeld (Volatile decomposition product) 15 Tunguiles
ynldudafasiomsinduiu  nmsasnaeumsnioundasiinatulusuaeuii  M13Taold
ninmsvesiinsiannuduvesmsdsuuasitnamenaiu 530-532 e Hifaen
UfAsmszniaelsTomnsiiysa (hiobarbituric) Foxidized lipids 1AiTumsisznoufifidnmuns
51&«11‘:ﬂssﬂanﬁmﬁmﬁmmﬂﬁﬁ?ﬂmtmmuw%’wuamfiau'lnﬁaﬁ'laﬁ (malondialdehyde,
MDA) funsalslemsiysn 2 Tuaga psswaumamsiinsizda TBA seswaummily
fiaanfuin lau'lndad lenden Tansud18619 (milligrams of malondialdehyde equivalents/kg of

sample)

3.1 gunselmazmandi
3.1.1  MaBANANLS
3.1.2  Centrifuge
3.13 ninlasnaslsesddn

314  nsalnTemsingsn

3.15 nialalasaaesn

3.2 3Emidmne

321  wadednldazesetaiuouemnimoy 0.5 afy wdaAnesazatoma
stwinnsalasnan 1502@An (Trichloroacetic acid 138 TCA) Wududosas 15 Taoiminde
a3 uoznsanlew#iinagn (Thiobarbituricacid nie TBA) Wududeuaz 0375 Tamimin
de1lSinas lumsazaonsalalasnassniitinanududu 0.2 uesuea (V)

3.2.2 mmfuﬁ"lﬂé’u‘lmfuﬁanqmnqﬁ 100 saruyadon dunatesntios 10 uH
udnirTmgudesininda 8,500 seusew# hunm 10 wilt nmhdaudmldiniamms
gandundsiinaennau 532 unTumas

323 smdudinAaimsganfuuasuasiimn TBA

TBA number (mg MDA/Kg sample) = sample A,,, x2.77



d : s LY/ Q'J
ﬂﬁ%lﬂi'lzﬂﬂﬂ!ﬂ'lﬂ‘llﬂﬂu1”1!7]0%!@311"9]5\17]69\

HNANUIN A

H = v o : Y d :' @ o o o P ﬂ’ H
aMsnn a1, YSuania lviudaszveniwuhduuastiniusindsnsneatudsi¥uuish

QMg 150 170 LA 190 BIFUTITHY

WSnunsaluiudass Geuay)

nalunisnea —— A
. vinluhdy wniusin
) '
150 170 190 150 170 190

1 0.25:0.04 0.2840.02 0.34:0.03 | 0.15:0.00 0.1720.00  0.22+0.04
2 0.37+0.03 041002 043:0.05 | 0.20:0.00 0232000 0.25+0.00
3 0.46£0.06 0.50:0.03 0.570.03 | 027+0.04 0.30:0.04 0.32:0.03
4 0.66£0.16  0.70:0.05 0.73x0.06 | 032+0.04 0.35:0.04 0.37+0.04
5 0.82£0.07 0.86:0.01 098+0.03 | 035:0.00 0.40:0.00  0.47:+0.03

a v o ¢ o’ s [ $ o’ @ e o o o :! P o]
ATTNN A2, muJasaan‘l%mmmuuﬂmmm:umus11’1'1’114mmimﬁuudswummqmﬂqu

150 170 1ag 190 s usaIRoe

fi’llﬂi)ilaﬂﬂ‘l"lfﬁ’ (meq/kg)

narluntinea P NS o
. viuhay niuiidn
o))
150 170 190 150 170 190
1 5424044 9473071  3.8840.13 | 2.98+029 4.98+029  1.90:0.43
2 10.09£0.06  11.76:0.29 4.08:;:0.15 5.7740.28  7.66+0.15 3.48+0.41
3 12.64+0.13  10.44%0.72 4.48+0.15 | 8.17+0.29 8.86+0.12 2.29+0.15
4 11.59+047 11.2240.43 4.38+0.28 | 7.66+0.12 9.96:0.28  2.39+0.56
5 9.23+0.64 9.16+0.55  4.48+0.14 | 9.88+042 9.65+0.13 1.89+0.15
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1 1 =) £, 0’ LA .’ a o @ ¥ .'I : A o)
A13197 A3, mmsmauumﬁu'umu'mu1J1é'mmzmuun‘i’frmmmsmnuuvlﬁwummqmﬂqn

