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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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6. voanasa 40 Haansu
7. 59an 2.0 fiafinsu
8. Anfiudnis 0.29 faansu
9. mfiudass 0.05 faansu

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

msveaduBuiilaummuiomnnluniasdouemsdadumsugsemnslnisi
f¥ou msveaiinavinliAnnsaemanudeu (Heat transfer) Msanewana (Mass transfer)
swdsnaindunsiteidudoussninermsuasindunen mavesivinasdenmninves
wanfusiaatiie WWun ndusa Snvausdeduda ergnisifuinviwaramamidaruinis

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



(Shallow frying) Fafuntsneslneldiutios nzdmsunmsvenluasieunsenisnen
ownsuriailddesnisanuasiianevesdnan s Wy Wewesined 1si [udy waznns
noALUULSTUYIY (Deep-fat frying) L“iJumsﬂnamaflmiﬁﬁaﬂﬁi’ﬂu%ﬂuamﬁLLazqmamﬂiiu
Tnonsnonazldisuitiusnasnniismefiozyiuemsndy nsdhamenuioussiiniy

79n15nIANsauludT ke NsEANNsUluT U195 YIlie SRS UAIILSBURNN

'
=

dulumn o ey AsuduardnuueNUINguestue msasiianuaians nsnenkuull
FuMEEAUNITNOAIMITNNTUNTS (Al J1PTR, 2553) ANAMVBINERTNTDIMITVEN
(% a é-]/

Tuegiuyiavesiiunly Feuhiiurzdodinuniniliungay aililosnufiuildnesdu

]
fnaslunisiemeanadeuliorms wagiiliomsanudsssonaeduliliemisdniu
mauzdilinen Paeludesduasifiusanilvitueinis sswismmenlifisausifnnisseime
vasiluemsuiduilianasUszneviy 9 mﬂm‘mﬂﬂQJQSWﬁuLﬁ'aiﬁmm%fauqﬁmﬁﬂﬁ
dsumeainnsidenaninld (Mellema, 2003: 3ian U34nd, 2556) npufisenlalaslada
Ufiseneandindulazufisemedwelsiwtu sTfﬂLﬁuﬂﬁﬁ%mLﬂﬁﬁugﬂﬂufﬂﬁumamﬁ%ﬁﬂﬁ
Anansuszneuiisemelduarliseine nefiansuseneuiiszwmeldduingaes smeluly
usseniemdenlothuasfinsflansuseneuiisemeliundinluditu milmand§asemis
wiideluniagngaduluavisnen diuansusznouiildssmeluiituasvildifanis
Wasuuasaadnuazmanoamuazmaailuidusarewmisven Tasansuszneudll
sewgariinadeninuasiivesndusawazaunn Muidnuuziodudavesominen
serihafiuinm mameauuuinduiaasilinaaludulidudluiduanas Ture ity
9gdivlas & Aunlla AUVLIKLL ANuSouT W Usinaveansaluliudase arsusenoudl
fhuazansUszneunealesnuiNty (Choe and Min, 2007) FaunnsnengiannsaviliAn
dnusznouiiliilssudiinansenurenanmueio v suadidaasiliiAnansuszneudidana
\HeosonunmomIsware1dne Wiindunsesegunnveaiustaala
uananiainnisAnemuiinisldiitunendn q egnsdeidesfigunnigady
natutugaunalitinUjATe1619 9 19U 00nTTu (Oxidation) Twatuelsiedy
(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) FsufRsouvaidndssaliAnnsdouanimuesniii Tasnsdonanmyosiiiy
neauiniflaanannisarauvesUsinunsaluiiudasy uarmaifinturesansusznouiiien

(Total polar compound) Tutgdu Tegluszninensnensmsinduaziinufisenlalasla
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Fa ynliAnnsaluiudasy lulundwelsauaglandiwelsa (Monoglyceride, Diglyceride) Tu
vaioatuindufiannsosendladsoldasussnauiiitas q wu asUsznoulslnsides
ponlus (Hydroperoxide) 8wanlan (Epoxide) woadlan (Aldehyde) wagflau (Ketone)
Hudu FefunmunmuesmdndusiemnsiilivslunivesUSmunsalusiuiansu (Tran fatty
acid) 818N1SNUTNY AUAMIOINS ifmﬁqqmmwmaqQU%Iﬂﬂﬁa%uagjﬁ’ugmmwmamfwﬁu
NOALABATY

nTenuvesindglavdulng nuidagduduslaavilnedssanuiovas 55
ﬂizauﬂﬁgwwiﬁﬂé’auiuﬁmsﬂﬁLﬁmqﬁu wazmdnndyrnudssainlsailadosanidudon

I

W lafudu uz5alunszinizemns saulufslsnunmau feaudIAyreIdunTIBaIN

[V [ (%
Ay a a =

a1suszneuitanisvulutihdiunen NseNTIvasNTngUiteanuInINIsAIVANANUADASY
innsdiunesdnldnensmsiiedming lngeanuluuszniAnsznsvasnsage
(aUuN 283) W.A. 2547 1509 MvuaUSuIE15UsENaUIY (Total polar materials) Tuingiy
g v = A o | Y % 1 3 o do A o ! A o~
nldnanvsalsenavatmsiiied vy fgiuinhduniunenemisiedmiiedieinig
lineng1 w3etnluusznauemisendliansusenaulitnlulSunaguuazeanelviindunsiy
saguilaa JsUsEAIANIMUARNAINUSoNINSTINNT U dMaAnTaUSENOUDIMISLINE
o ! I dgj I a b4 go’ £ = v v 9.1:’/ o A
ImurgazliansUsenauivailaliiiiusesas 25 vesumin wavinadeduldnaunium 5
WeAANeW WA 2547 FaglanWuazilnwusuldiiuiviiuum

108 WN.I9AS Q4 A9Y81 BRRSFULATIINITNIENTNAITITUEY NE1IT wiasUaulng
UslaAtguiegngn 800,000 Au drulngdeusuuszyuemsuszinnmen laewui J51ua0
Pwunfldindunesegudesanin iusunsiereguain msizdasdunsie Ao @1sln
a13 (Polar compounds) Juanayinliiinlsarnuiuladin wazaisindlondn ezlsunfn
lalmsA1suau (Polycyclic aromatic hydrocarbons ; PAHs) 1luaisnauzise danulanalu
) A a =2 a = ' [ < 4
uvenewnsidenanin wazluleisewevauenaneims Faanudssianisduuzsals
MEeuazEUTlnA

nITeRAnwansalinduwumislun1sesniuukasas AT aALUY
Younaendulunszuiuniswdssl Fenwmeanawasdynidanaineinusif i
rudAgyuazaulaluniseaniuuAseVALUUTBMAIMeNTUINUssgnald dusunuuly
nswUsguemstuguuuummeandndaueiuaumy duiiedns iWeSeuiieuliiuiause

ANSNITYIIUVUATDINDAGULUY LTUNISYIUTINAUsEnIeiAUTnu Tnevisiuazasy

[
v o
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1. iieoonuutuaradiaaiemenuuureunauendud miunsussUnaeSusily
JULUUNITNOA

2. \lefnwduUsmuuazUsziluanssaurnIsNLYBLATEINOALUUTB AT
uondudniunisulssusdndnsilusuuuunisnen

3. iflefnwiarUseifiufunu uavdiasizimaasegaans nisliiasemenuuy

YouvameNTUEmTUNIsWUTIURARdueTlugULuUNTNen
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nsduiiun1sinerinusiidunsinuniudsifteussiudssansamnisineuges
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3. gnaulaanunsadnwesnanuiniinainanideluasailla

1.4 YdULINVDINITIVY

ﬂ’l'ﬁﬁ&lﬂ%’j\iﬁ:ﬁ ”leéfﬁwmﬁﬁﬂmmimamazﬁmmzauLﬁawammwyﬁa&ﬂ%waﬂ
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AruannInve A omeaiinlldisunenldunutudmiunsuUssunan Suslusuuuy
N157190 wémﬁmeﬁﬁisﬁwami‘]ul,mum‘ﬂ%fﬁumﬂ‘[iqmuLL@WWWLL;J Jandnave law
Wisulsuarsulsseninaniemensunuuiunsenziiall laun 8, USuraaisinans,

USinaunsaludiudase wazUSuiauanmeseanles Negluindiunentt wazavaiunududsi

Neadlaun aamaiilunisnen, dnsidiu (WEndadiseund), vliavesidiu (thduldy

Totadu niileUnaunIunssuds as1nendmes) Wudu
1.5 A5aiuauIag

= = av ad v
1. AnwmgeiuavaulIteing1ves
MUTBUALRDAUUUNTNARDY
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dnmgunsaluazansiaiiveldlunisnaaes
insnaaediteguansenuvesladesig q Ninaden1snen warUjisemamen

AATIERAUANBUEVDIRSIUNATEN
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1.6 Hgmdwianz

w3awman (Fryer) vanefs ueiesdnsgunsallumsuusglemsiliiiianisven
91113

159 (Frying) #1883 mi‘v‘hmmﬂﬁqﬂi@81%’5ﬁﬁuﬁ6nw'§alﬁuﬁué’m’muéfhﬂma
Tumsuanidsuanufeu lneUnfazldgamaiilutag 170-210 esrnivaidea

hAUNY (Pork snack, Pork rind, Pork scratching, Pork crackling) PUYD 9
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fu wazuaunyiudu lumsdnwedaildfunisatvayuuaumyliunnlssnuueungue
wil YanTadne wnduingavlunisfine

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

thdfuundu (Palm oil) vanefa tdufildannfisdduiliiuudeiugeds 06-08
du/ls/8 dewssuifeufufininduriadu annseilulflugramnssundn susiomsuas
1¥lunnsUsznovenis ilesnniiquantanuainuieuldas liviliAnarsnousiss
uenaniithifuidudedseneninhiufiveingu

a15Iwand (Polar compounds) 118 @15UsnouiidaiAntusEnitanismen
ownssethiunendn Inevhluihiunenomsiindalniivinalasedandiveseadady
ansusznevlifitaszannidosay 95-99 widetlulimenamsfigamgiasUssunn 170-
180 psrwaifea \uszsrnauauiuInewsuazeendiauane e lutladeise

mM3deuRunnvesiunensmis YliAnnisuendivesiiiunen Waduasinaislu
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AaAIMUBIITY wazduiinivesddeuaunuisveshduneadifdeunmuain lu
Wentinusiinsizimuiuiaasinaslegiidtegnshdunninseisgyanaauansin
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wasaanlan (Peroxide Value: PV) %un8dd ANIUSNDINNISIADNYDIUNTUALAANN
UfA381 lipid oxidation Faluamavesnisiinnauiiy

Aranulunsa (Acid Value: AV) manedls afivsvandenaunniiiuiiinuiisen
hydrolysis ¥lmina1sndwesea wagnsalutudase sinbimhsulianudunsaiinduy

