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Abstract

The objective of this research was to study the kinetics of heat and mass transfer of food
being deep-fried in a fryer under vacuum and normal pressure. The influences of frying oil
temperature, pressure, frying time and product shape on the changes in temperature, moisture
content and oil content were investigated. The results revealed that frying potato in the vacuum
condition induced lower moisture content. High frying temperature enhanced heat and mass transfer
in the product being fried. In addition, fried potato cube had higher crust/core ratio than fried potato
slab, resulting in higher oil-uptake. Heat and mass transfer was modeled based on assumed
negligible crust thickness. The transport parameters were determined and found that under the
frying temperature range of 120—16OOC, the effective thermal diffusivities were 1.61x107-3.36x10"
m’/s under normal pressure and 4.17x10"— 6.34x10" m’/s under vacuum condition (270 mmHg),
whereas the effective diffusivities of moisture during frying were 2.23x107-1.09%10" m’/s under
normal pressure and 5.83x10°-1.49x10" m’/s under the vacuum condition. Moreover, crust
formation was affected by both temperature and pressure. The product fried under high temperature
and low pressure resulted in faster crust formation than that fried under low temperature and high

pressure.

Keywords: Deep-fat frying / Diffusion/ Mathematical model/ Oil-uptake Potato/ Vacuum-fryer
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subscripts

p = liquid water

V4 = water vapor

¢ = oil

o = solid

0 = initial

bp = boiling point

c = crust

eff = effective property
eq = equilibrium

fe = final

g = gas phase

s = surface

SW = water in solid phase
superscripts

I = crust

II = core
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STEAM and
volatime components
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SURFACE
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thermal conductivity (W/m OC)
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UsznoudneiSinadesuing uasligungliginigafoavodusunad HazesUIoaUNTT

U

E
msmﬂmmm%’auuazma TudIuveq crust 1182 core AIUY

1. maoemanudeuludiu core

o°T Bl oT
K" y"' NﬁxCpB& = (GﬁpﬁCpﬁ +80pscps)E (3.20)
2. MyoemnuIaludIu core
©C_p, 75 (3.21)
ot Po ox? '
3. mMIoremanuTouludaiu crust
or ., 0°T oT
(e,p,Cp, + SGPGCPG)E =k o +N,,Cp, " (3.22)
4. MyoemuIaludIu crust
0 8PY
— — =0 (3.23)
OX {py OX
1ilo N, = flux of species i in x-direction (kg/mzs)
& = volume fraction of species i (dimensionless)
k = effective thermal conductivity (W/m OC)
P = pressure (N/mz)
D. = diffusivity of i in j species (m’/s)

I

Subscripts and superscripts
I = crust

II

core

B, Y.,O = liquid water, water vapor and solid
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3.3 undazlnnnuItenmumn
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1% dnvmuzaums | mydomanudey | mstemanuiy mig}ﬂ«ﬁuﬁwﬂu
Mittelman Lae semi- - moc t” -
Ay [27] empirical
Gamble empirical - X = 100-5.34t" Y =-9.30-2.53t"
wazame [11]
Rice 1o theoretical - Fick -
Gamble [28]
Moreira Liae theoretical Fourier Fick first-order
AU [29] ! exponential
Farkas 11ay theoretical Fourier Fick -

ang [7]°

1 Uhﬁj crust/core interface

2 A4 .
U crust/core interface
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f = liquid phase ¢ = oil phase
Y = vapor phase

JU7 4.1 2MV04 semi-infinite slab TUszVUMINOA [7]
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1Ingd 4.1 mewves N, nunedaangvesnia Tagi= P, ¢, y dwmsui dniuuas
90} o w ' < 9 o @ E] i = [ N4 [
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o . I ' ! 1 @ 1 3 1 I
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411 mamemanudeuluaiu core (0 < x < X(t)

msmemanudounysingludiu core 3 2 dnbmzao msthanuiounazns

v A A A ¥ o o ' Vg
NIANINUIDULUBDIDTINNTITLAADUNUDIUN ‘mfmsﬂawawmsemﬁmmmugﬂumu core 'lmﬂu

oq ahB ahﬁ oh
N P =g P ye o 4.1
ox | Box P SoPeTy

Amuald Oh = cpOT, Idaumaiu

aq,
OX

oT, oT, oT
+ Nﬁx Cpﬁ Eﬁ = Sﬁpﬁcpﬁ Eﬁ + gcpccpc atc

4.2)

assume 313 local thermal equilibrium (<Tg> = <TB>) UagIINNHV04 Fourier (q, = —kaT/ax) &

silaumsiu

o°T o1 o1
k::f'f W + Nﬁxcp[} & = (gﬁpﬁcpﬁ +SGPGCPG)E (4.3)
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412  msoemualuaiu core (o < x < X(1))
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oT. oT aq oT.
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o 3 Y 2 9
ﬂﬂﬂfl 4 qUNT mtﬂu@mﬁaumiﬁm’wmamw 8 AUNIT UASTANNITLTUAU 3 TUNIT
4.1.5.1 aANIEVBUIUAVDY core region