150 170 uag 190 s usaIFon

a1y

AT UBUNTAY (meq/ke)
N13N8A sinfushd ST %
() 150 170 190 150 170 190
1 322320.17 40.7020.09 47.8520.07 | 21.7920.5 42442025  56.450.53
2 45.67+0.66  75.16+0.28 109.82+0.21 | 43.67+0.20 74.09+0.38 88.84+0.27
3 60.55+0.03 90.60+0.31 112.62+0.13 | 58.2440.19 84.16+0.48 105.97+0.43
4 70852030 97212023 121.4230.56 | 69.812022  98.4620.11  113.7520.87
5 81.8840.09 108.93+0.53 120.7240.46 | 76232047  100.30:0.17  120.11+0.78

1 d
o _ @& o

[} f Y » ) t 4 [
A a4, WSunamsdszasulidaveniniuthduazsiniuiidindinisnoaiuds s uined

UL 150 170 1102 190 DIAUSAFUE

¥

suaasiseasuiivs (Seva)

narlumsnen AV Y, 7o
. Wniuhaw infusdm
W)
150 170 190 150 170 190

1 11.2540.71  12.50+0.00 14.00+0.00 | 6.25:0.35  7.75+0.35  8.750.35
2 13.50+1.06 16.25+0.35 18.25:0.35 | 8.35:0.35 13.50+0.71  15.00+0.7
3 15.5040.71 21.00+1.41 22.50+0.00 | 12.75+0.35 18.25+1.77 20.25+0.35
4 18.7540.35 24.50+0.71 26.75+0.35 | 15.50£0.71 21.75:1.06 24.50+0.00
5 21.25+0.35 28.00+0.00 31.25+0.35 | 18.50+0.71 24.25:0.35 29.50:+0.71
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3 L d L d s 9 3
MmN a5, manuniiavenithinhduuasiniuimdimmensdudfaduinsigungd 150

170 Uag 190 s uFaIF

nalumsnea

()

fMNNUNITA (cP)

°y o I's
1ihuithay

¥ o

s

150

170

190

150

170

190

wn bk W N

67.10£2.40
70.85+0.49
74.10+0.57
75.7540.92
77.15+0.21

69.75+£0.92
74.60+0.99
79.70+1.27
84.65+1.34
90.00:0.99

75.10+1.13
81.05+1.77
88.70+1.56
98.65+0.64
108.65+1.06

64.90+1.27
67.20+1.70
72.95+0.21
77.30+0.57
83.50+2.12

65.50+1.41
70.40+0.85
84.65+1.63
88.95+1.34
94.70+0.99

67.90+0.14
74.40+0.28
84.95+0.35
96.40+0.42
109.90+1.4

1 3 :’ o J o’ o o o LY o : 3
M3eA A6 ANNAIN (L*) veuiniuhduuasiiniuiimdsmsneaiudTduinsfigangil

150 170 1o 190 erusAB

y

WA (L*)
nalunminea IR YTy
. iiuihay e
(W)
150 170 190 150 170 190
1 84.86+0.14 81.71+0.03 78.47+0.06 | 86.18+0.04 86.34+0.13 84.43+0.40
2 83.24+0.21 78.63+0.20 77.18+0.03 | 85.15+0.06 83.35+0.30 81.62+0.30
3 80.17+0.12 76.24+0.06 73.10x0.04 | 84.84+0.05 81.61+0.40 79.49+0.01
4 77.44+£0.12 73.5740.11 69.5930.06 | 8244006 79.52+040 77.28+0.12
5 74.3840.02 69.92+0.04 66.48+0.25 | 80.31+0.02 77.5640.3 74.47+0.28
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’ . » » v ¥ » a
Al a7, mduas @*) veninhihduesihduidrmdimsneaiudiFuueiigamgil 150

