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2.1.1 A1 Water Activity (A Yluaws (Van den Berg, 1981)

mﬁnuauanmwzs‘fmﬁﬂﬁmm'ﬁﬁn’]‘itmtﬁﬂﬁ'aﬂﬁqﬂhamﬁamﬂ%mmﬁﬁlﬁ'
anfige %eﬁnaxtﬂuﬂﬁmﬁmﬁﬁmmni'mqﬁumﬁqmw nanAuTIusaziineed
Wanaeihiiusansneiueenld wu uwetudSeivBinumnstiutose: 24 lurnedhh
maglaafidanas 4

dhwnmaidendeminamlidufidalasdusseznany aunasidinng
FamontiBinnniuemedle 25 Tkwsn dnidnd-wd dnied wasindm
Wil lavnmsRnwnszuiumarinude  uazesnuuu Dryer  uaslawumnsanwug
'izwmﬂ%mmﬁﬂﬁumwﬁ’u‘laauqaa’(uuﬁmﬁmﬁ ﬁ"JeJmqﬁﬁﬂlﬁmﬁudwmwumnmo
swinvanwsulatiutadadfgrassuiunariuwiduanmzing MTINATAIN
é’uﬁua"szﬂdwﬂ%mmﬁwﬁumw%ué’uﬁ’m’auqaﬁﬁqmﬂgﬁﬂnﬁtﬁumﬁi’mm
Sorbtion lsotherm tasAmaisile (AANaTu) 199 MNaUASREANNTITINGRIN
TmgHEUNTIN W Weasflandloanmsufishusn  Schioesing (1893) lenaiuen
Sorbtion lsotherm wesAnwnsule dwmsu  Textile Fibers wenand
Rakowski (1811) la@nwAn Sorbtion Isotherm  wasanasuladmsuuta
u,azwuzhLﬂumﬁmnﬁazwmqﬂ%mmfﬂmﬁlmlua'\mﬁl.wiﬂﬁmﬁazﬁﬁiﬁlﬁmﬂﬁﬁ%mmﬁ
shdevases Weasnntdeiifendoniu Ceseuna” v8a  Canme” vevesd
Usznevvani

fimaiefienfuraadaiugTsninAEmi T iuShetuEino
luavns (Spieckermann and Bremer, 1901) Walberborss (1924) uaz
Walter (1924) 15‘1‘ﬁﬂ‘dﬂLﬁﬂ?ﬁUﬂﬂﬁLﬁﬁq.luLﬁvtmﬂﬂﬁqﬁuﬂ%ﬁﬁlﬁﬂﬁﬁ'ﬂﬁﬁuﬂ"]H'J'IN%“H
daind nisnuandiinwmen i Osmotic Pressure vis anatiniures
ararane (NaCl v3a H,S0,) melfanmeusaenmetiu

2.1.2 A1 A, fumsidendevetaims (Meyer, 1976)

UadefidAgsiamamuaunsouanams Aedt A, meidelu 20 Tk
alafRnAN e fuBnanasin “ifnasanmdenderanms nNUA 1
& sl e

uaadammaiaufisemaidenidese Jluems (HeduwusiuAn A,(Labuza,
1970)
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Ul 2.1.1 udadhmmafiadfienmaieadesns Jluams e

qNAUSHUAY A,

fiun . Labuza (1970)

U7 1 Wunsuanseruasidluammslugleasen A, esennsuvetms
afiendnefuuifBemuadl  d8nd  usslfffennadesidevatevnadieindn
A, whiu 1 fes A, anavasnedh Jaunssvidessiunds nn TUFRGeaAgH
awrhldamsideside uazrnlifanaedqiulavenfunddesgndudeotie
aayanl endu Lipid Oxidation vasluduasfirfistudion A, asadlusn
(ﬂ%mmﬁ'ﬂ'[,umm'iﬁmmé’uﬁ’us’ﬁ'uqmmwuazm’mmﬁ"ﬂummﬁ) dosanmirludau
#ifu bound water FwiiUSmuasii azfunumsemsiia Lipid Oxidation
Twwasihbludgmiide  free  water  Foiusunanlagsumoanruniizes
free radicals 1 dndummidend A, finsnsasiigasasatesiumieandan
nadends  Weninmanfuiturdasriunasfusdaduriemaliiisadesd
qn

2.1.3 mayas A, 6n Lipid Oxidation (Troller uazChristian, 1978)
Lipid Oxidation u Autoxidation Wiiistudiasnsusznay Olefinic

' . o A4 J U (¥ 0 o s
an Oxidised Tngfeonflautnaniientss  wavoInstuINNMSAINaIaLI Nty
\fim Off-flavors ,Flavor Reversion 3mfiuuaznialydugnrinans



amfiashe free radicals wSeihdndu 9 wu Seawvalansnauidu uas
usouiEiiBen nssunmeaiinludnencuffSenfidutowin peroxide lu
svsy Induction Period #awfim free radicals lwtnandnaradusses
Propagation  luszsesiannidsnin Termination autfimflearmUsznau
Hydroperoxy uaz free radicals ﬁﬂﬂﬁﬁ%mﬁ'wﬁmﬂua'\'iﬁl,aﬁﬂ'smni‘fu

Twsser Induction Phase H-atom angmesnin C-atom Fadu
Double Bond vasnaalysiuleidusm svannig (1)

' ; ;
(IZCII\ICIC+HZOE,—(I3—("30H+HN(:DC (1)
b uh H O L b

lansmudiuBaonfiondndas - uay  wiawulel  1Wuigeljiten
Radicals 8d5y anvujisendueanfauifiaidu Peroxyl Radicals maxns

(2)

OO_?
RLC- LA e s R-C=C-Cop-C-R (2)
HHHHH

peroxyl product
Peroxyl Radicals aznanendu Hydr‘operoxldes lasRemniudasuras
Telasiuvasnsalvdulsidasluanady 9 dnfesfin free radicals Wudmou
anlulfjien Propagation saxma (3)

o

0- CIJ HO-0
A e A @
HHHHH " HHHHH

hydroperoxide product

aaRATRINEREEa el Aldehydes, Ketones wasnsalysiuanasy q viln
\ianSumaiuiiy



lane (ngewendn uasnauae) uasthiedunfisndwasie Autoxidation
wanniigefivssmadetu  Wawnnluiufivssneumediuransalusilisnslu
USinnige axdresamafin  Oxidative Rancidity Idnnninlysiufilaznaudae
naalusuBum goumnfindwnasianafia - Autoxidation Tnoannzluscey
Propagation uasifigatasiunasanesves Alkyl Peroxides usidiulngjuda
annaifim Autoxidation a:xﬁuﬁuﬁaqmﬂgﬁtﬁ'ﬁu FniuSemafuamsd
qmwgﬁﬁﬁ

9 (2) wwulahluanaraseandiavasinliiia Autoxidation mafndn
- P o o
20n%lau Wu u Vacuum-packaged foods wlanaunufimeio@os i
Nitrogen packing assanandeasiu Hydroperoxy Radicals 1a

NeYRIANTUFaNMaIAA  Oxidative Rancidity luenwsazuansnefiuly
Tuusiazufiewasamns Wy Enzymatic Browning, fianaansasaulesl uas-
nmawdeuuauidednda flasiu A, sanng du smmafivszneulumelusiulsits
i uasdndafueandiay  axfllemaianamiiuiuldge  UiAsendnamazifiad
sedu A, snematuisiu monolayer  Tussdendudle A, iaiu
Autoxidation LaAaNIUNIET A, aglusLhiv 0.3-0.5 ﬁqm‘ﬁ aRIIN5LAR
Uﬁﬁ%ma}ztﬁu%’u uasfinethsaiioseuls  intermediate  moisture food
range (IMF) dwzas A, ﬁmnﬁqmﬁa 0.75

2.1.4 mawey A, saufifen  Oxidation lusmisg (Troller  uae

Christian, 1978)

qaUstavAnaTYEIMSoNaNE WS | Uasnatfiuihviemns  Aeifieshwndn
Fomfemnaliazenn  uandufisesduauminezfofiofislon  anmefifstusaning
mafuinniduieddy  umsfiesanssesnafinnfigafietmaesasanegls
Tngunennman/deuuasiiasinluganaidesds

maAnen  Oxidative mechanism audulstlonisonavinunenares
Anatusavesnaferliiin Oxidative Rancidity flssdu A, femsud
nmaWiniulavesdunie madeadeioniauled Nonenzymatic
Browning  usrmaidendedeninmnatu  wdaineinivsinahmeluiae
gwrEasusimaBannduiiv Lﬁ'amnnﬁgnﬁuﬁﬂﬁ’ﬁnmﬁmﬁwmmnﬁ



aansadaviueanfaueinaayinliidendulesiuls (Wu  uasaniy, 1990) Wif]
qgfiu A, #wng vilemsilemsidia Oxidative Rancidity G ATt
Wistuluemaesaansasudi Oxidative Rancidity aunﬁzﬁ"\iﬁoqﬂ
Intermediate Moisture Foods (IMF) Uﬁﬁ%mazlﬁu%u

A A, vesdniriandimaufouulanianinihionaisegne W s
Wushwsdaiie  neAnniveziu A, fimaneanabivstleniansfiuine
winAr loun  ansltinelialunaussguuugannia  inafiantsusaslaelifinly
Insu viefhudesviiaduy nmaaamsld Antioxidants Bevuluamns

Tuemananeq olin Wy ndadeiosuifiinennsiivdednduaimsi
Taidilugiu anrwmaAvamawidlngastiuiuanasuulumaiia
Autoxidation  waanmzANTutasstyfit  Peroxides  Fwdmidu  primary
products sifstuetmaddlandaiarifien A, @u 0.00 etholafiiidnen
A, Watwdu o.18 Wewnnimu drnafaufiSen Oxidation aufisdu
she selugil 2 anmainslaeAnwesuilassededeiiedneaciien A,
FLAUGY (0.75) wsislanuAsiasn et Tis e A, Anin

snnmagUnuhe A, lutw 0.6-0.85 awfa Autoxidation Fudu
999  intermediate moisture foods (IMF) lageiwnsasiia  Oxidative
Rancidity laanfign  38uiligmenamda msld  Antioxidants  uasyhld
omnsfAmatusnninsediu IMF



2.2 naiia Lipid Oxidation (Karel,1974)

Lipid Oxidation WuswmaddtyivilWiAameidendeveslyiuuazams
dammlesiy  ilesenfianansouslnaladadudadssneulusmmaiulssnause
unsaturated triglycerides ndesdusnamasdwarnangiandiu (A, D,
E, K uaz C) vhangnsalviufisndusesime wazifsmawdeuuwlaindusguas
193 (Aurand uazWoods, 1987)

UjfsenfiBen Lipid Oxidation wuluawnsfiflvsiulidum  uazdsiu
nazuuNa  Autocatalytic WuAssdadurfiiisanujifen Oxidation aziilu

ot '

msfidenmesiues  sadnmaiauiidoneuiistiuiieninnan  anune

as

fid1Anuey Autoxidation Pattee et. al, 1992 f@

o

1. UffSendrauiindufiendaeiu  unsaturated acyl group  uay
hydroperoxide group infisnuruy o 5&'0ﬁmﬁ’uﬁ’mz@é’mwmmﬁmﬂﬁﬁ‘%mﬁu
fulBanaanalsidnsens acyl group uastihdaiug

2. é’mwm‘sl.ﬁmﬂﬁﬁ%mﬁuﬁuﬂ'nu‘biﬁ'uﬁ’waonm‘lwﬁu ( degree of
unsatulation )

3. Trace metals Wy Co, Cu, Fe , Mn Jumisejiden woedl
Antioxidants Lﬂuﬁaé’uéj"eﬂﬁﬁ%m

a. gunpflidumdAglumsiia  Autoxidation aehslafimnadnunena
\fintuwasuanseanufiseadivig W

5. WAndNTIvanYay Autoxidation #Aa hydroperoxides

6. Hydroperoxides LildamfiinlWiAamsmduiu  usdeswindusnsd
Lilafesfesanesl¥ secondary product  #uduewiigiinlWiAansmiuiiu
uwasifaUfifensielusnnane e Lipid Oxidation uaznsidesidevasnindu

Lipid Oxidation asifinlundadiuassyfiv desalWiiamadanideseming
nmafiusiwn  neten  uarwseenmwigiiuln  laesdaseidndudesiistivas
fudinasananade m'-:ﬁnmd'mlwmfuﬁnﬂzfaﬂ%uﬂmmﬁanawm‘l-uai’umnn'h
JaUianm  Hydroperoxides méngnﬁ'q[mzmﬁtﬁu"r’iam'nzsm'] annuiulag
armemussantatelumdauii (Clark uar Snyder, 1881) UWANITIENUAR
nMaiirssiSanmnaaliuasasehiifamsdiledstuldnnmmaSunoudusy
rasnsamnannaumaiiaufidenidonsentiaduisssn



2.2.1 nalanaifia_ Lipid Oxidation

nalnvay radicals Sasslunszusumsuusaandu 3 dwu As

Initiation :

Propagation :

Termination :

RO° =
ROQO®
ROCH =

R — R°
ROOH ——— RO°+°0CH
(ROOH), — ROQC + RQ° + H,0

R° + 02 —— ROO°

ROO° + RH—— ROCH + R°

ROO® + ROO® |
ROC° + R® non-radicals

RO°+ R products
R° + R°

TaaitulaiBausia

radical

lipid alkoxy radical -
lipid peroxy radical
hydroperoxide (peroxide)

Uil 2.2.1 uassnalnnvaifisdfien Oxidation wasnsaluaii

o
31 : Karel (1974)

10
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ﬂ' . -3 g -X-o-] » =
@ Hydroperoxides \navu U{]nﬁmgnt'dﬂm Free radicals asinm

e

1 13 ﬂ' 2’/ . . . s o = . .
wadwfaitiadluiy  Initiation lasaanemfiacluanafiatu radicals lnaig
Uffidenasndmlinasnudisnindae

ROOH + RO° ——» °0OH (v8a R® + °00H)

nmdnguyemanaaastliiduin  Hydroperoxides W Primary
products %8s Autoxidation flifiansaludiilsias uacliiefesfigumafii
nd 80 °C  AnluseasdanemWREaseiTiuansefumaufifen o usia
gomndl oud short-chain acids, alcohols, aldehydes uay ketones v
nEnAturisonanasrilindusaraslvdiudswly (Aurand uazWoods, 1987)

TangfifnanaateufissdniseintuiEniisen gathefisses
. v r~3 ol as - Qs Qs g —g
Termination aztfinnasanmiuley Free radicals  Iesnissansmnuiiasiv
fuanmeaeslfiten TugnzfidaandiauannagisinessINeIves peroxy

radicals  sneiluagnisfiinanduisudnuosuuwesinlfiin  R®  uwag RO°
k3 ] 47049 P ) "7 C ¢ a aaa
NNTU Trafiangum)ias UBNINNINSLLLAING azifinUfizen