Ansalududasy (Free fatty acid: FFA) viunefis nsiinnsaladudassluoinng
I~ v oa dy %,’ o A . Y 96’ U g gj PRy t”
Judwtivagauninvesdnduity (Vegetable oil) lusfunazindiunangn sauvisevisnillaiu
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N1373ALBAFATT

LﬁaLﬂuﬁugmiumiﬁﬂmﬁ'mquamazﬁmmzamﬁammmeyéf’;mﬂ%wam
LL‘U‘UGUENL‘Via?LLUﬂ%Uﬂ%ﬂﬁléfﬁ’lﬂ’liﬁﬂtﬁ’l%@iﬂﬁ’iﬂﬂ@ﬂﬂ’li 15615 PanRIUITeAET 09
AUSIaTLS R

1. mmiﬁ"ﬂﬂLﬁaaﬁuLﬂ%mamﬂ?{aumm%@u

. vflaveunsiosuandsuaudou
. dusyavismsmemanuseusiy

. NANNIINLUUNIIAINTOU

2

3

4

5. NANNISEN8AINTOU
6. AURAAIUTOU

7. avwihluReduuaunyuazisnisuan

8. NILUIUNTVIEN

9. msmamkuUtuay

10. logu

11. nInludiu

12. hifunen

13, nsdsuulasenhifussuinmen

14. UiRsBuAllvesitussinIvenuuUTuYiay
15. Fianmsiiaufisereendwdulusiu

16. asUszneuiiis

17. AUULAENITIATIETLATYEAARTIAINTTY
2.1 anuiniluifeliuiniasuaniuasuniiuiau (Heat exchanger)

o a % = a A Ay Yo ) ! % a
imsasuanilaguauiau Ao 1wSeelaNnlidnsuNITaNemANLSaUYRIvRd aTia
wileludsvesivadnalianis Inenvesivaludnludeswaudu (Wndns gimunde, 2536)

= A v [ = = Ao w 1 =3 I~ A = ~ 1
wsowanilasuanuseudunisstlendrfyuinegrmidansziluaiesdionlglusyuumis

9 MIAINTIUAIENT0E19NT193919 AMINTAITLAIUINILAIUIUNITODNUUULATOY



waniasuanufouls Tuniseenuuuirlesuaniuasuaiuiou mnsdesiinnuilunis
AUINENUSEAVIENITIANNTEU MIdIIuYeIRUTou larAuinnamansvadlvg
Tutlagtunszuiunisgravnsiisadesiundsnuanudeu dnlngfiiaies
uanidsuamufeuduesduszneu wu gramnssuieiy indesuanidsumnuiouasgnld
ei’m%’ummﬁuqmmﬁmamﬁwﬁuﬁu dmiuiasuannzveslefiesnuinnnenduliiy
VBINA? LLazﬁm%’Uﬂ’]ia@qmugﬁmmﬁwﬁw%ﬁ”w luvhussmgaiuiuluanamnssude
gnamnssudulodaasei uazgmannnssudu q Aldledsswaniudsuniudeudmiuiin
gaunil angaumnil vivenyulsuauieuanveslnanduuildlvg
wihiindnvearosuanidsumiuiouife msthiomdssuaudeunnldeiagn
ndnns uardiuszAvsam fafu Blduandoneouandsuanudou Seduiusiuduny
Y9INTTUILNS Uazenaiinasiesmvesndnsias madeniaieaaniudeunuiouazioni

[l C% (% d‘ Ao o 1 = A L4 a 14 a
p81958ln58Ts Raulvndrfyegrmildlunisidenagunsaiuanildeuninufounldly

gnamnIsuife audaussouglunsiinuigawassiagn
2.2 ¥iavaasasuaniUasuninuiou (Types of heat exchangers)

iSesuaniUasunuseuiivatouuy mssuunaiosanidsuanusousnvile
Tnvordefirnienisindsuiivesvesinaluiaissuanildsuanudou uardnwazreuases
wanwasuanudewdundn
2.2.1 wismudnwaznisluavasvadiva awnsouusld 3 Ussiam sl
- asluanuumanelny (Parallel flow)
- msivaaunieiy (Counter flow)
- mslwadeanndiu (Cross flow)
2.2.2 LLﬂamué’nwmz%quiﬂwaem%’laaLLanLUﬁ'ﬂumm%au anusauuala 3
UsgLanuan ¢ il

2.2.2.1 AI89LaNtUAgUAINSBULUUTIDED9%U (Concentric tube or Double

a

pipe) inaduanidsuanuseurilnilonvegludnuuziveasioaiudmenuaaning 2
d2unisluavesvasinasialuaaiuniaiu 1Sunq1 counter flow MSalnavuIUiY 158030

parallel flow
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Hot |—‘] Huod Hot q Hot
in-_” i"—'I . :qul- 1'n__ a | — = — r_]c}uL

! '

it

Cold Cold
in out
{a) Parallel flow (h) Counter flow

MW 2 Fneaienisivaiunneeiy waesnisiisunlaseamaiiluniosaniuaeuninusou

LUUYiedetil (Double -pipe heat exchanger)

2.2.2.2 wpsasnanilaguninudausuuiveluaiinaniesnsainnu (Cross flow)
TurSeswanasuanudounuul vadluaaglvaluiien1ensainiu aakanaluning 3 n1s

asanuenlvegludnuazadvaiienson (Single pass) 3o luaaediien (Double pass)

= =4
W3aunNANLe
1
1
’ |
'
1
—tH =) —— 1
Cross-flow Cross-flow
(unmixed) Q Q Q (mixed)
L N R % N
Tube flow Tube flow
(unmixed) (unmixed)
(a) Both fluids unmixed (£) One Nuid mixed, one fuid unmixed

Al 3 nstuafiunnateiuly cross flow heat exchangers

2.2.2.3 asaananilagunlnudaunuutgaauwaziia (Shell and tube)

wIekaniUdguanuiouviinlvednasianiiazedluwad uazdnylianilsazedluvie
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dmsunisinatuazedludnvarlvamuniaiu vselvavuuiuild wenaindenvesnuuulv

yasluaiifeniedainiunanle

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

A10150052919 2 35 A9 LUIRNNANIZVRIVRI IANLY AT UIAINANYUENNSITIU AILAD

ANswUInINaN1Izvalan Y
= = v ! ] A P P
LAS9LANUATUAMUSDUTENINVBUNAI-VBUMAT L UATBILaNUABUAINNS DU
Uszanlufinsiasullasanzuesvadlnans 2 sia Wiy drsuduenauwasiduaun
Jouvendu 1usu

1. LA309LANUAYUAINUSDUULNINIVDIMAI-VDUYAN FUANTLN1SIUAsURUAIENIY
Ya3va9lnans 2 vile nevadvaisianiaazildsuanzidutnensaszwmedulaly
SEMINLANUAIUANMUSIU LU 1ATBIANEN (Re-boiler) Ypavanauundu febundu

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

3. aseduaniUasunudeusswinafng-ine wdefiiinsudsuwlasaniie Tnedeanil
axfinismuniuduveanar 1wy 1p3esnszatsnudou (Radiator) dwmsura
ouguluvios Tnevierneligudelen

4. wiesandsunnudeussninedg-veamar sielidnisidsuulasanie Tng
yianiaduiwuardnelandafuvouna i indesguidou Aldmeiannmie
Tovnduumasanudou

5. wsesnanasuanudoussninedg-veaan vdafidnsidsunlasaning wu
wiislothuvuviedssemeilridulethsefaduniy uasiadosrmuniu Fanuuvy

Tolmduraauuaimeiinszuisanusau

[l 3 ¥
N1UUIUTENNANAAUTTAIANTT LYY
I3 A % | s v & o
gunIaluanUAsLANNTaUENTALUI LU SEINIIRUTEaNAN S g uvT e N wauy
nnslgauti taun

1. LAT9992L118 (Evaporator) ®3auniiatAea (Concentrator) N15l49IUADNITIZ LAY
vosmarbiluloeldlenfstulindulsslew wioiobildvsunariduduiu

2. 1A3099U MisawnIawiliseuamiln (Preheater) 9auszasdniiiovlivesinasou
! Y = & - a a a % o o oA
aaanth Fadunsiiudssansandianuseuvenssuiums lnemludinasisede
musuatsinvesnslduvsenuUssinvesvesirangnauliseu wu ww3eq

guihtloundiolown (Boiler feed water preheater) 1usiu

1%
a

3. wseuiliseu (Heater) auszasdniivaiinanmgiliiuvesinaliionmgigetu

Y Y

Y

4. 1A399INIRTaUBNEIn (Superheat-heater) 1ATBIUAEYIUTNLLAINTOULTAUVD S
~ ° vy P A A ° v % a
Inadigniilvisounuay weagyibviegluan nseutsein
al v 3 . al Lo Y g v Y Py A A v &
5. A5899U%1 (Re-boiler) 1a3alvinvinluanusaulvnuvsaraliianaysemelmiu
lodnAsa
d{' 1 o‘d' o @ d' v [~ 1
6. 1A3DIAIULUL (Condenser) gauszasandAgyiiianiulelvinalsiluvesnas
LA589AULLULEUN
d{' 1 d' dyd d' 1 a dl’ d' Y
7. ASDIAIULUUMUA (Total condenser) 1A UULATBIAIULUUTLA IS NLYNUND

naulasuniseanuuulraunsaeuLluleNeananganrendulaNIrue
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8. iA3peAuLLLLISEIY (Partial condenser) LadasmuutuUsznnnanTuldfume
ndu flgauszasdiiiomuutuunsdlinansfuvesvan

9. inFesszuiBAuieu (Cooler) ndpsiviminflszueanuieulifuradaifionn
g ivedvedlva

10. i3ewilmdudn (Chiller) siwmihflangunaivesvesnalsivhasnn Ingldasi

AU (Refrigerant) i WSeou wadluidle 1Wudu

s = Q‘ U . .
2.3 duUseansnisanemanudausiu (The overall heat transfer coefficient)
dl' -al' o o [~ [ YY) a '3 '3 Q" ¥ [l [}
Sesnddgdudusunsniunsiiasisiaunsaiuaniuisunnusauluuvienuialy
WWamuSauAfe NsmduUsEansnisatemauseususenineveslvaas s duladey
AumIngresdNysyAvEn1stemausouTuseninvedvaifiamgiidu T, Auvediva

2 aa a & oo v = v
Bunfeamafidu T, Adulaenlsiiudeaunis (1)

Cold

TN

Ho

fluid T ‘
Heat

- ‘\ transfer

,r.
> Cold
- fluid
Hot fluid
Wall /, o7,

.\v

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 duUseansnisanemainuseausia (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, ha " A
1 1 1
1 O0 & (4)
U h; he
As = Atotal = Afin + Aunfinned (5)
As = Aunfinned + r]ﬂn Aﬁn (6)

Heat
transfer -
, ” _ “Outer tube
Ou{ef .9 N I;I\ner tube
fluid L
fluid Au = /TD-’IL
A=rD,L