170 uag 190 oA uBAIFO

AR (a%)

narlumanen  — 7
. vinhunhdy iiusadhg
)
150 170 190 150 170 190

1 -4.8240.06 -2.80:0.01  2.11+0.08 | 4.93+0.07 -4.7320.19 -4.50+0.07
2 4534020 1.4930.08 3962021 | -4.24:0.17 -3.42:004 -2.1320.19
3 -2.9040.02 3.9420.10  8.44+0.16 | -2.4740.03 -1.694042  1.1240.19
4 2.46:0.11  5.4530.12  10.44+0.15 | -1.54+0.06 2.25+0.20 4.75+0.21
5 3784013 10.13£021 14.5920.18 | 0.56£0.09 5.36:0.04  8.86:0.21

[ v b d y 9 ]
myni a8, Admies (b*) veninthuhduaniniusrimdmmeaiudiFuuafigamgl

150 170 ung 190 perusaIRue

MAMHADI (b*)

nalumnea s v}
. dnliuhay WU
W)
150 170 190 150 170 190

1 63.66+0.16 69.47+0.06 76.50+0.04 | 40.43+0.06 48.35£0.01 53.36+0.01
2 61.39+:0.01 71.44+0.16 80.43+0.35 | 55.424+0.36 61.39+0.04 65.56+0.23
3 67.3320.16 73.95:0.04 86.1120.03 | 59.6520.28 67.5040.19 75.92+0.35
4 71.22+£0.15 77.3730.06 87.71+£0.08 | 61.63+0.13 73.37+0.08  83.74+0.5
5 73.13+0.01  81.53%0.21 89.69+0.21 | 64.61+0.08 80.57+0.29 90.35+0.35




A v : o [d
ﬂ'ﬂ'l\i‘?l f9, ﬂ'lﬂ'J'INI'l’l’!J‘llﬂ\!ﬁ (c) 'umu'muﬂmuuaz

QaINgY 150 170 L0 190 SrIwaIFo

»
e o o
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9 o v 19 o o
i Tman s nealudTIFuLNn

MaTudNYedd (O)
nalunisnen aa— A
) wniuhdy Wi
)
150 170 190 150 170 190

1 63.8410.16 67.53+0.06 76.53+0.04 | 40.7240.07 48.58+0.00 53.54%0.35
2 61.55:0.01 70.45+0.16 80.52+0.34 | 55.58+0.37 61.49+0.04 65.59:+0.35
3 67.30+0.16 76.05:0.04 86.52+0.01 | 50.704027 67.52:020 75.92+0.34
4 71.2610.15 79.7240.07 88.32+0.06 | 61.64+0.13 73.40+0.07 83.8740.33
5 73.2240.01 86.12+0.18 90.86:0.17 | 64.61:0.08 80.74:0.29 90.78+0.32




TTOFLET  STOFITT  SOOFI6T  CTI'OFES'T  €TOFSE'T | TI'OFSTT  SI'OFITT  LIOFYOT  YI'OFO9'T  HO'0FEY'T S
LTOFSTT  TL'OF90'C  TT°0F09'T  STOFYI'L  90'0FET'T | €I'0FEOT  9T'0FB0T  GO'OFLL'T  ST'OFES'T  YI0OF8Y'T ¥
OT'0F88T  PO'OFLO'T  ETOR6TT  S0°0TLEO  80'0FRE0 | SI'OFCLT  60°0FSST  ITOFOMT  ITOFSTT  9TOFETI €
EI'OFCET  TUOFYI'T  ZI'OFOTT  EI'0FL6'0  80'0FIL'0 | LI'OFLTT  LOOFOO'T  +1'0F66'0  ETOFIE0  E1°0FS6'0 (4
I10¥9T'T  ST'OFYO'T  TI'0F68°0  IT'0FEY'0  YO'OFY9'0 | €I'0FY8'0  €0'0FCL'0  €I'0FS8'0  80°0F09'0  90°0FLS0 I
0zZ1 06 09 0€ 0 021 06 09 o€ 0
Az,mv rmc‘mamﬁ_.caw_.cc A:.wv _‘mc,m:m_w_.c;c‘cc E,mv
or,_wrm:‘mr_mﬁ RW.._.E.?..W G@Smrczwrcg