Polymerization lagiperoxyl radicals asdnvindidenisnunuiiusss vie

v

\inufi%en Aldol condensations finAnsner

2.2.2 grqlhndusafiiiseannisdansgnanavlyiy (Pattee et. al, 1982)

aafiinennmaaanemvaclusiy  wazndadnrniisnmsaanesuuiidu
IMIUNTIN DeRNSRNEINUBENINTINU9NT

- nenlusiudasy (Free Fatty Acids)

- Aldehyde : uvuntu 3 Uswwnnde C,_,, n-akanals, C,_,, n-2-
alkenals uss C, ,, n-2,4-alkadienals ifiman UjiGen Oxidation vanaaly
Julsi@ineh (oleic, linoleic, linolenic uaz arachidonic) FlusnsdrAtyfitia
ndwuad (painty, oily, tallowy v3a cardboardy)

a o o - T L A o

- Ketones : an'm'hmuﬂgn Oxidised laud 1-octen-3-one (nu

a ¥ o
lany), 1-penten-3-one (NAWW)
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- & uazy lactones : § lactone fAnadAnsendninriun woieil y
lactone Hanuddgysonale

- uoanesadsNss : Junumdndossenduss ldun  1-penten-3-ol
isolated innnludiuun uasiiioesly oily uar grassy flavor maﬁﬂasiaqm
AMwraRAasitmEe

- Aliphatic Hydrocarbon : linfwsafisadnios

- Amines : tinnlusiiu uaznsmazdle awifsenlvaiudils (lecichin)
Ineifinanfianssnvesuuafife

radgUfindnanuudusananiiinannludiy  awdug laud  esters,
_pyrazines, heterocyclic compounds (thio compounds) Tswuidudnuiu
waelustyiy uazdsingg
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1
dodo o i

2.3 aanfigng R elti

2.3.1 avlsznaunansalysi (Fennema, 1985)

WU AUAEY uﬂzm‘sﬁ’mL%zmi‘mmﬂ’uﬁzr;,‘iﬁ'm‘iwasiaé’m']mmﬁmﬂg"ﬁ%m
Oxidation lagamsnandunaiin Oxidation &wmsu Arachidonic, Linolenic,
Linoleic uay Oleic Acid Hfussannd 40 :20 :10 11 AWNEGU  uaEMain
Uff3en Oxidation fiuvdim cis acid esfiamadidusnnninudon  trans
isomers ﬁ'uﬁzq'ﬁtﬁmmi conjugate 3fiaufjifen Oxidation anAiWleze
UnAflsifins  conjugate  aehslafmasnaunsaluiulidamiulaidAyrndu
n’mulaiﬁ'uﬁamﬂ'tutugaqa Tusufifiusann Linolenic Acid §9 (triple bond)
ardnalWiinuffien Oxidation lesiufifuSan Oleic Acid snn (Aurand,
1987)

Tnsunfimaiin  Autoxidation vesnaalysiudasasaniniletheann
fignmpaivies  TaelurneiiludulaiBndaldiin  Oxidative Rancidity Suudiiu
nafaUffsen Oxidation Ya9nsnlusiudassdinnialudmmfisnann uluaame
fifigungfige) du  naaluiuBassarfidrmaiinufisen  Oxidation  geduann
wudlsnnunaalysiudaay za’iﬂ%mmﬁu%mﬁmﬁuwémﬁm‘n"[uqmﬂgﬁ 25-35 °C
(Adhikari wazatiy, 1992)

-

2.3.2 AnNuduRusasninnaslydudiassiu Acylglycerals (Fennema,

1985)

nInlvdiusineglugudassasidanmaiinUfifen  Oxidation anaduiie
Jusheussieamasiu glycerol 1Enisy warnIREHNAIBENINTEIANTLINSTD
Luananialvsiudassliuorsamiuy avtheandasnaifiaufifen Oxidation s

L% =1 g o o ™ o r-3 v a 1 ) -]
nmaflsiumdainduinalididaasutGinaionin  Lifinasernuiaties
r-Y-7-% ) . . ' [ [-3 g s d o p 2 o : P-1
vanlfjfifen Oxidation usetslsimaluwndufindansnmsmuneliatedl free
acids agimuuanT wuardwaliiinmadusiu catalytic free metals
¢ A e o & xR a .. . . & v
manndnﬁm nIadufufintuy ynliemrsnnaifia Lipid Oxidation GREHERL
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2.3.3. @amemaiiiu (Galliard, 1994)

a) gunnd :Ima?ﬁlﬂé’mﬂmmﬁmﬂg"ﬁ%m Oxidation aufistiudie
gompfifistu  TnethivgnmpfitifianadAgysnndonsvaiussiy  ssnfiaufifise
mafin Oxidation Tethgumgfifisturaisfipnudutureteenfuudatui e
yhlddrmafisufffenanas  asnanusansalunmsasaeyaseandiauatan
am.ﬁ'aqcuﬂgﬁgﬁu (Fennema , 1985)

qrungdinasornapsuasinlvlia  Hydrolytic rancidity lu
o o - a 1 as I o )
Syt ewnnmafinmadesdeveslniulusisurtiuiunianssanesvesludy
Tuwdn Fedvadrinfefigumnfisluivefisnwiuiewuis (Galliard, 1904)

qunpfiidususndamaifin - Autoxidation ﬁqmﬂgﬁﬁmﬁ’uwa
ﬂaqnmﬁuqmﬂqa‘iam{‘luﬁaL‘iqn'mﬁﬂﬂﬁﬁ‘%mﬂm chain propagation uasn19
\onsaneidesnn Peroxide mafurdnsineivieingiufigumaisastieannis
\iaufifen Oxidation (Aurand uasAne, 1987)

b) n"m’nu%'u uazA? Water Activity (A,) : madenidgvas
ludinufnfiaeiu A, M Heineuisfundadueiiannnsyin  dawiniey
Tusilawalaisissns free water lufiansanveseulsd Hydrolytic rancidity
sifinfhzduanaiiumbeieses 5 Tuul UfRSen Oxidation "r’i’a'i't.qu‘lm“l.aﬂan"i
Jwe (Lipoxygenase) usnissianfiafissdiu A, pann (0.25) aghelsfmu
UffBenasfimsnindasnmififvnduasditssnavsnn  dunamdufiuiionin
Uffden  Non-enzymatic oxidation wuasfisdnveslundasurisyReis
amatusnindesas 5 mflu%ummﬁnz'l’uél"emﬁqm“i’uaanimu‘lﬁ’ (Aurand uag
Ay, 1987)

Tumsfnefie Model Tuasuuvedlusiu uasanaufiasnefidlesiu
uaitasney uaadlWifivindammafioUfien Oxidation wussfimnadaniug
fiudn Aw Wuatinaunn '(umm'iuﬁ'a“u"qﬁn'awﬁua%iﬁ'aamnﬁ’u (A, < 0.1)n5
sfulurenfiBen Oxidation audullatnmadmin leedvhmadam A,
vosevmsuwiiueuielssina 0.3 anilumathetzaemaiia Lipid Oxidation
& uardafunmsaadammaiaffolindeteedigasne usfin A, gefszau
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¥

Uszani  0.55-0.85 WW  aanaiiadfjifen  Oxidation  suiadiudin
(Fennema, 1985)

C) UAY : Ussmuaudimeus uitraviolet (UV) wude infrared
aumienhliiin Ufjfiden Oxidation ugy UV (invisible light) azdwansznu
Nnndn  visible  light Lﬁmmnﬁwé’muqenfjﬂ m‘smia;malﬁ' lightproof
containers azaNsaAIUANMaFeNEevaclululd (Aurand, 1987)

2.3.4. anmzusasnme (Atmosphere) wnismnaintuiavsandiay

(Galliard, 1994)

Tusruulinfifasnduiemiusunailieinsusasnsiia Oxidation
u:'{ as as = + U dd & =3 v
elsifunuussiurasaandiau witduszuuifivGanneantiauagluliananlas
wsesasennBawerdnasantaifinUfifen  Oxidation sAewdnenin  useeelsh
as s T g a as y L74 = 3 d'n
FanaYavLIIIUeanTRusInanitiututdeduliie Wy gamgfl uasiufifavey
pmananaaiuaanday Wues (Fennema, 1985)

Tugaamnasaemaaansadasiunaiaufisen  Oxidation lalasns
ussuuugyanma - viensussmelaimies W Aelulasey  (Aurand,
1987) fwuddinevanansatesiumsiin  Oxidative Rancidity lafisN  wusns
fiudngavludanmefmideslildidumstiseiy  Hydrolytic rancidity eenalaf
MmN Lipid Oxidation fifigndaswaslifentasfuioulsiiuasnsanalane i
senflaulusriuifendnipewini Seimmullgnmemeia uasirsugislumatia
wenenNsnwassveantulmnindasay 1 Tunsussge i (Galliard, 1994)

. . a & do
2.3.5. naaymA (Parcticle size) nsawunda (Surface Area)

fimamenuiveanstnuveseymase  Hydrolytic rancidity Wudnuu
3n wiandu Oxidative Rancidity fheufisdudefufiiafisdn  Feasrly
sansndndatusantiuuulyiuliannty (Galliard, 1994) asslsfimudedndu
vouiseBinmfisiy  Fuesiiieenfuusaussiufidinufiteniu  dews
vasannsiamIanamaverTImaialiiden Oxidation laslu emulsion vl
oil - in - water ﬁ"uazﬁm%‘uﬁué’mﬂm‘iuwi'ﬂmaan%mw.ﬁ'ﬁﬁjmwmﬁﬁﬁu
(Fennema, 1985)
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2.3.6. Pro-oxidants (Fennema, 1985)

langwin transition laun Co, Cu, Fe, Mn, uaz Ni Dusu dmdu
. AO as = -] \ A s L] [=T-7-3
Pro-oxidant fidmAggluems  Seewvadlansasimihiidusinsslulfidenn
& = UV o =3 = =] 3 U o
vy (Meyer, 1976) lasdfeglulGanoufies 0.1 ppm. Adfirarilvtia
Ujfidenla  lagecliamsraznanmamilendwiiiifiaujien  Oxidation &7%u
lane transition snam  wuinbuasdilsznaumnsisumivesenmsmilvings
ningaumassINE w19 wn wasiwald (wdu  Ineazegntlugudas:
uasiiaRusenuasdu

as

a laaa oo &
nalnmaislijfidenvas metal catalysts Heol

1. Mawsaangmrasialnslasesnlas

(N+1)+

+ OH + RQ°
+H +ROO°

e ABOORESLL) - > M
™ ETER AT o, >M*

n-1)+

2. iufifenlaemseiu unoxidized substrate

(n-1)+ + [o)

M +RH - >M +H +R
3. ufffeniulaianaveseandiawriliiia singlet oxygen uae

peroxy radicles

-

g . : ..I R
wanantigsuseneu Hematin  Fewuluewnamqll - dadu Pro-
. Jﬂ [ 4 fod ’
oxidants fianAyLIuNY
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o
o
w

2.3.7. 5
(Aurand, 1987)

lumstlasiu  Hydrolytic rancidity lurGadtueifsnanndfiniusols
amfimanndudeiansanvenouloflawsld  wennnsld  Antioxidant e
zaamsmuwummawnﬂg"ﬁ%m Non-enzymatic oxidation usifinaifigadn
vpuseUffiden Oxidation fifisnnisulealladendSiua Antioxidants (fuans
iwfifaansoduds  wievsaedhnafiaudien  Oxidation & (Fennema,
1985) uanmn‘i’:é’oLﬂuﬁﬁé‘x’u&ﬂﬁﬁ%mqn‘[’d‘um Autoxidation lagwin§isen

fiu hydroperoxy radicals (ROQ°)

Antioxidants Wu hydrogen donors w39 #3U radical ase
Ufjfidenvay Antioxidants (AH,) usell

ROO® +AH2 ——cmmmoo L > ROOH +AH®

Antioxidants wusesnldiu 2 Ussm Ae Antioxidants finnann
599R  uasaeInmaduATid leiu  wisddulasennsdidolsisunarinld
vignd dnlngjereuthniafissia Oxidative Rancidicy iffawnnfidaudaznau
789 Antioxidants ﬁqunﬁﬁsuﬁﬁﬁaqﬁutaq Tocobher‘olé‘ (Vicamin E) 10u
Antioxidants  flunanerannifidinduanniige  waswuhdvidudeidoveiy
uardmd uslulyslufivazdl Tocopherols lud3anaugentlusiudad Tocopherols
afisrdnBnmiflenaiiluiudaianninluduiiy - uathesenagn  oxidized
Wu Tocoquinones Tlsifiamaatves Antioxidants e uazgnianglaine
sgrmadaulagiemsigamgfisminmauegl  wuinhdufiadnnmnndamded
femadugeannndt 11-12 % axfinsaleiuBase uas Tocopherols sty
Aafmsnsntamdasfidanatulni (Chu, 1995)

laeald  Antioxidants  fismannassnmiesfiauaadugjisenlaly
, o a A ’ .. X { w ' a 1 YV o
Aged Fefinmifumaed Antioxidants Fuldluenms Wreckidufusieduilng



18

arasiivssdndnnusinaaluidanunn Wlatulvdunanedsson Lifindu vieflu
nasfAuT uazamaslasunsgansuanatAnIsaIMISLazen (ae.)

