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ABSTRACT

In deep-oil frying process, When the frying oil is continuously heated at
high temperatures for a long time, some products cannot be decomposed in the
oil. Pork crackling is a very popular local food. The deterioration of oil quality during
the frying process is therefore a matter of consideration because it affects the health
of consumers. The optimum conditions for frying pork crackling with liquid separator
were studied. It uses the principle of heat transfer between two fluids of oil and
water. Objectives of this research are to increase the quality of food products in
frying form and to test the performance of the prototype fryer. The test results were
compared between the prototype fryer and the conventional frying pan in terms of
chemical properties such as peroxide analysis values, free fatty acid value and polar
content etc. The physical properties of the oil include the color value and the
thermal energy of the process under the condition of temperature and re-frying time
of 210°C and 40 times, respectively. At the end of this research, the cost of energy
consumption and the cost of production of pork crackling were assessed. The results
of the study showed that and properties. Peroxide quantity, free fatty acid value
and polar substances werein the legal criteria which were 0.6 mg O,/kg, 0.33% and
11-20%, respectively. The result tended to increased significantly (p < 0.05) as the
frying time increased. The color of oil and the color of the pork crackling tended to
increased as the temperature and frying time increased. And from the analysis of the
test results, it was found that the optimum condition for pork crackling with liquid
separator was 30 times. In addition, prototype fryer used the fuel consumption for

frying 1 kg of product and decreased by 6.534 baht or 50% less than the cost of



wasted fuel of a conventional frying pan. Since the fryer was designed with a device
for controlling the temperature of the oil, it can save the amount of fuel lost in frying

process better than a conventional frying pan.

Keywords :  Efficiency, Layer separation liquid, Frying, Repeated oil frying, Polar

compounds
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5. LAaLgey 17 Jadnsu
6. voanasa 40 Haansu
7. 59an 2.0 fiadinsu
8. Anfiudnis 0.29 faansu
9. Imfiudass 0.05 faansu

d‘ a L4
U7 (NBIVINTT NTUBUINY NIENIINEATIEY, 2521)

msveaduBuiilaummuiomnnluniasdouemsdadumsugsenslnisi
f¥ou msveaiinavinliAnnsaemanudeu (Heat transfer) Msanewana (Mass transfer)
swdsnaindunsiteidudoussninermsuasindunen mavesivinadenmninves
wanfusiaatine WWun ndusa Snvausdeduda ergnisifuinviwaramamislaruinis

(Dunford, 2010; Sanibal and Mancini-Filho, 2004) N15N8ABIMISANINISNDALUULNL LAY



(Shallow frying) Fafuntsneslneldinutios anzdmsunmsvenluaiieunsenisnen
ownsUriailddesnisanuasiianevednan s Wy Wewesined 1si [udy waznns
noALUULSTUYIY (Deep-fat frying) L“iJumsﬂnamaflmiﬁﬁaﬂﬁi’ﬂu%ﬂuamﬁLLazqmamﬂiiu
Tnonsnonazldisuitiusnasnnfismefiosyiuemsndy nsdhemeanuioussiiniy

719n15nANsaululT ke g NsEANNS UL U195 IlieIMS RS UAIILSBURNN

'
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dulumn 9 ey AsuduaranuueNUInNguestue msasiianuaians nsnenkuull
FUMEEAUN1TNOAIMITNNTUNTS (a1 J1YTR, 2553) ANAMVBINERTNTDIMITVEN
(% a é-]/

Tuegiuyiavesiiuily Fuhiiurzdodinuninilinungay ililosnufiuiildnesdu

]
fnaslunisiemeanadeuliorms wagiilomsanudsssonaeauliliemisdniu
mauzdilinen Paeludesduasifiusanilvifueinis sswismmenlifisausifnnisseime
vasiluemsuideiliAnansUszneviy 9 mﬂm‘mﬂﬂQJQSWﬁuLﬁ'aiﬁmm%fauqﬁmﬁﬂﬁ
dsumeainnsidenaninld (Mellema, 2003: e U36nd, 2556) npufisenlalnslada
Ufnseneandindulazufisemedwelsiwdu sTfﬂLﬁuﬂﬁﬁ%mLﬂﬁﬁugﬂﬂufﬂﬁumamﬁ%ﬁﬂﬁ
Anansuszneuiisemelduarliseine tnefiansuseneuiiszwmeldduingaes smeluly
usseniemdenlothuasfinsflansuseneuiisemeliundiuluditu milmand§asemis
wiideluniagngaduluavisnen diuansusznouiildssmeluiituasvildifanis
Wasuulasaadnuazmanieamuazmaailuidusarewmisnen Tasansusznaudlli
seweariinadeninuasiivesndusawazaunw Muidnuuzilodudaresomimen
sgrihafiuinm mameauuuinduiaasilinaalutulidudaluiduanas Turne ity
9gdivlaa & Aunlla AUVLIKLL ANuSouT g Usinaveansaluliudase arsusenoudl
fuazansUszneuneaieSnuiNtY (Choe and Min, 2007) FaunnsnengiansnsaviliAn
dnvsznouiiliissudiinansenurenanmnueio v suadidaasiliiAnansuszneudidana
\HeoronunmomIsware1dne Wiindunsesegunnveagustaala
uananiainnisAnwmuiinisldiitunendn q egnsdeidesfigungigady
natutugaunalitinUjATe1619 9 19U 00nTYu (Oxidation) Twatuelsiydy
(Polymerization) waglalaslada (Hydrolysis) Wu@u (Che Man et al., 2003; Gil et al.,
2004; Hein et al.,, 1998; Innawong and Mallikarjunan et al., 2004; Innawong et al,,
2004, Jaswir et al., 2000; Moreira et al.,, 1999; Totté et al., 1996; Tyagi and Vasishtha,
1996) FsufRsouvaidndssaliAnnsdouanimuesiiiu Tasnsdonanmyosiiiy
neainiflaanannisarauvesUsinunsaluiiudasy uarmafinturesansusznouiiddn

(Total polar compound) Tutgdu Tegluszninensnensmsinduaziinufisenlalasla
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Fa ynliAnnsaluiudasy llundwelsauaglandiwelsa (Monoglyceride, Diglyceride) Tu
vaoatuinduiannsaeendladoldasussnauiiiitase q wu asUsznoulslnsides
ponlas (Hydroperoxide) 8wanlan (Epoxide) woadlan (Aldehyde) wagzflau (Ketone)
Hudu FefunmunmuesmdndusiomnsiilivslunivesUSmunsalusiuriansu (Tran fatty
acid) 818N1SNUTNY AUAIMIOINS ifmﬁqqmmwmaqQU%Iﬂﬂﬁa%uagjﬁ’ugmmwmamfwﬁu
NOALABATY

nTegnuvesindglavdulng nuidagduduslaavilnedssanuiovas 55
ﬂizauﬂﬁgwwiﬁﬂé’auiuﬁmsﬂﬁLﬁmqﬁu wazmdnndyrnudsainlsailadosanidudon

I

W lafudu uz5alunszinizemns saulufslsaunmnu feaudIAyreIdunT I8N

[V [ (%
Ay a a =

a1suszneuitanisvuluthiunen NseNTIvEIsNTngUIteanuInINIsAIVANANUADASY
innsdiifunesdnldnensmsiiedming lngeanuluuszniAnsznsvassage
(aUuN 283) W.A. 2547 1509 MvuaUSuIE15UsENVEY (Total polar materials) Tuigiy
g v = A o | Y % 1 3 o do A o ! A o~
ldnanvsalsenavatmsiiied vy fgiuinhduniunenemisiedmiiedieinig
lineng1 w3ethluusznauemisendliansusenaulitalulinaguuazeanelviindunsiy
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o ! I dgj I a b4 go’ £ = v v 9.1:’/ o A
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UslaatguNegngn 800,000 Au drulngdeusuuszyuemsuszinnmen laewuin J51ua1
Pwunfldindunesgidesanin iusunsiereguain msizlasdunsie Ao @1sln
a13 (Polar compounds) 1Juaayirliiinlsarnuiuladin wazaisindlordn ezlsunfn
lalmsa1suau (Polycyclic aromatic hydrocarbons ; PAHs) 1luaisnauzise danulanalu
) A a =2 a = ' [ < 4
Wuvenawnsiidenann wazluleisewevaugnanaims Faanudssianisduuzsals
MEeuazEUTlnA
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1.4 YdULINVDINITIVY
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Wiguisuarsulsseninaniemensunuuiunsengiall laun 8, USunaaisinans,

USinaunsaludiudase wagUSuiuameseanles Negluindiunentt wazavaiunududsi

Neadlaun aamaiilunisnen, dnsidiu (Wandadiseundy), vliavesidu (thduldy

Totadu niileUnaunIunssuds asnzndmes) Wusu
1.5 A5aiuauIag
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wW3awmen (Fryer) vanefs iueiesdnsgunsallumsuusglemsiliiiienisven
91113

159 (Frying) #1883 mi‘v‘hmmﬂﬁqﬂi@81%’5ﬁﬁuﬁ6nw'§alﬁuﬁué’m’muéfhﬂma
Tumsuanidsuanufeu lneUnfazldgamaiiluzag 170-210 esrniwaidea
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fu uazuaunyiudu lumsdnwedadldfunisatvayuuaumyliunnlssnuueungue
wil Yaniadne wnduingavlunisine

Yrsiuneansn (Cooking oil) Mg Yisfuiiniunisenemsnatenss Lﬁagﬂmm
%amfﬂﬁu%l,ﬁmmiLU?{auLLanamamﬁ’ﬁmqmﬁ LAAAITWIN hydroperoxide Wag glycol
hydroperoxide aaednduans aldehyde wae dimer i1 functional group hydroxyl,
carbonyl epoxide glycol acid aseiiiintuurdsifiviasdusunsiorosnanie wa
odssenaislsauziminansivandsiivudousntuems

tihdfuundu (Palm oil) vanefa tdufildannfisdduiliiuuduiugeds 06-08
du/ls/8 dewssuifufufininduriadu annseilulflugramnssundnsusiomsuas
1¥lunnsUsznovennis ilesnniiquantanuainudeuldas livilmAnarsnousiss
uenaniithifududedsneninhiufiveingu

a151wand (Polar compounds) 1118 @15UsEnoUdidamiAnTusEIaNIsNen
onssethiunendn Inevhluihiunenomsiindalniivinalasnedandiveseatady
ansusznevlifitaszannidosay 95-99 widetlulimenamsfigamgiasUssunn 170-
180 psrwaifea \uszsrnauauiuInewsuazeendiauane e lutladeiss

mM3deuRunnvesiunensmis YliAnnsuandivesiisiunen Waduasinaislu
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AaAIMUBITY wazduiinivesideuaunuisveshduneadifdeunmuain lu
Wentinusiiiasizimuiuiaasinaslegiiftegnshdunninseisneganaauansin
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ans

wasaanlan (Peroxide Value: PV) %1188 ANIUSNDINNISIADNYDIUNTUALAANN
UfA381 lipid oxidation Faduamguesnisiinnauiiy

Aranulunsa (Acid Value: AV) vunedls afivsvandenaunnisiuiiinuiisen
hydrolysis ¥lmina1sndwesea wagnsalutudase sibimhsulianudunsaiiniuy

Ansalududasy (Free fatty acid: FFA) viunefis nsiinnsaladudasslueinng
I~ v oa dy %,’ o A . Y 96’ U g gj a e t”
Judwtivagauninvesdnduity (Vegetable oil) lusfunazindiunangn sauvisevisnilladiu
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U

nsuantUaguaiiuiau (Heat Exchanger) wiunefia nsdsatganusouinduly
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N1373ALBAFATT

LﬁaLﬂuﬁugmiumiﬁﬂmﬁ'mquamazﬁmmzamﬁammmeyé\’aaméawam
LL‘U‘UGUENL‘Via?LLUﬂ%Uﬂ%ﬂﬁléfﬁ’lﬂ’liﬁﬂtﬁ’l%@iﬂﬁ’iﬂﬂ@ﬂﬂ’li 15615 PaoRIUITeAET 09
AUSIazLS R

1. mmiﬁ"ﬂﬂLﬁaaﬁuLﬂ%mamﬂ?{aumm%@u

. aflaveunosuandsuaudou
. dusravismsmemanuseusiy

. NANNIINLUUNIIAINTOU

2

3

4

5. NANNISEN8AINTOU
6. AURAAINTOU

7. avwihluReduuaunyuazisnisuan

8. NILUIUNTVIEN

9. msmamkuUtuay

10. logu

11. nInludiu

12. hifunen

13, nsdsuulasenhifussainmen

14. UiRsBuAllvesitussvinsvenuuuTuYiay
15. Fianmsidaufisereendwdulusiu

16. asUszneuiiis

17. AUULAENITIATIETLATYEAIARTIAINTTY
2.1 anuiniluineaiuiniasuaniuasuniiuiau (Heat exchanger)

o a % = a A Ay Yo ) ! % a
irsasuanilaguauiau Ao WwSeslaNnlidnsuNIsaNemANLSaUYeIvRd aTia
wileludsvesivadnalianis Inenvesivaludnludeswaudu (Wndns gimunde, 2536)

= A v I = = Ao o 1 =3 I~ A = ~ 1
wsowmaniasuanuseudunisslendfyuinegrmidansziluaisdionlglusyuumis

9 MIAINTIUAIENT0E19NT193919 AMINTAITLAIUINILAIUIUNITODNUUULATON



waniasuanufouls Tuniseenuuuirlesuaniuasuaiuiou mnsdesiinnuilunis
AUINENUSEAYIENITNANNTEU MIdIIuYeIRuTou LarAuInnamansvadlvg
Tutlagtunszuiunisgravnsauiisadesiundsnuanudeu dnlngfiiaies
wanidsuanufeuduesduszneu wu gramnssuieiy indesuanidsumnuiouasgnld
ei’m%’ummﬁuqmmﬁmamﬁwﬁuﬁu dmiuiasuannzveslefiesnuinnnenduliiiy
VBINA? LLazﬁm%’Uﬂ’]ia@qmugﬁmmﬁwﬁw%ﬁ”w luvhussmgaiuiuluanamnssude
gnamnssudulodaaszit uazgmannnssudu q Aldledosuaniudsuniudeudmiuii
gaunil angaumnil vivenyulsuaufouanveslnanduuildlvg
wihiindnveaaosuanidsumnuiouife mstiomdssuaudeunnldeiagn
ndnns uardiuszavsam fafu Blduandonedouandsuanuiou Seduiusiuduny
Y9INTTUILNS UazenaiinasiesAvesndnsias madeniaieaaniudeunuiouazioni

[l C% (% d‘ Ao o 1 = A L4 a ¥/ A
p81958n58Ts WeulvndAgyegrmildlunisidenagunsaiuanildeuninufounldly

gnamnIsuife Anudaussouglunsiinuigawassiagn
2.2 ¥invasasasuaniUasuninuiou (Types of heat exchangers)

iSesuaniUasunuseuiivatouuy mssuunasesaniUdsuanusounnvile
Tnvordefirnienisindsuiivesvesinaluiaissuanildsuanudou uardnvazreases
wanwasuanudewdundn
2.2.1 wismudnwaznisiuavasvadiva awnsouusld 3 Ussuan sl
- asbuanuumanelny (Parallel flow)
- msivaaunneiy (Counter flow)
- mslwadeaindiu (Cross flow)
2.2.2 LLﬂamué’nwmz%quiﬂwaem%’laaLLanLUﬁ'ﬂumm%au anusauuala 3
UsgLanuan ¢ il

2.2.2.1 AI29aNtUAgUAINSBULUUTIDED9%U (Concentric tube or Double

a

pipe) inauanidsuanuseurilnilonvegludnuuziveassioaiudmenuaaning 2
drunisluavesvasinanialuaaiunieiu 1Sunq1 counter flow M3alnavuILAY 158030

parallel flow
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Hot |—‘] Huod Hot q Hot
in-_” i"—'I . :|m"- in_ a | — - — r_]c}ul_

t

L
Cold Cold
in out

it

{a) Parallel flow (h) Counter flow

MW 2 dneaienisivaiunneeiy waenisilisunlaseamaiiluniosaniuasuniusou

LUUYiedetil (Double -pipe heat exchanger)

2.2.2.2 wpsasnanilaguninudaunuuiivesluaiinaniesnsainnu (Cross flow)
TurSewanasuanudaunuul vasluaaglvaluiien1ensainiu aakanaluning 3 n1s

afanuenalvegludnuazvedvaiienson (Single pass) 3o uaaediien (Double pass)

= =4
W3aunNANLe
) b
L, 1
1 [
g L r
Cross-flow 1 Croas-flow -
{aarierixecly [ Q} Q) Q} (miixed)
Tube flow
(eerimmixed) Lirmixed)
{e2) Both Mukds unmixed {4 Onee Mubd mixed, one Nuid unmixed

nwil 3 nstuafiunnateiuly cross flow heat exchangers

2.2.2.3 asaananilagunlnudaunuutgaauwaziia (Shell and tube)

wIpkaniUdsuanuiouviinlivednasianiiaazedluwad uazdnylianilazedluvie
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dmsunisinatuazedludnvarlvamuniaiu vselnavuuiuild wenainienvesnuuulv

yasluaiifeniedainduaanle

Tukbs= Shell
outlen imlet BaiTles

(] -

From-end
header

Rear-emd
hemaider

A 4 Shell and tube heat exchangers 1 shall pass and 1 tube pass (1-1

exchangers);

Shell-side fluid

In Shell-side Muid

In
Tube-side
fluid é Ot
p—e Ol (E L. Tube
G : b= N —D -.rlli-_i_q_;j
G, T i
- Tin
Oout
L
Oun

(@) One-shell pass and two-tube passes |
(&) Two-shell passes and four-tube passes

A 5 Multi-pass flow arrangements in shell-and-tube heat exchangers.