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 o

dmsulunsalvesaunsaluanildsunnusounusenaunieviadasuuIngous 1wy

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

£
aa

fuwmANUSauRRvionsaitaziiAu
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R, = —— ©)

o k = thermal conductivity
L = length of the tube

L PHNATINYDIAUANUNIUANUSBU (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 " 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 VANNITIBNKUUNNNANNTOU (85ANA AZLWS), 2557)

n1seanuuugUnsainanilasuniiuiousisazuiinisnveenluassdiuid
AudNTuSiY lown
1. NPBNRUUNIAINTaU

2. ATBALUUNNNG
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N1398NLUUNIIANTaUIENEITRINUANTIOUENTTANEIMANTEUYRIUNTal
waniUdsuanuseurivelivanyseiuin gunsalfieenundnuiaiigsnedniunisyiming
meanuiou nuludnilswluimsuseliunisideunesvedanssousdaiinuiluuaziiny
Tuvaeldonu sudunaannisinzazanvesasivanysnivuiaemanuseu gvimiii
PONKUUNNAIINTBUITABINANTUTANALA $13878NITIUNITAANBUNANTENUIINNISLAA
As1UanUINUTaINIas (Fouling) fng

nansznulukivesnistuaniuidanudidgyuiu n15a18mauseusenieTes
wardauiiazdoniedosiuanudeaniuresvedlnaaus sulunailosninaunile
vosvedlva navesrnumidadinantazuingesninlunmueinisgadsnnunuaINn I
84n19980 L9718 1TULIINANNAUANIINMTEYLHEAINAY VodlvaazregniunTedn
= ¥ Y o w U d‘ = v = 6 L= J
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N7819193988INd1YaA1v0INTANEIMANNToULe felulunIseankUUN1IAIINTouT
ATaUARULURINITINAIMNSY kaznmiuuvesaunsaluanildsunuiouiioannaunis
gy dernuiuliviedesNgedsunsEN1IANLToUNABINIS

N1399NLUUNINANNSoUEABUlAUITaNIsRINNANTaumeTlddadinnig
LSugANERTTelaLn 591A1099nUNTRl N1SVUES N15ARAY N15UIFIThRaENIsIUAE
wannilagAeiinstadminsenitenisanAiamusuau a1 lgdnglunisaiusnuas
meldanmeindnnulisnngeau weldlunsluwasinanduiu doanuwuuassoinszmin
fan1suanwsgangivesvedlranislugunsaiuaniudsuninuiou wildunisiinnisin

! LY 1 < 1% a a s L4 a & a A
nsouvesTanuazvativania q anudulilavesnisialndwesvesansoasuninuunuiai
Tnaumgigeiuly nsnnegnauveandeuinies wasnsinzazanvasansuIvassluusiin
o 2 o = Aaa = Aaa & &
lanusnsalvedlaiiidwuiuasy visvedlvaniidvuleutuaugan

waN3INUNIToBNLUUN AU ToUIEABIA1Tsdaladen1saudaiindausie
a1ssusuisuiianuiisledennufouddesiieainlssnuun niy annmsinwdyniuas
Toyasg 9 wazn13d1539lU nsengneanldnunuiily Tunseuaunsuussuluguuuy

v

nanen auanvesihdulinindesaninly Snsenaznoundinismen vinliave il
emuduunaneduds Sehliemsiiilunesasudlududsmseuiu vhldnismen
Tneldnsenzshluivszansamiisn daiudedinsdneuazosnuuuriemen iiowman iz
mmzaaﬂ,ums‘mammumé’mm%wamwwaammLLsm%y’u aunsasenuuulagleuannis
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Y
Yaa = v

LATRINBALATNTZUIUNIINDALARABITY Mnzauiun1919u Auatnenisiilulddu
wsesdlousenauendnliduednad Fadeldiivselevisedusenounaduegaunn dauan

NN 8

N

AN 8 LASDINBALUUVDUARILENTY

2.5 nalnn1sangwmalnuiou
N15818WMAIN5aU (Heat transfer) daud1AgyAUIIUNIIAINTILDEUIA T
ANWYALITUABINEIVDINUTEUUNST DVUAIUNLAINNTOUUINEIVDT F96895IN150DNUY
Winlmann1sanemenudoulussuulsegnaunungay iy N15eenwkuUU Heat sink wiaanuwm
AU DUV UTUAIUNTDIATBLENNTOUNE NI5A18NAMNTDUINNLAT DB UALALDIRBNLDLN
et A w v o X a a v Pt a % w = %
INUUATIN NS N WU AA185INY LATeakanasuAIuSaunlslun1sHanUISaunsalatn
Sanimiialotl mysenuuundinmeinsuasnisidenldianivieJesiuanusou Wusuy

1 v a o W aa o [ <

nsmemanuseuiianuddylutinsyiriuiazanamnssunusgueims lddraudu ns
Tganuseulunisneduems nszviunmsuusuiiedosiuanusousasanudululsa
wUs5UD1MM5 19U NIEUINNSUREY nMsuddu nsddelagldanudounisouwis uasns

a [ L4 Y

sy Wusu nszuIUNITvaIiiigtastunITanslauANLSauTE IR AR S LA FINaa

' v
aad a = A a

Tianudeu wieanudunisaslauanudoudulsingnisalsssunaniintulogums

9 Y

! o 1 o A 1 U b4 1 Aaa a Aaaa
SENIA AL IURUSTALANANAUlngANS O UE Y LVIQ’]ﬂVW]ﬂJQﬂJ‘VmiIﬁQIUVISJVISJ

Y Y
gamgiiaiaue ludinanmseseninadinalanisaglouainusou (sa. Huns Asanens,

q

=

2539) WAMIUANLSIUANNTOaEMAINAaSUTe LU Taansnile Ineddafinatsselidale

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

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

transfer mechanisms.

Convection > Conduction and convection depend < Convection
upon matter for heal transter and are
thus blocked by a vacuum.

Conduction Conduction

Vacuum
Vacuum

N\ {/J\H/ AVAlL 8 /\Q{/ ?\,/f N

AVAVAN & e A \VAVAVA

- nsilver .
NSNS | || Sivered wall <\ /"L

~ Radiation -~ Radiation is not blocked by a vacuum, , Radiation ~
VYAVAV A, :"u:m"”'mwﬂ'mw,,m;“m <\ /\/\
.//'\/ \\/ e . — (‘/\\/ /\\\,//7\\.

AW 9 kARINIIANETOUAINTOULUUAN 9

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

transfer)

2.5.1 msthanufeu (Heat Conduction)
A ! b4 Ao I d' a ! k24 1% 1
AonstemaNNTeulagidinadlindeun 1wy anusewannunludiglvaniy
Foulangviflondunidnudeusdniou 1usiu mathanuiewluvsngniselssdiveunaves

a3 Wielesunnuouasiinnisdunazdsieandinuy mdiauseuduintulaluaansyn

a1

amuzﬁwauﬁq VORI WIDAY ANAWNTALUNITUIANNTOUVBIAANSILAaTTRALIIAT

WANFINAU WIS LRBSNLTOSUIYANUAINITARINAITENIT ATANINNITUIAINNS DU

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

9 9

e = o

Fouldtos wu loui BN Fediouanldvirawiuduaudou Wusdu fiugiunisiianag

Y

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

nsanethANUTeuLUSHUASIIUINIRgUATDIgMN LAY NUR”

dT

q=- kAc_ (14)
dx

[ Y a

AU MINADINITANUMNAUSDUAENISU IALALNN Yilalaedananfinanaiiian

q

[
=

anmnsaueuss 9 viserunuinihdudaveanisiianuseulvunniu
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2.5.2 A1SWIA1U58aU (Heat Convection)
WWunisanemanuseulaendinaisedsuiiviselnaluse n1snianusauluinty

LRNNEAUVDINAII DAY WINTY ANNAIUITOLUNITNIANUSDUT LR UANELUSZANTN1TN

U

ANNSaU (Convection heat transfer coefficient: h) ﬁﬂquQﬁLL’mﬁau LALUYUINNUARD

voingiinisniauiou lnenaldan h Tuediunatensdimes 1y iSuavaudfives

q

finas Fadinlaannnisneassdusiensdl a1 h gonngiainmsmanuieulad lunenduiu

[
a A 14

A1 h gusnedaniausoulalif NugiuvesnIsTnIALSousd Ul Newton’s cooling

]

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

A9t UINABINITANENANUSDUMBNITNIALILIN VALABLALAT h [WUNISAAG

Waaugaew visaiununialituingldlunisanemanuiou \usiu

Thermal convection, constant viscosity

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

i v & e ° % A 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 a Al v o o 2 & A a a
NUNUSINSaULasENnaAgeUEN LT WU US e
U7 (LAY @13 IunTUEs, 2562)

UsTANYBINITNIANUS U
1) N1SWIANUSIULUUSITUBIRANTaUUDaSE (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 ussaeudalAna InNanIsilisuLlaIAIu

a

il Nigamgivesvedlva unnseiu Tu 2 USiu
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2) n1swiauounuultsdu (Forced Convection) nsiadeudivesninudeou
SEinaRvesveIndanazvedlva Immaﬂuagﬂﬁ’aﬁﬁlﬁmﬁauﬁlﬂé’uﬁaﬁuﬁwawaqLL%&I@EJ
nalnmeuon 1wu Wiaau edosgu 1us

3) nsuaSedAu3aU (Radiation) Lfﬂumifhammm%auiug*tjﬂéiumimﬁalmlﬂ']

AdldionduiIna1elun1sAIIEANUSDU LTU NISWESIAANNSIUINNANDIARELTlan “1a

'
a 1o

lneluingBaliaaumgiasazdusissdanuiouldunn ninn1sanemannuseunienIsuE$ad

q

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

\dlo 0 1Jupasd Stefan-Boltzmann @411 5.6703 10°® (W/m?K*) waz € 1uen
ann15eUassad (Emissivity) Iy €=1 dmsuingan wag €=0 dmsuingun

N1 SedRNuTaussiidnvuenisuroantulunniianisseuganiiianiedng lne

[

nnfiAusauNINNTEWNTIELANINNTY LU AIseindurSIdANTaulIuINN I TUNS

184 drupuannsalunisgaduanuioufazuanasiueenluiuiudnvazwazaudfves

[%
¥ ¥ 1 U

QU o W TN MU Mam AganansaurlazaaduAusaulafnI ingNildseuariu

v
[

117 13NN InNgasstuvnAINTanulaine iy USuiawiniu Ingnlanwusl unuue 9

aunsanasIdanusaulfsINI RN N

9

Heat Transfer Methods

0 Conduction

9 Convection

0 Radiation

= ] v
AN 11 NSENANUTOU

‘17‘1|m: (www.shutterstock.com)
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i 11 wanshiudesssundvesiginsnismianuseu msudssdannadlvinln

nAnuseuniundouidiuuen langviliiAanisiianuseudidnglunde vivlviiied

Y

Uesaefounazeem danuvnuiuindmestugiiauy d'suﬁﬂLéumwmmuﬁuqﬁqaa

:
Fuvuedousasnunud el ifuiindeuannldsumiuieudossns fzasstumyuay
Jupdnseeilestuly Fadenin “wadniswiminuden” (Convection cell) 1wadni1swn
anufoudiiAntulusssnedldun nsvyuidsuveaninivarlunduduuenveslan
NTEUUNIITTULUTFUFIY mﬂwmé’ﬂﬁmaqmzL,Laifﬁﬂiuumaagm fg%’ﬂiﬁwuﬁuﬂﬂaﬂ
nszudauLarATINABINIA nTzkanInalusRyladuta vssenmedulninafiesvos