\lavn Antioxidants usasviafissansmnlumsiianuneiasaslysii
whondndnmindlusiudusilaznoy Taunnsinaii Fefinsraniutes
Antioxidants tﬁa’lﬁ'ﬁﬂﬁzﬁﬂﬁmwgﬁu Wk butylated hydroxyanisole
(BHA), propyl galiate (PG) usr citric acid Foldlunslirmaneiile lard
madndnmaTINiures BHA, butylated hydroxytoluene (BHT) uaz PG ag
Lﬂuﬁﬁf‘f’(ﬁ'ﬁ’umnluﬂaqﬂ“u Antioxidants 8w Snlgiilusuwenns

nmaifin Oxidative Rancidity lurdadnrifidmunmudssumennasounu
awnsnvsaslasiensld Antioxidants ssminnazuun waguilnadnlieas
o . o o ) 3
5U Antioxidants fsnanmadaes ey (Galliard, 1994)

2.3.8. AMAMIANIRAQAY (Galliard, 1994)

Laq§mﬁ'laiasqy;idﬂ%aﬂutﬁauagﬁuﬂ%eﬁ"imm‘smjaﬂamalwﬁulﬁﬁuazﬁﬂﬁ'nﬁm
Aunfgunmanas Luﬁm‘r"ia"imﬂﬁuqqdaumﬁLﬁmﬁ'mazﬁﬂﬁwﬁmﬁm‘ﬁtﬁmm‘smﬁu
fuldie  wumaudewdorluulle aufin “soapy’ off-flavor 1w biscuit
dough finanenuindulllafitedenndaunsdesasiduuisdasiumaia ms
miuAnlundainriandayda ’

2.3.9. dnmzmawlaql (Galliard, 1994)

nalfsasudafedesiunmmiviudsmneulnluemaiuduliden
ﬁeﬁuﬁoaﬁ‘nazl'&'nﬂu%'au’luqum'r’mm‘smmmu‘l’aﬁ aahe‘l*sﬁmumnmquaﬁ‘lé’
namlWudanneiliessansdesiivssniamlumarhanaeulsl  usseeliquuae
wn Wedasiunmmdiufiuduiiommein Lipid Oxidation filsiAendasiuieulesd
Tuvnsdl mslirmadauesihanepuandiiviedssnms iy gadspuaiiFvang
iy dough tasuds
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2.3.10. gaunanlundason (Galliard, 1994)

waafuriTivazneumedukasnaneiaenadosidnlfhoussnads  des
nnfifsniiten v TngRufidluiu nemluiudesr wulnllaws  wulnila
UanTiwa wiamidelfiiifen Non-enzymatic oxidation (Fe, Cu 4a4) u
N

WA RAuTTanandyRuuneasumiy m’mmﬁaazwmm‘iuﬂifgﬂxﬂuﬁ'ﬁw
dudateiunaifianmmduiiu Fadunal¥ndaiurinanssensumelusses
naatNIAG Iu"imqﬁuﬁs.humﬂﬁ'n*;w%’auaxgnﬁwmagmauﬁ'ﬁmeﬂfizms 191
saadszifiunmamiufudessnfioulniidusigililaensliinghufinanzas
milsfeunaveteyma - musnanEmaiy  uazAilifedtusasdifuianadlui
NN

dmsunssuumanildanansaundaldnnnaty - msmilslisnsanussBndaw

a o o as o a aoc . . y-1 L4
vaooultal Shumsiewizrandading  nafiaufiden Oxidation #lsifieulss]
Wnifienday  wasmagndessnniwas  Antioxidants iy Gmndiu E
(Tocopherols) ~ nsld  Antioxidant  daxazdigdiaorgmsiiundnineila
Antioxidants unsadvsrdnsmniennzlundnduaifinnandyfiy
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2.4 = 1 s I . - l D - ! .

Lipid Oxidation Hunssuiunafitutewiadasiuufisensauiuann
deralAiianmdsuudamsmenmmannang madendediosin Lipid
Oxidation Wufnmddyfasvieniinmssensy LAZAMNINYNIENMITYBIRER
Artevna Fsnaannanefivianldifievssdiu Lipid Oxidation ashelsfanslsi
fflafenisidenfiaansetn Lipid Oxidation ldmus wiedh Lipid
Oxidation lannavey viessnsninlviuldnnuszum (Fennema, 1985)

2.4.1. Peroxide Value (PV) (Fennema,1985)

Peroxide v3a Hydroperoxide Hundnfoeidniausees  Lipid
Oxidation figAty  swminldannaflvsiufimdufudrsusnu  iodine 0
potassium iodine (Meyer, 1976) #3831nms  Oxidize wénlu ferric
ions U5am Peroxide anansoudaslalugivas miliequivalents veveanfiau
seflanduvadlusis Sl PV azswnsaiamsaine Peroxide flasesiSusi
voamaifin Lipid Oxidation 105 usisasendoanadmnggs waldezumnseiu

madbmanasey  ASnmesutnhisademadsuuaigumgl deiidimsidia
Ufjffen Oxidation Wus PV asgegaseainuurezanay 98 PV asfiuszlend
lumadnlussosfidiunasuiunianand  uasidmndu (Rossel  uasPritchard,

1991)

finavans PV wnanaiabisnsnaoinsmamiufiulsodneivazang
aw Ysinneanduudigafudhll  (wSe  Peroxide  flifntu) Fadushusuen
N szdusnieiuluiuiussiisenaurasiutiu (‘l‘ua&'ua‘im‘ﬁsi'zulmg
azgnmiveaneululiannuisndndeslumaifianianiiuviv)

2.4.2. Thiobarbituric Acid (TBA) Test (Fennema,1985)

DAsAIuetanermeannlummssisiv Lipid Oxidation lwsiufiiin
mamiiufu wiegn oxidized awinfi%endu 2-thiobarbituric acids fim
aafusadnfouamianamiuiu - andsneuivhufiBendu TBA  Ae
Malonaldehyde, CH,(CHO), (Meyer, 1976) lses Malonaldehyde 1 Imaqa
aifidendu TBA 2 luana Biheifeniastunazaesedndudninasans
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14889

durid Wu benzene, chioroform #3a carbon tetrachloride &a150
inlsleaeld spectrophotometer @ Malpnaldehyde awnsaAnalaainsn
Absorbance (Aurand uazAnz, 1987) agwlafimaazlinu Malonaldehyde
luseuu alkanals, alkenals uag 2, 4-dienals azldasfindas (450 nm.)
lovimIfBentu TBA us dienals winfwesldasduas (530 nm.)

TnevilWanfidwingisetu TBA szanannaalviufiuseneumeiuses
n38 triple bond mechanism woﬂﬁﬁ%muam‘lugﬂﬁ 2.4.1  AUAUN
radicals ¥8¢ peroxy group (Lﬁmlun‘m‘lmi’uﬁﬂﬁ:nauﬁaﬂﬁuﬁ:@ﬂ%aﬁ’uﬁz
gw) azfimumu form My peroxides Tl antkRsaanssudu
malonaldehyde

alssneudulussuuueninilennndadirmiisean  Lipid  Oxidation
wuiidusunsesumunaveaesiaeyuffiGentiu  resgent  WeEadussiduiy
fothaty e dmaglass [Usfiundeansduy fign oxidised 1 (Rossell,
1994) uazaaaznovuneswly wood smoke wudiliasdusnderinuffsen
fu TBA ﬁoﬁ"uﬁem‘sﬁﬁﬁoﬁﬁmmugnﬁ'ammwaLﬁﬂlﬁ'ﬁaamqﬁﬂmﬁawﬂi’u u
manduiuaniilieasininnfifle  malonaldehyde  YhuifGendulusiiu  wane
stumuusiusildasuansnofduiulssmeasnedny - eghalsfiana TBA
test gansaldmanauansnsssiatnslulssinnifiendiss iy Lipid
Oxidation sy

feutymnsvnlulsimanw
T T ST R p—
iFmnnnnerwnmin
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18 17 16 15 14 13 12 t1 10 9

C—C-C=C—C—(IT—C=C—C=C—

00
cC-c-C —C-E—C=C—C=C—

|

C—C—C/E-C—%/C=C—C=C—

o o]

c-C-C C-C-C €£=C-C=C-

HS N 0 HS N 0 0 N S
4 NS\ 7 7N\
cc-c.od Xk & 7 ¢
¢ El Hll\l C heat HII\I (IZ C (!“,
\ NN /N N\
: % C c
OH 0 0
malonaldehyde TBA TBA chromagen (hydrogen bonded form)

qUfl 2.4.1 mechanism vesmagdn malonaldehyde

fiNn : Fennema (1985)
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2.4.3. Oven Test (Meyer, 1976)

liueguntrndlugaamnassiuinedd  Wasmnligunaaiiasiu wavie

san1nme lae biscuits, cockies wia crackers asgnifivlu beaker wia
. v o o o fo) a O o w oo g va - )

jar winnhllafigumpfl 63 °C wia 145 °F dwauluiihliifiamamiiufuee
e 4:‘ d’ =3 J n‘ g e ¢ =] o &
gnimanniwsdvneiigunnfiazaas Watu diuedwannlumafeuiiouludi

2.4.4. Anisidine Value (AnV) (Fennema, 1985)

oo s

p-anisidine avinfjideniu  aldehyde Tunsm acetic iAimtuasd
iy @ aldehyde fisznaudie double bond iR conjugate
carbonyl double bond Fode AnV Foflumsin  2-alkanals  Fudu
secondary oxidation products 38 AnV asfivsslenilumaialussesfisinu
msuunawand uasidandu (Rossell uasPritchard, 1991) Wwifienfiu PV
dwsarwIne Oxidation Value (OV) lsangms 2 x PV + AnV ForTusnd
THazfu Lipid Oxidation Twsingi

2.4.5. Kreis Test (Fennema, 1985)

DwiBusnmenamiildvsafiu Lipid Oxidation Wlusiu Tnemaiaduas
Fudoiidunasnanmarhuffiewes  epihydrin  aldehyde . (lelmuasyes
malonaldehyde) vSenBasteifiiisann  Lipid Oxidation Ussumiiug i
phloroglucinol agvlsfinns wefildanmangnanesssenniesldmuidedels

2.4.6.Free Fatty Acid Content (Gunstone,1986)

“free fatty acid contene” wie “acid content” wanetiy % vas free
fatty acid ﬁﬁag’tu‘l'uai’u diu “acid value” asnanedwuiudufiadnin ves
KOH f‘ﬂﬁymﬁ neutralize lusiu 1 n3N uar ‘degree of acidity” nansn
wwudufiedsas 1ee alkaline hydroxide (1 mol/) fMdluns neutralize
Tusiu 100 NS —
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2.4.7. Ultraviolet Spectrophotometry

WuminFn Absorbance ¥e4 conjugated dienes (234 nm.) uag
conjugated trienes (268 nm.) Foafmannmasanssiyes Hydroperoxide
(Rossell  uasPritchard, 1991) wisEnAn A AnNENRRSTUNTSIAR
Lipid Oxidation fifisluszezusn  (Fennera, 1985)

2.4.8. Oxirane Test (Fennema, 1985)

firmandann  epoxide  lasvinalamesnsmetniu HBr 1w acetic
acid (Aafany  uanieneainfuiigaed  asolsfianadinadinammaaaliuas
ANIRNNEIANZAY wanand  Hydrogen halides aélﬁ’nﬁﬁﬂﬁﬁ%mﬁu a, -
unsaturated carbonyls usy congugated dienols

2.4.9. Total and Volatile Carbonyl Compounds (Fennema,

1985)

nalasUssney carbonyls Trasswinlalasnsin hydrazones
WisduiennmarUfifentuves aldehydes uay ketones (WEaftuififin
970 Lipid Oxidation ) fiu 2, 4-dinitrophenylhydrazine stnslafimaniels
anmefilinasasii @wlstneu  carbonyls  entfinmmRaeYeEnsfilaing
fhothety hydroperoxide Fewsdenasarfil

WosanasUszney carbonyls dulnaflulusiifign oxidized fivwin
Tuanageislisasafanfumiuiulagnss  Snawaumemeiiasnnanglunada
wasuen volatile carbonyl compounds S8laerilAemandunelsussenmA
wia nsanrnNey Ujfifsnesifissenin carbonyls way reagents

2.4.10. lodine Value (Fennema, 1985)

Faulrianueslidnmluledy  uaruaseludnuizyessasazeas  lodine
absorbed unANGluMsIANSanawes diengic  acids  SgmInnSiia
Autoxidation
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2.4.11. Fluorescence (Fennema, 1985)

dsdsznay Fluorescent  imanmayindfjidenseninansdsenau
carbonyls (wfmdturisnn  Lipid Oxidation ) uaswwafii free amino
.. . . Y & oo
groups duasilsznau Wunamaie Lipid Oxidation lwidai@effidin

2.4.12. Chromatographic_Methods (Fennema, 1985)

wmafiafldn Lipid Oxidation ewnsfivszneuselusiusinansds laus
liquid, thin-layer, high-performance liquid, size-exclusion u8% gas
chromatography u.a::'i'ml'%mmm‘iﬂ‘sznauﬁ‘s:mﬂlﬁ' g1afits wie polimeric
Wu pentane, hexanal ﬁotﬁuﬁfﬁnﬁuﬂugﬂﬂaonémﬁm’ﬁﬁtﬁmmn autxidation

2.4.13. nanagaunlstamaNad (Fennema, 1985)

nasndundundiviiulusamsdnondananagaunussammdudd AN
o - U = |g as o as gas o 4 s s
Wi IemantwazgnaasndaliiuiuannaNRusiufuA st amaNds e
nadeundusnanfefiteney
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@Wosimafiudhsiumdelusiiy s)::Lﬁmn'ﬁLdﬁﬂuudaonﬁuﬁa'?ieﬁﬁwﬁwam'aqm
M ndusafinannewiiuiuinisnnmananesis  Snanesfisdilingu
Tassashefiuddn ilesnnsiensusavesayudfianalosie lactones uar naalusly
gegzann  adlassindiegluatms meluszaznanlivennisasfinduaaia
Uanfi  mamfuiududilifnson  wiunessideliiiausslond Wy e
ssanduaslumeude (Allen wazHamilton, 1994)

Lﬂuﬁfﬁummwjﬂhﬁwzﬁaa'} swsnfueanfivlussenamiiawiang
miluin  szesaiminamiiendy Induce  period’ NNUMITINmMtUenday
anuluasenaidy UFASen Oxidation aufistivedwsaifies szeznanlunadin
astufuildemansssmadiilanantiud

Tosiudirlanianizainmgaasansnsamununismduiulslaefivioss af
saysnfifiulilidullneliiamaasuulamwesluiy  Wewndl  Antioxidants
wilulvsiudnifunsfanmdesndedowineg,  leunnssondl Prooxidants
(ane ussBoouraslany) Fnzsinafiamamduiiu (Meyer, 1976)

2.5.1 anwuendusafiiaeinlusiy

nausailuihdvddnfivhlfifadedfalumslflundaiusfoms  dududa
y9unusaanenNnTa  Linoleic  wag  Linolenic %ﬂﬂﬁﬁ%an Oxidation uay
UffSennsuandatevesnsa Linoleic wae Linalenic vwasriliifiaanslingdusa
NN Mamdufuenaifiaen  Autoxidation  usstaulwd (Vaidehi  uag
Kadam, 1989)

nmalindusaeatlsiuanafisain volatile wia non volatile lipids lv
Muilianasaszmeld (< C,p) wlifisanden vu v wanda  desennlal
fansoazaneinls wissldndusefiBoni ‘Candle-like’ swmnditasaafisansn
Anlysidnsunuindsanu Metallic taste’ Fududnfadnf 5 wu sinas
wulunsalyvdiuannanaisen 1-octen-3-one
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nauAnsYay non volatile lipids wdaduriasnszsuliiianfussme
Tuhn auaadiinm Rheology f8nswasensivnduss

Hexanal Fsfinfundudendfmuinduamssmendninadaiurtamdod
fuswmubedesar 25  veweEsrmediimae msfia Oxidation a9
Phosphatidylcholine asfnlifinssus (Vaidehi wazKadam, 1s8g) nawdew
wlssnsalvaiugennemafiuinenasidndwasaseiuves carbonyl compounds
Fefinasio cooked flavor 18931 (Ramarathnam uazKulkarni, 1983)

TsiusansaSeuudandusauasaravasnauiug luewns  uasdifinina
FARANIZYNINEATWYBIBINT Tnevhlundussasfinsnndululudafiduh
(lipophobic) wnadluingy (lipophilic)  Tadediug wu  ensudusavessns
Urznoufilinduss  wasiuszdenduluanavasiviasae  Jaduthiefitutew
Iukaqaﬁﬁ pafutas (naalsiugnedy) aelvndusaveslngi uasldndusasnn
Tuih (Pattee et.al, 1982)