(%
[ 1

=1 ¢ a 1% Al
UDNATNUEIATNITALLU UigL.ﬂVI‘U'E]\‘]Q‘UﬂimLLaﬂL‘Ua EJ'L!F’YJ']@Ji@uwﬁlﬁufﬂuqm?ﬁﬁﬂiiﬂ

A10150052919 2 35 A9 LUIRNNANIZVDIVDIIANLY AT UIAINANYUENISITIU AILAD

ANswUInINaNIzvaelan Y
= = v ! ] A P P
LASD9LANUALUAMUSDUTENINVBUNAI-VBUMAT LU BILaNUABUAINNS DU
Uszanlufinsilasullasanzuesvadlnans 2 sia Wiy drsuduenauwasiduaun
Jouvendu 1usu

1. LA309LANUAYUAINUSDUULNINIVDIMAI-VD YA FUANTLN1SIUAsURUAIENIY
Ya3v99lrans 2 vile nevauvaisianiaazidsuanzidutnensaszwmedulaly
SEMINLANUAIUAMUSOU LU 1ATDIANYN (Re-boiler) Ypavanauuntu febundu

gamafianduunasnnudou
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2. dewmaniUasuminseussninediny-fne vdaliinsudsuntasanne ldifanns
muutduroaan 1wy iedesguornafldfeiaduumdsminiou

3. aseduaniUasunnudeussninafng-ine wdefidinsdsuwlasaniie Tnesdeanils
axfinismuniuduveaar 1wy 1p3esnszatsnnudou (Radiator) dwmsurna
ouguluvios Tnevierneligudnelen

4. wiesandsunnudeussninedg-veamar saelifnisidsuulasane Tng
yianiaduiwuardnelandsfuvouna i indesguideu Aldmeiannmie
Tovnduumasanudou

5. sesnanasuanudoussninedg-veuman vdafidnsidsunlasaning wu
wiielothuvuviedssemeilridulethsefaduniy uasiadosrmuniu Fanuuvy

Tolmduraauuaimeinszuisanusou

[l 3 ¥
N1UUIUTENNANAAUTTAIANTT LYY
I3 A % | s v & o
gunsaluanUAsuANNTaUENTaLUI LU SEIN IR TEANAN S I d O uvT e N wauy
nnslgauti taun

1. LAT9992L118 (Evaporator) ®3auniiatAel (Concentrator) N15l49IUADNITIZ LAY
vosmarbiluloeldlenistulidulsslew wioiobildvsunarduduiu

2. \A3099U MisawnIavliseuamiln (Preheater) gauszasdniiiovlivesinasou
! Yy = & - a a a % o o oA
aranth Fadunsiiudssansandianuseuveinssuiums lnemlulinasisede
musuatsinvesnslduvsenuUssinvesvesiraignauliseu wu we3eq

guihtloundiolown (Boiler feed water preheater) 1usiu

1%
a

3. wseuiliseu (Heater) auszasdniivaiinanmgiliiuvesinaliionmgigetu

Y Y

Y

4. 1A399INIRTauBeIn (Superheat-heater) 1ATUAEYIUTLLAINToUlTAUVD S
~ ° vy P A A ° v % a
Inadigniilvisounuay weagyibviegluan nseutisein
al v 3 . al Lo Y g v Y Py A A v &
5. 5899191 (Re-boiler) 1a3alvinvinluanusaulvnuvsaraliionaysemelmiu
lednAa
d{' 1 o‘d' o @ d' v [~ 1
6. 1A3DIAIULLUL (Condenser) gauszasandAgyfiiianiulelvinalsluvesnas
LA589AULLULEUN
d{' 1 d' dyd d' 1 a dl’ d' Y
7. ASDIAIULUUMUA (Total condenser) 1A3BIUUUATBIAIULUUTLA IS NLYHUD

naulasuniseanuuuliaunsaruLluleNeanangaarendulaNIrue
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8. i1A3peAIuLLLLISEIY (Partial condenser) LadasmuutuszLnnnanTuldfume
ndu flgauszasdifiomuutuunadlinansfuvesvan

9. inFesszuieAuieu (Cooler) ndnsiviminflszusanufeulifurasivaiionn
g ivedvedlva

10. \3ewilmdudn (Chiller) simihflangunaivesvesnalsivhasnn Ingldasi

AU (Refrigerant) 1w WSeou wadludle [Wudu

s = Q‘ U . .
2.3 duUseansnisanemanudausiu (The overall heat transfer coefficient)
dl' -al' o o [~ YY) a '3 '3 Q" ¥ [l [
Sesnddgdudusunsniunsiiasisiaunsaiuaniuisunnusauluuvienuialy
WamuSauAfe NsmduUsEansnisatemauseususenieveslvaas st duladey
AN BYRIEUUSEAVIS NS emANL ST IS e Insvedlaidl m‘mnmﬂu T, fuvetlua

2 aa a o a U = Y
LWUNNYUnQUITU T fitulpenilsfiugaeauns (1)

%
Hox
fluid

Hieat

H\ transfer

} Cold
fluid

Hot fluid
/“uh =T,

AMA 6 Thermal resistance network associated with heat transfer in a double-pipe

heat exchanger.

N AT
Q= — =UAAT = U; A AT = U, A, AT (1)

R
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R= Rtotal =R+ vaall + Ro (2)

W U fs duUseansnisanemainuseausiud (The overall heat transfer coefficient,
W/m? °Q)

[

dn AT eanly aunis (1) Aazanglasaaunis (2)

1 1 1 R 1 R 1 (3)
—_—= T = —T— = = — 4+ + —
UA.  UA  UgA, hao " A
1 1 1
1 O0 & (4)
U h; he
As = Atotal = Afin + Aunfinned (5)
As = Aunfinned + r]ﬂn Aﬁn (6)
A

//,/ /"‘\

Heat
transfer

N\
. Outer tube

" : \\E Inner tube
flud \_ — —A,=xDL
“‘AI:.-TDJL

AT 7 The two heat transfer surface areas associated with a double-pipe heat

exchanger (for thin tubes, D; = D, and thus A; = Ap).

o [y

dmsulunsalvesaunsaluanildeunnusounusenaunieviaaasuuIngous WY

LReAUTY (Double-pipe) f94n1W#l 7 & A = TIDL uay A, = TID,L AetuduUszdnsnng

£
aa

fuwmANUSauRRvionsaitaziiAu
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R, = —— ©)

o k = thermal conductivity
L = length of the tube

L PHNATINYDIAUANUNIUANUSDU (Total thermal resistance)

1 In(Dy/D) 1
R = Rtotal= Ri + vaall + Ro= ;-}_ OTTKL + : (8)
. AT
O =— = UAAT = UAAT = UAAT 9)

R

e U Aedudseansnisananainusausid (The overall heat transfer coefficient,

W/m? °C) findia AT senly aunis (9) Aaganguassaaunis (10)

= =g R I R + (10)
UA,  UA  UA, ha T A
1 1 1
Sm == (11)
As h Atotal = Aﬁn > Aunﬂnned (12)
As = Aunﬁnned ) nﬁnAﬁn (13)

a a A A %
AU (UND 7 LATRILANLUASUAINUSDU)

o

2.4 VANNITIRNLUUNNNANNTOU (85ANA AZLWS), 2557)

n1seanuuugUnsainanildsuninuiousisazuiinisnveenluassdiuind
AudNTuSiY lowa
1. N9BNRUUNIAINTEU

2. ATBALUUNNNG
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N1398NLUUN1IIAINTa BTN UANTSOUENITANEIMANTaUYRUNTal
waniudsuanuseurivelivanyseiuin gunsalfieenundnuiaiigsnedniunisyinming
meanuiou nuludnilswluimsyseliunisdeunesvedanssousdaiinuiltuaziiny
Tuvaeldonu sudunaannisinzazanvesasivanysnivuiaaemanuieu gvimiii
PONKUUNNAIINTBUITABININTUTANALA $13878N1TIUNITAANBUNANTENUIINNISAA
As1UanUINUTaINIas (Fouling) fng

nansznulukivesnistwaniuidanudidgyuiu n15a1emanuseusenieees
ardauiiazdonierdosivanudeaniuresvednaaus sulunailosninaunile
vosvedlva navesrnuvidadanantazuingesninlunmueinisgadennnunuINn I
89n19080 L9718 1TUEIINANNAUANIINMTEYLHEAINAY vodlvaazreigniunTedn
= ¥ Y o w (2 d‘ = v = 6 L= J
F99£ADIINMAINNATUNISTULARDY T901992lnannuawmas i, LASeI8UR ¥S8NNLNAY
44' ° 1Y & 2 & gy v ! Y1 [ 4 v A v oW
au dmsuuiauasledaluvadivansnlanuy Alginglunistuvsedaietuduvedlvaluuig
n7919193988INd14aA1v0INTANEIMANNTEULe feluluniseankUuN1IAINTouT
ATaUARULURINITINAIMNSY kaznniuuvesaunsaluanildsunusouliioannaunis
gy deanuiuliviedeeNgnd msunsEnIANLToUNARINIS

N1399NLUUNINANUSoUEABUlAUIIANITRINNANTauMeTadadinnIg
LsugANERTTelaLn 591A1099nUNTRl N1SUUES N15ARAY N15UITIThRaEN1sIUAEY
wannlagdeiinstadminsenitenisanAiamusuau uwadlgdngluniseniusnuas
meldanmegindnnuiisngeau weldlunsluwasinanduiu dosnwuuassioinszmin
fan1suanwsgangivesvedlranislugunsaiuaniudsuninudou wilidunisiinnisin

! LY 1 < 1% a a s L4 a & a A
nsouvesTanuazvativanig q anuduldlsvesnisialndwesvesansoasuninuunuiai
fnamgigeiuly nsnnegnauveandeuinies wasnsinzazanvasansuIvassluusiin
o 2 o = Aaa = Aaa & &
lenusnnsalvedlraiiidwuiuasy visvedlvanfideUuleutuaugan

waN3INUNIToBNLUUN AU ToUIEABIA1Tadaladen1saudaiindausie
a1esusuisuiianuiiledennuiouddesiieninlssnuun niy annmsAnwdyniuas
Toyasg 9 wazn13d1539lU nsengneanldnunuiill Tunseuunisuussuluguuuy

v

nanen auanvesihdulinindesaninly Snsenaznoundinismen vinliavesnintud
emuduunanaduds Seiliemsiiilunesasudlududsseguiu vhldnismen
Tneldnseneshluivssansamiisn daiudedinsdneuazosnuuuriamen iiowman iz
mmzaaﬂ,ums‘mammumé’mm%wamwwaammLLsm%y’u aunsaeenuuulagleiannis

ONLUUNNAWIAINTTY LazldlUshNTUABUN MBS IUNITEDNLUU b DMNNANSIOUS VD



17

Y
Yaa = v

LATRINBALATNTZUIUNIINBALARABITY Mnzauiun1919u Auatnenisiilulddu
wsesdloUsenauendnliduednad Fadeldiivselevisedusenounaluegaunn dauan

NN 8

y

AN 8 LASDINBALUUVDUARILENTY

2.5 nalnn1sangmalnuiou
N15818WMAIN5aU (Heat transfer) dAud1AgAUIIUNIIAINTILDEUIA 7
ANWYULITUABILNEIVDINUTEUUNI DVUAIUNLANNTOULINEIVDT F9F895N15ODNUY
Winlmann1sanewmenudoulussuulaegnanungay Wy N15eenwkUU Heat sink wlaanawm
AU DUV UTUAIUNTDIATBLENNTIUNE NI5A18NANNTDUINNLATDIBUALALDIABNLDLN
et A w v o X a a v Pt a % w = %
INUUATINNA N WU AA185INY LATeakanasuAINSauntslun1sHanUISaunsalatn
Sanimiialotl mysenuuundinmeinsuasnisidenldiagivieJesiuanusou Wusuy

1 v a o W aa o [ <

nsmemanuseuiianuddylutinsyiriulazanamnssunusgueims lddraudu ns
Tganuseulunisneduems nszviunmsuusguiiendosiuanusousasanudululssa
wUs3Uo1mM5 U NIEUINNSLREY nMsuddu nsddelagldanudouniseuwis uasns

a [ L4 Y

sy Wusu NszuIUNITvaIiiigtastunITanelauANLSauTE IR AR AL FAINAa

' v
aad a = A a

Tianudeu wieanudunisaslauanudowdulsingnisalsssunaniintulogums

9 Y

! o 1 o A 1 v 2/ 1 Aaa a Aaaa
SENIA AU IIURUSTALANANAUlngANS O UAEaY LVIQ’]ﬂVW]ﬂJQﬂJ‘VmiIﬁQIUVISJVISJ

Y Y
gamgiiaiane ludinanmseseninadinalanisaglouainusou (sa. Huns Asanens,

q

=

2539) WAIMIUANLSIUANNNTaaEMAINAaSUTe LU Taansnile nedidafinatsseliiale

1 1 i ) o &
usnalnnisanawmanuseusenidu 3 UssLan aail
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)
)

The silvered vacuum jacket of a
vacuum flask effectively blocks
all three of the standard heat

transfer mechanisms.

Convection > Conduclion and conveclion depend K Convection
upon matter for heat transter and are
thus blocked by a vacuum.

VAVAVAUAVA. - AVA\ 8\ VAVAVE

Radiation Radiation

Conduction Conduction

Vacuum
Vacuum

.