AReTng waudndamauumangiaud Lumu

A113AUTBUTINIE (Specific Heat Capacity, ¢) fio USunaausauninl

W 1 v 1 gamgilivdsunuasly 1 viwesr andenuisainsammanuganuiou

a

FUNeveinguIa m Ngamgiiuisunlastly AT nide lag

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

pugausaudnsizluszuy S Snbedu ke K wazluszuu cas. fnthodu
Calg-°C

2.6 ﬁuqam'm%'au (Thermal Equilibrium)

31nNN15818leUANUTIY THTULINTLNTINUANUTBULIN FLAIWNNFIUAIY

U v

Fouludringruiassniindsnuanusoutoanii viliinguusnindanuaiuiouanas

v '
[

LAz IngdnTunassingenuaNu oLV iunGsuANuTa uNanasluIngTuwsn was

! = a 1 2 [ P A a 1 1
gngangloulile gaumivewisaas@uiniy Fuduanmisenit aunaanuiou (Thermal

a

Equilibrium) Tneasliduegiuelinnievuinuasing

Y
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a 1Y

mateleundsnuazidulunungmseyinindanu lnedlifnisgaydendsanu

o

(%
a

TARAFWINTON WATNFIUNNNVUVBITNYTUNGDY KATNFIUNANAIVDIIN QTUNNTS

q

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

[ a [ ¢ & =) o a = o [ 1%
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USuuasemsnsnanglasuse

USuaue1msNsuUsEnIu 100 NSY

A1501MNS

AU AR wauvy L3
1. ATy 1.8 n3u 2.9 n5u
2. WU 626 N5Y 515 N3u
3. Tushu 49 N5 56 N3u
4. s 48 n3u 27 n5u
5. aslulalnsm . 11.5 n5u
6. LAALTEL 29 fiadn3y 27 adin3u
7. vloanada 69 Hadniu 55 fiadndu
8. §IALUAN 2.1 fadn3u 3.4 fiadn5u
9. AU L 8 RE -

10. 393U
11. Fan3uU v
12. 3an3ul @99

13. Jan3ul @y
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ﬂ’]ﬁ/l@fﬂLUu’]ﬁﬂ’ﬁIﬂﬂﬂ'J’]lIiauLLﬂUWNUWQﬂJ‘WﬂﬂJﬁQ lngendutgduiduminaislunis

Y Y

1%
o w

dsrurusoulldie1nns Weemisnasinisnesdutadiuindunsouaunniive 9IS

9 Y

WaYUpEeTINGT Uluemnsazindeuieenanlasasen Jusnuuinniiuesems uag
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ihiuaziadeuiidluunuiiiuielodfiindoudieonun dwmaliermsiiiunismend
Anuduanasuariinisganduingu navesnislianuounniifuilfiduinnis
Wasuwamaed Tnsiiseneindniiiotu WWun UjAseneendindu lalaslada uazned
walsiwtu Jack, 2000) 3nUAsedana1diaionuAIMAIuE Anunila LagAILAIRT
Yo TnuAmveINanSusiaInendnde asdusznavvesnsaluiiluthifudy
ﬂa%’aﬁﬁwa&iamiLIJ?{auu:daaﬂmmwmaqﬁ”]ﬁmmzmm dosanluhifuudasyiiag
osdUsznavvasnsalusiuunndreiu avdsmaliauamdasuinisvesiduuandiaiude
madenliidudmiumameniaudsniuiinisfinnsan nemilsfannuasivesiisu
Hundn edestunsidesauninvesiviuungnen uazldudnfustosendifiaanin
ﬁqfuﬁwﬁuﬁﬁmﬂ%ﬂumzmumwammaﬁﬂ‘%mmmammhﬂuémﬁaﬁﬂ%mmqa NTIZNIA

lodfurlintiinnuassiaiornusauvaeonlan (1Weves s, 2546)

aqa Ao o = o ' i3 VY ad A

Bnsneangeamnssuidfgdeduunlagnisaelouanusoulmdy 2 73 fe

1) msmeaauuulsiufu (Shallow frying) Wun1snenafildusunainiiules wis
= v 3 o a a Y o v a " & aad o w S
iigsldundundevuuiansenedesiuldliomsinnsengwintu FBilwsngdwiuemsid
dnsduveIiufinaseysunsge 1wy wesu 19 lwesines uazwiewdasing 9 Wusiu

2) nsneALUULNUYiiN (Deep-fat frying) {unisnenewsiuisuusunasnn
lngarmsivendzauasivluiigu nsmendBimuigiueimsnniuine emisilaainnis
NoALUUINTIWYIHE TN ¥aNEAILANF1NIINITNITNBALUUKIN A JanumenTau 1
A a a v A a S o °o 9 v " v &
48 nduuazsavidanziininaaniduildlunimen viliermisunsudsenunindu
agdlsfinunaaninnisneaudndadusiinazgaduiniu Weswinnisanglournusouuas

Y

wmarssevirhduiviuemsluvaenen lngiilsguvaivestiuemisasduluvuenen

dy Aa Qy d‘ 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 Wdufiegsauduamsazunsndunlveglutesinailiinnisasaunielueimis
797 (Bouchon, 2009) #nsnanielasuledudnlluvsunamnnauwiuanudeenisladuay
azaunmelurasndanuinnitung uavenvdmasanisiinlsaludugasuduionuinnitung

wazeadmasion1sialsaluiugasuduienuasilaluawanle
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2.9 nITBALUULNNUAY

N13N9AKUULNIIUIY (Deep-fat frying) 1uABHugIUvEINITINS BB ISV

a 2 1%

Annadnuarneiulszamduiaiisoants Wud fundusa Sinavesussdnuusie
duifafinseuvesenmsnen (Wamer, 1998) Ing Mellema (2003) lfo5ursfianszuiunis
neauuuihiiuvhuindeldewnsluiduiiseu qmmﬁﬁﬁwaqmmmLﬁuﬁuaéwamm%a
ihilfnvesemsuifonlneviuil tuutdnusey 4 Aensavangungiias Tneldemnud:
we 9 fufumsmanuieu dedudennismeudoussiiudun lnaiiamsssmereste
iheenanawns Jailifemnsuaasyliomamenianisvad iagnsuuaeyiliia
AameUien s Inslanznsssmeeg UL ssaansayldAngnumnalngjuas gaumnd
fifemnaiuldfeaitenveai (100°0) sewismavenliifissudazinnssziverested
uiduAnansUsEnaudu mﬂmmﬂﬂﬁaﬂfwﬁmmzLﬁ@lﬁqmmﬁqqLi‘Juwmmu%ﬁﬂﬁﬁﬁﬁu
noaRansideuaanmls
2.9.1 miLﬂﬁauLLﬂaaﬁLﬁﬂﬁusijwnszmums%amm‘mi (Blumenthal, 1991;

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

1) Fusnvesmsiiniuieu (nitial heating) tlutasiviligumgiiunaiiives
pwnafivtuaudigamgiuiiugaieaesin nstemanufeudunmmuuusssumAiss
laifinsssmevos

2) Frmsiiesvesifiuinaiiiems (Surface boiling) dhiinvesemsayseme
naneifule Ravhisuukanareiduudenuds msdremaadeudunmsmuuudaiu

=

3) ¥RATIN1TTEIMEanas (Falling rate) lTuteigumgiiigannaaveomisll

q

gaunilgaduiilesninmsagidetininnigluiiuems uardnsnssemeiisutiiaeIms

SugnuaziansAsLLUaILATLATNIINIEATN 817 iNnIaTRluduasus
4) ngRn1siinnes (Bubble end-point) giinTuiilioa1msgnneniduiiannui

o

azsegladnvinlvusunamesvesletinfioanainiiemnsanas

2.10 lwsiu (Lipids)
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(Slightly polar) laun ueaneges sxdlau ludulvnasnuunnninlusiutazasiulamsais
2 win Aelimdsulszana 9 waasSdenduluduusznaureseims lufuiiduuvasazay
ndsuresiumetuasivarauliluguiledeluiiu (Adipose tissue) TamegiuTusiuuay
aslulaisedaduesduszneululasiadsvesatasad dowmaiiovulutulflueadnnaie
wilufiwuazdnd (Fuller, 1978; Nawar, 1996)
ﬁfflﬁml,azimﬁuiumamﬁmsﬁmmﬁﬁy’uﬁﬂ’nmmﬂﬁhwaquaaumaﬂmaﬁﬁim’]a 10y

a a 1 i

uiuaziluveanaineungiund diuninudinifiussananiivuasdnd dulaiuazdu

a LY

2 & = 2 a & A o & 9 o
voudaTenwaslsngaumgiuniuasnuluilagevednd audnvugiuneninvedluduy
1o’ L% gj d‘ ] a [ (3 1 £ 1% L% dld
wazduluatNdnseiesaUsenaunuitluduasUseneulusmensaluduiiyn
waouaginI@sdiulvadunsaludiuriladus (Saturated fatty acid) Turagiiuniudgs
Usznauselnsndwelsniudiuunn wazaziinsalaiundyavasumnadm dnazsdunsalasiu
wiialdduia (Unsaturated fatty acid)
ludunegluemsiivilnaazeglugluuuvedduiiuiveswnulimeniaiuisawen
gonu1INHYwardndla taun we indunyuaziugy1 ¥3eNduUsENaued0InIT LY
= & o e @ v ! | Y o oA A < YY) N U a
un Fauazilodnd 1udu uradluguosdduisnuianuds laun aaudes fe wazddas
[ v i 1 '3 o [ ¥
Judu 9anwa Tawn Urdu uzniuazuznen idusu
Taduluomsdsfimnudraglusulasuinig ladulsznaulumeunaasiansems
nauuaznsaluiundnduunsienme ledudadnihfigeazareimduuieia liwn Iaiiu

18 AMNAUR INNAUD LALINNTULA DNNIGITILANANNUISUUTEMUlANUDIMNS
2.11 nsaludy

nsalusiy (Fatty acid) L0unsndunidanensanfivgdmsuenda 1 vy (Straight chain

aliphatic monocarboxylic acid) Tusssuvfaznunsalududussdusznaululuanavedlas

a

néwelsanegluludiu ununazealnndwelsdiludilvg Mnuluzuvensalududased

1 a IS

Hosunn msduanginsaludulusisnieazianssusuduntesdfa (Acetyl group) Feiiens

Y

veululiana 2 exmeundetululuanailugdu viladidwuasueululuanavesnse

lofuduavgane Wuszszninmsveussnenluluanavesnsaludu Ivanduiuseife?