2.5.2 pauanmuesluNuy (Pattee et.al, 1982)

1 1
Aa o s o

WallandifiTinvsaunansaunumaiia  Lipid Oxidation  feusidinasd

L oo o a & L = as al ] aco 3
avAlsznaufiddniatu 1y nanludiiliBasa eondeu uasimideljiFenfinw
ansdssndnrhldfissonldidassessyfismglastiwiudmealuited as

sansadasiugagainmagnyinanels

m'mLﬁ'ﬂhﬁam‘itﬁ'auLﬁmao‘lﬂﬁuﬁ'uﬁdﬁuéﬁﬁ‘mm‘amﬁizq UAZAITUENETS
ﬂﬁznauﬁﬁﬁlﬁlﬁmmiqzyl.ﬁﬂné’ima FufithdeiidAyde  srnmnAuazasdlstnay
gocludi  nmadmnafisngsuiunsuatEnmMEnSiu(UIatIMA - pH 189913
gonBau watiiug) nmivarliffmEwiiten unumeesaeuled wasUffFemas
Tusi uasadadnriidesdaudaiusfiasnauiug luewmn

mMafiemaniinafasdovesluin  uaznsedunetiriavesefdsznaunid
wasanmgadenfusdlundaiuindanadAtuuni
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 (Pattee et.

al, 1982)

winisaafudnwningiu wiendadamilfadiifisda lamafieudia off-
flavors v88 off-aromas Tzwivmaifiuinwuazssninnssintanifinlanaan
et unumeadlasiududusniimasnileds Lﬁmmnwﬁmﬁ’m'ﬁﬁtﬁmmfig:ytﬁﬂnﬁ'u
5aﬂv’ulsiu‘_luﬁﬁ’mmi'am§u%bm USamu polyunsaturated free fatty acids
(PUFA) uar oulml wu lavendiwalufimhainiudusulsiivnldiin  off-
flavors way off-aromas 'Lu'azﬂzsi'w] 19N9%UIUNNT (Pattee et.al, 1982)

maUpesifdnildiiananduiu Usinaanafign oxidized asiu
fugounnd uasdnaTiNAFeandRY  ANNENTWYes Malonaldehyde (MDA)
gntidusrinuSnalesiuivinldifie  Lipid Oxidation fusnienefanasamiens
Wennasawmelalasnwazilianududures MDA sfigs nanesmdeniseu
anhliAn MDA sgwsnnludle wilwideuandullunsan MDA ’Lumsﬂ'guﬁa
wasUanlasldtwssfiadu polycyclic aromatic hydrocarbon (PAH) PAH
TutBananiae) auifistuseninanagnmiananannssy  sewiensugeealacly
dlianme PAH amagefy 200 pg. sefiland (Allen uazHamilton, 1994)

Hamburgar, raw
microwaved
fried

(:hu:kml raw
boiled
miorowsved
roast

’ngopo v/-v.“,;; >
Trout smoked

microwaved
baked

Pork raw [

roast /WW/WZ///}

-ldor —.--o-.]-do---k -------- f !
[+] 1 2 3 4 [ 8
Malanaldehyde pa/g

d
Fuf 2.5.1 ﬂmmnﬁud‘i‘sdmm‘saaﬂfimm Malonaldehyde

finn : Allen wagHamilton (1994)
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finsfnwannanefsafunaransrunsrBasonndudundas  Tngldne
WUNESEMEeEnINn  deep fat-fried soybeans usswu  @1sWnAuveN
carbonyl pyrazine uat pyrole (eyfusvasasssng) Wudwann o
lawzagede 2, 4-decaienal Fofswmufisdwionnn  Autoxidation  ¥es
Linolenic acid Twindudanios Fesvandindusailafiolnsown uaswundudh
fu (raw flavor) wienfuda (beany flavor) indeslu deep fat-fried
soybeans wuenn 2, 4-decadienal UaY 1-octen-3-ol W1 H1ITLINEG
514'] ﬁﬁﬁﬁ’m“‘lﬁufi phenyl acetaldehyde, 4-vinyl guaiacol, furfural, 5-
methyl furfural, 2-furfural methyl ketone, furfuryl alcohol uwag
pyrazine (Wazaunus) ﬁQ’wuﬁwwmﬁnﬁ'uw’mﬁ"amﬁmtﬁmmnﬂﬁmﬁm'ﬁﬁtﬁmmn
Autoxidation ﬂmnﬁm‘lwﬁuﬁagiﬁ’u phosphatidylcholine  ludamdss (Vaidehi
use Madam, 1889) nsuandundasusaseilaesivsinouansneiiudionin
sefuveinan Linoleic Twilemus 6-14 % szdusnanadusavetAenduiilaifie
Ussewnlundndont  Tumaiaannduduiiinddosne) sansnenanongaynmside
wWeanszAunsa Linoleic laelithidemangasnemuns usfisnansamuguliagiu
19 2.5-4.6 % Wi Lisnmonsupnlidesndn 2.5 % 13 (Rennie  uas
Tanner, 1962)

fmanenuiug ﬁqmmﬂz‘a‘auuﬂaa’tﬁlmi’u%oLﬂuwamnnszmunﬁuﬂﬁ'gtﬂu
fiwdha Rackis uarAt (1970) uamlWifwinAa Lipid Oxidation Fwdn
wagseninnmaeien raw defatted soybean flakes wuhndudh  nduea
(bitter flavor) ua::n?{umj'ﬂ (grass flavor) "fuﬁm%ulummlm‘lmi‘u‘l;immﬁn
afmlaly pentane-hexane usegazanelu ethanol uay hexane alcohol
azeotropes wazdmanenuinteiofifnaresnnenaifiudasaiuliuiuanm
maUgn matfuifies wasanadu Lipid Oxidation asviliinasen uaz off-

flavors

Surmner uazAme (1979) levmsAnwutedy protein concentrate
wasut wy'j'\nﬁ'uazl.ﬂ?{ﬂuuﬂaeﬁszﬁ’umw%uqe (13.6 %) uagunnlge (30°C)
sehefidedndty Taemdnmn 52 dUaW  ndudhamsEeuulsniundulaau
(musty flavor) ndumalan (fishy flavor) warlivunswdeuuladiadiu
Fehefigumpfiiesndy 30 °C uateratuleaniiiese: 10 waraquinduna
snneulnilatenddus
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Hichcliffe uwazmAme (1977) ladnwniindusauay faba beans elesu
NANTENUINATNSEY  wasnmaiiushen wudnuthds faba ianfussuanadann
iushwndunan 1 Ungoumafivios

Murry wasane (1976) Iafnwnisasdaznaufilindusaly  unblanched
peas  lazssyfelszimvasansussnousasansvssneului  uaswdenddldud
alcohols, carbonyls, esters, hydrocarbons, terpenes uwar 3-alkyl-2-
methoxypyrazines ua::a':;ﬂ';"]nﬁuﬁtﬁmdwlﬁnjmsmnm‘sﬁ*m’xm'wﬁwm
alkanals, alka-2-enals, alka-2, 4- uag 2, 6-dienals, octa-3, 5-dien-2-
ones, 3-alkyl-2-methoxypyrazines T hexanol  Liflasusznauladl
Fneuieessieafivaliianaurig (haylike off-flavor) wanentigmesuan
hassenauiissysiisnnnssansivesuiulasamlud  lnedeaasfignn
astssnavdlngivnWiia  off-flavors luth@a mono, di-unsaturated
carbonyls usg mono saturated, unsaturated alcohols Fodunanin
flansanvavaulnsilalenTiua waralcohol dehydrogenase

magyidendusaifugassaiisidysienseensurecuilng lunadivewdn
fritanBoniuanavszney carbonyl asilifandumiuden uasndundniils
ffasn1s wenaniddiedl ethyl vinyl ketones, n-hexanal, 3-cis-hexenal uag
n-pentyl furan F¥naufillsoimaituiy

natfisdfjiFenves  Peroxide wasmadenidsrawniairidaiaduides
nnUfiBen  Oxidation % sensoianelusiin  wasnsmesdily  secondary
product fiiisnnadatesines Peroxide lasiewis aldehyde annvinlwnea
sfludeanm lagnazyindl covalent bond dm Malonaldehyde Feansnan
cross-link fulusiulsisdussatomifadniifisan aldehyde

1. ludiufign oxidized melsAnnadaugs (Allen uazHamiiton,

1994)

gl lummenalinseuligomafl 180 °Cifislfifmjisen
seivemmauasisArAanseuiies  madsuulanssanasuleres
13"1Lﬂuﬂauwﬂn‘hai’uﬁgn‘lﬁ’mm%’auﬁ'mﬁ"e Antioxidants iy Jmfiu E BHT
nslirmsdeuurlusiuwashsiuriiifisUgifen Oxidation wazmaTanseeEs
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ffldun glycerides u,azmfi'nam‘[mﬂm‘i'('t'fnzmﬁ'uﬁuazﬁﬁlﬁ'mmiqnv‘%ﬁu Y
amdlfihiufanenanslna astheasnamniesiilg uwidimanes
nﬁau‘[ma’(ﬁ'ﬁ'ﬂﬁutmﬂ‘%aﬁﬂﬁuﬁgnLﬁumLﬂmzﬂmmmu'] snasINmYesasl
s?xu‘aggeﬁq%’ae:az 25 WARINNSYER 30 ﬁl"ﬂmmﬁswﬁaﬂaoaﬁiﬁ%uqqﬁﬁaﬂaz 30
FeazwGeunlandusavase s Tunegramnassnaclinaneaandreiunman
FENLNE AN aﬂﬁﬁ%'aﬁtﬁmmnmﬁﬁ\lmi“ugn oxidized memINSaUIERUGHINM
cyclic monomer  aglutiiaeas 0.1-0.5 Tavwin snswaniifinannniseas
ffuves linoleic use linolenic acid Fwflenaiufivdngre Sedasusnean

¥ o . Vo , @ = 7] [ Py
L‘du'iuu’luu linseed m2ed ﬂ'T'iNWUﬂ?’IN'i@‘HQQﬂ\i 275 OC LW@hﬂﬂNﬂﬂﬂ%mulﬁaﬂ
]

el®,

2. 9mauazed (Allen uagHamilton, 1994)

nanlvsudamuasnsnlediulidasalaanaifensdananunusiasod

i3
o et o U

NN usinﬁm‘lmi’uhiﬁ'uﬁ’amwuﬁzq 2-3  Wusrazgnvianeladie maa Lipid
Oxidation auifintufisedntossioamsfidunasmas Tudunyiuuds wie i
sudnnaduut  wsesfinsnamnidudunanvenhdvainlangadeivudy  fas
nnhsndangediivBinnnansalsubisuiusemiimsueu 20-22
Luanaegann nmaifim Lipid Oxidation azmn%uﬁ’ﬂmi’unﬁ:mﬂﬁ"zag’ﬂummaﬁ
Wheieuffiden wu ulh wdimseasdhilifisdesiulang ussd@uiuiEunmh
Twownadnse Tefu wuy 1wdu aefldndunsduds Lipid Oxidation Inlstu
uaslnnaBu svdatiam Lipid Oxidation ls3auay 30-1uu§aﬂa'u§agnma‘§’c§az
¥inlA Lipid Oxidation Qe?}'u

2.5.4 naamBanumagyleniusd (Pattee et.al, 1982)

UszAninmwmsaanaguidenfuamiunasendeaaimsnuieys  uasan
anuRmemuaii-memwrasasuseney  Feflanaduten  sssnmaAnadeimy
sumalulad lnswewndaingiviGariunsulsgdiusdaiurilunanegiuuy

anadilafieniu mechanism 98¢ Lipid Oxidation wudilsinssanedn
Wn Lipolysis uay Lipid Oxidation aslin@nsoeiiendtyfe Hydroperoxide
wonanilfl  carbanyls ‘i'oLﬂué’aﬁﬁﬁlﬁtﬁamﬁqq;taanﬁ'ma naAIuANTMAY
namvnlalagnmsldismanmenin nieduad
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FBmamsmenwltlunsaamaifia off-flavors uaz substrates (lu
) TmemaliUseleninnamadouu  uazAndouty ASATUANEANIENT
Wiy (m‘iamqmﬂqﬁtﬁaamm‘nﬁﬂﬂﬁﬁ%m) m'imuquanﬂzmﬁudﬁgd(Immamzm‘s
ind) Uannw polycyclic aromatic hydrocarbon a@wnsoanaslslagande
wedauseglunatpems wu Waampfsufenssivamnslaelidn wenan
fonvasvfanaledulusnafionsndedldlfomsuar dududadarnlnense
(Allen wazHamiiton, 1994) fAmafneBEMamMmenmemsuiamdes uazt
ga  wullymeasnalfledn fe @wdasnevdwan  nonvolatile  Fwinlwida
off-flavors Lignansagnudmeantlly  lngewizanstsznaufisnsnsaviugfiden
\ARve g

FBnanedaad '-zfzuﬁgqﬁ’uqnsﬁuﬁ'ulﬁan'ﬁmuaumiﬁaLﬂ'ﬁﬂ:m"hﬁu uae
fruasmulamaaiifetesfundeansanmafnuffiseniluseints Wy pH ns
afamaad (Fvinazanaain wu ethanol, butanol, hexanes Wuaw) uasd
qmﬂfizmﬁtﬁaﬁué’e Lipid Oxidation ifiasnieulesl lagiewns  lipoxygenase)
laelignamuainnnadinenmu Wy nsaan

38madw) Aamaaimien substrates uas/wis waAdnTiRgTRITUNS
A off-flavors shvihanefild Isud alcohal, hydrocarbon uasdurssdeena
fivBealifianusunaiendasae s waiwulgvideninudsnamenanw
mmannmuauumm'iazmemaom'sﬂ'i"naunmlwLfm off-flavors m'[mmnmﬁmﬁ
1t mma"maﬂmaaaﬂm'mmmwu aemtﬁuﬂmmaﬂ

nafiugefansanvaseultd lipase uay lipoxygenase azdisam Lipid
Oxidation
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at -~ d = - . . -
2.6 UN1S ABDINI (Allen-

wazHamilton, 1994)

ﬁuﬁL‘ﬁma’m‘lmi’mﬂuwau'mnmw%’auﬁtﬁmmnqmﬁga‘iﬁﬁw%agmﬁu‘lﬂ
eI deep - fat frying fuﬂf)ﬁ%m Oxidation wazmadesaanefioin
anadanluhfuesifstundosiuasasaevasensfisnsnsosnelfuassemalals
Crampton UuasAne uam'tﬁ'tﬁwhmaLgmwgﬁ'wﬁ']ﬁuﬁ"amﬁm 10 ¥H9 20 %
asandhmnmfinthmin uazamBunos calorie intake Reporter wasHarris
wuiﬂnﬁ’[ﬁ'ﬁﬁﬁuﬁ'ﬁmﬁmﬁgn oxidised ud? 18 % viifalawene AaRIYLGY
lnanas uazgeanardvquuadluny (Vaidehi uazKadam, 1989)