AAYAY RS VAl VaVAVE
VAV \:/\—» :—asn?:e:c: wl'al::)d@dw <\ \/’\ U\
aavar il IR AYAYA
VAVAVALLE Lt </ \

AW 9 kARINIIANETEUAINTOULUUAN 9

Fa: (https://sites.google.com/site/worapon563/home/kar-thay-xon-khwam-rxn-heat-

transfer)

2.5.1 msthanufou (Heat Conduction)
A ! b4 ) I d' a ! k24 1% 1
AonTstemaNNTeulagndinadlindeun 1wy anusewannunludiglvaniy
Foulangviflonduidnudeusdniou 1usiu mathanuiewluvsngnisalseiveynaves

a3 Welesunnuouasiinnisdunazdsiendinuy mdiauseuduintulaluaansyn

a1

amuzﬁwauﬁq VOUNAD WIDANY ANAWNTALUNITUIANUTOUVBIAANSILAaTTRALIAT

WANFIAU WIS LRBSNLTOSUIYANUAINITARINAITINIT ATANINNITUIAINUS DU

(Thermal Conductivity: k) Yaniifia k gaazthnnuseulds wu win vewwss egfiiley 39
Hemhenunldvinnivugyesu visgunsaluandsuanuiow dwdagnien k sazdiany

9 9
e =1 o

Fouldtios wu loui BN Fefiouanldvirawiuiuaudou Wusdu fugiunisiianag

Y

Fauaturelame ngnistiauieuesfsies (Fourier law of heat conduction) fie “8931

nsanetANUTeuLUSHUASIIUINIRgUATDIgMN LAY NUR”

dT
q=- kACd— (14)
X

[ Y a

AU MINADINITANUMAUSDUAENISU IALALNN Yilalaedananfinanaiiien

q

[
=

anmnsaueuss 9 viseruuinihdudaveanisiianuseulvunniu
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2.5.2 A1SWIA1U58aU (Heat Convection)
Wunisanemanuseulaendinalsedeuiiviseinaluse n1snianusauluinty

LRNEAUVDINAINI DAY WINTY ANNAIUITOLUNITNIANUSDUT LR UANELUSZ AN

U

ANUSaU (Convection heat transfer coefficient: h) ﬁﬂquQﬁLL’mﬁau LALVYUIANUARD

voingiinisniauiou lnenaldan h Tuediunatensdimes 1y Suavandfives

q

finans Farinlaannnisneassdusiensdl a1 h gongiainmsmanuieuled lunenduiu

[
a A 14

A1 h gusnedaniausoulalif NugiuvesnITnIALSousd Ul Newton’s cooling

]

law #isi]
q = hAs (T-Teo) (15)

A9t UINABINITANENANUSDUMBNITNALILN FALABLALAT h [WUNISAAG

Waaugaew vsaiununilituingldlunisanemanuiou \usiu

Thermal convection, constant viscosity

-1000
=< 1500
~N

—-2000

-2500

0 1000 2000 3000 4000 5000 6000 7000 8000
x (km)

i v & e ° % d' a9 v oa v o <,
AN 10 LLaﬂ\ﬂfWL'Viuﬂﬂﬂ']iﬂ']u’gmﬂ']iwqﬂ’J'uJi@um‘Uﬂﬂqu‘UUIaﬂ ﬁiﬂaLﬂﬁJ\‘iﬂUaLL@l\‘]Lﬂu

X A a v al Al Y o o 2 & A a a
NUAUSINSaULasEN naAgeUEN LU WU US e
U0 (LAY @13IunTUEs, 2562)

UsTANYBINITNIANUS U
1) N1SWIANUSIULUUSTTUBIRANTaUUDaSE (Natural or Free Convection)

d' PN 14 1 a @ =] o v
ﬂ75Lﬂﬁ@u%‘u®ﬂﬂﬁﬂuiﬂu5%%’ﬁﬂN’J“ZI’EJ\W’ENLL‘U\‘]LL@%‘?J’E]\‘ilﬂa Iﬂﬂlllllﬂalﬂiﬂ i V]’]IM‘U’BNIV&

1 a g

Lﬂﬁ@uﬁl,mmﬂﬁ]’]ﬂLLi\‘ia@EJm’J"U’e]\‘i‘U’eJ\ivL%ﬁL’EN wssaeudalAna InNaniIsilisuLUaIAIu

a

il Nigamgivesvedlva unnsneiu Tu 2 USiu
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2) n1swiauounuultsdu (Forced Convection) nsiadaufiveininuseou
SEinaRIvesveILdanazvedlua Immaﬂuagﬂﬁ’aﬁﬁlﬁmﬁauﬁlﬂé’uﬁaﬁuﬁwawaqLL%&I@EJ
nalnmeuen 1wu Wiaau Adosgu 1us

3) n1suaSedAu3aU (Radiation) Lfﬂumifhammm%auiug*tjﬂéiumimﬁalmlﬂ']

Adldionduiina1elun1sAIIEAMUSDU LTU NISHHSIAANNSIUINNANDIRRELTlan “1av

'
a 1o

lneluTngBaliaaumgiasazdussdanuioulaunn ninn1sanemannuseunienIsuE$ad

q

a3ueldane Stefan-Boltzmann Law i
q = EOAT! (16)

\dlo 0 1Jupasdl Stefan-Boltzmann @413 5.6703 10°® (W/m?K*) waz € Luen
ann15eUassad (Emissivity) Iy €=1 dmsuingan wag €=0 dmsuingun

N1 SedRNuTaussiidnvauenisuroantulunniianisseuganiiianiedng lne

[

nnflAusaUNINNTIEWNTIELANINNTY LU AIseindurSIdANTaulIuINN I TUNS

184 drupuannsalunisgaduanudoufazuansiueenluiuiudnvazwazaudfves

(%
¥ ¥ 1 U

QU 9 W TN MU a9 AganansaurlazaaduausaulafnI ingNildseuariu

[
[

117 13N IngasstuvnaINTanulaia iy USuiawiniu Ingnianwusl unuue 9

aunsanusIdanusaulasINI RN N

9

Heat Transfer Methods

0 Conduction

9 Convection

0 Radiation

= ] v
AN 11 NSAUNANUTOU

‘17‘1|m: (www.shutterstock.com)
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i 11 wansliiudsssunfvesiginsnismianuseu msudssdannedlvinln

nAnuseuniundouiduuen langviliiAanisianuseudidnglunde vivlviied

Y

Uesaefounazuee danuvnuiuindmestugiiauy d'suﬁﬂLéumwmmuﬁuqﬁqaa

:
Fuvuedousasnunud el ifuiindeuannldsumiuieudossns fzasstumyuay
Jupdnseilestuly Fadenin “lwadniswiminuden” (Convection cell) 1wadniswn
anufoudiiintulusssnedliun nsvyuidsuveaninivarlunduduuenveslan
NIEUUNIITTULUTFUFIU mﬂwmé’ﬂﬁmaqmzL,Laifﬁﬂiuumaagm fg%’ﬂiﬁwuﬁuﬂﬂaﬂ
nszudauLarATINABINIA nTzkanInalusAyladuta vssenmedulninafiesvos

AReTing waudndamauumangiaud tumu

A113AUTBUTINIE (Specific Heat Capacity, ¢) fio USunaausaunvinlv

W 1 v 1 gamgilivdsunuasly 1 viwesm andenuisaninsammanugauiou

a

FUNeveinguIa m Ngamgiiiuisuwlasly AT nide lag

Q = mcAT (17)
el Q = Uswnaeudeudld dneluga vie upass
o :.’I a 1 <3 a [y & [
m = wavesinguu Tniedu Alansunse N3y
AT = pamgliidsuwdasly fnedu weadu wie ssrwaded A
o

puganusaudnsizluszuy S Snbeiu ke K wazluszuu cgs. fnthou
Caleg-°C

2.6 ﬁuqam'm%'au (Thermal Equilibrium)

31nNN15818leUANUTEY THTULINTLNTINUANUTBULIN FLAIWNNFUAIIY

U v

Fouludringruiassniindsnuanusoutosnidn viliingruusnindanuanuiouanas

v '
[

LAz IngdnTuassingenuanuauinTuviungsuaNuTauNanasluinguwsn was

! = a 1 2 [ = & A a 1 1
gngangloulilo gaumnivewisaas@uiniy Fuduanmiisenit aunaanuiou (Thermal

a

Equilibrium) Tneasliduegivelinnievuinuasing

Y
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a 1Y

mateleundsnuazidulunungmseyinindanu lnedlifnisgaydendsau

o

(%
a

TALAFIWINTON WATNFIUNANVUVBITNYTUNGDY KATNFIUNANAIVDIIN QTUNNTS

q

Winfu dsaunnsd 5 agléin
Awdouan = mnufeuldi (18)
lngn1sAnazldgns Q = mcAT v3e Q = mL lunisiuin
2.7 anuimluifgafuuauvyuazisnisuan

[ a [ ¢ & =) o a = o [ 1%
Lm‘umﬂLﬂumamm%wumaqmzmaummmﬂwma mmaammmummﬂwmﬂ

sUsuy 1w vslaaduemisiagnse JuinsnuasSuussniusauiuemsuesiia vie

'
a

SuusgnmulusuuuuemsuuLAL? Judu Buvdu Wuan, 2549) Tudagduuaunylasuany
a & a = A o ' a & 1 av v a
Heudunuyeulunisuslan Wesminnisidnvieaiewisrnveuasymiandlawiz oy
A IS Y

wnngwmazillenialasuusenu

wAunY Ao st wtmyenallluiufinunrIedesmuBATEMAUNYNITNEAL
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USuuasemisnsnanglasuse

USuaue1msNsuUsEnIu 100 NSy

A1501MNS

AU AR wauvy L3
1. ATy 1.8 N3y 2.9 n5u
2. WY 626 N5Y 515 N3u
3. Tushu 49 N3 56 N3u
4. s 48 n3u 27 n5u
5. aslulalnsm . 11.5 N5y
6. LAALTEL 29 fiadin3y 27 adn3u
7. vloaneda 69 Hadniu 55 fiadndu
8. §IALMAN 2.1 fadn3uy 3.4 fiadn5u
9. AU Lo 8 RE -

10. 393U
11. Fn3uU v
12. 3an3ul @99

13. Jan3ud @y

0.42 fadnsy
0.08 #adnsy
0.16 Hadnsy

2 1aansy

0.17 dadnsu
0.02 dadnsu
0.1 Jadnsu

2.4 fadnsy

17: (NRIlAYUINIINTUBUTY NTENTNASITNAY, 2551)

LAYty Useanlaviatean wagmuaya

2548)
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Y Y

1%
o w

dsrurusoulldie1unns Weemisnasinisnesdutadiuindunsouaunniive91nIse

9 Y

WaYUpEeTINGT Uluemnsazindeuieenanlasasen Jusnuuinniiuesems uag
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ihiuagiadeuiiiluunuiiiuielodfindoudieonun dwmalernsiiiiunismend
Anuduanasuariinisgandutingu savesnisliannueunnirfuilfiduinnis
Wasuwamaed Tnsiiseneindniiiotu WWun UjAseneendindu lalaslada uazned
walsiwtu Jack, 2000) 3nUAsedanadinadonuAIMaIud aAnunila LagALAIRT
Yo TnuAmveINanSusiavInendnde asdusznavvesnsaluiiluthifudy
ﬂa%’aﬁﬁwa&iamiLIJ?{auu:daaﬂmmwmaqﬁ”]ﬁmmzmm dosanluhifuudasyiiag
osddsznavvasnsaluiuunndreiu avdsnaliauamdasuinisvesiduuandiaiude
madenliidudmiumameniaudsniuiinisionsan nemilsfannuasivesiisu
Hundn edestunsidesaunimvesiviunngnen uazldndnfustomsvenddiaunin
ﬁqfuﬁwﬁuﬁﬁmﬂ%ﬂumzmumwammaﬁﬂ‘%mmmammhﬂuémﬁaﬁﬂ%mmqa NTIZNIA

lodfurlintiinnunassiaornusauvaeonlan (Weves s, 2546)

aqa Ao o = o ' i3 VY ad A

FBnsneangeamnssudfgdeduunlagnisaelouanuseulmndy 2 73 fe

1) nsmeaauuulsiufu (Shallow frying) un1snenafildusunainiiules wie
= v 3 o a a Y o v a " & aad o w S
wiesldurdundevuuiansenedesiuldliomisinnsengiintu Bilwsngdwiuemsidl
dnsduvesiufinaseysunsgs 1wy wesu 19 lwesines uazwiewdasing 9 Wusiu

2) nsneALUULNuYiiN (Deep-fat frying) 1unisnenewsiuinsuusunasnn
lngarmsivenszauasivluiigu nsmendBimuigiuemsnniuine emisilaainnis
MoALUUINTIWYIHE TN ¥aaNIEALANF19IINITNITNBALUUKIN A JanumenTau 1
A a a v A a S o °o 9 v " v &
18 nduuazsavidaniziininaainiduildlunimen viliermisunsulseniunndu
agdlsfinunaaninnisneaudndadusiinazgaduiniu Weswinnisarglournusouuas

Y

wmarssevirhduiviuemsluvaenen lngiilsguvaivestiuemisasduluvuenen

dy Aa Qy 4 d' ay Eo’ o Y a 1 !
F"I’JWN"UEVI&J’EJEJIU“UU@']W’]?%%LﬂaQUWﬂﬂﬂQWﬂ%uaqﬁqﬁiugﬂLLUU"UENI’E]TJ'WI']I‘VILﬂG]GUEN’J'W\‘lsL‘N

Y

=

9115 Wdufiegseuduamsazunsndunlveglutesinailiinnisazaunielueimis
797 (Bouchon, 2009) nsnanielasuledudnlluvsunamnnawiuvanuaeenislagduay
azaunmelurasndanuinnitung uavenvdmasanisiinlsaludugasuduionuinniiung

wazeadmasion1sialsaluiugasududnuasilaluowanle
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2.9 MITVPALUULNNUAY

N13N9AKUULNLIUIY (Deep-fat frying) 1uABHUgIUVBINITIATBLB ISV

a 2 1%

Annadnuasneiulszamduiaiisoants Wud fundusa Sinavesuszdnuusie
duifafinseuvesenmsnen (Wamer, 1998) Ing Mellema (2003) lfo5ursfanszuiunis
neauuuihiiuvhuindeldewsluiduiiseu qmmﬁﬁﬁwaqmmmLﬁuﬁuaéwamm%a
ihilfnvesemsuifonlneviuil tuutdinusey 4 Aremnsavangungiias Ineldemnus:
we 9 fufumsmanuieu deduidennismeufoussiiudun Inaiiamsssmeresle
iheenanawns Jailifemausiaasyliomamenianisvad iagnsuuaeyiliiia
AameUTie s Inslanznsssmeeg UL ssaansayliAngnumnalugjuas gaumnd
fifnemnaiuldfeaienveai (100°0) sewisnvenliifissudasinnssziveresled
uiduAnansUsEnaudu mﬂmmﬂﬂﬁaﬁwﬁmmzLﬁ@lﬁqmmﬁqqLi‘Juwmmu%ﬁﬂﬁﬁﬁﬁu
noaiansideunanmls
2.9.1 ﬂ’]iL‘L]gEl‘uLL‘Uax‘l‘ﬁLﬁG]‘ﬁ‘LﬁZWﬂ’]x‘]ﬂi%U’)ﬂﬂ’]ﬁ%@ﬂ@’Mﬂ‘J (Blumenthal, 1991;

Singh and MERMELSTEIN, 1995) ﬂiZ‘U’J‘Uﬂ’ﬁ‘Vl@ﬂ@ﬁ%ﬁﬁﬂﬁlﬁ@ﬂ’liLUgﬁJULLUa\‘l“UENE]’Mﬁ
Tudnwazsng q awnsaudsléidu 4 9aq dail

1) Fusnvesmsiiniuieu (nitial heating) tutasiviligumgiiunaiiives
pwnafiutuaudigamgiviiugaieaosin nstemanufeudunmmuuusssunaiss
laifinsssmevos

2) Frmsiiesvesifiuinafiiems (Surface boiling) dhiinvesemsayseme
naneifule Rvthisuukainareiduvdenuds msdremaradeudunmsmuuudaiu

=®

3) ¥RATIN1TTEMEanas (Falling rate) lTuteigumgiiigannaavesomIsll

q

gaunilgaduiilesninmsagdetnninnigluiiuems uardnsnsszmeiisutiaems

Sugnuazian1sAsLLUaILATLATNIINIENIN 817 1NnIaTRluduasus
4) agRn1sinnes (Bubble end-point) giinTuiiioaImsgnneniduiiannui

o

azseglagvinlrusunamesvesletinfioanainiiemnsanas

2.10 lwsiu (Lipids)
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(Slightly polar) laun weaneges sxdlau ludulvnasnuunnninlusiutazaslulamsais
2 win Aelimdsulszana 9 waasSdenduluduusznaurese s lufuiiduuvasazay
ndsuvesiumetuasivarauliluguiledeluiiu (Adipose tissue) TamegiuTusiuuay
aslulaisedaduesduszneululasiadwvesatasad dewaiiovulutulflueadnnaie
wilufiwuazdnd (Fuller, 1978; Nawar, 1996)
ﬁfflﬁml,azimﬁuiumamﬁmsﬁmmﬁﬁy’uﬁﬂ’nmmﬂﬁhwaquaaumaﬂmaﬁﬁim’]a 10y

a

uuaziluveanaineaumgiund diuninudlnifiussananiivuasdnd dulaiuazdu

a LY

2 & = 2 o a & A o & 9 o
voudaTenwaslsngaumgiuniuasnuluilagevednd audnvugiuneninvedluduy
1o’ L% gj d‘ ] a 6 (3 1 £ 14 L% dld
wazulueatudnseiesaUsenaunuitluduasUseneulusensaluduiiyn
waouaginI@sdiulvadunsaludiuriladus (Saturated fatty acid) Turagiiniudgs
Usznauselnsndwelsniduduunn wazaziinsalaiundyavasumnadm dnazsdunsalasiu
wiialdduia (Unsaturated fatty acid)
ludfunegluemisiiuilnaazeglugluuvvedduiiuiveswnulameniaiuisawen
gonu1INHYwardndla taun we indunyuaziugy1 ¥3eNduUsENaued0InIT LY
= & o e @ v ! | Y o oA A < YY) N & a
un Fauazilodnd 1Uudu uradluguosdduisnuianuds laun aandes fy wazddas
[ v i 1 '3 o [ ¥
WJudu 9anwa Tawn Undu uzniuazuznen iusu
Taduluomsdsfimnudraglusulasuinig ladulsznaulumeunaasiansems
naduuansaluiundnduunsienme leduddinihfigeazareimduuieia liun Iaiiu

18 AMNAUR INNAUD LALINNTULA DNNIGITIBANANNUISUUEMULRNUDIMNS
2.11 nsaludy

nsalusiy (Fatty acid) LOunsndunidanensanfingasuenda 1 vy (Straight chain

aliphatic monocarboxylic acid) Tusssuvfagnunsalududussdusznaululuanavedles

a

néwelsanegluludiu ununaznealnndwelsdiludiulvg Mnuluzuvesnsalududased

1 a a0

Hosunn msduaneinsaludulusisnieaziianssusuduntesdfa (Acetyl group) Feiiens

Y

veululiana 2 evmeundotululuanailugdu vilddidwiuasveululuanavesnse

lufuduavgane Wuszszninesveussaenluluanavesnsaladu Ivanduiuseife?