Aa o a

wagiused nsaludundiussiiemmunieniinsaluiuriindusi (Saturated fatty acids)
dunsaluduiniiiused 1 fuseviseunnitdeniinsaluiusiinliduda (Unsaturated fatty

acids) NIALUTUNNUIUDINITILTIIUIUAISUDUAILG 4-26 Denaunsa byt unnwuuinly
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SMeATIIUAISUBUY 16-20 Bgmou (Dugan, 1976) wlinvesnsaludiunnwulusimsiaswu

aglutnffunagluiuunsviindsuandy 915199 3 4 uaz AN51990 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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a19i 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 9.4?
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 18.4 8.7 1.9 14.6 1.2 a3
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%ﬁmé"u&ffaﬁqmﬁﬂﬂl:flu C.H,-0, tunsalasufiwuseszninaaisueu
ozmaululuanaifuiussifsayliannsosulalanauldsn nsnlwiufitimdnlnanatios
fign ldun nsAuedfn (acetic acid, AMfuou 2 azneu) LaznsaTa#i3n Butyric acid,

ASUBU 4 azsoy) Wunsalviunazatelemuiitazsemelady naluduniduuasusy

o
Y 1

faus 6-10 ezmou azansulldiieudnies diunsalufiundsiuiuasvouniug 12 svnay
Jullazanen nsaledunfidiviuasvaululuanasindi 10 szaeu azduveanadi
gaumaiivios drunsaleduniisiuiunsueunus 10 eznexndull ssiluvewisngumgiivies
2.11.2 nsnalvdiuviialiauia
nsalvifurdalidududunsaleduiiuszszninaisuvouszaaululuianauig
o [ o 1o b4 a 1% 0 a a o va
s duiused silvanunsadulalasaudlululuenaresnsaluiurialidudiladn

(%
v A

wuseandunguges § audiuiuiusze Al

2.11.2.1 nsalufuvdalidudaiinussdlulaanaiiies 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) nsalvsiunsaasyiatinulalulvdusazindunily
2.11.2.2 nialvduyiinlidudinivuszdlulaananinnidn 1 Wuse
(polyunsaturated acid) nsnlvsiunguildiulngiiarsueuesnoululuiana 18-22 aznay

waziliuses 2-6 du
2.12 ihdunen

wuveaduinanaewanuseuliiueims wenainaziilienmsanuadste
oA 0 v a o g v ' al = a ay Yo a v
wapduldla1msintunvusilienuar sl U paFLALINS AV R ANUINNTONAY NS
Wenudunaglivendnaziansanainniseeusulundndasiomnsinenainguilaa (Balavi
Natural Health Center, 2005) usiagnglsfniuunduneaninaisinuand@sai (Orthoefer
and List, 2007) lainalminnausanlimiueims
= 1% 1Y a v
- Hegnstdaulunisvenlaunudenaaisti
Al v Yo a8 ' o g ¥ a
- dsltlunisvessedlianunzduinianeane msnen wagldvinliannig

WU USRI UDITUD NS
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MANALAUNATA WY NSaU

NUADNITLAANITIAY

TainalAnNnASIUNTATNIASINNZFIUSIURILATDINDA

- aspaunmanuduihdunenliuiy

' (% 1%
a Y]

driudinanthlandqulng Taud dhdugamies ditulnda tfualuan didusen
munzu diiuudeiine dhduidas dduuend thdunznen tdusidna udu nns
Lﬁaﬂ‘lﬁé’fﬂfwﬁﬂuﬂﬁwamﬁuwLﬂulﬂmmmmﬁamaaﬁu’ﬁmﬁmemﬁ’u

MnnsdsanginssunmsiiifunesvesdniliveamuursassTuauuLaz U0
gualuwangavmavuasuazUsuama wuhelavesidiuiit g ey Idun dhi
Unduuazihifuaiindu Wud dufudandes ﬁwﬁuﬁﬁmmzﬁ’lﬁwg (Jeyasn Mgnw et al,,
2551)

2.12.1 wsiud1au (palm oil)

(%
Y

pmInenreduUsEnavdAgluanamnIsuemsvg Neuliey ANNazAIN

anuausalunsiindisaunnme ynde wazmnyadiiuiivslefiieungalunisnenife

1

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

Y

v
& o o a

wae Wituduaunsanusesamaiingeninuiduau 4 hun wsziduhduniaaiaaiy

a

guazdianuades Livinujisendueendiaudiegnauiou nanAedsamgilunsene

Y

v v

avtulududusuarhibusudafeluisubdamnaionnndu Snvisdsdsamamidunans
laivhlFemsfiinumendisaiisusenty ihiuududainduidunendiffian lagldsums
gausUaIN Jacques Langlet Ik Supadofunnds dn1snandanisieimsisaeag
fugs Fdluayiilumnednandenlddifunznen uimndusynenfdnazdentsiy
Undunawe Semadenldihifufiunnsaiuly asvfeuliifunnuddyrosnnuiiinwihens
arsiihiudalvmngauiuirgivussanlathg

=

\Wesnnsmeniu Aensuszneuemsingldaumaiigiaumvgiivunsauignae

Y 9

a

U5z 350-375°F (176-190°C) e misgnualuidunioumgiil Aivesemnsazanuas
v A <, o doqwl o A A ' 0 Yy = & '

nsouviuil nangidy "awduny’ Mvilididunivisliaunsounsnduladn Judumanain
luvesmennnuseugwinlisuuiiu uasihiuiiagnuanuiougdlanfeadyainaiugs tu
IR LY
ffie “Untulren” dules

Unduungu (Elaeis guineensis Jacp.) Wuiialuideadies ogluied Palmae uag 294
808 Cocoinae (unildluunawaniduuilnanfiniudidy vrauihduwduiadesiou

WUla LU IULDNINN LoLTe DLUSNINa1NWaLaLLSNLE Wsuilsanual dudl 2 vils Ae
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ihifuaniden (Mesocarp) uararnudalu (Kemel) voswaurdu TneuSinaildaniden
waznudaunduAnu 20% way 4% mudduresimiinnans Tneduudududaléd
Fuihsuillduslnaunniiansianddlulan dunmirduuduaglflugramnssumsvue
117 1N unazingunen ludwitlildndnsuromsaldlugnamnssuayuasiou u
# (Salunkhe, 1992)

i duuigvdfigungiviesesddnuuzueniduaesdufetiudnlanielowdu
(Olein) BsfioguUszanas 65-70% uaztindududuvioafieTu (Stearin) daiiuszan 30-35%
ihifuundudildsemsaziunssuiunisuendruenidudnlaulduilon diduuida
Huihsuiiddmiunsmesuuuindurio iesanniinsalusiunlindusags (50%) nsmlusiy
yindudluthifududusinfensauiadifin (88%) fueufeandunurinusssuvifuayd
Unadniudge (nlafiseanaginlaniuen) Snitelvindusadia (Mackay, 2000) aut
snsgIuvesisudunL 1en. 288 (2535) Kauandlu 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
U Aa IS

dnlsznaundniulnsniiwesea ln uazlulundiwesea nsnlududasy ATy duns was

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

9

LAY (Jit Kang Lim, 2011)
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2NN 14 wau1du

‘17lim: Available from online

v

dquUsenauvaandulay

1) lasndwalsd Tdudszneuninalifie 1 luanaveindwaseaasnanuseiu 3

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

A2nd 15 dansnswasusvedlasndwalsa

nsaludiuausalviaferiuvsounndeiuld anaudiveaniiwelsnvuegiuaiy

J v A [y § v & 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 9N A ULANANA LD UL T DIN1INANULIIVDIA8 D wa Y

LAUANUDUAT nIalvuasduaIzTanrasuwmalINAINIwasiAUNaINsaazateulle

9

v [y

wnnd TevagnnsalvduaiesnaslganaeninaiNgelu Inaumalaziusgiussauy

al

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

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

dus) nsalawada nsalusiulaemlunusenaulutniuuIal LaRIRIR1SI9N 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 Wedanusaunazinindu wsndwe

lsfazupnaaninanszuiunisielaslada enesusudunsaluiudass saiusmnsInisuan

1 uaglanfiwalsn waznsnlududasy svinaegaunndonisusulgunmuestiuUdy

N35UIUNTS LS laRAARININING 16 :

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

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

awil 16 UAselalaslada

lu wazlandwalse JUSuuUszunn 3 89 6% LagundnuenawEmebsa 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



37

nSzUALNISLENEIY (Fractionation process) ilasansufinginssuiivhlsiinddadusuds
nsnesuAvRWNan tagviinisnseslaein

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

4) duFevuses %qL%aﬂuﬁgﬂ%’mLLﬂQLﬂuﬁﬂﬁmwijﬁq iamndadouumdniiiu
Tymusssuad wilildtintuase $198anllannsaauouidfinduld eUszneulddae
Carotineoids, Tocopherols, Sterols, Polar Lipids LLazéﬂL%aUu

dudsvuteUsznavagluiulrduiu (CPO) Aauandlunisnai 8

A15199 8 Avdevuluiduududu (CPO)

Substances Content
nialugiudasy, FFA 3-5%
87491l (Phospholipids, Phosphatides) 300 ppm
ARG 0.01%
Waenuau Trace
AU wardaToUusg o 0.15%
Tavzilogludedidin 0.50%
A SuaTineenTndu Trace
anslsTiuusediammn 500 — 1000 mg/kg

2.13 n15lasunlUasvaandussninaman

Asneawuuuiuiuneliminatsusenauninalinandusidunesusunayll
gaUSU lRgN15VonlNanan 1S UAsULUAIUINAUTE ALAYANYUEAAUNEYDIDINITNEN
FADIAUAMNATULNTUINTVDIBINNT

AFUALULUAININNEATNLEAZ AN T LN T UTUN ATUTE NN AN D ULAY
A15919A IENTUATURLUAININNIEAINABUITULANUALA 8 WoLAUNINTU dIUNST

a Py ~ v a & a a o e T Y]
WagukUasmaaiiTuasinsaluiudasy arsnsussnaumsustavasnandugiNuinin
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Peroxides

Increasing value ———»
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a1sUsznevaaeifssivela (Volatile decomposition products) @111505%1480801N
T o dew % P K o o A o
iiunldnenld arsusenaumaiidanudifyiiesniniaenenomisyusenaun1svy
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gu MBIy Bduaza1sUsTnaUaanesifliseive (Nonvolatile decomposition products)
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anda wazAralauladuiudulsununsalydulududianas (White, 1991) n154An

ansusenavaatusmnsevelanazlisywmeluinduneaanakandly nwi 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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Yoananaeiaaneldunnung (Paul et al, 1997)