2.6.1 g1usenauiiiufs

famanesfifimenn Lipid Oxidation fineldiiafis laud Peroxide
-3 as o L% o . . = dl o= é’ dvdu
pasadnAneivossiy  aslndiied uszOxidised Sterol gsfuNindudined

® Lipid peroxide

® Hydroxy fatty acids

® Carbonyl compounds - malonaldehyde
® Cyclic monomers

® Dimers and polymers

® Palycyclic aromatic hydrocarbons

® (xidised sterals

Tunmundungss  neaanasyey  Peroxides  asdinasiosnemeiwansd
snwnizasreiumsueulniannsaludliduimlume  asasnaunmang
monomers  (ussfidetenn  udasiuffBenduald  uarfinasenaneda
5mﬂﬁuﬁaz§na1u‘lmi‘u Oxidised sterol lasiewizrsauaimeseafinal¥iia
ﬂﬁﬁ‘%mﬁaé”mnﬁoﬁ'uwamnaas’fuuaﬁﬁﬁuﬁu 9 Wunanwinma Pyrolysis ta9
Tustuannmasendstudeuasuan Polycyclic aromatic hydrocarbons ﬁfﬁ’n

fuAluunumsilueue (carcinogens)
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nmﬂﬁuﬁuﬁLﬁmmnaan-‘muazamqmmmommwamwﬁ Lipid
peroxides uat free radicles avhaneimfnfiazanolulusiu iy A was E
finasioiuar sulphydryl Tulusfiu Wy sulphur amino acid Budussndia
massfilululisfiunanesn maanawes  sulphur amino acid azyhlAlUssud
aummsanes HudefuneinhingumwsetiUsidulamnaidinilulaan

2.6.2 unavamnandl Oxidised fat

nandufiveneanfuufsiuanmasdenesds  rienafivemadil
gowan luanaidusSsemaynliaseiia Lipid Oxidation Uffi3en Oxidation
R tudoldiumadou us 1 ustBeowvadlany Wu wn vSanaiume
anadmanEfin Oxidation %uaﬁﬁ‘mza‘i’mmmmu‘lﬁﬁﬁ"maomiﬂ'iznau'nm
naalsl  HBRSeTsRuRINnalomain  Oxidation 1 avnafisnAanS
wdiufiu liun ewnawanan wasenvnanes Wanduunswasrasiaainesea on
azgnihanyhlviudde Frasifinmg oxidised weseRaaReIDa WadmiTimulls
veg WareMatu JfifraoEaneIes VEedinaseaau | agannfivuigieniu Ve
Suftiifisineseadidiu 7 wu B- sitosterol asdlomaianawsiufiuarninms
MWounaneada

naalusufliBasfn - Oxidation Idheninaalidudus  Usnnowes
ﬁ’uﬁzgiﬁﬁmnazﬁuuﬂﬁuiﬁlﬁn Lipid  Oxidation nealusiufildanannfiy 1w
Linoleic* wag o Linoleic lu y Linoleic " wuinanennfivsng 7 W evening
primrose wasdiskan Blackcurrant % Linoleic unaalysufidasmwulu
sianuasiy winihe dandes wasidudming

nam Linolenic fuwiliiafiauia Oxidation 3nndnnsm Linoleic 37nte
= &' a & s = g o« s 1 -1
Weedweasiiaunsadnmbizgndfugaamnssunandngd  wasnalutnun  Tedldu
¥ o da . . . . o v vy v, Y o
NENYVDIWNUNS o Linolenic acid USanm 60 % wialvurieladne wsiunsiulndn
= g ~ o4 = . . . =3 L7} o oo . .
wiay uwasuufivasfl o Linolenic acid Twl3anames Jffi%en Oxidation
.- . . o vV a P et X o vy o & A o
189 a Linolenic acid ashiiiandulid annmegrathiliunsdiudamasgniden
Wrhunssrunsiinlalasnufisasanuidntiurae o Linolenic acid



35

3 r- ) o e . . x o o l?l r=3
mamiufuvainufifen  Oxidation vewndufiulaealuifisenaasding
Ao nsm Linoleic Wumaltuflbidum  wardnUsenmanivaolunss  Linoleic

v, o .. . 3 o & o o , ¥ o od
widmefl  Antioxidant laggsssand  whffianamiiufiuladiendnndufiihu
& [ a <o ¥ o o d Y] a & . o &
nmanduuas  Aalfiseendindsnindufiviituliuneeistvesgitng Wy Surs
namrimunangidunaiidudsafianemivivdiues  ledundaifunbinga
a2 o e a P 3 X ¥ P o o

mMawduAuwTEdUSnodmain E an luwonidowu  winludlulnatu way

lulalnaduazidusnGe Lipid Oxidation vesludu lvsduluanaese

Corn olt

Sunflower ol

Salllower 'oli

[

R AR

Soya bean:ol} -

Rapesosd ol PPA

Ollve oll
Peanut oll

Palm oll

0 20 40 80 80

o P 2 L : . | Y
qUfl 2.6.1 avAdsznauves Linoleic uas a Linglenic Acid lun
NuNY

fiwn ¢ Allen uazHamilton (1994)

n'im'lmi’uhiﬁ'ur;‘f':'[u‘lmi’uﬁmﬁuazgﬁuﬂ%mm‘lmi’uﬁé’m{ﬁu gnduwandadiAe
Bae (unz H uny) Fearfuemmeiidluiluiminash ungignidestethaiugz
e elisuluiuiifivsanmnaa Linoleic g manAdaibisnasaduamerleiu
Lignsldusausandew Linoleic way o Linolenic unsalusiufifinnsdaus
NNty ﬁ'\aaﬂaﬁﬁuﬁz@iﬁe 6 WUEe uasfimdusu 20-22 M Wunam Arachidonic,
nsm Eicosapentaencic wasnsm Docosahexaenoic nmaalysiulsidusmififiansuou
20-22 ndwuinidusaudAtyres Phospholipids Ty uazfimatase
mafa  Lipid Oxidation uffBendensmhiiiisasmiluie  Membrane
Lipids Tuiilessfpabisianadia Lipid Oxidation Lﬁmmnﬁtl%mmmﬁnqe
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nanlssufifiuanmansuau 20-22 M ‘B'os‘imw‘laiﬁuﬁaqa wululan uag
Tvduan 'Luﬁlﬂai’umnﬂmwmﬂuﬁmﬁnﬁm'lmi‘uhiﬁuﬁagoﬁﬁaaa: 20 Famusiann
U Fudwhaufifianawmfufivine lumedia Lipid Oxidation wui nem
Eicosapentaenoic uaznam Docosahexaenoic asansasinmiulaiGaninms
sangdues Peroxides wia Hydroperoxides fwiwdn Peroxides asla
snamovenlsdfimaifia Lipid Oxidation huindinlan Uanfishinstugeroums
suptu azsivanallusiuiign Oxidised snnashadlsdn

Tudinge waswesiud  Annlithduannvanaidunsnty  fuduns
Wasunsalusufifirduen  20-22 i andmauanuanididulusiudeduns
Oxidation uastfinmaaei  dsuinanfilsfnlaiiantfignuslnaluguues
wan dalngasil Antioxidants  Tnesmsami dhalusulandaduasfinnelusm
ownafiequnm Willasilsaale  wafidslifimaiiia Antioxidants  &uAsnew
Wovnnguilnadilisensy

2.6.3 mann¥updiann Lipid Oxidation

fouwasiiistuethnids Ao masassasnalasulidafmfidéwaunduon
2 falutu Phospholipids FeiilWiAanissanemvasmitwauazdiwssnay
tadnqaenueuan Lipid Oxidation  snaesiwdasudsmavineuaes
lusl wioonamilenil¥iAnUfisen Oxidation wesnga Thiol lulsfiu Fed
iranasaTIevluTfy waﬁenamgzumonﬁ'ﬂe‘lﬂé’eLﬁmﬁ'@dwﬁu 9 nlifene

0

A

ndassdefiinrinladeiiiadsliianamdufuaunasinaneduams
duseafunelalasnalnees Radicals  8asr  wu eulwd, Gluthione
Peroxidase, Catalase uay Antioxidants winim&iud uasd Sumanid
dgnsatesiu Lipid Oxidation ussBndnmwissnistesiunisiia  Peroxides
i”uagjﬁu Silinium nawwae nsreciufifidamed warimiuduasd Ylanadlyaiu
susiilasumnniiuluilinatesiudastasdntnmes i Wi vleunsilisu
USanos Silinium Bitfien azvhlWiAslafidendn White Muscle Disease %
fonmamfleufvdriilasulviuflidadmuniuly  naa Linoleic nam
Eicosapentaencic uaznm Docosahexaenocic asmiMiinannmaasnailaiqu

" wswrin A Linolenic
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-3 . = o Vo 1 A’ d' :
UseBndnwyey Radicals 8a9¢ snemdiiaanuidemesolialis e
¥ ) a & s . = dl = g 2 4
2INEMINETRUAAIINMTIINGINUYEY Radicals 85 anmsilfiadulaun lsaly
RONEU NS AnALfstaviueavlsaainanflaiigtasiulas sy

2.6.4 Ha’ 3 (Ut idised Aaaanuiiuazast

finaRnenfirnadaiusrainmuilnremasaaiuiulomaiafialannside
wuinafulssmusmnasaaiiesdislemalunmadulaansSdutontas uazmasu
UsznmuamnathsesfislemalumaidunsiSefivaasen saNganan  uazdld uen
aﬂnﬁﬂﬁ’uﬁgn Oxidised _gasimaadauiivlaresidasansings Malonaldehyde
Fodurannnmaganesese Peroxides wudmduanaiansise

wBaAuTiAAn  Lipid Oxidation u carbonyl - asvinfiSentu
Watlu anlulanss infeus wasdandiu  UffiFendmndnasdaliiomagyde
NAUSE uaLAMAMNNEIMNS ndudd ndunan ndura ndury uaznBuiSending
Tusdmiugesdutignasniegain  wazduilaaluthyty  malladluthgugils
UarBnBnmusadniSalumsuiligmnsgdanauss seomaiiRsiinalivsslond
RnnuBRFrisnanadolidadivn Lﬁamné’\lﬁaomﬁ'ﬂmwimwm%'laﬁnmn
Jymsnardudesiitutou ussnaulaladmeanuwenenasgouiuutaziasuy
navhansadlafiendu mechanism fifetaddeduieddn

1 Tualufisums  Oxidised  iugsiisnamelaispents- Falnesnnacldsuann
mmﬁﬁeﬁ%uﬁ'oﬁa'ﬂﬁ’:yﬁqm fa  wenenamdn@ainauilnaemafifluidisums
Oxidised iy dhafllan smnsludiugs swnsfiugesemudoug uazewnsang
e



UNi 3

L4 oo
gunsaluazianns

Aaneaay
mau"r’i 1

Lﬁanlﬁ's'f'meholum‘sﬁnmmﬂﬂ?{ﬂuuﬂawmqmmw 3 et Aa M
fume uszdandns '?ieﬁ@mauﬁﬁﬁ'uﬁ'uﬁemﬂwmn A, Taenanusunmatlsly
5 ausiu Apegluti 6, 8, 10, 12, WAL 14% mHdAUMIEIENSUSUTEAU
aatusuansumaRan n. mnﬁ"uﬁ'xmmsaﬂuqqwﬁ’ala'rfﬁﬁﬂmm 10 X 6.5
wuRes  (AuaadRvesguaialadudndlumeanuin 9.) USngeas 50 adw
udaniinhngilnelifdesinednefign  vhnavesesivaa 3 41 eumunis
nasEsuuUU Factorial 2x4xs4 iull o gamgfl 30 °C vhnsifiusmeemn

s

guanvildunan s ey WethanileseiAmaAN s el

1. m'imﬂ‘%mmmw%u (ACAC, 1995)

2. MmBa  Free Fatty Acid laeiSiipened  %Fat  Acidity
(Tungjaroenchai, 1990)

3. mavinnne Malonaldehyde lnefis TBA Test
(Tungjaroenchai, 1990)

AOUN 2
mansaaftifariununaun 1 lnewdoumedradudingay  wasthh
waay USURMaEUIRLY 4 szeulveglude ox 12% 15% uar 18% msiiun
P o ¥
qunail 40 v uTaded  uashinTmeRey 2 T TNURUNTINARENLUY
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Factorial 2x4xa iuld o gamgfl 40 °C vihnsiufmasdmndtanviiduna
o o - o =3 L) o o g
4§l WishandemeiA e

1. manSanmanatu (ADAC, 1995)

2. maSanu Free Fatty Acid laeigieme  %Fat  Acidity
(Tungjaroenchai, 1990)

3. manBanne Malonaldehyde lnefi8 TBA Test
(Tungjaroenchai, 1990)



unii 4

HALaLIANTIRaNITNAREY

snmaiiechein fum uazdmber awhneustasdiuanaiuliag
lut 6% 8% 10%x 12% uar 14% lagvhmsussaluguanialadieniugs
anaty miuduiigamgfl 30 esrnitaies uazezom & dUaY uawin
mafudegnas 1 B 8 dlad WslaaTetTnamnie wariieened
namdufiusheisnaUBinn Fat Acidity lakafmsnd 4.1.1 - 4.1.6 / gﬂﬁ'
4.1.1 - 4.1.6



AT 4.1.1 HavawIsETIANERstiU Fat Acidity Winfifiaonadu ex, 8x,
10%, 12% Wae 14% MNAGU

Weritius seazan (§Uav)

AT 1 2 3 4 5 6 7 8
6 13.00, | 17.08, | 13.90, | 17.53, | 17.19, | 15.53, | 16.13, | 17.62,
8 17.53, | 19.404,, | 17.30, | 18.94, | 18.75,,, | 18.40,, | 21.04y, | 21.52,
10 18.24, | 17.77, | 16.73, | 17.54, | 15.66, | 18.74, | 21.04, | 22.32,
12 17.51, | 17.53, | 17.30, | 21.04, | 21.74, | 21.04, | 22.44, | 22.56,
14 18.85, | 18.71, | 18.29,, | 20,54, | 21.74,4 | 21.05,4 | 21.39,, | 22.354

* g WANENMNETATITEAU P > 0.01
i -1 ﬂ ' o ¥ -
AlumanluAedsannisnaaat 3 0
25
20 <
o)
g 154
Q
<
» _
@ 10 4=
[T
xR
5 +
0 } t — + +
1 3 4 5 6 7 8
a P
duavivi
’ ——6% —W—8% —h— 10% —H—12% —¥—14%

FALD

4.1.1 udganBanne Fat Acidity lwimsewiessesuansiiv 8 dUanw
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AN9OT 4.1.2 MOvBIATINTUARIEAU Fat Acidity Twimaswinsssssnanaifiu