(a1dures *8y/opAysprerpuorsw Sur) v,

ne 0¢l1 .;nganwﬁﬁ—rmc,m:m_ncz ﬂr@rmz‘—mrwﬁnc:nmr?:\mr?3ﬁ BR&ILILLYG 051 mwSawzﬁcwﬁmv‘m??ﬁ@oa\msng? VEL LY '0TY UbLeLl
L3 [ o i



65

SEOFCE'T  60°0F80C  €O'OFEI'T  9T°0Fe9’1  8O'OFLI'T | SO'OFBTT  ST'OF60'T  €T'OFLET  8O'OFY9'T  OST'0FLY'T S
90°0FP1'T  TTOFC8'T  TI'OFL8T  $O'OF8TT  9T°OFOI'T | 8I'0FEO'T  90°0FVL'T  BO'OF8Y'T  OTOFIS'T  8I'OFES] 14
0TOFES'T  T0°0FET'T  LU'OFET'T  BO'OFSI'T  $O'OFSO'T | 8I'0FI9'T  90°0FI9T  +I'OFCYP'T  LOOFOE'T  PI'OFBE] £
PUOFEY'T  PUOFIET  OT'OF6I'T  90°0FKO'T  ST'0F68°0 | LOOFCE'T  OT'OFOI'T  LOOFPO'T  +I'0FB6'0  $O'OFIOT (4
YO'OFOT'T  SO'OFLI'T  VO'OFPO'T  BO'OFP8'0  80°0F08°0 | TO'OFPI'I  80°0F66'0 91'0F68°'0  LOOFY6'0  PI'0FC6'0 1
0t1 06 09 0¢ 0 0Z1 06 09 0¢ 0
(Mg) LRULUILLUR]LLLS (ML) LRUSIWIELUN|LUL] (ne)
LUBLERILL MOLIUAILEL BBUELUM|LLLT

(o1duues “3xy/epAyapepuoleur Sw) VL

He 0Tt _‘cgnanwzﬁ“rmﬁm;wﬂncz n\r._arrm»ﬁ\mnrmﬁn@:ﬁwf??mr?:w .Gamzﬁnoz.tv@ 0LT mwxawsﬁaws_hv\m?Shn\_.»oﬁ.msmz”é_r VEL LY ‘TIY wzhrs
" n LI H

o o A A A AT AT e



66

60°0FEST  TI'OFOV'T  6I'0F6L'T  TI'OFIS'T  EOOFCOT | LOOFCY'T  TOOFCTT  EI'OF88'T  LI'OF99'T  60°0FEL'T S
9T°0¥9¢'C  TEOF60'C  BI'OFEL'T  9T'0F6S'T  OI'OFSH'I IT'OFSTT  BI'OFOI'T  8TOF69'T  90°0F09'T  LI'OF9S'I 14
LT'0OF98'T  PI'0FT9'T  80'0FOE'T  €TOF6T'T  8OOFBI'T | OTOF69'1  60°0FCL'T  LTOFLY'T  ITOFITT  SOOFLTT £
[I00FLS'T  OT'0FTY'T  8I'0FOTT  SO'0F9T'T  PI'OF60'T | OT'0FCP'T  61°0F8E'T  TI'OF6TT  90°0FYI'L  BTOFPI'L c
IT'OFIFT  STOF6T'T  OI'OFEI'T  LOOFLI'T  80°0F68°0 | LOOFSTT  EIOFITT  60°0FCI'T  ¥I0F68°0  91°0F66°0 1
0zl 06 09 0€ 0 , 0<I 06 09 0¢ 0
AZM._\V rI.CMFMErCZF..GQ Q.__WH rmc‘m:mﬁrcﬂwrc\ﬁ Aj.\mv
n...hr_.m:hn_.m._, chrﬁﬁhnrm._. BAUELURLLLY

(srdures *3y/opAyapyerpuojewr 3ur) VgL

it 0Z1 _.ﬁﬁ_nanw—.Pﬁmrmc\m_._,mﬁ@:ﬁrhr_.mShﬂ_.mﬁnpu:_.nwu_._.rﬁmﬁrm::ﬂ_u LBREILLILLLE 061 mm“FE.@ﬁFG@FWﬁmXSﬁ@&E@EMZqEP VdLl L 'TIe Wv_,h:u
L] " d [ 1