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

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)

N8V (Che Man et al,, 2003) s1891u3USHunsaletudasylundud
WNTY WenonwnuliudSiiaamgll 180 + 5 exmwaidea Juaz 5 Falusluiian 5 Ju
Wosnanidludunswilninufisenlalasladaluindu wudedunuideves (Naz et

al.,, 2005) FefAinwiNsnendunTuuthduuioungll 180 ssmiwadea luuiduugnen

1%
o w v

Prafutlnsanazinsiudinaaaduna 30 60 wag 90 Ul NeIINIATITRUSLNNTa iy
dasy nuilaszeziatlunisesiuduvinlvusununsalusiudassiiuadusaandly Awi

20 Ingosulenusunansalusiudaseninduiy iesnanninlusiunssazlalasladingna
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woshse iAnlulandivelsd Wlundwelsduazlunanfidunsaluiudassuandiveson

ndweseaaunsasemelailiegumalininndy 150 asrnaides

0.5

@ Olive oil
3 @ Corn oil
; 1
£ Soybean oil
g L
3. T T
82 T
© i
s L
o T
\O
‘s 3=
T ¥
w £ S
T
'I’ ES
b T
o m & l .I.
T
if
=}
Control oil after 30 minutes frying  oil after 60 minutes frying  oil after 90 minutes frying

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

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

Uiseneendntudlvgssiinasondusa ndu @ waglasuinisvesdnduufiizen

a

Janunsnasulelanie 3 NS8UIUNISER8 FINTEUIUNISIaIasNana1sUsTEnauaasls
wannmanewinluuisensendinduiulgugll isgluasafel

1) Ugnsereendindudulgundl (Primary oxidation) 1ina1nnsvinujisenves

a

pondlauiuiniungamgiigs inliAniusyseninlalasiweseanlendunsaludiulidud

9 Y

| =X A

pssiuisiused SefigamglgasdliAnufiteoondinduiu

2) Uﬁﬁ%maan%m%’u%’uﬁqaﬂqﬁ (Secondary oxidation) LiA9INNTUANAIYDS
lelnsnosoonlediigungiias shlhAandnsusifiaaefliluiuniond woanosed miue
flauaznsn dnneadlerilidumaunsaifneendiniiulaesnlulii (Autoxidation) lule

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

a

wiuvemAndaainiinanuiiseneendinduiuyis gl Inensyuiunistiasyilinnumila

[ [ (%
= a Y o=

VoL SnuuasiintudiinianusinguuRingiu

2.14.3 Ufisewaaialsiwdu (Polymerization reaction)

Tusznhwmenaziinufisemaaiiang o WunaibiiAanisnesmvesaisusznau
‘13f1wﬁfﬂ1maqaqa§mam1u Al 21 answedAlesaINInnefaNIsAfABAsY (Free radical
nsolnsndwelsalagn1uufisen Diels-Alder ainuszAIsUoU-ATUUA s TULNLANE
WUy liAnwmIL (Cyclic fatty acid) dnfiniuseseninansaludusidaianaiy ag
yiliAnlawes (Dimen) viooraifintusgninsnsnlufuiioglulianaveslnindivlss
Fentuvosndduanatufld 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

P37: (Warner, 1998)
2.15 FIamsiiaufisesandinduludiu

= axdg vo a aaa a o % o w = ' I3
narnnargTonldianisindisersendiaduludrdiusely a1s199 9 Aunes
sonlwruazaougnanalndy WUENIHInUfAseeenBinduiulgugidasldesuslily

FrwInveaUisen mntuiadurmnisvetia Anis1ezidau A1 TBARS uavansusenaul
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v
ada o a (% ¢ aaa (%

segliuasamaUssamduda TaduisTandndusiandjiseteendndutuniend
(Warner and Nelsen, 1996)

A15197 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)

(%
[ Y

lalasinesoanlasuioiisonialuinnesoonleddundnsugindndunsnves
UfAseeentnduluthiy SuAaunanesndiauriujisensunsaludulisudlelasives
oonludarazanluauivganisiiinniian aniudsearediluduasuszneudu Wy msue
T8 187 FeazviliAansidsuulawesnause Wy Msianauiiunsenisiasudvoniiai
18 (Warner and Nelsen, 1996)

2.15.2 Aa1m1519z88AU (p - Anisidine value)

a

Amgeztidnudumninndnsuritunaie glianufisercendnduvensaludu

laidus dauluaiu conjugated dienals way 2-alkenals woanlaniinannnsaalefiives

v

lalnsinesoanladlunalindusaluiniuigneandladiaeuly woadlanuiads (2-alkenal
=

aa

Wz 2,4-dienals) vufnsendumseslanulvansniidmassinnisaaniuuasiinued

¥
= 1

44' = v a a 2
AU 350 U']I'HleiLLagﬂ'NllLﬂa@ﬂm@ﬁﬁqﬁsﬂu@%ﬂUUiNWﬂJLL@aﬂI@W

= =

(Naz et al., 2005) Anwinisideudsandfiseneandinduluiduuslan (U

v '
o v o A

uznan Udiuiilne uagidudinies) ndeainneadudSwuviiuhuigungll 180°C

g
Wuiian 30 60 wag 90 urll Aiasizianneseanlayn (PV) uazAmns1azddau (p - AV)
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PNUIIIFDIA WAL VUL DTLELLIANUNTNDAALTU (AW 22-23) WiswUSsurisusinungu

WUTIAT PV WAz p — AV liTusuanaquasil Wisiudaimaes > dndudnlng > diiuugnen

8

7 O Olive oil
@ Corn oil
. @ Soybean oil

0

PV (meq 0,/Kg)

Control 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]

O0Olive oil
5 O Corn oil
@ Soybean oil
Il
=
<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

fn: (Naz et al., 2005)
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(Refined) N1sWeandl#an9a4 (Bleached) hazn1sn1annau (Deodorize) ianontiunsiuia
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mnuvilsveshiufintusenieinennasn 5 Su fudunisldiitunendt q Wuaaiunudl
wavlvhuinnsdendels

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

AUNNYBIUNTUSNEA (rapeseed oil) UduAIMEARA hardened frying fat WalviAiy

a
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Ysurunsaladuladudiuiniian (90.30% vasnaludunanue) luihduainvlinifinw &
USunaunsalesiudaseiiuunnduunnnindieiUseuisunudngudn 2 98a wazusunueisus

ﬁawuﬂ‘%mwﬁ"wqmiu hardened frying fat Lfi8491n hardened frying fat flUSunaunsalasiy

v Y ~ Y

Liduddesngaluinfiunfinyd iWesainusuiunsaludulidudigaluiifiuaiuise

a aaa a

Anufisereendinduliing dauansuszneuaisueliadalundndasilutuyefsgliain
UN3e10enBndu lsuheiudantanwasAlau Januusunaumluinduniusununseludull
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o/

2.16 @135Usznauliva (Polar compounds)
d15U52naudv1 Ao a15UsenauiliinaInnsiUasulUaaaivesingiu ety
lasuanufouainszuiunisven FeUfisenaiindnfidinalimninaisusznaulitl lawn

aaa a
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283 (W./.2547) lomuualiuiduntiunssuiunisnanilataisusenauiivnlaluiiy 25
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A9 9T UTLAR I UNTLUIUNITNEA tAeNDAYUNUY (VUIA 2.50x2.50x1.27 WULUAT) 7
gunil 185 asrwaideod Wuiian 20 Falus Tudnfiudundes 4 vila Mllesdusznauves
nInlutiuLaNA19uaINAS mutation breeding fe Unsiuguudesviindnsaletadn (eadn
79 Wesigus) visiudnudasinll (awadn 21.5 Wesidus) visiudmdssriaiinsnaluiaia
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(Warner and Gupta, 2003) l#Anwiaunimuazauasivesiduiundedly
nszvrumsneakuuiduri TnevessuSaushluiiiu 3 «in fo thiuudeihe titud
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3.1.1.2 diuuduleaduanniaUdun1unssuis (A1 nens1nes, Usemeaine)
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3.1.2.1 LA3EIWEALUUTBUINAMENTY
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3.1.24 \aTestisaziBusiiasigy 4 duma @% Mettler Toledo 1 ML-Series)

3.1.25 A30e% 2wm 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 (au1m 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 viaoanen

3.1.2.18 WvyuaznIzayiuliu

3.1.2.19 Wiianeiy LPG uagyaniuia
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3.1.2.20 N3zAuNDUdraDIns

3.1.3 @1saliausudnszimaad
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
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A4
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3.3 p3eslisuazaunsaiuanildlunisnaaes

A5NARDAULINDANWIAUTTOULNITVIUVD AT DIMBAGULUULRBUTUNTENEi2lU
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Toya eviMTlaszvikazulsna aunsaluazinIasilendAgyusenausie

1) LASDINDALUUVBIVAIYNTU AN ULATDINDARULUUILBNLUUTALTSEUU
iwdudimuaunisvinureiawaznszuiunisven lnetaniildaziduaunuaa Tu

NSTUIUNNTNONALLTVMAT 2 UM AD UNTUkaZUT Fksanwiaasly KB-5A A9n1Nnd 26

NN 26 LATDINDARULUU 3 TR

2) nsgnziily dmsunszneinluayldnsenzunadusiugudnans 80 iwufilums
fndeldauiieanatn ieusmfuiisanuia KB-5A uazgamuAafinidenis
Fomanautuiu fanmd 27 lneduneunislinuiazyhmadandufadeliualnaniu
vipdaufaludaiasamufa KB-5A MntunudauasUiundniussdunuiidomniudge
Aaufaiivuniufa ludunoummeaeaiiosannssvgiallifiounsaidmiutagaumgld

13ddmestuduila danmdl Wuasesledmsuingamaliveanseng
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3.4 YUABUNTARENATRENHMSUNITNBALAUNY
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AN 31 LWIINTINUF NS UNITNAFDUFIDE1NVDIATDINDALUUTDI VRIS NTU

3.5 159l 2AN T lueIuIdY
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352 n3asteinutin 60 Alandy
Apsdainiin Jundnsuiandssnalneasidinang aflmia%ﬁﬁmﬁfﬂqaq@l 60
Alansu e1uAtalden 200 N3 MUY IIULUY TWIN 34 x 34 lwuRns Badatudiedes)
7 2 i glé winds unuudhndn 2 unu miediss 2 mite Ao n¥u uay Alansu &

AN 33 TS UL N WA N DURALNEIN1TNAADU

i L A&
NIQUE GAS

153

2NN 33 LASTITIUINNN 60 Nlansy

3.5.3 inSpeteinuminuuUAInea 4 suvis
\A30a%a Mettler Toledo Le3astaziBuiiazyinadon 4 fumis Ju ML-Series
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(Internal Calibrate) 19ludln 220 Volt , 50/60 Hz slan i 34 TddmSudearsiaiiiieldlu
nsnndeuananiimaaivesitegtanhiunentilunszuiunTiaszien inesoanlud A