Aa o a

wagiuse nsaludundussiiemmuniseninnsaluiuyiindusi (Saturated fatty acids)
dunsaluduiniiiused 1 fuseviseunnindeniinsalaiusiinliduda (Unsaturated fatty

acids) NIALUTUNNUIUDINITILTIIUIUAISUDUAILG 4-26 DeRaunsa byt uNnnwuuinly
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SMeATIIUAISUDUY 16-20 Bgmou (Dugan, 1976) wlinvesnsalaudiunnwulusimsiaswu

aglutnfiunagluiuunsviindsuandy 915199 3 4 uaz AN5990 5 MuEaU

A5197 3 Fatty acid found in foods

No. Carbon Systematic Common Melting Point Common
Atoms Name Name @) Sources
Saturated Fatty Acids
2 Ethanoic Acetic 16.7 Vinegar
a4 Butanoic Butyric -5.3 Milk fats
6 Haxanoic Caproic -3.2 Milk fats
Milk fats and
8 Octanoic Caprylic 16.5
palm seed oil
Sheep and
10 Decanoic Capric 31.6
goat’s milk
12 Dodecanoic Lauric 44.8 Coconut oil
Palm and
14 Tetradecanoic  Myristic’ 54.4
coconut oil
16 Hexadecanoice  Palmitic! 62.9 Animal fats
18 Octadecanoice Stearic! 70.1 Animal fats
Some animal
20 Eicosanoic Arachidic 76.1
fats
22 Docosanoic Behenic 80.0 Seed oils
Minor amounts
24 Tatracosanoic  Lignoceric 84.2 in some seed
oils
26 Hexacosanoic Cerotic 87.8 Plant waxes
28 Octacosanoic Montanic 90.9 Beeswax
30 Triacontanoic Melissic 93.6 Beeswax

NUYULAR

! Major components of fats and oils in food products.



A1519% 4 (continue)
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No. Carbon Systematic Common  Melting Point Common
Atoms Name Name @) Sources
Monoenoic Fatty Acids
Many fats and
16 9-Hexadecenoic  Palmitoleic -0.5t0 0.5
marine oils
18 6-Octadecenoic  Petroselenic 30 to 33 Parsley seed oil
Almost all oils
18 9-Octadecenoic Oleict 16.3
and fats
22 13-Docosenoic Erucic 335 Rapeseed oil
Polyenoic Fatty Acids
9,12- Many vegetable
18 Linoleic! -5
Octadecatrienoic oils
9,12,15-
18 Linolenic! -11 Linseed oil
Octadecatrienoic
58,11,14-
20 Arachidonic -49.5 Animal fats

Eicosatetraenoic

VUG

! Major components of fats and oils in food products.
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a519di 5 Fatty acid composition of some fats and oils

Fatty Acids (%)

Source

12:0 14:0 16:0 18:0 18:1 18:2 Other
Soybean oil 0.1 10.5 32 22.3 54.5 9.47
Cottonseed oil 1.0 25.0 2.8 17.1 52.7 14
Corn oil 11.5 2.2 26.6 58.7 1.0
Peanut oil 11.0 2.3 51.0 30.9 4.8
Safflower oil 0.1 6.7 2.7 12.9 77.5 0.1
Safflower oil

54 1.7 80.7 12.2

(high oleic)
Safflower oil® 7.0 3.3 143 754
Olive oil 6.9 23 84.4 4.6 1.8
Rapeseed oil 0.1 4.0 13 174 127 64.5°
Coconut oil 16.6 8.0 3.8 5.0 2.5 15.9
Palm kernel

48.2 184 8.7 1.9 14.6 1.2 4.3
oil
Palm oil 50.9 1.2 46.8 3.8 37.6 10. 0.5
Lard 0.1 1.0 27.0 14.0 43.0 10.0 5.0
Tallow 3.0 30.0 19.0 44.0 4.0

NUYLIAR ! Composition in somewhat variable. These are average values.

? Soybean oil contains approximately 8% linolenic (18 : 3) acid.

> Grown in colder climates. In the southern United States, sunflower
oil may contain more than 50% oleic acid and as little as 35% linoleic
acid.

* Ordinary rapeseed oil contains 45-46% erucic (22 : 1) acid. Other
varieties now in production have higher oleic acid contents and little

Or no erucic acid.
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2.11.1 nsnlvsiuriindud
ﬂiﬂimﬁu%ﬁméuﬁaﬁqmﬁﬂﬂl:flu C.H,-0, tunsalasufivusesznineaisueu
ozmaululuanaifuiussifsnasliansosulalanauldsn nsnlwiufitimdnlnanatios
fign ldun nsAuedfn (acetic acid, AMfuou 2 azneu) LaznsaTa7i3n Butyric acid,

ASUaU 4 azsoy) Wunsalviunazatelamuiitazsemelady naluduniduuasusy

o
Y 1

Aaus 6-10 ezmou azansullAiieudnies diunsalufiundsiuiuamsvouniug 12 svnay
Julldazanen nsaledunfidiviuasuaululuanasindi 10 szaeu azduveanaii
gaumaiivios drunsaluduniisiuaunsueunus 10 eznexndull ssilurewisnaumgiivies
2.11.2 nsnalvdiuviialiauia
nsalvifurdalidududunsaleduiiuszszninaisuouszaaululuianauig
o [ o 1o b4 a 1% 0 a a o va
s duiused ilvanunsadulalasaudlvluluenavesnsaluiurilalidudiladn

(%
v A

wuseandunguees § audiuiuiusze Al

2.11.2.1 nsalufuvidalidudaiinussqlulaanaiiies 1 Wuss
(monounsaturated acid) ﬁqmﬁa q Tuidu C H,,1COOH laun nsalatadn (oleic acid,
CH3~(CH,)7-CH=CH-(CH,);-COOH) nsauaiilaiadn (palmitoleic acid, CHs-(CH,)s-CH=CH-

(%

(CH,);-COOH) nsalvsiunsaasytatinulalulvdusazidunily
2.11.2.2 nsalvduylinlidudiniwuszedlulaananinnidn 1 Wuse
(polyunsaturated acid) nsnlvsiunguildiulngiiarsueuesnoululuiana 18-22 aznay

waziliiuses 2-6 9u
2.12 ihdunen

uuveaduinanaewanuseuliiueims wenainazilienmsanuadste
oA 0 v a o g v ' al = a ay Yo a v
wapduldle1mshintunsusilienuar sl U 0aFLALINS AV R ANUINNTONAY NS
Wenudunaglinendnaziansanainniseensulundndasionsinenainguilaa (Balavi
Natural Health Center, 2005) usiagnglsfniuundunenfinaisinuaud@sai (Orthoefer
and List, 2007) lainalminnausanlidmiuaims
= 1% 1Y a v
- Hegnstdaulunisvenlaunudenaaisti
Al o Yo a3 ' Lo g Y a
- dsltlunisvessedlianunrduinianeawne msnen wagldvinlmannig

WU UUSURINTENUDITUD NS
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MANALAUNATA WY NSaU

NUADNITLAANITIAY

TainalAAnASIUNTATNIASINNZFIUSIURILATDINDA

- aspaunmauduihdunenliuiu

' (% 1%
a Y

driudinanvhlandqulng Teud dhdudamdes ditulnda tualuan didunen
munzu diiuudeiine dhduidas dduuend hdfunznen tdusidna Wudu nns
Lﬁaﬂ‘lﬁé’fﬂfwﬁﬂuﬂﬁwamﬁuwLﬂulﬂmmmmﬁamaaﬁu’ﬁmﬁmemﬁ’u

MnnsdsanginssumsiiifunesvesdniliveamuursassuauuLaz U0
gualuwangavmavuasuazUsuama wuhelavesidiuiit g fedld W dhi
Unduuazihifuaiindu Wud dufudandes ﬁwﬁuﬁﬁmmzﬁ’lﬁwg (Jeyasn Mgnw et al,,
2551)

2.12.1 wsiud1au (palm oil)

(%
Y

pmInenreduUsEnevdAgyluananIsuemsvg Nauliey ANNasAIN

anuausalunsiindisaunnme ynle wazmnyadiiuiivslenieungalunisnenife

1

« %’ Y Sy & LY %’ Y a A= o Y & v A [
Unifuliau” dules vangauenvasdeinnszeslsindusiaifainanldidudnfonnan

Y

v
& o o a

wae Wituduaunsanusesamaiingeninuiduau q un wsziluhduniaaiaaiy

a

guazdianuades Livihujisendueendiaudiognanuiou nanAedsamgilunsene

Y

v v

avtulududusuarhibusudafeluisubdamnaiosnndu Snvisdsdsanamidunans
laivhlFemsfiinumendisaiieusenty ihiuurdudainduidunendiffian lagldsunms
gausUaIN Jacques Langlet eIk Supadofunnds dn1snadanisieimsisaeaa
fugs ddluayiilumndnandenlidifunznen uimndusynenfdnazdentsiy
Undunawe Semadenldihifufiunnseiuly asvfeuliifunnuddyrosnnuiiinwihens
asiiihiuialvmngauiuirgivussanlathg

=

\Wesnnismeniu Aensuszneuemisingldaumaiigiaumvgiivunzauignae

Y 9

a

U5z 350-375°F (176-190°C) e misgnualuidunioumgiil Aivesemnsazanuas
v A @, o doqwl o A A ' R = D=~ '

nsouviuil nangidy "awduny’ Mviliddunivisliaunsounsnduladn Judumanain
luvesmennnuseugwinlisuuiiu uasihiuiiagnuanuiougdlandeadyainaiugs Wy
IR LY
fifie “Untuledn” dules

Unduungu (Elaeis guineensis Jacp.) Wuiialuideanies ogluied Palmae uag 294
808 Cocoinae (unildluunawanihduuilnaniiniuddy vrauihduwduiadesiou

WUlaluLaUNIULDNINN LoLTe DLUSNINa1NWaLaLLSNLE Wsuilsanual dudl 2 vils Ae
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ihifuaniden (Mesocarp) uararnidalu (Kemel) voswaurdu TnsuSinailldaniden
waznudaunduAnu 20% way 4% mudduresiminnans Tneduudududali
Fuihsuillduslnaunniianstanddlulan dunmiduuduaglflugramnssumsviiue
117 1N unazingunen Tudwitlilndnsuromsalilugnamnssuayuasiou u
# (Salunkhe, 1992)
ihifuduuiavdfigungiviesesddnuuzueniduaesdufetiiudnlanielowdu
(Olein) BsfioguUszanas 65-70% uaztindududuvioafieTu (Stearin) daiiUszan 30-35%
ihifuundudildseomsaziunssuiunisuendrenidudnlaulduilon diduuida
Huihsuiiddmiunsmeauuuintuvio iesanniinsalusiunlindusags (50%) nsmlusiy
yindudluthifududusinfensauiadifin (88%) fueufeandunurinusssuvifuayd
Unadniudge (nlafisoanaginlaniuen) Snitelvindusadia (Mackay, 2000) aut
snsgIuvessuduRL 1en.288 (2535) Mauandlu msed 6

AN

15197 6 Characteristics of palm oil

Characteristic Content
Specific gravity (40/25) 0.900-0.907
lodine value (Wijs) 45-60
Sponification value 190-209
Unsponifiable matter (%) 15-20
Refractive index (40) 1.45-1.46

07 ;. (UseniAnsensaanannssy atun 5197, 2562)

5w s o = T o a v U A
u’]llu‘l]']alllla'JUﬂﬁgﬂ@ULV]N@‘HITLLaSuqmumqmﬁiiﬂﬂqmiﬂﬂﬂﬁiﬂ UUABDU

v
CE IS

dnlsznaundnilulnsndiwesea ln uazlulundiwesea nsnlududasy ATy duns was

] =3 S d' a9 Y v oa U av i A a an
drulsznousesasnnulumindu g Aldldwiniiudmanilufinuani@lunsiinaUsuii

9

LAY (Jit Kang Lim, 2011)
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2NN 14 wau1au

‘17lim: Available from online

v

druUsenauvasndulay

1) lasndwalsd dudszneuninalife 1 luanaveindwaseaasianuseiu 3

lanavesnsaludiu
CH, —EH + R1-COOH CH, - COOR1
CH - COH + R2-COOH <«—» (CH-COOR2 + 3H,0
CH, - OH + R3-COOH CH, - COOR3
Glycerol Fatty Acid Triglyceride Water

A2nd 15 dansnswasusvedlasndwalsa

nsaludiuausalviaferiuvsounndeiuld anaudiveaniiwelsnvuegiuainy

J v A [y § & a 3
LLG]ﬂG]N‘U’eNﬂiﬂlﬁlmu‘l/l‘diSﬂE]Uﬂu‘\Ju‘WE]iZJ@]’JL‘U‘L!ﬂaL‘?I’e]liﬂ

IS I

nsalvTulned1uA9993 UL 9 A ULANANA LD UL BIU1INANULIIVDIA8 D ha Y

LAUANUDUAT nIalvuasduasTannasuwmalINAINIwasiANNaIN1saazateule

9

v [y

wnnd Tevasnnsalvduaies1naslganaeninaiNgelu Inaumalaziusgiussauy

al

Y M oA o = 1 oA = = Y Aa -
AU liBue ﬂiﬂVllﬂJ’e]llﬁ]’)ﬁ]%llﬁ]iﬂﬂa@llLVﬁ’JG]']ﬂ'J']LlI’EJL‘lJiEJULVIEJ‘UﬂUﬂiﬂV]’e]iJ LUBUAITNYTD

YpsaelglnalAgany
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nsalvdiundn 9 AdunTuiuUdude C16:0 (Buda) nsaurduiifn way C18:1 (Ll

dus) nsalatada nsalusiulaeluiusenaulutniuua WaRIRIR1SI9N 7

A5199 7 druusenauveensabudulutnduuidy

UJsuas (%)

Palmitic C16:0

Stearic C18:0
Oleic C18:1

Linoleic C18:2

Myrstic C14:0
Lauric C12:0
Others

44%
4.5%
39.2%
10.1%
1.1
0.2%
0.9%

2) Tulu wazlandwalsn wasnsalududass Welanusaunazinindu wsndwe

lsfazupnaaninanszuiunisielaslada enesusidunsaluiudass sausnsInisuaa

1 uaglanfwalsn waznsnlududasy svinaegaunndonisusulgunmuestiuU1dy

N35UIUNTS5 LS laRAARIRINING 16 :

CH, — COOR1
CH - COOR2
R1COOH
CH, — COOR3
Triglyceride

CH, - OH
H,O > | CH - COOR2 +
CH, - COOR3
Water Dislyceride FFA

awil 16 UAzelalaslada

Wy wazlandwalse JUSuuUsEUnn 3 89 6% LagundnueInawEebsa iyl

a

o aa a = sal o o= Y1 o o W d'
u’]ﬂJumﬂ‘Ugﬂﬂﬁﬂqusﬂ@ﬂINIULLaS‘lﬂﬂaL%@liﬂwmqﬂ'ﬂq GZNW”ﬂlﬂ'ﬂqﬂﬂ'ﬁqﬂﬂqﬂi‘gﬂqﬂmﬁﬂiu
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nszUALNISLENEIY (Fractionation process) ilasansufinginssuiivhlsiAinddadusuds
nsnesuATRWan tagviinisnseslaein

3) mw%uua:s!u asiiJunauna1nnsEuIuAISUA (Milling practice) mMsundinay
Prwaneutusaziuluthiuldu uilnevtiluiuasddaseglu 0.25%

4) duFevuses %qL%aﬂuﬁgﬂ%’mLLﬂQLﬂuﬁﬂﬁmwijﬁq iamndadouumdniiiu
Tymusssunnd wilildituass $198anllanunsaauouidfinduld eUsznaulddae
Carotineoids, Tocopherols, Sterols, Polar Lipids LLazéﬂL%aUu

dudesvuteUsznavaglutiiulduiu (CPO) Aauandlunisnai 8

A15199 8 Avdevuluiduududu (CPO)

Substances Content
nialugiudasy, FFA 3-5%
87491l (Phospholipids, Phosphatides) 300 ppm
AMIRND 0.01%
Waenuau Trace
AU wardaToUusig o 0.15%
Tanzilogludedidin 0.50%
A SuaTineenTndy Trace
anslsTiuusediamn 500 — 1000 mg/kg

2.13 n15lasuLUasvaandussninaman

AsneawuuuiuiuneliminatsusenauninalinanSusidunesusunayll
gaUSU lREN15VonlNanan 1S UAsULUAIUINAUTE ALAYANYMUEAAUNEYDIDINITNEN
FADIAUAMNATULNTUINTVDIBINNT