8 duand

LA % PN

(FUpA) 6 8 10 12 14
1 13.00, 17.53, 18.24, 17.51, 18.85,,
2 17.08, 19.40, 17.77, | 17.53, 18.71,
3 13.90, 17.30, 16.73,, 17.30, 19.29,
4 17.53, 18.94,, 17.54, 21.04, 20.54,,
5 17.19, 18.75, 15.66, 21.74, 21.74,
6 15.53, 18.40, 18.74, 21.04, 21.05,
7 16.13, 21.04, 21.04, 22.44, 21.39,

: 17.62, 21.52, 22.32, 22.56, 22.35,

* . WANGNINNEDANSEAY P > 0.01
** gnlupssiduseisainnsnaaas 3 T

2 f
o
Q
g
i)
] 10 ~=
L
~N
5 &4
0 } } }
6% 8% 10% 12% 14%
. %m'm%u
——1 &2 43 4
—N—5 —— 5 —_—7 —_—8

-]

= = . ge \d o g
Uil 4.1.2 uamann Fac Acidity Twinififiamadtiu 6x, 8x, 10%,
12% URY 14% ANEWY
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A7 4.1.3 HAUBNItEERANAEEAU Fat Acidity lwdiusiifiamatu ex,
8%, 10%, 12% WAL 14% MINAIGU

wWasiaus qegzian (FUand)

AT 1 2 3 4 5 6 7 8
6 29.46, | 36.24, | 37.17, | 36.00, | 27.60, | 28.15,, | 27.38, | 29.03,,
8 23.15, | 24.554 | 27.37; | 23.33; | 19.64, | 21.04, | 26.13, | 28.86,
10 29.464 | 37.18, | 37.18, | 26.83, | 22.50, | 21.74, | 25.43, | 28.94,
12 19.64, | 29.59, | 29.59, | 26.04, | 27.53, | 27.53, | 25.25, | 24.98,
14 48.45, | 50.14, | 50.14, | 45.23, | 43.16, | 44.19, | 45.59, | 46.98,

*a-g WANGNMETATSLAU P > 0.01
3 ' o ¥
*+ gnlupnanudueisannianeans 3 1

60

% Fat Acidity

04 i + } } { +
1 2 3 4 5 6 7 8
as el
dumnti

~——6% —E—8% —A—10% —H—12% -—W—14%

= =Y T < J [ 4
Uil 4.1.3 usanlBanm Fat Acidity ludussszvnineszeznaimsiiu e dilanv
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AT 4.1.4 NEYEIANTURETLAU Fat Acidity Tuduasssninessssiaanns
fiu 8 &Uanvt

LA % AN

Gilat) 6 8 10 12 14
1 29.46, 23.15, 29.46, 19.64, 48.45,
2 36.24, 24.55, 37.18, 29.59, 50.144
3 37.17, 27.37, 37.18, 29.59_ 50.14,
4 36.00, 23.33, 26.83, 26.04, 45.23
5 27.60, 19.64, 22.50, 27.53, 43.164
6 28.15, 21.04, 21.74, 27.53, 44.19,
7 27.39, 26.13, 25.43, | 25.25, 45.59,
8 29.03, 28.66, 28.94, 24.98, 46.98,

*_ e WANGWYNETANSEAU P > 0.01
*+ AnlumsiatiudAeissnmsneaay 3 10

60

2
ke
@]
<
I
o)
w
%
10 4+
0 + X :
6% 8% 10% 12% 14%

% m’m%‘u

——1 W7 —A—3 -4
—*—5 ——-6 ——7 ——38

o o T < oot
Ul 4.1.4 udanfiana Fat Acidity uduasfifienaiy 6%, 8%, 10%, 12%
WaT 14% ANEGU
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d:l‘ ] as . . \'/ = dld A‘
A9l 4.1.5 WavessrEsaestAU Fat Acidity luduniasiidanaiv ex,
8%, 10%, 12% UAY 14% RAIN&IGU

Wasitun segzIan (FUnv)

AT 1 2 3 4 5 6 7 8
6 45.59, | 33.67, | 31.56, | 29.46, | 33.67, | 30.16, | 52.60, | 56.69
8 39.63, | 59.62,, | 51.35,, | 46.99, | 70.17, | 67.33, | 74.35, | 76.69,
10 37.53, | 56.11, | 45.24, | 38.93, | 59.62, | 59.62, | 71.89, | 75.56,
12 47.23, | 59.62, | 53.30,, | 48.04, | 56.11, | 57.98, | 68.73, | 71.56,
14 60.675y | 61.72,4 | 49.10, | 52.60,, | 569.6244 | 56.81,; | 61.72.4 | 65.694

* ¢ WANAWYNETANSEAU P > 0.01
** gqlyAsNluATRADINNNTNAasY 3 1

>
k=
g
O
<
IE)
(1]
w
N .
20 =
10 4+
0 —
1 2 3 4 5 6 7 8
a c"
dua

——6% —E—8% —&—10% —H—12% —W—14%

é = . . .ll -1 J
Uil 4.1.5 udanlianm Fat Acidity luthwdaeennezeznanmsiiu 8
flmr
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AT 4.1.6 mavBvANaTusiaaiy Fat Acidity Tudniavasninszesia
maiiu 8 §Umnd

% ANNTY

YHLIIaN

(fUav) ) 8 10 12 14
1 45.59, 39.63, 37.53, 47.23, 60.67,
2 33.67, 59.62, 56.11, 59.62, 61.72,
3 31.56, 51.35, 45.24, 53.30,, 49.10,,
4 29.46, 46.99,, 38.93,, 48.04, 52.60,,
5 33.67, 70.17, 59.62, 56.11, 59.62,
6 30.16, 67.33, 59.62, 57.98, 56.82,,
7 52.60, 74.35, 71.89, 68.73, 61.72,
8 56.69, 76.69, 75.56, 71.56,, 65.69,

* o AN eEdanEEay P > 0.01

** glupsniduaedsainnianaass 3 1

% Fat Acidity

0+ . +— t
8% 8% 10% 12% 14%
% mw%)u
——1 W2 —A3 X4
~¥—5 —@—6 ——7 ——38

P o . g O ooa  da &
Ul 4.1.6 uamiana Fat Acidity ludaundesifianatu 6%, 8%, 10%,
12% WAE 14% ANEU



4.1.7 uamAn Correlation Coefficients sswingavsu Fat

Acidity uazUadsfililunianmass

Test Measurements

Correlation
Coefficients (r), n=40

%YFAy, Vs €
%FA;, Vs %mec
%FAg VS T
% FAzuse VS % MC

% FAg

dunes VS c

% FAgugee VS % MG

0.5513
0.6002
-0.1109
0.5258
0.5705
0.4300

47
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4.1.1. uwavavsrssaisaniaiia Lipid Oxidation

NEYDEETIAAEITAY Fat Acidity Twdm dause uasdandes daifu
Wusrezan 8 dlandt u,ﬂm’[,ugﬂﬁ 4.1.1 4.1.2 UaY 4.1.3 MINGIHU WU
UBaow Fat Acidity Twimaziisn 13 - 22% daum 20-46% uasfundas
30-75% evanmiSanaleidumeseusasriadiusinouansneiy  (uaaeluna
NN AL 'Luﬁ"c)mﬁm"&qa‘iﬂ%mm‘lmi’umnﬁqmﬁa 17% 3ufim Lipid Oxidation
GRGE) iarhmarsianauanseeadifissiuy P > 0.01 veeBan Fat
Acidity W wummauansnshmnasdumnatudefiuissesosn 3 Aty
W ludundemuimdtndlawd 5 WJusuly  aswuansuansnegifitns
U3 Fat Acidity (P > 0.01) waefwnliafinanniusiesseznanannni 4
§Uav B nmnaseses  Clark  uay  Synder (1990)  USNand
Hydroperoxide @udundnsineifisann Lipid Oxidetion asifiafussninms
Ffushwr wanandinswdeuuassssu Fat Acidity stwinmaiiusney 88n3
waseUSsnn  Carbonyl  compounds Sl Cooked flavor Tudm
(Ayano uag Furuhashi, 1990) Tuthuaniusidnsinia Lipid Oxidation
fign anBoufieuniain Fat Acidity luseshols 3 uiia dauasiingd

nasnnagiienunwdasiign (0 = -0.11)
4.1.2. mav@sAINTURENGLTA Lipid Oxidation

NRYDIANNTLADSLAY Fat Acidity westn dauss wardmnies uanelu
Ul 4.1.2 4.1.4 uar 4.1.6 adwy AfNITITAY Fat Acidity asdiun
w ﬂ. g d' s ) = g g .'J - ) A
Liafisdufiomegnfianatugsiu (P > 0.01) lldnuasfimdamuinaedy Fat

L e o & o o 4 ¢ ¢ a X o o @

Acidity afinsnTufiszauAmINtuNInndt 8 Wasitustull  Yniefidtusasiiv
ANMNUANENNNEIRateN (P > 0.01) Waflanaduinnnd 12 wWesitua
NNl o wuhanaduasfinasiessiu Fat Acidity ludnisnnfiga
(A9NA 4.1.7)
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nnreRnwide saeelinnsildnmedfistives Fat Acidicy lu
fatheiendn imdlesan Banmenatu uazszeznatunaiiu lagesdinase
5¢fU Fat Acidity ludamssannmindmndas  dlesndamdeefivfannlusiu
wnde 17% ey wasthuseiiuBanalusi 0.5% uar 1.8%  mwEnAU
Taenfiossdu Fat Acidity luﬁatwﬁaeazﬁumiﬁ'uqe??uta‘faLﬁmﬁmwmmmuﬁu
(P > 0.01) wstlimsndniivBanalainles nmefin Lipid Oxidation $adull
ageth  nnefnelunewd 1 wuanwlinedtuesdn Fat Acidity Feaunan
neldifdennmaianmsiengy  Sdusesiawadimasionmetiifiaua
Adoswetunemadanad wimevasiunasemeres Petrolium Ether
fldaialesiu  eadwlafiny Hunter uazaniz (1951) Idvhmanaseduiiotns

g v ] & o ] o a . qe
N8y wuinmsenatlunaiuinasenaifingemsu Fat Acidity

lunmavnnanaassreufide  Jufenmaedminiauiiosinfudannuludy

9 wazinmnaasaduiniiunmsdadifiesasoiien  eiidGanalulfugeniiman
HhunadnEtEeasy uasiagunaiide 40 avmales Welsinaiiin Lipid
. . & as g d‘ g s =) ) g a' ¥ g d‘
Oxidation #anszaiuanatiufigeliy uazluavazavesditiiindiu  WalviAunan

ToLAUTITIY
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4.2, ROUN 2

®  as 1 o = 4 as o Z U
ninmMahfmeingsy  uastmies  anhnedsusssuanadulvaglu

a o ¢ S g
19 9% 12% 15% use 18% lmsvihnmusnluguanialadifamunnanatu 0
wwhnafiufigungd 40 ssmwades Wieinrafia Lipid  Oxidation 1l
srgziian 4 dle  wamhmaiudlagheng dland  Weshanasdianm

& a « I I a ¢ o -
ANNTN  uagiiATevinTndufiusieiBmadiesiliina Fat  Acidity  uae
Malonaldehydelswasismsnfi 4.2.1 -4.2.8 / qUfi 4.2.1 - 4.2.8



A9 4.2.1 RavesTEzansieUdnnm Fat Acidity lwimnass

3 d s
AIINTY 9%, 12%, 15% URY 18% HAINAIAU

51

Weslaus fUmvifi
AMNTUY 0 1 2 3 4
9 84.58, 89.57, 84.02, 83.67, 81.94,
12 77.77, 81.24, 84.37,, 92.35,, 96.17,
15 73.60, 78.12, 83.67, 81.59, 84.02,
18 78.47, 79.16, 75.69, 76.38, 85.06,
* o WAnENNUNEbanisyau P > 0.01
. ; P ¥
** gnlumsnidudiefegainnanaaay 2
100
80 ~
>
Je)
T 60+
Q
<
@ 404
L
N
20 +
0 % t +
0 1 2 3 4
fannin
——9% mc —— 12% MC
—— 15% MC —%— 18% MC

Ul 4.2.1 wdanBanm Fat Acidity luimndasssninszes
naImaiv 4 §Uaw



AT 4.2.2 mavavssuAMNTUsaUSNI Fat Acidity Twininaessning
sgzaImMaiiu 4 dland

oy % ANAY
9 12 15 18
0 84.58, 77.77, 73.80, 78.47,
1 89.57, 81.24, 78.12, 79.16,
2 84.02, 84.37, 83.67, 75.69,
3 83.67, 92.35, 81.59, 76.38,
4 81.94, 96.17, 84.02, 85.06,

¥ WANEIRUNNERANIYAY P > 0.01
¥ . o ¥
*% gnlumnseidurneisannmasneaay 2 1

100

30

80

70 +
80 4
50 +
40 +

%Fat Acidity

30 4
20 +

10 =+

o 18
%ANIY

—a— fUavin 1 —a— a7l 2

—— dUaviNi 4

—o— dUm%T 0
—¢— dUav 3

Ul 4.2.2 udmuianm Fat Acidity luimndedifiamatiu ox, 12%, 15%
Uay 18% mINAAU
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P e -7
AN 4.2.3 wavavszssansaudnin Malonaldehyde (10 M/Q)
) @ e E1 o as
Twimnapififianadiy 0%, 12%, 15% WAL 18% MN&IHU

Wadidus FUaidi

ANTY 0 1 2 3 4
9 0.019, 0.213, 0.331, 0.125, 0.269,
12 0.125, 0.106, 0.325, 0.113, 0.269,
15 0.181, 0.119, 0.281, 0.144, 0.288,
18 0.204, 0.300, 0.319, 0.163, 0.319,

* b WANENAUNWERaAavau P > 0.01
% gnlygstuAneisannnianeasy 2 91

)

~N
[\z 0.8 ==

IO

A @ 0.6 ==

Q

o]

>

L

[10]

o]

[10]

C

S

@

>

o] 1 2 3 4
dUanvini
—— 9% MG —.— 12% mc
—a— 15% MC —%— 18% MC

Ul 4.2.3 usaFae Malonaldehyde lutmindavizninszaznaimaiiv 4

dumnvi



Malonaldehyde (10-7 M/g)

AN 4.2.4

F1INADITLATNTZALAINGIRU 4 FUmA

§Unv % AT
9 12 15 18
0 0.019, 0.125, 0.181, 0.294,
1 0.213, 0.106, 0.119, 0.300,
2 0.331, 0.325, 0.281, 0.319,
3 0.125, 0.113, 0.144, 0.163,
4 0.269, 0.269, 0.288, 0.319,

*_ wanafunwaiafissau P > 0.01

5 .I ﬂ . o ¥
AEATTNIUUAURFALINNANINAFDY 2 T

% NQWN’Z.{N

——dURATYY 0

——dURT 3

sal

—a— JUaviv 1

—x— FYAYT 4

—a— AURNHT 2

Uil 4.2.4 ugaUSann Malonaldehyde Tuimindaifienadu ox, 12x,

15% WAL 18% MNAAU

54

NavasEAUANNEuRaUENN Malonaldehyde (10—7M/g) Tu
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aINf 4.2.5 aavesrgzasoUiiin Fat Acidity Tudamdasiidanaiu

9%, 12%, 15% UaY 18% FNANAU

Wadltus FUaidi

AN 0 1 2 3 4
9 26.73, 33.68,, 42.36,, 46.87, 48.61,
12 29.16, 35.42, 47.22, 54.16, 65.27,
15 31.25, 43.05, 60.41, 66.66, 68.74,
18 40.28, 51.04, 68.05, 72.91,, 83.99,

* e WANENAUNNETATISEAY P > 0.01

** glumsnuduAiRisannsnaesd 2

%Fat Acidity

10 4

—+

2

FUanhn

—— 9% MC —8— 12% MC —&— 15% MC —%— 18% MC

Uil 4.2.5 uganFanm Fat Acidity ludamdasznivseznaimaiv 4

duanvi




ANNT 4.2.6. RavENIEAUANNTUREUSING Fat Acidity ludindasszning
szgzIaIMaiiv 4 dumv

§anvivi % AINTY
9 12 15 18
0 26.73, 29.16,, 31.25,, 40.28,
1 33.68, 35.42, 43.05,, 51.04,
2 42.36, 47.22,, 80.41,, 68.05,
3 46.87, 54.16, 66.66, 72.91,
4 48.61, 65.27, 68.74, 83.99,

* be WANGNAUNWEDATISEAU P > 0.01
' ' o ¥
** gnlumsadusneisainnmaneasy 2

%Fat Acidity

i

o
.