[ U a
Anudunse waznsalusudasy

2NN 34 LAF9TIUNLNAINEE Mettler Toledo 4 FwALg
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WA 37 WERSUeILAUVLTIlAvaRINNINAFEY
3.7 fnwimsnszangaungivesungiu
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(nsznziialy, 1n3eamen) yNFianavan 5 furus Tngsunteiinaginaainusiamin
dhiluvsfonenuszanas 1 i fanmit 43 Mnarlunsin 2-3 inilausuAiudasases
wosTududald Tuudasiumisazyimsnaaousutsas 3 91 ntadufinuauasiases

Wan1Inngau

it 38 wiesluduUida (Thermocouple)
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3.8 ﬁnmﬂmmwwamwamﬂuwg

3.8.1 Usinadevazveshnuiniild
ﬁ']éﬁ”;aamLLﬂUM;ﬁ"Lé’Mﬁ'}ﬂ'ﬁ%ﬁfmﬁﬂ (Nounen) LLazéhasiNmeyjﬁmumsmam
Y09ADINTEUIUNT (389121, LA MEAdULUY) UNTetmein (MEmon) WaIFUIN
U%mm%’aaazmaﬁmﬁfﬂﬁ'saémmwg Tnounualuaunisfi 19 sudsves (Tuns saia

f A an

and giayd d3lyAdsing, 2555)

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

3.8.2 NISNAEBUMEITINAS
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T 2 A
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INAINH 39 LWUNITWARINITIIUAINITNAFBUAITINATSTULNTUNDAT INATNL

1% '
£ 1 o w A

WWurisnisenusazinsegaisiuineas v e U REPLE RN IRHGIHGEEGTHER B a0

1
= 1
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a =

fegnanduiidvuy-runane 1 uaasiuiuaasina1siiedusyn 21-24% Judsunw
a1lnansnlilidudunsiesesanieundnuanliiuzinrlditunensds wazandiog1ainguy
Jdwdes 1 uansihUSunaansinansiiindueti 25% Wudsuuansiwasidudunsiese

sunewazidutnsiundeaninudlimsldisiunendaifinuig

3.9 A159ATIZMR9AUSENAUNILALI VDN

imisuilflunsveaeuaniesginuamnaeaduazmeniennesd

3.9.1 Angianneseanies Amanudunsauaznsaluiudase AanInIAKLIN N
1 uay n2

3.9.2 AnsziAalnenisdanamsiUasundasesinsiusietesiena fsuans

TuAns199 19

3.10 A13AATITAdRYANISEDA

N139NULNUNITNAF DI UVFNBE19aN YTl luN1TNAA0aTe 3.9.1 TiAT18AY
wUsUs9U (Analysis of variance; ANOVA) LalUTautiig umnuuanssaadeiienageu
auyfAgulaeldds 2-Sample t-Test Tun1snaassfiszauaNGely 95 Wosidud Ade

Tsunsudnsagy SPSS AIn1ARWIN A
3.11 mMadeumUsinaudainaily

TunisnagauniAIUsuantomasn g luidun1simseiiazsUssuianandinig

NAFDUNDANANNUINFIDEN LABNAITUNNNUSUIUBAANDUNBAMIBUNUUSUIULAEVEINaN
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v
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g Usnamsldufagegeiiviaduilansunedilug

Wo  V Ao Usuaweufanldlunmunidugnuisiiuns
K Ao anunuuwiuveniaduilansusegnuiaiiuns
t Ao alglunisneadutilug
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\3eadng yarenuedunuANTUSUUTILATEsdNT AdeuthsaaToedns é’mmam‘ﬁaﬁuﬁ
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RGRlLGERN
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29NTLATU Lazwodus LSty
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Gas pipelines (4) Frying pots (1) Cooling pipes (2)
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;s 10000 |
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AN 41 1ASIAS1IVDUATDINDALUUVBINA LS NTU
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ad =~ 4 8w vy a a o [ 5 ° Y
QNN 210 aerwalBea Wetdulagamalinunnmualiuaiasesasinn1sdnssuy
wia uaziileaumgiiduanas 2-3 a3 eALdYE 1AT999EVNNTHOTEUUARALAASH LA

Wil lnanelundenanlainisinnumesiuduilad miuingamily 1 dumnis



72

TherdeoupIe
= .
High Pressure
Valve Gas Tank

Gas Burner
Solenoid

Valve

©

Spark Box.

Temperature
Controller

w— Line GAS

= Control
Solenoid Valve

e Thermo

= Spark Wire

AMWA 42 Gas diagram
4.2 N3Nz luLgiy

= a O [ (Y ) v [
‘\]'mﬂ']’iﬂﬂ‘l?}’]’qmﬁgmﬂ@ﬂuqﬂu‘d\‘lL‘UUG]’JLL‘Uiﬂ’J‘U@lILLﬁBL‘Uu{]ﬁ]?’HEJ‘ViaﬂﬂJ@\‘INaﬂ']i

=

nagauvlinsenindseamvginasnvesiiduluvaugnen iwsizaumginlivengeds 210
=~ o g v 1 < o a S vy da v = v o
semwadyd hbianudazlunagmuauamgivesiiulvneiidululsennisiesding
NAAo UL IR HIve gy 15198VNTALINRMAINIMNA 5 v fuviiaay 3 €1 a
A 43 lnarsagldmesludiladugunsaldmiuinfietnsizvnan1snszaieves

a Y v v ow a
@m%ﬂmiuu’]&lu ﬂﬂﬂ@ﬂuaﬂqwm 44

9 Y

A 43 dundsianisnszanggamgilutiuveansenemiluuaziniomensuiuy



73

220

215

210

[l Pan
20 [ Frying machines
200

1 2 3 4 5

Temperature (°C)

O

Position point

l:l a ’6’ L4 1 o ! Q:l a o ‘ﬁ.
NN 44 ﬂi'W\|LLﬁﬂ\ﬁNaQNWQNT@QUWNULLWG$(ﬂWLL‘VIUQ“IJ@\‘Iﬂig‘I/ISVI’ﬂ‘UWIEJ'Uﬂ'ULﬂiEN‘Vl’e]ﬂLL‘U‘U

YDILAA LY NTU

A a Y o a

NN 44 Lansnan1snsyIrgaangillulnduvesnsenemlluaziniomen
Ausuuiigamgll 210 esrwadea ibiauisnuwnadsgamngivenidussninnsens

o 1Y 5 v < VI a s o 5 v ° '
mluiunemenduuuy Azmuladngungiiuiduaiglumiemenduuuudigaegn 209
= ' o =~ = v ' o =~ ] a
BIALIALTYE gagnaLT 210 BIANTALTYA IRfuuaI8gN 209.87 asriwaltud diugun)il
Wunglunsengialuangregi 207 ssrwaldua geanagi 212 ssrwaldua ladeudn

1 = a 5 o < a

g1 209.20 BeANTALTYA IINNANTNAdEUgUNNYes iU lunTaIneniin1InTzany
gauniilanaNuINnIINTeneNIly 1H8931NIATINEAAULUUIINTEBNKUUNEINITOAIUAY
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31NA15199 10 wudrdianneseanlynegluyig 2.04-2.56 TadnTueendiause

Alansuludu YSsunaunsalududasyegluging 0.15-0.2 Tadnsulnunadeusiensuludunasen

W1serlEnuegluyi 0.76-1.14 uazdmuirhdulauilelefudosnindeiieuiviigu

fmdswaziniusidnn Feenlelefulumnvienaulidudvensaludululuanalas

NAwBlse diuAtgInatilatunuIndanlnaAgaiu@e 188-198 (Hui, 1996) Adweauisiuy

PrfulndunuindandlnaAgenuingdusitndlurae NUTuaL rdealidoaunin 1ie9andlan

AN9UINNINUNL U ADITHER

15197 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 Anwwani1siagunlasaninasasnbunvasuniu

INNITANYINAVBITEELLIANTBINITNARBNTSIU A UL YRR YR IUNTTY

a

Tdlunsnesuaunyigamgi 210 ssrmwadea nuitnseuaunsitdlunismendutadend

NanaN15UAsULUAUIANNESRRN A (AN15197 14 kag 15197 15) TnLATRanonauwuUl
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wnlduresdneseenledtesninseneneniialustsfituddny (p < 0.05) uaziilonan
isTunuieaeanszuaumsen (nsezsialy, wdemendunuy) auneseanlemifiuty
wazanasegeiitedia (p < 0.05) fanmil 45 MUt weseenledluiiy
vdsmeniiAnand 4.5 mg O,/kg fiamen 30 nfs Rermeseenlyduanitundmen
szl dlaflsufusnarneseanlesluihiund menvounismenguuuuiie
17NA7 Lﬁaw’1ﬂiuLﬂ%mmé’mwuﬁﬁﬁmmqmsﬁ'i 0.6 mg Oy/kg U LIANAYIAY Azl
waliuiidasadinseanasmnliianlunsneauunininfidnu seiidumssdnvas
nsiasuulasesansinedeanlesiiintu amun15e3uneues (Shahidi and Wanasundara,
2002) Imsiiutuvesmeseenlaslurfinendunansiiinsnesivesenswesoanlas
dHemnmsifauiaseeendinduiiunnniy wianswmeseenlediuaghifiruessineld
anmznseaLUULuvy @nnsadarefiudanednduaisussneuansueia (Carbonyl
compound) kaza1susznaukeadlan (Aldehyde compound) tadsluanmngliaines

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

ULRINUY

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 Fnvinanssasuwlasaanudunsataznsaludiudaszvaaingu
nsasunlatvasarnnuidunsanazUsuiunsalesiudaseludiu syaziian
noadutladeninasnonistudsundat (M99 16 Lag A15199 17) laglaInananduLuuil

wnltuaanudunsanaznsalusiudaszrnsindundmentsuninnsenznoniiluagieil

o w

TodnAgy (p < 0.05) LazliloNeAlNLTUNUINIADINTEUIUNITNENA (NTeNMILU, LAT8IVan

4

suwuv) Tunngranle o dusinamanudunsawaznsalududassiiniuianaeiuegig

Y [y

Teddey (p < 0.05) Fannd 46 wazn it 47

D

0.50

©
N
(@]

o
W
=)

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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AWd 47 Acid 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.
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nl. N1sImsIzdAwaseantan (IUPAC, 1979)

gunsal
1. Erlenmeyer flask ¥u1% 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 USunaurnidunelutndulng tivludisiauay
naaeunauld Tnsrhansazaieduds Potassium iodide 2.5 fiadans udAuasavaonay
Acetic acid iU Chloroform §m31d9u 3 - 2 USu1ms 30 fadans weauudsasld 0.5
fladans ansazanodsududdsuldisluuesndoulng