AMFUASULUAININEAINLEAEZ N AN T LU T UTUN ATUTE NN AN D ULAY
A15919A ENTUAYURLUAININNIEAINABUITULANUALA 8 WoLAUNINTU dIUNT

a Py ~ v a & a a o P Y]
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Peroxides

Increasing value ———»
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anda wazAtalauladuiudulsununsaluiulududianas (White, 1991) n15iAn

ansusenavaatusmnsevelanazlisywmelutnduneaankandluy nnwd 18

Fats
oxygen
heat
water

Decomposition products

! }

Volatile Decomposition Products Nonvolatite Decomposition Products
- hydrocarbons Polar and Nonpolar
- aldehydes - cyclic monomers
- ketones - noncyclic monomers
- furans - dimers
- carboxylic acids - trimers

- higher molecular weight

compounds
A 18 Formation of volatile and nonvolatile decomposition products in frying oil
fun: (White, 1991)
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Yoananaeiiaaeldunnung (Paul et al, 1997)

2.14.1 Ufisenlalaslada (Hydrolysis reaction)
Uﬁﬁ%&niaimﬂa%amaqwf’]ﬂuiw’mwamwuﬁ’]ﬁummL*‘ﬁJumaﬂismmﬂmm%umﬂ
a’rmiLﬁ'agﬂmmiuﬁﬁﬁuﬁiﬁmm%@u autasiliAnledszsameldfuresiiinty
SloFunenems Taeiih laﬁflLLazaaﬂ%Lﬁ]uLﬂuﬁ'fa&”’Qﬁmmﬂﬁﬁ%mLﬂﬁiuﬁwﬁummag
013 tuarlethazlelasladlnandwelsdlfidulilundiselsduaslandivelsfuasinodign

azlodunsalusiudaszuazndweseasandly Anwd 19

0
CH_OCR CH OH 0
' -9 Il

-0
| "6 I
CHOCR+ HO —= CH-OCR + RCOH

CH OCR CH_OCR

2 1 2 1
! |

Triglyceride + Water = Diglyceride + Faitty Acid

CHEUH l N l
CHOH CH_OH
- 2
CH OCR CHOH + Fatty Acid
2 3
0

CH_OH

A 19 Hydrolysis reactions in frying oils
fan: (Warner, 1998)

1N9UIT8V9 (Che Man et al,, 2003) s1891u3USHaunsaledudasylundud
WNTY WenonwnuliulSiiaamgll 180 + 5 sxmwaidea Juaz 5 talusluiimn 5 Ju
Wosnanidludunswilminufiseilalasladaluindu wudeidunuideves (Naz et

al., 2005) FefAinwiNsnendunTauuthduuioungll 180 ssmiwaidea ludiduugnen
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woshse inlulandivelsd Wlundwelsduazlunianfidunsaluiudassuandiveson

ndweseaaunsasemelailiegaumaiininndy 150 asrnaidesa

0.5

O Olive oil
P @ Corn oil {
[ Soybean oil

T ) =} T
o
8 3 ]' l
L2
S 1
o
2
< 3 I

o

=
i T
b
'|' G
- 1)
1 T
= + l .|.
T
I
L= -
Control oil after 30 minutes frying  oil after 80 minutes frying  oil after 90 minutes frying

AT 20 Effect of time deep frying on %FFA of olive, corn and soybean oils
fun: (Naz et al., 2005)

2.14.2 Ufjnseeendiatu (Oxidation reaction) (Dana and Saguy, 2001)

Uiseeandatudlvgssiinasendusa ndu @ waglasuinisvesdduufiizen

a

FJanunsnasulelanie 3 NS8UIUNITER8 FINSEUIUNISIaIasana1sUsTEnauaaels
wannmanewinluuisensendinduiulgugll isgluasafel

1) Ugnsereendindudulgundl (Primary oxidation) 1ina1nnsvitujisenves

a

pondaufuiniungamgiigs inliiniusyseninlalasiweseanlendunsaludiulidud

9 Y

I =X A

nssiuisiused SefigamgigasdliAnufiteoondinduiu

2) Uﬁﬁ%maan%l,ﬂ%'u%'mqaﬂqﬁ (Secondary oxidation) LiA9INNTUANAIYDS
lelnsnosoonludiigungiia shlAnndnsusifiaaefldluiuniond woanosed miue
fauaznsn dnneadledilidumaunsnifneendiniiulaesnlulii (Autoxidation) lule

woadlen Wy Alaulaueadlan (Malondialdehyde, MDA) iusu
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3) Ufjiseneandiatudunfegil (Tertiary oxidation) \inannUjisenediuels

a

wiuvemAndaainiinanUiiseneendinduiuyis gl Inensyuiunistasyilinnumila

[ [ (%
= a Y o=

YNNI Snuuasiintudiinianusinguuingiu

2.14.3 Ufisewaaalsiwdu (Polymerization reaction)

Tusznhwmenaziinufisemaaiisang o WunaibiiAanisnesmvesaisusznau
‘13f1wﬁfﬂ1maqaqa§mam1u Al 21 answeAlpsaINIaNefINIsARABAsY (Free radical
wsolnsndwelsalagn1uufisen Diels-Alder dAnuszAIsUoU-ATUBUAETULNLANE
WUy lmAnwmIu (Cyclic fatty acid) dnfiniuseseninansaludusidaianaiy ag
yilviAnlawes (Dimen) viooraifintusgninsnsnluduiiogluluanaveslnindivolss
Featuvosndduanatuild SuilmAndunedwe fuesmsuszneviifiminlinanaguas

dl' a (Y 6 aaa a’qul dy %’ C% o RJQOJ v = a dy
Lll@Naﬁmmsﬂ“\]’]ﬂUQﬂiU’]ULWM‘?JUIUU’]MUW@@QSWWIMU’]&JUNWNNMU@IL‘WlIGU‘L!

H H
How B oy .
' C—C
Rl_ C=C—"C=C—q / \
? R—C C—R_
- —_— B
RB_C_C_ R4
—_ (= — | |
R, (IJ T R b m
H H cyclic dimer
i
R—C—R, i
’ B R— C— R,
- —_— ‘
O R—C—R
R3 | R4 3 I 4
H H

non-cyclic dimer

i 21 Polymerization reactions in frying oils

P31: (Warner, 1998)
2.15 F@Iamsiinufisesandinduludiu

= addg vo a aaa a o % o w = ' I3
narnnargTonldianisindisersendinduludrfiusely a1s19m 9 Aunes
sonlwruazaougnanalndy WUBENIHInU ASe0enBindutulgugidasldesuelily

FrusnveaUisen mntuiadurmnisvetia Anis1ezidau A1 TBARS uavansusenaudl
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v
ada o a (% ¢ aaa (%

segliuasamiaussamduda TaduisTandndusiandjiseteendndutuniend
(Warner and Nelsen, 1996)

A15797 9 Methods to measure oxidation in oils and fat-containing foods

Method Parameter assessed
Sensory Odors/Flavors
Peroxide value Peroxides
TBARS Malonaldehyde + unknown compounds
Carbonyl value All carbonyl functions
p — Anisidine value Gamma-and beta—-unsaturated carbonyls
Ultraviolet absorption Conjugated dienes/trienes
Gas chromatography Volatile compounds

fan: (Warner and Nelsen, 1996)

2.15.1 anwasasnlun (Peroxide value)
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[ Y

lalasinesoanlasuieiisenialuinmesoonleddundnsugindndunsnves
UfAseeentnduluthiy Sudaunanesndiauriujisensunsaludulisudlelasives
oonledarazanluauivganisfiinniian aniudsearediluduasuszneudu Wy msue
T8 187 FeazviliAansidsuulawesnause Wy Maianauiiunsentsiasudvoniiai
18 (Warner and Nelsen, 1996)

2.15.2 Aa1m1519z8aAU (p - Anisidine value)
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Amgeztidnudumninndnsuritunaie glianufisereendnduvesnsaludu

laidus dauluaidu conjugated dienals way 2-alkenals woanlaniinainnnsaanefiives
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lalnsinesoanladlunalindusdluiniuigneandladilaeuly woadlanuiads (2-alkenal
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Wz 2,4-dienals) ufnsendumseslanulvansniidmassinnisaaniuuasiinued
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44' 2 v a = 2
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(Naz et al., 2005) Anwinisideudsandfiseneendinduluiduuslan (U
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uznan Udiudilne uagihdudinies) ndeainneadudSwuviiuhuigungil 180°C

g
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PUIMVIEDIANALTULIDTL8LLIAUNTNDALALTY (NN 22-23) WaUSauLiisusiningu
WUTIAT PV WAz p — AV liTusuanaduasil Wisiugaimaes > dndudnlng > diiuugnen

8

7 O Olive oil
@ Corn oil

(1 2 5.8
@ Soybean oil |

PV (meq 0,/Kg)

Confrol oil after 30 oil after 60 oil after 90
minutes frying minutes frying minutes frying

AT 22 Effect of deep-frying on PV of olive, corn and soybean oil

fiun: (Naz et al., 2005)

L]

OQlive oil

O Corn oil
@ Soybean oil
I
=
<3
Q
2
1
0,06 0.08 0.1
o = == |
Gntrol oil after 30 minutes  oil after 60 minutes  oil after 80 minutes

frying frying frying

AT 23 Effect of deep-frying on p — AV of olive, corn and soybean oil

fiun: (Naz et al., 2005)



49

(Jaswir et al,, 2000) Anw1n15lasunyadutuu1aulotad unuIun1gs bl

(Refined) N1sWandl#an9as (Bleached) hazn1sn1annau (Deodorize) Wianonsiunsiuia

a 1w

wiu Tnglimudoutionmnd 18045 asreaidea iunan 2.5 unit fuax 10 ads Aasoriu
5 U wuALweseanlys An1Terddnu Usinunsaluiudase Usinueisnediuesiay
mnuvilsveshiufintuseniinennasn 5 Su fudunisldiitunendt q Wuaaiunudl
wavlvhuinnsdendels

(Danowska-oziewicz and Karpinska-Tymoszczyk, 2005) AnwinsiUasundas

AUNNYBIUNTUSNEA (rapeseed oil) UduAIMEABA hardened frying fat WalyiAiy

a

Soudloannil 180+2 93Awaldsd Juaz 2 Talue Aaseiuduan 6 Tu laetfuisuls
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o w A

Y a a £% =y 14 £ & ' % N = &
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jd)}

Ysurunsaladulddudiuiniian (90.30% vesnaludunanue) luihduainvlinifinw &
USunaunsalesiudaseiiuunnduunnnindlesUseuiisunudniudn 2 98a wazusunaeisus

ﬁawuﬂ‘%mwﬁ"wqmiu hardened frying fat 181910 hardened frying fat ffUSunaunsalasiy

v Y ~ Y

Liduidesngaluinfiunfinyl iesainusuiunsaluiulududagluiifiuaiuise

a aaa a

Anufisereendinduliing dauansuszneuaisueliadalundndasilutuyefegliain
UR3e100nBndu lsuheiudantanwasAlau Januusunaumluinduniusinunsaludull
dustley Usunansaluiulidudluiiudseraduledenianinanenisideudove sty
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o/

2.16 @135Usznauliva (Polar compounds)
d15U52naudvY1 Ao a15UsenauiliinaInsiUasulLUaaaiivesingiu ety
lasuanufeuainszuiunisven FeUfiseneiindniidinalimninaisusznaulitl lawn

aaa a

Ufnseneandindu lolaslada wasnedwelswdu anufisemaldwmalilnsndwealsives

£
o w

dhiuuasuannansldiidaduansiith w3e Polar compounds fegansusznauiidn lhun
nsnlufudase Tuluedandivesen waglaedaniwesea sy ilosnansusznouiida
duansuszneuiiiinainufAzendns q dlevifuldsuanueuninnssuiunismen 39
annsalfidusiiisuenauasimesiiiy nanie mnifeasuszneuditaluthiuiun
wn wanehitusinduiicuasiadenseam mneaninufisewn q hedethiy
I#suadou dwalihiunendenaunnldiSmuussmaveanssnsassngs adui

283 (W./.2547) lomuualruiduntunssuiunisnenilataisusenauiivnlaluiiy 25
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Wosidud vnluthdufiansussneviidaiuiidinun daduisuiisurmedegunin e
asUsznauitausdaduansienzise 1NNl UNYNARe3 wuiansuszneuiidalu
dsuunsvinenaneliifausSiimtodeusiSeanld s?fuﬂué’umwmmrzliﬁim N15LAA
ansUsyneuitalutiuiivanetadefiiendos wu nselusludtufisudavain 1as dsas

fanuuanansiuisile uazUSinavesnsaluiuiduesiuszneululuanavedlnsndiweslse

v
LY aaa IS

wdludfinsalusiulidududuesdusznavazlsenisiiaujisoneadl Wesannsaluduly
duiziiiusedansluiana msusuaznaunswlsiusEAvaInIAluiuaINsainUisen
Auozaaudu 9 10 1y eendlau lalasiau 2182 WeuiulasuamusouaInnszuIun1Tmen
= a aaa d' av Y 1 S‘oj v d'd LY q' LY [ I3 a
JuinufAsen1sidsustamiaaiiladieninhduniinsaledududuiuesrusenau 8n
Jadenilsnfinadenisiinansuszneuiivaluingu Ae sumgiuazszeviiarlunislinen @9
[ LY 1 v aaa a0 gé o a Y @ dy ) y’é v A o a <
sztudnsdliuaseasisng 9 vearduiinlasivu viiuiduinisuandniadu
a15UsEnaUlTINNTL 1UITBBY 9 Nnandinsiiea1sUTEnouTTIlUNTEUIUAITNEALUY
R PVIN PR RN
(Warner et al,, 1994) la@nwNav89sinv89n5a bsuaerUsenauvelIsunense
AMAINKAZA1UA) Tnenaadur Sauruludualuaily waziidualuaifniu
mutation breeding tiisliidasAusznauvssnsaladuinnmieiu naasslranusounnuigiu
a | Y] & [~ (Y] =3 Y] 1 g U a '3 ) |
Aluawtineng 9 Fuag 9 Talus Wuna 2 u iufegraiivingieinn 3 9lus wui
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Wduenluanfiniu mutation breeding lfiusunaunsaloiadngsdls 78 Wasidud asiinny
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'
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a1susenauisemela (Volatile compounds) AganNYeiIan
(Su and White, 2004) la@nwiaendsenauveensatasiululneuiimasananinuaa
A9 UILARIUNTLUIUNITNEA tAeNDATUNUY (VUIA 2.56x2.50x1.27 WURLUAT) 7
gunil 185 asrwaideod Wuiian 20 Flus Tudndiudundes 4 vila Mllesdusznauves
nInlutuLaNA19uaINAS mutation breeding fe Usiuguudesviindnsaletadn (eadn
79 Wasigus) visiudnudasinly (awadn 21.5 Wesidus) visiududssiaiinsnaluaia
i1 Alutatln 1.4 Wosidud wazlawadn 25.3 Wasidud) wazuiunauseninaiud 1nans
yipiinsalewadngeiuinduiumdoanily audidu 3nuan1smaaes nudndudwngdes
A a a & & & a o aa A ~ v 9w & = ’N
yiniinsalowadnas (owadn 79 Wasidus) danuasifgadleiisuiuinduiuniowils
A Y v & 2 a & a P YRR V% w & - A A
U leeuuduundesviadaziinaisusenauivrluseauainindidudaessindy
WH99971nl9RUsENaUvRINIAaluladnLarnsAalulatdn luUSuIue WalasuAusaud

AaufAzenlat dewalmndueiiaiinnuasideruioulan
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(Warner and Gupta, 2003) l#Anwiaunimuazamasivesiduiundedly
nszvrumIneakuuiduri TnevessuSaushiluiiiu 3 «in fo thiuwdeihe titud
waeafifinsuuussaneusviiuTnansaaluadn 0.8-2 Wesidud mudu Inevensiy
dSausiufigamgdl 190 earwaldea Wuian 25 Halus wudmdsnmentitudundesdis
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Fuvnzfusnm

(Sanibal and Mancini-Filho, 2004) l#@nwin1sidsuulasauninvesindud
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fumdealy