MARUIN I

a d aa
NI UATICHNNADA

A o ey a o ¢ o & X 3 o
MINNUINA 91, MIAATIRHMIGTAM TBA voswdanuaiudimeansumneangamgll

[ d
o o d o o
150 ﬂiml‘)ﬁ‘ll‘?ﬁlﬂ 11111'11]“1'1'51’“113lﬂ‘lﬁﬂ'ﬂ'llﬂuizﬂznﬂ'l 120 Y

source Sum of Squares df Mean Square F Sig.
Storage time 1.277 4 0.319 10.688 0.011
Error 0.149 5 0.030
Frying time 9.935 4 2484 127.488  0.000
Storage time * Frying time 0.727 16 0.045 2.332 0.038
Error 0.390 20 0.019
Total 12.478 49

1 a s aa o e Y o 3y 4 a
M3EINd 12, M5 IRTIEINREEAM TBA vewndasashiudimendifumsneangamgl

a o, o [d 4 o o
170 D3N DHUT 1“”']11'“1]'lﬁlluﬁzlﬂﬂiﬂ'ﬂ'\lﬁuizﬂzl')ﬁ'l 120 1

source Sum of Squares df Mean Square F Sig.
Storage time 1.146 4 0.286 60.838  0.000
Error 0.024 5 0.005
Frying time 6.099 4 1.525 86.231  0.000
Storage time * Frying time 0.255 16 0.016 0.901 0.578
Error 0.354 20 0.018

Total \ 7.878 49
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3 a 4 as a o o s o ‘X 4 -
ﬂ'lTNNu’Jﬂﬁ 43. MTAATISHNNAOAAT TBA ﬂﬂﬁ"ﬁﬂﬂﬂlmuudfﬁ‘nﬂﬂﬁiﬂﬂﬂ'ﬁﬂﬂﬁﬁqm“gﬂ

»
190 sarmsaoa hnminfurthduuasiusayuiussoznm 120 fu

source Sum of Squares df Mean Square F Sig.
Storage time 1.964 4 0.491 40305  0.001
Error 0.061 5 0.012°
Frying time 5.666 4 1.416 60.397  0.000
Storage time * Frying time 0.450 16 0.028 1200  0.345
Error 0.469 20 0.023"
Total 8.61 49

2 a a1 a w dJdo o i i -
MINANINN 4. MIARTSIMNadAT TBA voskiniuatiudimenfinunsneangamgi

t 4
150 eerzmdue Tninfusduazduinunilussesnan 120 Su

source Sum of Squares df Mean Square F _ Sig.
Storage time 4.668 4 1.167 49.031 0.000
Error 0.119 5 0.024
Frying time 7.303 4 1.826 81.328  0.000
Storage time * Frying time 0.757 16 0.047 2.108 0.058
Error : 0.449 20 0.022
Total 13.296 49

3 < o aa s o e o o 1 1 3 <
IR 95, MIANTITHNNABAN TBA voswdanaaniuds meadirumsneaigamgl

y
170 ssrusaidoa Tniniuidnussfuinuniuszoziar 120 Ju

source Sum of Squares df Mean Square F Sig.
Storage time 3.168 4 0.792 154340 0.000
Error 0.026 5 0.005
Frying time 5.363 4 1.341 64.889 0.000
Storage time * Frying time 1.063 16 0.066 3.215 0.008
Error 0413 20 0.021
Total 10.033 49 '
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t = (4 an s e o o o 2. 4 -
MINAUINT 96. MIAATISHNNATAM TBA vosrdadaaiiuiTimeaniumsneangamgil

»
190 sasaidos Bnhsius ¥ nuesfusnyuiiussezina 120

source Sum of Squares df Mean Square F Sig.
Storage time 3.110 4 0.778 30.281 0.001
Error 0.128 5 0.026
Frying time 5.197 4 1.299 58.694  0.000
Storage time * Frying time 0.692 16 0.043 1.955 0.078
Error 0.443 20 0.022

Total 9.57 49
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