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

MswSsaIsazaefinududy 0.01 uasuia Tneds Sodium thiosulfate
~ 2.48185 FauhwinlildlndiAesiian uthnduuiuims 60 faddmsavanelutidioniun q
WU 5 Wil Faewedes Hot plate udgvasluwinduivazdou uansazansluiifinuaziu
(lhwansildudndvadiuwiniiv)

4. 1t (Soluble starch) Wit 1%

WINsAR
1. FafrogravsTulilasyaa 1045 ndu Tlgdndnfudusuly
Erlenmeyer flask un 250 dadans
2. WWusvinazane 30 Jadans (Favinazaielanainnisuaud Glacial acetic
acid fiu Chloroform Tusnsdu 3:2) waulngnisunislunadeanu
3. iuansazraedusi Potassium iodide Uszaas 2.5 fiadans ey 1
Wit uddenislluiidln 5 i

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

6. YT aLyIN blank (Avnazany 30 1adans + Kl 194A7 + Y1naU 30

addns) se
AUIRAN Peroxide value ANgAS

(A-B) x N x 1000

W

Muual 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. n1sasrzataulunsa (Acid value) waznsalusiudase (Free fatty acid)

(IUPAC, 1979)

gunsal

1. Erlenmeyer flask ¥u1s 250 Haaang
2. Cylinder w9 50 Hadang
3. Burette W3o3 Stand
il

. Beaker

BTG
1. Ethanol 95%
2. @15aza1e Sodium hydroxide N9 0.1 %39 0.05 %38 0.01 UBIH1A

3. Phenolphthalein 1%

WN1TATIZH

1. Yesredrainmuldlddszuna 1045 nfu IFlddndniviueuly
Erlenmeyer flask ¥11% 250 LadanT

2. w3swansarats Ethanol 95% fdunans Uuns 75 Saddns wivadlu
SPLIIRN

3. [Aua15a¥ane Phenolphthalein 1% 91u3u 3-5 wun waulagn1swnIgly
MR

4. lamsaseansazans Sodium hydroxide Wudu 0.05 uasuna aunsei
Iedvuy Beaglel 15 3undt (ewawihmslamsanasanan dildunnin 10 fadans desi
nsnmaaosinl Tngldulidesas) e 2 ass

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

hydroxide) e

AUInAT Acid value 31NgAS

Vx561
Acid value = -
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AUl V = 910uliadansvesasazateu1nsgiu Sodium hydroxide 0.05 wasung
il
W = dmtinvasundudieganldy

fnFBINTALIMA Free fatty acid lvisglugu 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 Statistic$
Std. Error
Method N Mean Std. Dewviation 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 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 .707 4 .519 .00333 .00471 -.00975 .01642
Equal variances
not assumed .707 4.000 .519 .00333 .00471 -.00975 .01642
PV Equal variances
assumed 5.046 .088 24.696 4 .000 2.42667 .09826 2.15385 2.69949
Equal variances
not assumed 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. Dewviation 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 Statistic$
Std. Error
Method N Mean Std. Dewviation 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 -2.121 4 .101 -.03000 .01414 -.06926 .00926
Equal variances
ot assumed -2.121 4.000 .101 -.03000 .01414 -.06926 .00926
PV Equal variances
assumed 3.862 1121 12.963 4 .000 3.78333 .29185 2.97302 4.59365
Equal variances
ot assurmed 12.963 2.007 .006 3.78333 .29185 2.53166 5.03501

a. Time = 30.00



114

Time = 40.00
Group Statistic$
Std. Error
Method N Mean Std. Dewviation 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 dfl df2 Sig.
AV 9.945 4 10 .002
PV 2.580 4 10 .102
a. Method = aod
ANOVA2
Sum of
Sqguares 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 () 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 140191 -2.0224 4.1624
30.00 -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
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
PP
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 13 13
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 . . . . 17 17
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 4741 .20 .24
Total 11 .3864 .23678 .07139 2273 .5454 .05 .70

a. Method = new
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Test of Homogeneity of Variance®

Levene
Statistic dfl 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

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 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 11023
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 miltl 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 1747 .10562 .02727 1162 .2332 .05 .40
PV miltl 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 dfl df2 Siqg.
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 Interval
Dependent Variable () sample (J) sample (I-J) Std. Error | Lower Bound Upper Bound
AV Dunnett C  miltl m1t10 -.04000* .00471 -.0763 -.0037
3.00 -.09667* .00471 -.1329 -.0604
4.00 -.17333* .01054 -.2544 -.0922
5.00 -.28000* .03197 -.5260 -.0340
m1t10 mitl .04000* .00471 .0037 .0763
3.00 -.05667* .00471 -.0929 -.0204
4.00 -.13333* .01054 -.2144 -.0522
5.00 -.24000 .03197 -.4860 .0060
3.00 mitl .09667* .00471 .0604 .1329
m1t10 .05667* .00471 .0204 .0929
4.00 -.07667 .01054 -.1578 .0044
5.00 -.18333 .03197 -.4293 .0627
4.00 mitl .17333* .01054 .0922 .2544
m1t10 .13333* .01054 .0522 2144
3.00 .07667 .01054 -.0044 .1578
5.00 -.10667 .03333 -.3631 .1498
5.00 mitl .28000* .03197 .0340 .5260
m1t10 .24000 .03197 -.0060 .4860
3.00 .18333 .03197 -.0627 4293
4.00 .10667 .03333 -.1498 .3631
PV Dunnett C  miltl m1tl10 .06333 .10022 -.7078 .8345
3.00 .91333 .12266 -.0304 1.8571
4.00 -1.22667 .30569 -3.5787 1.1253
5.00 -.15667 .40412 -3.2660 2.9527
m1t10 mitl -.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 mitl -.91333 .12266 -1.8571 .0304
m1tl10 -.85000* .09092 -1.5496 -.1504
4.00 -2.14000 .30277 -4.4695 .1895
5.00 -1.07000 140191 -4.1624 2.0224
4.00 mitl 1.22667 .30569 -1.1253 3.5787
m1tl10 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 mitl .15667 .40412 -2.9527 3.2660
m1t10 .22000 .39564 -2.8241 3.2641
3.00 1.07000 140191 -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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Homogeneous Subsets

AVP
Subset for alpha = .05
sample N 1 2 3 4
Duncan® miltl 3 .0567
m1lt10 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& 3.00 3 2.1600
mitl0 3 3.0100
mitl 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 13 13
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 17
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 4741 .20 .24
Total 11 .3864 .23678 .07139 2273 .5454 .05 .70

a. Method = new




Test of Homogeneity of Variance®

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

a. Groups with only one case are ignored in computing

b. Method = new

the test of homogeneity of variance for PV.
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ANOV A2
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 (I) 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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AVP
Subset for alpha = .05
sample 1 2 3 4 5
Duncan& 6.00 3 .0533
7.00 3 .1300
8.00 3 .1933
9.00 3 .2600
10.00 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
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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, Agricultural 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 to fall into the water zone, causing no bums, which causes the fried oil
not to be black and smokeless while cooking. This study was comparing the
efficiency of the frying results between the liquid separation fryer with the
conventional frying pans at 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 liquid 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 temperature-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 crispy 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: ppanyoyai@gmail. com

© The Authors, published by EDP Sciences. This is an open access artick distributed under the ®erms of the Creative
Commons Atwribution License 4.0 (http2/creativecommons.or g'licenses/by4.0/).
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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 simultaneous 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 distinet 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.

2 Materials and methods At Frying pots (1)
Cooling pipes @) =weey
e E
' - A = :
| = — ;i L 7 _]
To00 T | = —
: b _g WU » oo .
' % - U= o—C [ 57
3
| ﬁ_\?? : « Water zone (3) ,---:-:»-“——__—_ ?
w \ m_ w : "ﬁ ™
~ @ ®F
Gas pipelines (4) ==~

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 water 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 after 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.
s The heating arca 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
clectric system that can be adjusted to 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 before 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 - ‘Tlﬁ 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 frying
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 1. The polar test of frying oil.

Exanple Polar test results in oil
- Pan Prototype frying machine
S Polar compounds in the mnge of 1-10% | Polar compounds in the range of 1-10%
10 Polar compounds in the mange of 11-20% | Polar compounds in the range of 1-10%
1S Polar compounds in the range of 21-24% | Polar compounds in the range of 1-10%
Polar compounds in the range 0f 21-24% | Polar compounds in the range of 11-20%
Polar substances exceeding 25% Polar compounds in the range of 21-24%
27 - Polar substances exceeding 25%

Note . Polarity 1-10%is available.
| Polarity 11-20% the oil is still available, should not add new oil.
I Polarity 21-24% is still il 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
asystem of separating the two liquid layers in the frying process.

130



E3S Web of Conferences 187, 04005 (2020)
TSAE 2020

https://doi.org/10.1051/e3sconf /2020 18704005

131

The development of this research was used water as an aid of oil polar compounds value
10 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 to 16.8%
compared to 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,

i Prototype frying
machine
Fuel consumption 0.347Kg.gn/ kg podunt 0.288 kg g / KR moduct

The yield of products 2.88 kg pmdur /Kg.gm 3.46 kg.pwdsct / KR.gm

Cost price 8.40 baht /Kg.pwdce 6.99 baht/ kg pedas

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. First is 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 to heat upper layer oil.
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Table 3. Analysis of moisture content of ericket.

Pan Prototype frying machine
No. of
cycdes | Weight | Weight Moisture | Weight | Weight | Moisture
before after content before after content
baking baking (Yawt) baking | baking (Yawt)
(kg) (kg) (kg) (kg)

1 030 0.26 86.67 31 20 64.52
2 030 027 90.00 30 28 93.33
3 031 026 83.87 30 26 86.67
4 029 024 82.75 29 24 82.76
S 030 026 86.67 30 2.5 83.33
6 030 027 90.00 3.1 24 77.42
7 030 026 86.67 3.0 27 90.00
8 029 025 86.21 3.0 2.5 83.33
9 030 027 90.00 3.0 23 76.67
10 028 024 85.71 3.0 26 86.67
11 030 026 86.67 3.0 24 80.00
12 029 025 86.21 3.0 2.5 83.33
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 3.1 2.5 80.64
16 030 026 86.67 3.0 24 80.00
17 029 0.25 86.21 29 23 7931
18 031 028 90.32 3.0 24 80.00
19 030 0.26 86.67 3.0 22 73.33
20 030 026 86.67 3.0 2.5 8333
21 029 024 82.76 3.1 24 77.42
22 029 023 79.31 29 2.2 75.86
23 031 027 87.10 3.0 24 80.00
24 030 0.25 83.33 3.1 22 70.97

~——Pan -~ Prototype frying machine
100.00

90.00
80.00
70.00
60.00
50.00

MOISTURE CONTENT (%WB)

1 3 8§ ¥ 911 B3 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 efficiency of the separation layer 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 ithas less moisture accumulation
than frying with a general pan. Prolonging the shelf life.

This rescarch 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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