(Yaghmur et al,, 2001) laAnwnavei0iaUsenauveinsaludumnanuAIRIved
vty Inenpasdldiii 3 via Ao Argen oil (usfufinumns fusendesldvesszna
Tuseala JsfiUSunansalewadn 54.4 Wesidud uaznsedluadn 24.4 1Wesidus) Hich oleic
olive oil (nalotadn 78.2 Wasi¥ud wavnsadluiadn 7.9 Wesidud) way cottonseed oil
(nsalewadn 19.8 1Wosidud uavnsealuiadn 52.0 wWoesidus) TnglkAnudeunnuiiui 3
vilail igungil 1802 ssmiwailea WWuan 24 alus Tnglifinnsmenermsusiagven
ddiuns 2 Sedans vn 4 Falusvesnislienuieu ntuuiugumndifu 1702
psrnwaLdoa neaulSauny (vun 10 fadwng uasdiduihugudnans 60 fadwns) S1uy
4 Fuameaifunan 5 Jufidenss warlianudeundiiulnglifinismen 5 uii nemstu
ASsianun 11 A% LRufog1asudAsIAmIaAl nude sdusenavvesnsalasiuly

goJ v a 1 U a [ . . . . g o Y 1
Utiulinasiomuasdl Inennain1sven Argen oil tag High oleic olive oil dimuAsAIAD
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(Firestone, 1996) nad1Usinmanstnariifumdindialunisusuenauninaes
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= a 6 a 1 1 d'd d' v 1
TenansusunaasinarfiiuunsguannInguiianudssios 1.18 wil

(Warner and Gupta, 2003) lifinwiaaninuazanuasfivesurduimaesly
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uni 3

YanaUnsalLazIsN1INAaes

3.1 dagaunsaluazansiadl

3.1.1 Jaginltlunisfinen
3.1.1.1 vy (wauvyedaliy, lssnuuauvyuieud Jamdna1ung, Usswmelne)

3.1.1.2 daiuurduleaduannilaudun1unssuas (A1 aens1nes, Usemeine)

3.1.2 gunsaluazinedile

3.1.2.1 LASEIWEALUUTBUNAMLNTY

3.1.2.2 nsynznentill wua 33 B9

3.1.2.3 gUnInlkaiesril U nnaLALLGE NzayAUALLAALATNANERN AZUNTY/
NITYOUALAAE LTuAY

3.1.24 \aTestisaziBusiiasigy 4 dumia @v Mettler Toledo 1 ML-Series)

3.1.25 A30e%3 2um 60 Alansy

3.1.2.6 Thermocouple

3.1.2.7 Hot plate

3.1.2.8 Beaker (9u1m 100, 250, 600, 1000 ml)

3.1.2.9 Erlenmeyer flask (¥u1m 125, 250, 500 ml)

3.1.2.10 Pipette (vum 0.1, 1, 2, 5, 10, 25 ml)

3.1.2.11 Cylinder (3w 10, 50, 100 ml)

3.1.2.12 Volumetric flask (¥u1m 50, 100, 250, 500, 1000 ml)

3.1.2.13 ATI8uM

3.1.2.14 WNUMAUENT

3.1.2.15 Burette W3ay Stand

3.1.2.16 Rack, viaaananasg

3.1.2.17 viaoanun

3.1.2.18 v yuaznIzayiuliu

3.1.2.19 uiianeiy LPG uagyaniuia
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3.1.2.20 N3zAuNDUdraDIns

3.1.3 @saliausudnsizimaad
3.1.3.1 Ethanol absolute (AR1069-P, RCl-Labscan)
3.1.3.2 Sodium hydroxide pellets GR (106498, Merck)
3.1.3.3 Sodium thiosulfate 5H,0 (AR1177-P, RCl-Labscan)
3.1.3.4 Potassium iodide (AR1245, RCl-Labscan)
3.1.3.5 Chloroform A.R. (AR1027E-G, RCl-Labscan)
3.1.3.6 Acetic acid (AR1002-G, RCl-Labscan)
3.1.3.7 Starch
3.1.3.8 Phenolphthalein

3.1.3.9 ganaaauansinastutdiunent NiaulaenstingiemansnsLnmeg

3.2 3511519809

v
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v99) Rilnasemsiasuulasnesoonlusvesingiu (PV), nsidsuudasansalutudass
AT (AV), UsunauanSinansluthsiunensn (Polar compound) LazMsiUasunlamng
menmesinundmen dutumeuiianudentdlusunsy spss Tumsliesgideyauuy

T-Test ez ANOVA I‘Llﬂ'ﬁﬂi%inamaﬂ’ﬁ%ﬂﬂ@UF’]iuﬂ"IWGUEJQﬁ?ﬂﬂﬁﬂﬁ@ﬂﬂﬁ%U’)ﬂﬂ’]ﬁ (NIgNg
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Y

TutsusgrinansenzgiilUiuLes 0 aAuLUY

A4

AnwinaudRn1sUAsuLUAIRUN MY IITUVAIIEALAUNY AIELATBINDARULUY
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NSTUIUNNTNONALLTVDMAT 2 BUA AD UNTUkaZUT Fksanwiaasly KB-5A A4n1nd 26

NN 26 LATDINDARULUU 3 TR

2) nsgnziily dmsunszneinluayldnsenzaunadusiugudnans 80 iwufiums
fndeldamuiieanatn Mieusmfuiisanuia KB-5A uazgamuAafinideniu
Fomanautuiu fanmd 27 lneduneunislinuiazyhnadandufadeliuialraniu
viodaufaludaiasamufa KB-5A MntunudauasUiundniussdunuiidomniudge
Aaufaiivuniufa lufunoummeaeaiiosainnssvgialulifiounsaidmiutagamgls
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3.4 YUABUNTARENATENHMSUNTNBALAUNY
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wazn1nd 31 WunsiutntuaddueSemenduluunusuia 72 8as souUsuiuin 82.50
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AN 31 LWIINTINTUF NS UNITNAFDUFIDENVDIATDINDALUUTDI RIS NTU

3.5 139l AN ITluIuIdY
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352 n3asteinutin 60 Alandu
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WA 37 WERSUeILAUVLTIlAvaRINNINAFEY
3.7 fnwimsnszangaungivesungiu

[fovnPaBUALSIAUE NIRRT D IEALULTBIMAILE ndUlUN SRR T sde
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3.8 ﬁnmﬂmmwwamwamﬂuwg

3.8.1 Usinadevazvesuhnuiniild
ﬁ']éﬁ”;aamLLﬂUM;ﬁ"Lé’Mﬁ'}ﬂ'ﬁ%ﬁfmﬁﬂ (Nounen) LLazéhasiNmeyjﬁmumsmam
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U%mm%’aaazmaﬁmﬁfﬂﬁ'saémmwg Tnounualuaunisfi 19 sudsves (Tuns sala

f A an

and gialyd d3lyAdsing, 2555)

. v 4, Uminfeuven — ihmdnnamen
USunasesazvasumunuails = -~y X 100 (19)
UINUNNBUNBA

3.8.2 NISNAEBUMEITINAS
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T 2 A
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INAINH 39 LWUNITWARINITIIUAINITNAFD VAT INATSTLLNTUNDAT INATNL

WWurdsnisenusazinsegasiuineaeunie U REPLERRIRHGIHGEEGTHER B a0

1
= 1
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3.9.2 AnsziAalnenisdanamsiUasundaesinsiusietstenia fuans

TuAns199 19

3.10 M13AATITAdRYANISEDA

N139NULNUNITNAF DI UVFNBE AN YTl luN1TNAa0aTe 3.9.1 TiAT18iAY
wUsUS9U (Analysis of variance; ANOVA) LalUTautiig umnuuanssaadeiienageu
auyfAgulaeldds 2-Sample t-Test Tun1snaassfiszauaNLGely 95 Wosidud Ade

TWsunsudnsagy SPSS AIn1AKWIN A
3.11 mMadeunUsinaudainaily
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Gas pipelines (4) Frying pots (1) Cooling pipes (2)
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31NA15199 10 wudrdianneseanlynegluyig 2.04-2.56 TadnTueendiause

Alansuledu Usunansalududasyegluging 0.15-0.2 Tadnsulnunadeusiensuludunase

WserlEnuegluYi 0.76-1.14 uazdmuirhdulauimlelefudosnindeiieuiviidu

fmdswaziniusidn Feenlelefulumnvienamulidudvensaludululuanalas

NAWBbse diuAtgInatilatunuIndanlnatAgaiu@e 188-198 (Hui, 1996) Adweauisiuy

PrfulndunuindandlnaAgenuingdusitndturae NUTua L rdealidoaunin 1iegandlan

AN9UINNINUNL U ADITHER

A1519% 10 Chemical and physical properties of palm olein oil, soybean oil and rice

bran oil
Palm olein Rice bran
Properties Soybean oil*
oil* oil*

Chemical properties

Peroxide value (mg O,/kg fat) 2.04 + 0.04 2.30 + 0.00 2.56 + 0.00
Free fatty acid (mg KOH/g fat) 0.15 + 0.00 0.15 + 0.00 0.20 + 0.01
p - Anisidine value 0.76 + 0.00 0.20 + 0.05 1.14 + 0.12
Physical properties

Color CIE L* value 96.7 + 0.02 101.5 £ 0.04 96.2 + 0.04
a* value -7.5+£0.01 -3.7 + 0.02 -6.0 £ 0.01
b* value 47.1 + 0.01 13.4 + 0.02 + 0.03
MUY *Mean value + standard deviation (SD) of triplicate determinations.

4.4.4.1 Anewanisiagunlasaninasasnbunvesunsiu

1NNITANYINAVBITEELLIANTBINITNARBNTSIU A UL UAIAMA YR IUNTTY

a

Tdlunsnesuaunryigamgil 210 ssrwadea nuitnseuaunsitdlunismeadutdend

NanaN1sUAsULUAIUIANNDSRRN A (AN15197 14 kag 15197 15) TagLATRanonauwuUl
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wnlduresdneseenledtesninseneneniialuatsfituddny (p < 0.05) uaziilonan
isTunuinsaeanszuaumsven (nseesialy, wdemendunuy) auneseanlemifiuty
wazanasegeiitedia (p < 0.05) il 45 MUt weseenledluiy
vdsmeniAnand 4.5 mg O,/kg fizamen 30 nfs Rermeseenlyduanitundmen
szl dloflsufusnarneseanlesluihiund menvonismenduuuuiie
171NA7 Lﬁaw’1ﬂiuLﬂ%mmé’mwuﬁﬁﬁmmqmsﬁ'i 0.6 mg Oy/kg U LIANAYIAY Azl
waliuiidasadinseanasmnliianlunisneauuniniifidnu seiidumsednvas
nsiasuulasesansinedeanlesiiintu amun15e5uneues (Shahidi and Wanasundara,
2002) siiutuvesimeseenlaslurfinendunansiiinsnesivesensmesoanlas
Hemnmsifauiaseeendinduiiunnniy wiansmeseenlediuaghifinuessineld
anmznsoaLUULNuYY @nnsadaresiudanednduaisussneuansueia (Carbonyl
compound) kaza1susznaukeadlan (Aldehyde compound) tadsluanmnglianes

s aa & g v L = v I3 s
@@ﬂi?j@a@a\‘] Qm‘VinI‘V]QQGUULLa8L’Ja'TV]IGUVI@@u’]usﬂuf\]QL‘UULVWJIVW’WLW@ﬁ@@ﬂl"’Uﬂaﬂaﬂ

WULRINU

o
o

5.0 Ac

4.0
Ab Ab*
3.0 AD
—o—Pan
2.0 Aa
Ba Frying machines
10 T T

Peroxide value (mg O2/kg

Times of frying

A 45 Peroxide value in frying oil after frying between methods (pan and frying

machines)
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UG *® Means in the same times of frying (1, 10, 20, 30 and 40) with
different letters are significant differences (p < 0.05).
““ Means in the same methods (pan and frying machines) with
different letters are significant differences (p < 0.05).

* Optimal conditions for the frying process.

4.4.4.2 Fnvinanmssasuwlasananudunsataznsalududaszvaingu
nslasunlatvasarnnuidunsanazUsuiunsalesiudaseludtiu syaziian
noadutladeninasnonistudsundat (M5199 16 wag A15199 17) laglaInananduLuuill

wnltuaanudunsanaznsalusiudaszresindundmentsuninnsenznoniiiluagieil

o w

TodnAgy (p < 0.05) LazliloNeANLTUNUINIEDINTZUIUNITNENA (NTeNMILU, LAT8IVan

4

suwuv) Tunngranle o dusinamanudunsawaznsalududassiiniuianasiuegn

Y [y

Teddey (p < 0.05) Fannd 46 waznmit 47

D
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©
N
(@]

o
[
)

FFA (%)

o
N
o

= Pan

Frying machines

1 10 20 30 40
Times of frying

AT 46 Free fatty acid in frying oil after frying between methods (pan and frying

machines)
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UG *® Means in the same times of frying (1, 10, 20, 30 and 40) with
different letters are significant differences (p < 0.05).
¢ Means in the same methods (pan and frying machines) with
different letters are significant differences (p < 0.05).

* Optimal conditions for the frying process.
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UG *® Means in the same times of frying (1, 10, 20, 30 and 40) with
different letters are significant differences (p < 0.05).
¢ Means in the same methods (pan and frying machines) with
different letters are significant differences (p < 0.05).

* Optimal conditions for the frying process.
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nl. N1sIAsIzdAwaseantan (IUPAC, 1979)

gunsal
1. Erlenmeyer flask 9119 250 adans
2. Burette w3oy Stand
3. Pipette
4. Beaker
5. Hot plate

AMEIGEY
1. @15azan8ndy Acetic acid AU Chloroform %5183 3 : 2

2. d15a¥an8duma Potassium iodide (KI)

1%
o v

azane Potassium iodide USunaurniiunelutndulng tivludisiauay
naaeunauld Tnsihansazaieduds Potassium iodide 2.5 fiadans wdAnasazaonay
Acetic acid iU Chloroform §m31d9u 3 : 2 USu1ms 30 fadans weauudasld 0.5
fladans ansezanodsududdsuldisluuesmdoulng

3. @1sazane Sodium thiosulfate (Na,S,05.5H,0) sty 0.01 wasua

MswSsuaIsazanefinududy 0.01 uosuia Tneds Sodium thiosulfate
~ 2.08185 FauhwinlildlndiAesiian \uthnduuiuims 60 faddmsavanelutiidioniun q
WU 5 Wil Fewedes Hot plate uddvatluvinduivazdou uansazansluiifinuaziu
(lhwansildudandvadiuviniiv)

4. 1l (Soluble starch) Wit 1%

WINsAH
1. FafrogravsTulilaUsyaia 1045 ndu Tlgdndnfndusuly
Erlenmeyer flask un 250 dadans
2. WWusvinazane 30 Jadans (Favinazaielanainnisnauy Glacial acetic
acid fiu Chloroform Tuswnsdu 3:2) waulngnisunislunadeanu
3. iuansazaedusi Potassium iodide Uszaas 2.5 fadans ey 1
Wit uddenislaluiidle 5 i

4. LHUUINAY 30 HadanT kazkPuuwde 1% Usunal 0.5 Jadans
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5. lawmsanvansazaislu Erlenmeyer flask 981991 9 Aqwasazans
Sodium thiosulfate 5H,0 tUuUu 0.01 UDTUNA LAZITUINIALATALIEILTS & UMDY
Wil warduiinug

6. YT aLYIN blank (AvNazany 30 1adans + Kl 194A7 + Y1naU 30

addns) se
AUIRAN Peroxide value AMNgAS

(A-B) x N x 1000

W

MuAl A = USunns (Raddns) vesansaraie Sodium thiosulfate fldlun1slamse
futhsfushegng

B = U3uns (Haddns) vesansazate Sodium thiosulfate 7ildlunislansa
iU blank

N = AMUINTUUDY Sodium thiosulfate (Normality)

W = U1UnA0879 (ASY)



n2. n1saasrziataulunsa (Acid value) waznsalusiudase (Free fatty acid)

(IUPAC, 1979)

gunsal

1. Erlenmeyer flask ¥u1s 250 Hadang
2. Cylinder vu9 50 Hadang
3. Burette W3ou Stand
il

. Beaker

d1sadl
1. Ethanol 95%
2. @15aza1e Sodium hydroxide 19U 0.1 %39 0.05 %38 0.01 UBIHIA

3. Phenolphthalein 1%

WN1FATIZH

1. Yesredrainmuldladszunia 1045 nfu Irlddndniviueulu
Erlenmeyer flask ¥11¢ 250 LadanT

2. w3suansarats Ethanol 95% fdunans Usuns 75 Saddns wivadlu
SPLIIRN

3. [Aua15a¥ane Phenolphthalein 1% 91u2u 3-5 wun waulagn1swnIgly
MR

4. lawmsaseansazans Sodium hydroxide Wudu 0.05 uasuna aunseis
Iedvuy Beaglel 15 3undl (ewawihmslamsanasanan dildunnin 10 fadans desi
nsnmaaosinl Tneldulidesas) e 2 ass

5. g uazei blank (Ethanol 75 fiadans + Phenolphthalein + Sodium

hydroxide) e

AMUInAT Acid value 31NgAS

Vx561
Acid value = -
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AUl V = 910Uliadansvesasazaleu1nsgiu Sodium hydroxide 0.05 wasung
il
W = dmtinvasundudieganly

fnFBINITALIUA Free fatty acid lvieglugu Oleic acid, Palmitic kag Lauric acid fsgns