9 12 15 18

% n’nu%‘u

——dUavin 0 —e—dUaviTl 1 —a—dUanviT 2

e dUMYTR 3 —e—dUain 4

o . e < - of b
gtln 4.2.6 uamudxnn Fat Acidity udundeefifanatu 9%, 12%, 15%
WAL 18% mN&AU



P T -7
A1 wf 4.2.7 HavavIzgzianseUInnM Malonaldehyde (10 M/g)
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< = :lld g o w
lutanBesidanatu 9%, 12%, 15% UAZ 18% MAINRIAU

wWosiius §Uaif
ATINTY 0 1 ) 3 a4
g 1.431, 1.369,, 0.988,, 0.950,, 0.744,
12 1.156, 1.275, 1.0086, 0.894, 0.800,
15 1.281,, 1.600, 0.963,, 0.744, 0.938,,
18 1.219, 1.156, 0.856, 0.869, 0.888,
* be WANGNAUNNETAISLAU P > 0.01
' , o ¥
** gntumseiduaiedgainnanaasy 2 1
0.3
(e)
> 4
=
= 0.2
o
(03]
e
>
L
1))
o)
© 0.1 4=
N
@]
T
=
0 L } t
0 1 3 4

I
dUavin

—&—12% MC
= 18% MC

—— 9% MC
—a— 15% MC

Uil 4.2.7 udnnSal Malonaldehyde lufndaseninssasnaimaiv 4
dusnw
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HaveTEAuANNTNAaUSnn Malonaldehyde (107 M/g) Tudh

WaswsniasezgnGiu 4 duamv

§onvivi % AN
9 12 15 18
0 1.431, 1.156, 1.281, 1.219,
1 1.360, 1,275, 1.600, 1.156,
2 0.988, 1,008, 0.963, 0.856,
3 0.950, 0.894, 0.744, 0.869,
4 0.744, 0.900, 0.938, 0.888,

*_ uANANINUNNaRATISLAU P > 0.01

*+ plupsiaduAeissinnsnaasy 2

o
X
=
T
o
Z
©
o
=
£
o)
el
©
c
o
©
=

P & A o d 5
';d'n 4.2.8 uanufAanni Malonaldehyde ludnasifianatu 9%, 12%,
15% UaY 18% ANETAU

O 0 o o o
n w & 0 o0 N o ©

o O O o

g

12

%MCc

18

P ot
—— iU WA 0 —a—dUAvA 1

P o
- dUarN 3 —w—dUn¥N 4

¢
—a—dURNN 2

oF



A1 NN 4.2.9 usmA1 Correlation Coefficients uay Probability
Levels seninazsu Fat Acidity Aulkdefildlunmanaaay

Test Measurements Correlation Probability
"Coefficients(r),n=16 Levels
%¥FA1 vs %mc - 0.5287 0.0352**
%FA1 vs € 0.1681 0.5336
%FA1 vs ¥xmc&t - 0.0512 0.8505
% TBA1 vs % mc 0.1685 0.5326
% TBA1 vs t 0.1692 0.5310
% TBA1 v§ % mc &t 0.2217 0.4093
% FA1 vs TBA1 - 0.1508 0.5772 "
% FA2 vs %mec 0.7020 0.0024%*
% FA2 vs t 0.6672 0.0048%**
%FA2 vs smc &t 0.9316 0.0000**
% TBA2 vs % mg _ 0.0841 0.7569
% TBA2 vs ¢ - 0.7659 0.0005**
% TBA2 vs mc &t - 0.6659 0.0049**
% FAe vs TBA2 - 0.6277 0.0092**

% UANGNARNNERR

ns

v v
1 I71INaaN

2 fwndae

€ gvasian

IumpnANEEA

fiazsu P > 0.01



% Fat Acidity

60

a0

80 <+~

70 4

60 <+

40 +

30 <+

10 4

0.8 0.8 1 1.2 1.4 1.6

Malonaldehyde (10~ M/g)

U 4.2.9 Anudniugasniediann Fat Acidity uas USanm
Malonaldehyde ssninimaiiu 4 §Ua sssdmdaeif
ATINTW 9%, 12%, 15% UAZ 18% MNAIAU

= -0.62, N =20



61

4.2.1. Havavssasvatsanalia Lipid Oxidation

-3 e ' o . . . . U (7]
IINMFIATsRaTereznasensiin  Lipid Oxidation lwtinaas
pousasluga il 4.2.1 uar 4.2.3 wuhluduawi 4 wimnfanatu 12
a |l . . n' g 4
wWositusasfivdann Fat Acidity éinnintu  uasfivdann Malonaldehyde
o & v da %’ c s o & a P
Wingulimifienate 12 uae 14 Wesifud(P > 0.01)  IRaATIEHAN
Correlation Coefficient (r) 9swind3anew Fat  Acidity  uay
Malonaldehyde fuseaznanlumsifiunuifisceznalumaiiu 4 duanvliding
sonaiim Lipid Oxidation luthindes

namTiATsTYay Fat Acidity TwdimBosamlumaned -2.2.5 aswu
JANNLANweEzesnaauidUnR 2 SWlfaausnsnemeEti (P >
0.01) Iunn'izﬁ’mm%'u ANNAIAIY sl RLENReNa s uRaNTEUIINLASIET 19T
Triglycerides (Yoshida uss Alexander, 1984) nmsfistiweewmsiu  Fat
Acidity aaaneduiglsainnia Breakdown vae Triglycerides lasfianaas
waveultd  Lipase 33'\1Lﬁuﬁmﬁlmmnqmwnﬁ’tummﬁu uasMaRNTUYEIUS I
anatu Tae Lipase aufisandlodefieomevastamion wiidedimmeriusunn
Malonaldehyde wuirdiiasasfiansasnanldouly

& a3 as .« e (4
wonandl  malisiurasssau Fat Acidity  enawWusanneinieulon
. o4 o & o e e e %‘ ]

Lipase  fufinniiesuiiameteddiannanatugs  Ramakrishna  uag
. %/ o 1 4 . d’ a %’ - - g
Bennjee (1951) lavnngnaaaswuiieulss Lipase fifnanndiasilundsafinn
ﬁ’uﬁﬂ‘%mmmw%quz Active sa Cell membrane snnndusulesl Lipase
Twadafiisainlifen  Hydrolysis wesWusy Ester sewin Acyl chains

uaz glycerals nmmassnInsIlasumMaaduayuIn Christensen (1972)
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4.2.2. HAYRIAMNTURIMIIAR Lipid Oxidation

TN 4.2.2  UaT  4.2.4  udmslAfuAeInmMTleeNsASEiu Fat
Acidity wssUSsie Malonaldehyde nadivesiatinndasfissiuamnaiy
AN Wl linuARUANGNYNEDR (P > 0.01) aandaiudasninemeau  Fat

o e o g o ° s 3 s %‘ 104 ' - i
Acidity uastBannrmnadufidmann  aedszauanNiuliinasoniamiluiuly
Tmfssesnaluneiiv 4 dUanvd '

mMINATeaLiU Fat Acidity Tudameswuintayaanauansnyeais
as . » g d' s ] F-1 vt ug n‘ 3 d’
(P > 0.01) lagmzsu Fat Acidity WHFIVUHAMDYNHNTEAUAMNVUNNTUY LU
nanatuduthisiddyesminhosimaiia  Lipid Oxidation luat
] k74
FRINMTIATARMANNTNRUSIZnINSEAU Fat Acidity uazdininanatiunuy
TIHANNTNAUSHUY (P = 0.70, P > 0.01)

4.2.3. HETENSTETVAUATAINTUAEMSLAR Lipid Oxidation

Hovhnisinneritadedansrasnatuazssiunnsauiddess i Fat
Acidity wuinssAuAatuLa s sz el AN ENWSHesE AU Fat  Acidity
wazUSsnns Malonaldehyde Twimndasfiszesnen 4 dUmd Semrsvhna
neaasisrsnaRisiy Hunter wazAme (1051) wuindeuBunmanatuluin
ndaegeiu sLfiu Fat Acidity asgeushe Tutdomuissiuamatuuasazes
~aMAMNENRUSIUTLiU  Fat  Acidity ﬂ:tﬁu‘lﬁmnmaﬂé’uﬁ‘uﬁ"?oﬁﬁhqq r=
0.93, P > 0.01) &wsodiuduntsiia Lipid Oxidation 'ﬁ'ﬂ%mmmwﬁuqo'j 1o
danmaaiunanaaasray White uazane (1gae)umﬁamw%’uuaz‘szﬂmmtﬁ'u
musjﬁ’uﬁgu s Malonaldehyde asfinwiliuanay
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4.2.4. AMNGNRUSITNIILAU Fat Acidity uar Malonaldehyde

mngﬂ'ﬁ' 2.2.1 aeugmnalnmafinufifen Lipid Oxidation (Karel,
1974) laefl Unsaturated lipids uammsu anmsdnwmudn naalawade
waznandluiada  FelannluinndaussimBeniufunumanndensifia  Lipid
Oxidation (Ramarathnam uwag Kulkarni, 1983) uasiinndniunAe
Hydroperoxide Foduasfiliiafies Seaanesdlu Malonaldehyde Fovunsd
Aevasiu Fat  Acidity  Saflumsliesziamsesulunsidin Lipid
Oxidation &wms38 TBA Test audunmimsevidianm Malonaldehyde
fiinannmaganesizes Hydroperoxide

manaaefiolinneirmandniusarr i dimsiaes wuiluin
ndalifimudiiusiuasningisieaney winuiludmdeniudesresnaninly
5efu Fat Acidity finsnntuilosannufiiSen Lipid Oxidation lushatneiy
Udnnd - Malonaldehyde  fuwilinasas (m = -0.63) ﬁ'euam’(.ugﬂﬁ 4.2.9
gamsaodunglddedamamiuiudennssasnauazmstuiie.  §enseth
U330 Unsaturated lipids lseansziuves Fat  Acidity  Twymzidiendi
Uannee Malonaldehyde evansaifisnnsaanesanitu Secondary products 1o
un Aldehydes, Ketones v8e Carbonyl compounds & 8nselUld o
ARDITUNANTIATEIUSINN Malonaldehyde  lufandases Stewart uae
Bewley (1980) Fowuinsunn Malonaldehyde zanamainnnnanaass 2
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4

moufi 1 : USumnadtulile 5 suau
(6%, 8%, 10%, 12% UAL14%)
powl 2 USumnsiulale 4 szu
(9%, 12%, 15% UAL18%)

4

ussyaslugunrialaduianngas 50 n3u

4
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naaaesde : dildeulu hot air oven

*mafinanatu : BashndusalulBinamaildamanlinssaimslagsan
Db minueshiidensin 1 micropipette fpeq nemind
saslushagefiussqagmelugeanialad sntiuinisiengs
Wunan 2-3 wifl ué’aﬁﬂﬂﬁﬂﬁ'ﬁ’aaeﬁoﬂ%’uauqazf%mmw%'u
(Equilibration) fuussmeameluge lnesfinuazifiudesed

gaungd 2 °C Wuan 1 dlavi
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AARUIN .

1. AEMANANATY

a P & v v .

'JLﬂ‘mmmmmw[mmﬂﬂQau Hot air oven method
1.1, gun3al

Aluminium can

A S o 4 o h .
Dessicator (umanaresilliaagaanaiuiiiy Siliga gel)

Hot air oven
1.2. F8mAAAsen

au Aluminium can T4 hot air oven

faownldszanm 130 3 sseaded

1 i}

4

ynliduly Dessicator
Fansanehanlnuninaen

4

1
o e

. fesnagaslilseann 2 SN

U

vdhaulu Hot air oven megungdivazanm 130 3 avrnuwades
Wegaungdite Gudunandune 1wl vsvimseuldilach
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J

P 4 ¥ L o v
Warnaauaulauminasiiug
dith Dessicator augnngiansutisgungdnes

\

° o ¥ v
i ludsnmin

&
ZAINTIU =

g ar Qs J J
WIUNMIRENNBUSU

2. mamusanunaalesiudass
2.1. gunaal

(1) Homogenizer

(2) Erlenmeyer flask 125 mi.
(3) Alumenium fail

(4) nIsAENTay whatman # 1
(5) Burette 50 ml.

(6) Pipette 10,50 ml.

2.2. @aiad

(1) Petroleum ether
(2) Potassium hydroxide (KOH) 0.1 N : ndeslalagds KOH
5.611 MW 1hanazangingl udUsulBanasluaain
USumsruna 1,000 ml.
©(3) WuwodwmAu 0.1z Juduiiimmed : inSenlnsavarefluadw
AU 0.1 ndn 1w ethanol 95% 100 mi.
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2.3. onaaay

(1) pre-dried fatef 60 °C June 2 1. Wardn
ATNEWE Y

(2) UusagniBunm 20 ndn Tufu petroleum ether 50
ml. wdseann 5 Wi

(3) naevsURTEAENTeY whatman #1 Yasenssamnfinuie
fun93smeay petroleum ether

(4) Ywnasazansmenaiaxn 20 mi. adlu erlenmeyer flask
Wn 125 mi. “r}wsﬁq ethanol 95% 20 ml. o

(5) \Fnfuadwmau 0.1% Wauduireas e laaaniu
potassium hydroxide 0.1 N aunaeidufivangeu

(6) ¥ titration blank Ingliressansiagi

%nanlysudass = ml(titrant - blank) X 0.1 x 56.11 X 2.5 X 100

YIARNADaENY

WHa: 56.11 = ma‘[waqa"um KOH
d'g s L 1
2.5 = factor 7ITuUnNU 20 ml. Y8IMIBL

2.3. manSan Malonadehyde (Thiobarbituric acid value)
3.1. gunanl

(1) Homogenizer
(2) Erlenmeyer flask 125 ml.
(3) Buchner funnel
(4) nagmengay whatman #2
., (5) Pipette 10,50 mi.
(8) Spectrophotometer (visible range)
(7) A
(8) Waterbath
(10) Centrifuge 3000 rpm.