\Wodldus Free fatty acid (FFA) as oleic acid (fnldfuiisfuialy)

NaOH (mUl) x NaOH (N) x 28.2
= %
W(g)

WoslHuR free fatty acid (FFA) as palmitic acid (nlgiuingiuunda)

NaOH (ml) x NaOH (N) x 25.6
= %
W(g)

Weskdus free fatty acid (FFA) as lauric acid @inlgiushduainudalias)

NaOH (ml) x NaOH (N) x 20
= %
W(g)
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T-Test
Time = 1.00
Group Statistics
Std. Error
Method N Mean Std. Deviation Mean
AV old 3 .0567 .00577 .00333
new 3 .0533 .00577 .00333
PV old 3 3.0733 .15885 .09171
new 3 .6467 .06110 .03528
a. Time = 1.00
Independent Samples Tet
Lewvene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
i F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
AV Eg:f;‘:{;'ames .000 1.000 707 4 519 .00333 00471 | -.00975 .01642
E;U:L:Jﬂ]ges 707 4.000 519 .00333 00471 | -.00975 .01642
PV E;‘:fr'nfgiances 5.046 088 |  24.69 4 000 | 2.42667 00826 | 2.15385 | 2.69949
E;”:'s;’irri:gges 24.696 2,579 .000 2.42667 09826 | 2.08300 | 2.77033
a. Time = 1.00
Time = 10.00
Group Statistics
Std. Error
Method N Mean Std. Deviation Mean
AV old 3 .0967 .00577 .00333
new 3 .1300 .00000 .00000
PV old 3 3.0100 .07000 .04041
new 1 .1700

a. Time = 10.00

Independent Samples Test

Levene's Test for

Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference. Difference Lower Upper

AV Equal variances

assumed 16.000 .016 -10.000 4 .001 -.03333 .00333 -.04259 -.02408

Equal variances

not assumed -10.000 2.000 .010 -.03333 .00333 -.04768 -.01899
PV Equal variances

assumed 35.136 2 .001 2.84000 .08083 2.49222 3.18778

Equal variances

not assumed 2.84000

a. Time = 10.00
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Time = 20.00
Group Statistics
Std. Error
Method N Mean Std. Deviation Mean
AV old 3 .1533 .00577 .00333
new 3 .1933 .00577 .00333
PV old 3 2.1600 .14107 .08145
new 2 .0750 .03536 .02500
a. Time = 20.00
Independent Samples Test
Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
AV Equal variances
assumed .000 1.000 -8.485 4 .001 -.04000 .00471 -.05309 -.02691
Equal variances
not assumed -8.485 4.000 .001 -.04000 .00471 -.05309 -.02691
PV Equal variances
assumed 2.066 .246 19.525 3 .000 2.08500 .10678 1.74517 2.42483
Equal variances
not assumed 24.473 2.353 .001 2.08500 .08520 1.76639 2.40361
a. Time = 20.00
Time = 30.00
Group Statistics
Std. Error
Method N Mean Std. Deviation Mean
AV old 3 .2300 .01732 .01000
new 3 .2600 .01732 .01000
PV old 3 4.3000 .50507 .29160
new 3 .5167 .02082 .01202
a. Time = 30.00
Independent Samples Test
Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper
AV Equal variances
assumed .000 1.000 2121 4 .101 -.03000 .01414 -.06926 .00926
Equal variances
not assumed 2121 4.000 .101 -.03000 .01414 -.06926 .00926
PV Equal variances
assumed 3.862 121 12.963 4 .000 3.78333 .29185 2.97302 4.59365
Equal variances
not assumed 12.963 2.007 .006 3.78333 .29185 2.53166 5.03501

a. Time = 30.00
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Time = 40.00
Group Statistics€
Std. Error
Method N Mean Std. Deviation Mean
AV old 3 .3367 .05508 .03180
new 3 .3333 .01528 .00882
PV old 3 3.2300 .68169 .39357
new 2 .2200 .02828 .02000
a. Time = 40.00
Independent Samples Test
Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
AV Equal variances
assumed 7.127 .056 101 4 .924 .00333 .03300 -.08828 .09495
Equal variances
not assumed 101 2.306 .928 .00333 .03300 -.12204 .12871
PV Equal variances
assumed 3.582 155 5.921 3 .010 3.01000 .50832 1.39230 4.62770
Equal variances
not assumed 7.638 2.010 .016 3.01000 .39408 1.32272 4.69728
a. Time = 40.00
ONEWAY
AV PV BY Time

/STATISTICS DESCRIPTIVES HOMOGENEITY
/MISSING ANALYSIS
/POSTHOC = DUNCAN C ALPHA(.05).

Oneway

Warnings

Post hoc tests are not performed for PV in split file Method = new

because at least one group has fewer than two cases.
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Method = old
Descriptives?
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound [ Minimum [ Maximum
AV 1.00 3 .0567 .00577 .00333 .0423 .0710 .05 .06
10.00 3 .0967 .00577 .00333 .0823 1110 .09 .10
20.00 3 .1533 .00577 .00333 .1390 1677 15 .16
30.00 3 .2300 .01732 .01000 .1870 .2730 22 .25
40.00 3 .3367 .05508 .03180 .1999 4735 .30 40
Total 15 1747 .10562 .02727 1162 2332 .05 .40
PV 1.00 3 3.0733 .15885 .09171 2.6787 3.4679 2.89 3.17
10.00 3 3.0100 .07000 .04041 2.8361 3.1839 2.93 3.06
20.00 3 2.1600 14107 .08145 1.8096 2.5104 2.01 2.29
30.00 3 4.3000 .50507 .29160 3.0453 5.5547 3.80 4.81
40.00 3 3.2300 .68169 .39357 1.5366 4.9234 2.61 3.96
Total 15 3.1547 .78115 .20169 2.7221 3.5873 2.01 4.81
a. Method = old
Test of Homogeneity of Variance$
Levene
Statistic df1 df2 Sig.
AV 9.945 4 10 .002
PV 2.580 4 10 .102
a. Method = old
ANOVA?
Sum of
Squares df Mean Square F Sig.
AV Between Groups .149 4 .037 54.359 .000
Within Groups .007 10 .001
Total .156 14
PV Between Groups 7.003 4 1.751 11.371 .001
Within Groups 1.540 10 .154
Total 8.543 14

a. Method = old
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Mean
Difference 95% Confidence Interval

Dependent Variable () Time (J) Time (I-J) Std. Error | Lower Bound | Upper Bound
AV Dunnett C  1.00 10.00 -.04000* .00471 -.0763 -.0037
20.00 -.09667* .00471 -.1329 -.0604

30.00 - 17333* .01054 -.2544 -.0922

40.00 -.28000* .03197 -.5260 -.0340

10.00 1.00 .04000~ .00471 .0037 .0763
20.00 -.05667* .00471 -.0929 -.0204

30.00 -.13333* .01054 -.2144 -.0522

40.00 -.24000 .03197 -.4860 .0060

20.00 1.00 .09667* .00471 .0604 1329
10.00 .05667* .00471 .0204 .0929

30.00 -.07667 .01054 -.1578 .0044

40.00 -.18333 .03197 -.4293 .0627

30.00 1.00 17333 .01054 .0922 .2544
10.00 .13333* .01054 .0522 2144

20.00 .07667 .01054 -.0044 1578

40.00 -.10667 .03333 -.3631 1498

40.00 1.00 .28000* .03197 .0340 .5260
10.00 .24000 .03197 -.0060 .4860

20.00 .18333 .03197 -.0627 4293

30.00 .10667 .03333 -.1498 .3631

PV Dunnett C  1.00 10.00 .06333 .10022 -.7078 .8345
20.00 .91333 .12266 -.0304 1.8571

30.00 -1.22667 .30569 -3.5787 1.1253

40.00 -.15667 40412 -3.2660 2.9527

10.00 1.00 -.06333 .10022 -.8345 .7078
20.00 .85000~ .09092 1504 1.5496

30.00 -1.29000 .29439 -3.5551 .9751

40.00 -.22000 .39564 -3.2641 2.8241

20.00 1.00 -.91333 .12266 -1.8571 .0304
10.00 -.85000* .09092 -1.5496 -.1504

30.00 -2.14000 .30277 -4.4695 .1895

40.00 -1.07000 40191 -4.1624 2.0224

30.00 1.00 1.22667 .30569 -1.1253 3.5787
10.00 1.29000 .29439 -.9751 3.5551

20.00 2.14000 .30277 -.1895 4.4695

40.00 1.07000 .48983 -2.6988 4.8388

40.00 1.00 .15667 40412 -2.9527 3.2660
10.00 .22000 .39564 -2.8241 3.2641

20.00 1.07000 40191 -2.0224 4.1624

30.00 -1.07000 .48983 -4.8388 2.6988

*. The mean difference is significant at the .05 level.

a. Method = od
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Homogeneous Subsets

AVP
Subset for alpha = .05
Time N 1 2 3 4
Duncan@ 1.00 3 .0567
10.00 3 .0967
20.00 3 .1533
30.00 3 .2300
40.00 3 .3367
Sig. .091 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
b. Method = old
PVP
Subset for alpha = .05
Time N 1 2 3
Duncan?® 20.00 3 2.1600
10.00 3 3.0100
1.00 3 3.0733
40.00 3 3.2300
30.00 3 4.3000
Sig. 1.000 .527 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
b. Method = old
Method = new
Descriptives®
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum [ Maximum
AV 1.00 3 .0533 .00577 .00333 .0390 .0677 .05 .06
10.00 3 .1300 .00000 .00000 .1300 .1300 A3 A3
20.00 3 1933 .00577 .00333 1790 .2077 19 .20
30.00 3 .2600 .01732 .01000 .2170 .3030 .25 .28
40.00 3 .3333 .01528 .00882 .2954 3713 .32 .35
Total 15 .1940 10147 .02620 1378 .2502 .05 .35
PV 1.00 3 .6467 .06110 .03528 4949 .7984 .58 .70
10.00 1 .1700 . . . . A7 A7
20.00 2 .0750 .03536 .02500 -.2427 .3927 .05 10
30.00 3 .5167 .02082 .01202 .4650 .5684 .50 .54
40.00 2 .2200 .02828 .02000 -.0341 AT41 .20 24
Total 11 .3864 .23678 .07139 2273 .5454 .05 .70

a. Method = new
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Test of Homogeneity of Variance8

Levene
Statistic df1 df2 Sig.
AV 5.000 4 10 .018
PV 1.6792 3 6 .269

a. Groups with only one case are ignored in computing
the test of homogeneity of variance for PV.

b. Method = new

ANOVA?
Sum of
Squares df Mean Square F Sig.
AV Between Groups .143 4 .036 297.833 .000
Within Groups .001 10 .000
Total .144 14
PV Between Groups .550 4 .138 79.493 .000
Within Groups .010 6 .002
Total .561 10
a. Method = new
Post Hoc Tests
Multiple Comparison$
Mean
Difference 95% Confidence Interval
Dependent Variable () Time (J) Time (I-J) Std. Error | Lower Bound Upper Bound
AV Dunnett C  1.00 10.00 -.07667* .00333 -.1023 -.0510
20.00 -.14000* .00471 -.1763 -.1037
30.00 -.20667* .01054 -.2878 -.1256
40.00 -.28000* .00943 -.3525 -.2075
10.00 1.00 .07667* .00333 .0510 .1023
20.00 -.06333* .00333 -.0890 -.0377
30.00 -.13000* .01000 -.2069 -.0531
40.00 -.20333* .00882 -2712 -.1355
20.00 1.00 .14000* .00471 .1037 1763
10.00 .06333* .00333 .0377 .0890
30.00 -.06667 .01054 -.1478 .0144
40.00 -.14000* .00943 -.2125 -.0675
30.00 1.00 .20667* .01054 .1256 .2878
10.00 .13000* .01000 .0531 .2069
20.00 .06667 .01054 -.0144 1478
40.00 -.07333 .01333 -.1759 .0293
40.00 1.00 .28000* .00943 .2075 .3525
10.00 .20333* .00882 .1355 2712
20.00 .14000* .00943 .0675 .2125
30.00 .07333 .01333 -.0293 .1759

*. The mean difference is significant at the .05 level.
a. Method = new
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AVP
Subset for alpha = .05
Time N 1 2 3 4 5
Duncan@ 1.00 3 .0533
10.00 3 .1300
20.00 3 .1933
30.00 3 .2600
40.00 3 .3333
Sig. 1.000 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
b. Method = new
Oneway
Warnings
Post hoc tests are not performed for PV in split file Method = new
because at least one group has fewer than two cases.
Method = old
Descriptives®
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
AV m1it1 3 .0567 .00577 .00333 .0423 .0710 .05 .06
m1t10 3 .0967 .00577 .00333 .0823 .1110 .09 .10
3.00 3 .1533 .00577 .00333 .1390 1677 .15 .16
4.00 3 .2300 .01732 .01000 .1870 .2730 .22 .25
5.00 3 .3367 .05508 .03180 .1999 4735 .30 .40
Total 15 747 .10562 .02727 .1162 .2332 .05 .40
PV m1it1 3 3.0733 .15885 .09171 2.6787 3.4679 2.89 3.17
m1t10 3 3.0100 .07000 .04041 2.8361 3.1839 2.93 3.06
3.00 3 2.1600 14107 .08145 1.8096 2.5104 2.01 2.29
4.00 3 4.3000 .50507 .29160 3.0453 5.5547 3.80 4.81
5.00 3 3.2300 .68169 .39357 1.5366 4.9234 2.61 3.96
Total 15 3.1547 .78115 .20169 2.7221 3.5873 2.01 4.81
a. Method = old
Test of Homogeneity of Variance®
Levene
Statistic df1 df2 Sig.
AV 9.945 4 10 .002
PV 2.580 4 10 .102

a. Method = old
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ANOVA2
Sum of
Squares df Mean Square F Sig.
AV Between Groups .149 4 .037 54.359 .000
Within Groups .007 10 .001
Total .156 14
PV Between Groups 7.003 4 1.751 11.371 .001
Within Groups 1.540 10 .154
Total 8.543 14
a. Method = old
Post Hoc Tests
Multiple Comparison$
Mean
Difference 95% Confidence Intenval
Dependent Variable (I) sample  (J) sample (I-J) Std. Error | Lower Bound | Upper Bound
AV Dunnett C  m1t1 m1t10 -.04000* .00471 -.0763 -.0037
3.00 -.09667* .00471 -.1329 -.0604
4.00 -.17333* .01054 -.2544 -.0922
5.00 -.28000* .03197 -.5260 -.0340
m1t10 m1t1 .04000* .00471 .0037 .0763
3.00 -.05667* .00471 -.0929 -.0204
4.00 -.13333* .01054 -.2144 -.0522
5.00 -.24000 .03197 -.4860 .0060
3.00 m1t1 .09667* .00471 .0604 11329
m1t10 .05667* .00471 .0204 .0929
4.00 -.07667 .01054 -.1578 .0044
5.00 -.18333 .03197 -.4293 .0627
4.00 m1t1 .17333* .01054 .0922 .2544
m1t10 .13333* .01054 .0522 2144
3.00 .07667 .01054 -.0044 .1578
5.00 -.10667 .03333 -.3631 .1498
5.00 m1t1 .28000* .03197 .0340 .5260
m1t10 .24000 .03197 -.0060 .4860
3.00 .18333 .03197 -.0627 4293
4.00 .10667 .03333 -.1498 .3631
PV Dunnett C  m1t1 m1t10 .06333 .10022 -.7078 .8345
3.00 .91333 .12266 -.0304 1.8571
4.00 -1.22667 .30569 -3.5787 1.1253
5.00 -.15667 140412 -3.2660 2.9527
m1t10 m1t1 -.06333 .10022 -.8345 .7078
3.00 .85000* .09092 .1504 1.5496
4.00 -1.29000 .29439 -3.5551 9751
5.00 -.22000 .39564 -3.2641 2.8241
3.00 m1t1 -.91333 .12266 -1.8571 .0304
m1t10 -.85000* .09092 -1.5496 -.1504
4.00 -2.14000 .30277 -4.4695 .1895
5.00 -1.07000 140191 -4.1624 2.0224
4.00 m1t1 1.22667 .30569 -1.1253 3.5787
m1t10 1.29000 .29439 -.9751 3.5551
3.00 2.14000 .30277 -.1895 4.4695
5.00 1.07000 .48983 -2.6988 4.8388
5.00 m1t1 .15667 140412 -2.9527 3.2660
m1t10 .22000 .39564 -2.8241 3.2641
3.00 1.07000 40191 -2.0224 4.1624
4.00 -1.07000 .48983 -4.8388 2.6988

*. The mean difference is significant at the .05 level.
a. Method = old
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AVP
Subset for alpha = .05
sample 1 2 3 4
Duncan@ m1t1 3 .0567
m1t10 3 .0967
3.00 3 .1533
4.00 3 .2300
5.00 3 .3367
Sig. .091 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

b. Method = old

PVP
Subset for alpha = .05
sample N 1 2
Duncan@2 3.00 3 2.1600

m1t10 3 3.0100

m1t1 3 3.0733

5.00 3 3.2300

4.00 3 4.3000

Sig. 1.000 527 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
b. Method = old
Method = new
Descriptives?
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
AV 6.00 3 .0533 .00577 .00333 .0390 .0677 .05 .06
7.00 3 .1300 .00000 .00000 .1300 .1300 A3 A3
8.00 3 1933 .00577 .00333 1790 .2077 19 .20
9.00 3 .2600 .01732 .01000 .2170 .3030 .25 .28
10.00 3 .3333 .01528 .00882 .2954 .3713 .32 .35
Total 15 1940 10147 .02620 1378 .2502 .05 .35
PV 6.00 3 .6467 .06110 .03528 4949 .7984 .58 .70

7.00 1 1700 . . . . A7 A7
8.00 2 .0750 .03536 .02500 -.2427 .3927 .05 10
9.00 3 .5167 .02082 .01202 4650 .5684 .50 .54
10.00 2 .2200 .02828 .02000 -.0341 AT41 .20 24
Total 11 .3864 .23678 .07139 2273 .5454 .05 .70

a. Method = new




Test of Homogeneity of Variance®

Levene
Statistic df1 df2 Sig.
AV 5.000 4 10 .018
PV 1.679° 3 6 .269

a. Groups with only one case are ignored in computing
the test of homogeneity of variance for PV.

b. Method = new
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ANOVA2
Sum of
Squares df Mean Square F Sig.
AV Between Groups .143 4 .036 297.833 .000
Within Groups .001 10 .000
Total .144 14
PV Between Groups .550 4 .138 79.493 .000
Within Groups .010 6 .002
Total .561 10
a. Method = new
Post Hoc Tests
Multiple Comparisoné
Mean
Difference 95% Confidence Interval
Dependent Variable () sample _ (J) sample (I-J) Std. Error | Lower Bound | Upper Bound
AV Dunnett C  6.00 7.00 -.07667* .00333 -.1023 -.0510
8.00 -.14000* .00471 -.1763 -.1037
9.00 -.20667* .01054 -.2878 -.1256
10.00 -.28000* .00943 -.3525 -.2075
7.00 6.00 .07667* .00333 .0510 .1023
8.00 -.06333* .00333 -.0890 -.0377
9.00 -.13000* .01000 -.2069 -.0531
10.00 -.20333* .00882 -2712 -.1355
8.00 6.00 .14000* .00471 .1037 1763
7.00 .06333* .00333 .0377 .0890
9.00 -.06667 .01054 -.1478 .0144
10.00 -.14000* .00943 -.2125 -.0675
9.00 6.00 .20667* .01054 .1256 .2878
7.00 .13000* .01000 .0531 .2069
8.00 .06667 .01054 -.0144 1478
10.00 -.07333 .01333 -.1759 .0293
10.00 6.00 .28000* .00943 .2075 .3525
7.00 .20333* .00882 .1355 2712
8.00 .14000* .00943 .0675 2125
9.00 .07333 .01333 -.0293 1759

*. The mean difference is significant at the .05 level.

a. Method = new
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sample

Subset for alpha = .05

2

3

4

Duncan?

6.00
7.00
8.00
9.00
10.00
Sig.

WwWwwwow

.0533

1.000

.1300

1.000

.1933

1.000

.2600

1.000

.3333
1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

b. Method = new
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Design and performance testing of liquid
separation fryer

Wilawan Trijid', Tipapon Khamdaeng', Thanasit Wongsiriamnuay', and Numpon
Panyoyai'*

'Macjo University, Faculty of Engincering and Agro-Industry, Agncultural Engineering Program,
63 Chiangmai-Phrao Road, Nonghan, Sansai, Chiangmai, 50290, Thailand.

Abstract. This study presents a liquid separation fryer using the principle
of heat transfer between different liquids, oil, and water, to be used as a hot
and cold fluid in the frying process, respectively. It causes small pieces of
food 1o fall into the water zone, causing no bums, which causes the fried oil
not to be black and smokeless while cooking. Thisstudy was comparing the
efliciency of the frying results between the liquid separation fiyer with the
conventional frying pans al the same process is 180°C of oil temperature,
use the polar test set to measure the quality of the oil, The results found that
the number of frying process in liqukl separation fryer has 27 times more
than regarding the amount of an extreme in used by conventional frying
pans. From the prototype experiment, the fuel frying rate was reduced by
16.79%, causing the production cost to decrease by 20.6%. The production
volume was more than 20, 1% than the conventional pan; because ofthis, the
liquid separation fryer has a temperture-controlled to save the amount of
gas used.

1 Introduction

Food is an essential factor in living, and getting good food affects the health of people. Data
from the Ministry of Public Health in 2009 found that Thai people with high blood pressure
have 981 .48 people per hundred thousand people. In which high blood pressure is associated
with circulatory system diseases such as heart disease, coronary artery disease, and brain
veins, Are all caused by the nature of life in which food is one of the most important causes,
especially cancer. The food that is popular among consumers for a wide range of satisfaction
in flavor, smell, fragrance, and the texture is erispy and juicy with the water inside of the
food pieces [1]. The fact that the use of oil in the food of entrepreneurs at all levels is the oil
that has been fried food in the form of repeatedly cooking, which will change or add new oil
to maintain food features only. It has a simple observation principle, such as oil that is used
for frying food, has black, black smoke, viscous, fouling, and foaming, These characteristics
are the basis for an oil change. The frying means cooking food by using vegetable oil or
animal fat as a medium for heat exchange. Food processing by using heat is a prevalent
method, which is one of the ways of food preservation, with the primary purpose of inhibiting

* Corresponding author: ppanvovai@gmail com
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food spoilage and inhibiting the activity of the enzymes present in food, including parasites
and various insects [2]. Frying means putting food pieces in the oil while warm. The
temperature surface of the food will rapidly rise. It was causing the water that is the main
ingredient in the diet, to evaporate, The outer food skin will become dry. The characteristics
similar to baking or grilling, evaporation of water will gradually be moving into the inside of
the food piece, resulting in a dry skin covering the food. The primary purpose of frying is to
change the quality of food consumption. The secondary objective is to preserve food,
destroying microorganisms, enzymes, and reducing water activity on the surface of the food
or throughout the diet [3]. The most quality of the final product of food is much dependent
on the main processes are a combination of simultancous cooking and drying processes [4].
The deep-frying process is the primary method for food preparation and is commonly
preferred by the fast-food industry [5,6). The process is described as more complicated
because of the physical and chemical property of frying oils were changed during heating at
150-190°C [7]. These changes occur similarity of the autoxidation, thermoxidation, pyrolysis
[8-11], and polymerization reactions, and a wide range of undesired degradation compounds
have been detected in frying oils [12-14]. From the study conducted in general market
surveys, most of the original oil is used for cooking more than once, resulting in deterioration
of the oil that may cause the number of polar compounds to exceed 25 percent of the weight,
Frying causes the color of the oil to become more intense and makes the food that was fried
has a distinct color change. It can be seen that frying using a conventional pan makes the oil
performance deteriorate. There fore when there is a process of duplication, the technology
for the exchange of incomplete heat between different types of liquids was applied to the
liquid separation fryer. The objective of this study makes the frying machine more efficient
and with the cost that is suitable for fried food processing. It is, therefore, intend to test the
performance of liquid separation fryer,

Frying pots (1

2 Materials and methods Cooling pipes @) weee rm‘w (1
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Fig. 1. Structure of liquid separation fryer.

2.1 Materials and chemicals used for testing

This section considers the materials and methods utilized in the execution of the study. The
liquid separation fryer consist of the size of the tank used for frying is made of stainless steel
that is 100x80x50 cm. (Figure 1). The gas pipelines (4) built around the container tank ofoil
upper walter zone (3). The control unit used to control the gas system with an electric system
that can set the temperature and maintain a constant value. The oil zone or frying pots (1)
was contain frying oil that can measure polar values by using the chemical of polar test kit in
frying oil to see oil deterioration afier the frying process. Chemicals used to test the reaction
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with charged compounds in the frying oil sample; it gives a light pink to dark pink color when
the number of polar material is not more than 25% and without pink color when the number
of polar material is greater than 25%.,

2.2 Method

Liquid separation fryer consisting of structural design in the base part, frying pots (1), gas
pipelines (4), cooling pipes (2), electrical systems for control temperature, and the point of
sticking gas, as shown in Figure 1. The part of the pot will work together between water and
oil. The oil will float on the top of frying pots, and the water will be at the bottom of the water
zone with the installation of a gas point system that heats at 180°C. In the frying pots when
the process of incomplete heat exchange of different types of liquids oceurs, so the water
temperature is around 30-40°C. For this reason, some food waste or sediment will be pulled
down to the bottom of the water zone, causing no burning of food waste; it makes the oil
smokeless and reduces polar formation. The advantage is that it can fry food at a long time,
constant temperature of frying oil, slow black frying oil, and fuel economy, as shown in
Figure 2,

=% Area for frying.

% The heating area of oil for frying.

The sediment area in the water
section(low temperature) causes
the sediment not to bum,

Fig. 2. The separate frying system

The prepared be fried with a liquid separation fryer by control temperature at 180°C
(which is the suitable temperature for frying the product) using a Palm oil of 70 L per
82,50 L of water. This study focuses on the influence of incomplete heat exchange processes
of different types of fluids, the number of polar compounds in the frying oil, waste fuel to
test the effectiveness of liquid separation fryer. The phenomenal heat exchange occurs when
entering the frying process. The moisture in the product will be replaced by oil and
evaporated. Then the moisture floating in the air, mixed with oil, then falling into the water,
as well as food waste or sediment, causing no burning of food, oil is not black, smokeless,
and does not require a filter. When frying food for a long time, there will be a large number
of polar compounds. The water is a polar bear with the same polarity, thus helping to reduce
polar compounds because the frying machine is equipped with a gas control device with an
electric system that can be adjusted 1o a constant temperature and helps reduce fuel
consumption. From initial testing factors, performance indicators are the number of polar
compounds in the frying oil. By using a test kit by adding polar drops to the sample test tube
of four drops, then add two drops of oil sample to the sample test tube and close the test tube
tightly and shake for 30 s and immediately translate the results. The amount of fuel lost is
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determined by the amount of gas be fore frying, compared with the amount of gas after frying,
whether it is worth the use of fuel or not, considering the amount of fuel used for testing,

Analysis to determine %Product Yield [15]

%Product Yield - ?‘f X 100 )

3 Results and discussion

3.1 Polar test results in frying oil

The polar content testing in experiments by liquid separation fryer with conventional frying
pans will consume 70 L of oil per 3 kg of product. It is using oil samples after the fryng
process at 5, 10, 15, 20, and 25 times to test for polar content by a polar test kit. From the
experiment study, it can be seen that there is a change in color in the oil of the test kit, as
shown in Table 1,

Table L The polar test of frying oil.

— Polar test results in oil

- Pan Prototype frying machine

5 Polar compounds in the mange of 1-10% | Polar compounds in the range of 1-10%
10 Polar compounds in the range of 11-20% | Polar compounds in the range of 1-10%
15 Polar compounds in the range of 21-24% | Polar compounds in the range of 1-10%
2 Polar compounds in the ange of 21-24% | Polar compounds in the range of | 1-20%
25 Polar substances exceeding 25% Polar compounds in the range of 21-24%
27 . Polar substances exceeding 25%

Note M polarity 1-10%is available.
m Polarity 11-20°% the oil is still available, should not add new oil.
I Polarity 21-24% is still oil that should not be added.

L Polar compounds over 25% are the oil that has deteriorated and should not be used.

From the test of polar compounds in the oil, repeated frying, compare the conventional
pan with a liquid separation fryer. It was found that the liquid separation fryer can maintain
the quality of fried oil repeatedly than the conventional pan. Due to the amount of polar
substance in the oil of the conventional pan exceed 25% of polar compounds in the frying
oil, repeat 25 times, and there was a change in color. At the same time, the liquid separation
fryer has not changed the oil in the polar test set. The frying oil of the prototype fryer can
still be used until the polar content exceeds 25% at 27 times. The frying machine has designed
a system of separating the two liquid layers in the frying process.
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The development of this research was used water as an aid of oil polar compounds value
1o be used for a more extended period, The water was used to separate the residue particles
in the oil and also helps to prevent black oil from burning of food particles. The originality
knowledge of this research was the developed deep-frying process. The designed system of
separating two liquid layers could maintain the quality of the palm oil and can be used for a
more extended period and is not harmful to consumers such as cancer.

3.2 Determining the content of cost-effectiveness

From experimental, it can be shown the resulting study of general frying system and the
prototype. By the calculation and the comparison found that the user of the prototype fryer is
a better way because the amount of fuel used for frying 1 kg of cricket is reduced 1o 16.8%
compared 1o the general frying system. Since the prototype frying machine has a temperature
controller, it saves the amount of gas used. As for regular pans, there is no temperature
controller, causing the temperature of the oil in the container to be uncontrollable, and some
gas evaporates with the environment while frying, causing waste of energy, as shown in Table
2

Table 2. The comparison of cost-eflectiveness from gas loss,

Piis Prototype frying
machine
Fuel consumption 0.MTKE go / kg psdne 0.288 kg g» / K@ moduct
The yidd of products 2 BB kg poodur /Kg.gm 3.46 kg prossct / k2.
Cost price 840 baht /Kg paodsce 6.9 baht/ kg padus

Moisture or mass transfer during frying can be explained by using the product quantity
analysis theory, the time required for frying is about 5 min per 1 round of frying. The test
values are shown in Table 3. From Figure 3, it was found that the moisture content in cricket
from liquid separation fryer is less than that, Due to the moisture in the cricket, when
evaporated will reduce below the frying machine, which is cold water, causing the moisture
to come out and not be able to combine with the meat of the cricket again. It results in lower
moisture content in the product than a general frying pan.

From the development of this frying device, it was found that fuel consumption and cost
price decrease while the yield of products increases. There are three originalities, Firstis the
measure and control oil temperature, second is directly heat supply to bottom layer oil with
self circulating from convection heat transfer, and last is using waste heat from the exhaust
gas 1o heat upper layer oil,
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Table 3, Analysis of moisture content of cricket.

Pan Prototy pe frying machine
No. of
cycles | Weight Weight Moisture | Weight | Weight | Moisture
before after content before after content
baking baking (%ewt) baking | baking (Yewl)
(kg) (kg) (kg) (kg)

1 030 0.26 86.67 31 20 64,52
2 030 027 90.00 310 28 93.33
3 031 026 83187 30 26 £6.67
+ 029 024 82.75 29 24 82.76
5 030 026 86.67 30 25 8313
6 030 027 90,00 3.1 24 77.42
7 030 026 86,67 0 27 90.00
8 029 025 86.21 3.0 25 83.33
9 030 027 90,00 30 2.3 76,67
10 028 024 85.71 3.0 26 86.67
11 030 026 86.67 30 24 £0.00
12 029 025 86.21 3.0 2.5 8333
13 031 027 87.10 3.0 23 76.67
14 030 026 86.67 3.0 24 80,00
15 031 027 87.10 31 2.5 80.64
16 030 026 86.67 10 24 80.00
17 029 0.25 86.21 29 23 79.31
18 031 028 90,32 30 24 80.00
19 030 0.26 86.67 3.0 2.2 73.33
20 030 026 86.67 30 2.5 83.33
21 029 024 82.76 31 24 77.42
22 029 023 79.31 29 22 75.86
23 031 027 87.10 3.0 24 £0.00
24 030 0.25 83.33 3.1 22 7097

== Pan == Prototype frying machine
100.00

90.00
§0.00
70.00
60.00
50.00

MOISTURE CONTENT (%WB)

1 3 § 7T 9 11 13 1§ 17 19 21 23
NO.OF CYCLES

Fig. 3. Comparison of product moisture content between frying pans and frying machines.
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4 Conclusions

The evaluation of the separation layer efliciency of the separation laver fryer liquid that
designed the gas control system with an electric system that can adjust the temperature and
maintain the temperature of the frying constant at a temperature of 180°C: Separate liquids,
using the amount of gas fuel for frying food, decreased by 16.8%

The cost of manufacturing liquid separation fryers decreased by 20.6%

The amount of cricket obtained from liquid separation fryer was more than 20.1%

The product moisture content from the liquid separation fryer reduces more than the
conventional pan. Crickets are crispy, not oil-based because it has less moisture accumulation
than frying with a general pan. Prolonging the shelf life.

This research was supported by the Faculty of Engineering and Agro-Industry Macjo University and
Innovation and Technology Assistance Program: projects that support technology development in the
Thai industry, The National Science and Technology Development Agency.
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