76

(11) eiaddanms 100, 1000 ml.
3.2. a@15ipf

(1) 1,1,3,3-tetrahydroxypropane

(2) Hydrochloric acid 1 N :m3sulastia HCI 8.27 ml.
azanelu double distilled water 100 ml.

(3) 0.5% TBA lu 20% trichloroacetic acid : indsalagazans
trichloroacetic acid 100 n9¥ &vlw double distilled
water 500 mil. mnﬁ"ufj"q TBA 2.5 nSu azateadlu 20%

trichloroacetic acid 500 ml.
3.3. mMAaleReNa1sazane malonaldehyde N1AT314

(1) 4 1,1,3,3-tetrahydroxypropane 0.2204 A9N fisinu
nandiudn 2 As asanese double distilled water
200 ml. lwraiaddinasvna 1,000 mi.

(2) \Rnmam hydrochioric 1 N asld 1 ml. sousideniuli
AnNsau 50 °C lu waterbath e so wift (583
N199¢neY0Y . malonaldehyde)

(3) cooling 889925132 nndulsulBaesu 1,000 Ml M
double distilled water (107 M)

(2) man 1 mi. Bevumeainamnndaauluraimsans -
100 mil. (10'5 M) Lﬁmﬂumﬁa:mammgm

3.4. nM9n1 Standard curve

(1) FINEEALANY 6 naam foid
(1.1) 0.5% TBA lu 20% trichloroacetic acid 5 ml.
+ §178LR1YNIRTIIU 5 Ml
(1.2) 0.5% TBA lu 20% trichloroacetic acid 5 ml.
+ g19azansNNATE 4 mi.
(1.3) 0.5% TBA W 20% trichloroacetic acid 5 mi.
+ @1asaNgNIAIg 3 Ml
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(1.4) 0.5% TBA: lu 20% trichloroacetic acid 5 ml.
+ @ReaEgNIATgIN 2 mi.

(1.5) 0.5% TBA lu 20% trichloroacetic acid 5 ml.
+ maazmémmyu 1 ml.

(1.6) 0.5% TBA lu 20% trichloroacetic acid 5 ml.

Blank : double distilled water 5 ml.

(2) winaem (1) - (68) avlu waterbath g5 °C Juwan 20

(3)

Wil
cooling angaufisen

(4) centrifuge 3,000 rpm. WY 30 Wl aasaeey

(5)

TR
ynlUauAn Absorbarice #i 532 nanometre

ienfildan plot 9w Taeldunu v = absorbance, wnW x = USann

Malonaldehyde azl@ stansard curve msmawuan 4.

3.5. NFILAIIZAR2a8N

(1)

(2)
(3)
(4)

(5)
(6)
(7)

(8)
(9)

dgheghenn 1 nSu Uusaniuiu double distilled water
50 ml. Wunan 5 wfl

Ysuldanaaidu 100 mi: lunadauSnesswna 100 mi.
NS99MENIZAENIaY whatman #1 sy buchner funnel
hdndingasls 4 mi. Bn 0.5% TBA lu 20%
trichloroacetic acid 5 ml.

W1 waterbath 95 °C Wunan 20 Wi

cooling (fingaufiBen

centrifuge 3,000 rpm. Wuan 30 Wil agazaeas
\Ouloay

ilUshusn Absorbance i 532 nanometres
deiialall plot vy standard curve ReilATHAN
Malonaldehyde
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A5 97 A.1 ANFNURYBIIBEN
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mag AN (%) Tuste (%) namlysiudasenan®
M 12.1 0.5 oleic, linoleic
f1Inaee 12.0 2.3 oleic, linoleic

daun 11.9 1.9 linoleic, linolenic
fnda 8.8 17 oleic, linoleic

*Axn : Pattee (1982)
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AMARUIN 9.

L= u] 4

_ Smmadaseadler
_ Samatasiuaslet
~ UIAY

- ANNYIDION

- avAlIEnauIaIe

31 Aadfne/m9Nms /U
2.5 NSN/ANTILNAT /U

10 X 6.5 AT NIURLNAT

26.25  QNUIANLIUGLNGS

OPP (Criented Polypropylene)
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qUf 2.1 Standart Curve wey Malonaldehyde

Absorbance

Malonaldehyde (10 M/g)
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AMARUIN K.

[]
-]

:l' = L at « . [] %’
AN R.1 wanSlATEYeYaU Fat Acidity i (innanaaas 3 40)
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FLEULLIAN % AT
(@avif) 6 8 10 12 14
1 13.13 17.10 19.25 19.07 19.37
14.10 16.80 17.00 17.20 19.15
12.05 18.69 18.47 16.26 18.63
2 16.70 20.20 17.21 16.47 18.20
17.01 19.50 16.88 17.00 18.71
17.05 18.50 19.22 18.12 19.22
3 11.80 16.30 15.84 17.30 18.91
13.80 17.30 16.80 wvas 19.37
14.94 18.30 17.55 17.38 19.59
4 16.66 18.42 17.97 21.52 18.00
16.83 19.37 16.89 20.90 20.47
18.32 19.03 17.76 20.70 19.97
5 17.16 16.70 15.55 21.48 . 20.80
17.08 17.94 16.60 21.80 21.40
17.25 21.61 14.83 21.84 23.02
6 13.50 19.10 18.70 22.30 21.20
16.00 18.45 18.34 21.70 21.81
16.30 17.85 19.18 19.12 20.14
7 16.10 20.5 22.03 21.89 21.00
16.50 20.70 21.0 22.75 22.20
16.96 21.92 19.59 22.68 20.97
8 17.60 21.40 22.10 22.60 22.00
18.45 21.50 22.07 22.80 22.60
17.22 21.66 22.70 22.28 22.45
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AT Q.2 wamsilemeasiu Fat Acidity Tudums Ghnnaneass 3 1)

FEYLLIAN % AN
(&anvit) 6 8 10 12 14
1 28.10 22.74 29.87 19.44 49.00
29.84 23.76 29.33 20.05 48.37
30.44 22.95 29.18 19.43 47.98
2 37.47 25.00 36.74 29.27 50.07
35.77 24.31 37.40 29.43 50.81
35.48 24.34 37.40 30.07 49.54
3 37.60 26.89 24.79 31.23 49.76
36.45 27.43 24.81 30.97 49.90
37.46 27.79 24.25 30.07 50.76
4 35.90 23.48 27.43 25.68 45.66
36.47 23.95 26.88 25.90 45.18
35.63 22.56 26.18 26.54 44.85
5 28.03 19.22 22.70 27.80 43.40
27.29 19.34 22.90 27.50 43.41
27.48 20.36 21.90 27.29 42.87
6 28.70 20.63 22.03 27.59 43.94
28.11 21.40 21.65 28.10" 44.30
27.64 21.09 21.54 26.90 44.33
7 26.89 26.72 25.34 25.46 45.48
27.50 25.90 26.00 25.21 45.81
27.78 25.77 24.95 24.99 45.68
8 29.41 29.08 28.70 25.13 49.78
29.12 28.45 29.11 24.56 50.03
28.56 28.45 29.01 25.25 50.13
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A9 Q.3 HamMSIeMERaLsu Fat Acidity Tudiwmdss (lhmansaas 3 1)

&
% AINNTY

FLYLLIAN
(FUonvi) B 8 10 12 14
1 27.12 39.43 36.11 46.19 61.66
27.48 39.84 38.89 45,08 63.58
28.17 39.62 37.62 50.42 56.77
2 34.14 60.02 55.53 58.73 58.76
33.23 50.24 54.62 63.36 61.33
34.84 59.60 58.81 56.77 65.07
3 30.96 52.63 44.89 54.60 49.68
_ 31.87 50.01 47.33 50.16 50.52
31.84 51.41 43.50 55.14 47.10
4 29.47 48.02 36.45 47.46 52.11
29.76 45.66 38.16 46.90 51.32
29.15 47.29 42.18 49.46 54,37
5 34.00 72.30 62.37 56.19 58.47
33.47 70.15 58.01 57.76 58.63
33.54 67.97 58.98 54.38 61.76
6 30.76 70.15 60.71 57.60 57.91
30.24 73.39 61.83 55.48 | 55.32
29.48 79.51 56.32 60.86 57.20
7 52.81 72.28 69.82 67.39 63.08
52.35 73.31 73.87 66.09 79.54
52.64 77.46 71.98 72.71 42.54
8 56.10 75.43 73.85 70.80 64.29
56.72 74.28 74.03 69.37 65.07
57.25 80.36 78.80 74.51 67.70




AT 2.4 USNANNTUIDARaTNRRamASEaLNaN 8 aUAH
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oty FrazIan (FUH)

1 2 3 4 5 6 7 8
ap!
- 8% 6.33 6.53 6.94 7.03 6.89 6.68 6.97 7.46
- 8% 8.26 8.389 8.73 8.97 8.75 9.28 9.03 8.44
- 10% 10.23 | 10.46 | 10.2 | 10.49 | 10.70 | 10.68 | 10.98  10.83
- 12% 12.08 | 12.41 | 12.28 | 11.80 | 12.05 | 11.82 | 12.55 11.37
- 14% 16.46 | 13.56 | 13.70 | 13.69 | 13.87 | 13.87 | 13.90 14.56
dum
- 8% 5.62 5.91 6.04 5.89 6.01 5.91 6.10 6.35
- 8% 7.86 7.43 7.80 7.92 7.38 7.75 7.63 7.71
- 10% 9.83 9.55 9.88 9.97 9.74 9.40 | 10.34  10.59
- 12% 13.01 | 12.61 | 12.42 | 12.63 | 12.65 | 12.76 | 13.68  13.56
- 14% 14.59 | 14.43 | 14.23 | 14.44 | 15.17 | 14.76 | 14.63  14.29
dmda
- 6% 6.03 6.1 6.04 6.32 5.94 6.05 6.76 6.38
- 8% 7.82 7.67 7.83 7.74 8.03 7.73 7.34 8.36
- 10% 9.74 9.64 9.47 9.45 | 10.07 | 10.20 | 10.36  10.28
- 12% 11.23 | 11.53 | 12.07 | 11.38 | 11.20 | 11.05 | 12.78  12.87
- 14% 14.36 | 14.76 | 14.91 | 15.21 | 15.76 | 15.53 | 14.39  14.50

*i’a:;llaﬁ’onﬁﬁmﬁumﬁlﬁmnma‘mam 3
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AN Q.5 HaNIATILHILAU Fat Acidity ludmnaae hnsneaas 2 1)

wWasiun sreznan (§Uand)
AT 0 1 2 3 4
9 88.89 86.10 80.55 81.93 81.24
90.27 93.04 87.49 85.41 82.63
12 78.46 81.93 85.41 90.27 101.38
77.07 80.55 83.32 94.43 90.96
15 72.21 75.69 81.24 80.55 87.49
74.99 80.55 86.10 82.63 80.55
18 77.77 77.77 79.85 82.63 90.27
79.16 80.55 71.52 70.13 79.85

d' o o o . . ..J = o g
ANl 2.6 nanmMsdlATedassiu Fat Acidity lufawndes (hnameaas 2 1)

weodius seaznan (@Uanv)
AN 0 1 2 3 4
9 25.69 36.80 41.66 46.52 47.22
27.77 30.55 43.05 47.22 49.99
12 27.77 37.50 49.30 55.55 67.35
30.55 33.33 45.13 52.77 63.19
15 30.55 41.66 63.88 65.27 72.21
31.94 44.44 56.94 68.05 65.27
18 37.50 52.77 89.44 70.82 79.85
43.05 49.30 66.66 74.99 88.13




A9 2.7 wan19inA Absorbance lwdmngss (maneaas 2 1)

wWasious FrezIan (@Uany)
AN 0 1 2 3 4
9 0.042 0.045 0.056 0.025 0.045
0.020 0.022 0.050 0.015 0.040
12 0.022 0.022 0.050 0.021 0.039
0.018 0.011 0.053 0.014 0.046
15 0.026 0.022 0.043 0.022 0.046
0.031 0.015 0.046 0.024 0.046
18 0.041 0.050 0.046 0.020 0.051
0.052 0.045 0.056 0.032 0.050
51"1‘5'1\1‘?; 2.8 wan1TInAN Absorbance 11461"'Jm§ae (FnEnaasy 2 %’1)
wasioust seeizinan (Fuand)
AN 0 1 2 3 4
9 0.226 0.243 0.156 0.158 0.121
0.231 0.194 0.1860 0.145 0.117
12 0.225 0.223 0.146 0.142 0.152
0.145 0.186 0.176 0.143 0.135
15 0.209 0.260 0.137 0.126 0.131
0.200 0.252 0.171 0.111 0.169
18 0.198 0.185 0.147 0.124 0.146
0.182 0.185 0.127 0.153 0.138




AaNf 2.9 USinnenstivvesiegnaaasteznan 4 &UanY
Aot P AR GAII 1)
0 1 2 3 4
F1InNa e
- 8% 9.21 9.93 10.16 9.89 10.03
- 12% 12.90 12.62 13.42 13.23 13.56
- 15% 15.41 15.68 16.81 15.76 16.01
- 18% 18.67 18.93 10.66 15.54 18.88
fundes
- 9% 9.56 9.91 10.12 10.28 9.86
-12% 13.17 13.42 13.53 13.28 13.21
-15% 14.29 15.07 15.79 15.73 15.98
-18% 17.04 17.97 17.13 17.37 17.43

*fayannanadudmdldannnemasss 3
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WNEIUIEMN  YUuIA Batufi 27 nenmewn 2517 SmdauaTedan
fFamsAnwnmanangasUiyyinenmandiudin (gramnsaninens) 1wl w.a.
2539  anzmAluladnsiness  aodunaluladwasassindiidnaunmaanansedl
fdinsfnvasudsenanennlandoundiietaon aqunwanues lul wa.
2539

wigsnnf wgener Aedul 11 nenew 2517 ngumwanues @18
nafnwanamangasUiyainenmandiudin  (geamnTaainess) Wl WA
2539 AnzmAluladnanens  dordunaluladwszassinadnaummsanangzds
dudsmafnenasiusiaesaeaniadeunssliusfinends  nqavmemuas Tud
W.A. 2539