§ I 1 Y 1
ﬁumiﬁ 43 Lﬂuﬁllmimimﬂmmmmuiuaau core ﬁaﬂ’ngmﬂﬂlﬂl@

€

=De
o))}

2 AUNIT ANUAD

BCl : ﬂ:O atx=0,t>0 (4.13)
OX

A ~a ~ . = o ] Y = 23
SUDANUAIUAUNINTN centerline ; x =0 FINITUIAMINIOUINFTUNINAINVBIDIMITUANT] W

4

AU

BC2: T=T atx=X(),t>0 (4.14)

1] . d . v gol 1
LAANANIZYBVIUAN crust/core interface, x = X(t) 1)1 moving surface FINAITTLIMOVDININ
gutnlyaLAen

A I J U
qUNIIN 4.5b L‘]Juﬁllﬂ']i"ll’fNﬂWiﬂWEJWllJ'Jacluﬁ'Ju core flﬁﬂTJ%GU'E]‘UL"UG]

9
v AaA

ﬂéﬁﬂﬂﬁﬂﬁﬂﬁhﬂ1i"ﬂ@ﬁﬂﬁ‘ﬂl18mﬂ’ﬂu%@uﬂ\1uﬂ€)

oC

BC3 : —L=
OX

0 atx=0,t>0 (4.15)

BC4 : CB=0 atx=X(),t>0 (4.16)
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a 3’, 1 1 ?,' 1
BC4 171N assumption 1 1iTaNududuve st luaiu crust
2 A1 d J Aa . A Yy 9 ? a1 9 v &
Vaiiaudugud wazfidved interface 1 x = X(0) ANMTNTUVONNATATBINNG AU C =0
4.1.5.2 a9NCUYDUIVAUDN crust region
A I J 9 = A
aunsh 4.7 Wuaumsmsaremanudoulu crust Tannzvouwan
o ¥ X gy A o Lo A ¥ A 9
FugouIU IAN191AMTNNTUIMENVA continuity of flux ABAINTPUHBIINMTIIANUS DU

Y T W 4 o a
i ld§adaniiemsminuaudowiled1nn1siianud suanRIvI 0TI g

U

Y
molu @ewduaunms ldad

BCS: k;ﬂ%:h(T¢-T|X:L) atx=L,t>0 (4.17)

4.1.5.3 ANNZVDVIUAN crust/core interface
X ~ Ao @ CAq Yo Aa
INANVBUDA crust/core interface 111N 4.2 Udyanvainlyaaiine
A = area of interface (mz)

dX(t)dt = U = velocity at which interface moves (m/s)

UAAt = distance which interface moves from time t to time t+/\t (m)

UAAt(SGthIG + 8[3 thB) = energy in volume UAA at t; (J/m3)
UAAt(SGthIG +E8 pBHY) = energy in volume UAA at t + At (J/ms)
qIAAt + NBthAAt = energy into volume UAAt during At (1)

qHAAt + NnyyAAt = energy out from volume UAAt during At ()
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X

0 x = X(1+41) x =X(1) x=L

'qll : ll
‘_T""-"T
U
I I N
e Lt
| |
N
X | |
L
| I
b}

JUN 4.2 2 MV818UBA crust/core interface [7]

o (% . Y I
MAUAANANNUTDY interface hlﬂlﬂuﬁllﬂ'li

At(q +Np.hp-q - NyHy) = UAAU(EGPsh s+ EyPyHy - EsPsh’ o - EpPphp)

(4.18)
liiedu Tassaunguiadionu 13denu
BC6 : q —q +Nghg-NyH, = Ul€5Pq(h' - h's) + EPyHy + EgPphp]
(4.19)
Wauganiasey UAAT Idaumsan1izveumauesnsniemuia
BC7a: NB - Ny = U(8Ypy - 8BpB) atx=X(t),t>0 (4.20)

A 9 ~ 1 [ v 1 1% a %} A
m@hﬁnnmemﬂmmgﬁlugﬂmmmmanwuﬁizmwmmwuuazqmwgmm"l’e)um

interface

BC7b : P, =P atx=X(t),t>0 4.21)

A = 1 g 2 A, A A
INTUNITN 4.20 mi]mJmﬂwmﬂugﬂaummammmwm interface [AABDUN



u=-2=_5% v (4.22)
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A o = ' -
nNauIi 4.20 qudde hg uaniwan 18 lavesnnnaums 4.19 14 Bce oglugindwinds

aunIsN 4.23

BC6: Ky +kee +N, (0 -H,) = Ule p, (h; -h7) +e,p, (H, -hy)]
atx =X(t),t>0 (4.23)

ANV VUAFATIOUDINITNIBNUIANGINUANN TR UTTZH IS

a

anuaule, by NAMIveITARAURUNAINAIA ATV Clausius-Clapeyron

oP AH
—L= A—VA (4.24)
oT TV, -V,)

udauman 4.24 ladluaunms

-AH
BCS: P =exp *+B atx=L,t>0 (4.25)
RT
AI:IY = latent heat of vaporization (J/mol)
Y , = specific molar volume of vopor (m3/mol)
\A/[3 = specific molar volume of liquid (mS/mol)
Py = pressure (Pa)
R = ideal gas constant (8.314 J/mol K)

B = constant determined from steam table data
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RIS UAUDIMITYTZNOUAIBEIU core LNBIDEIIAYD UETN1IZISUAUN
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1 a 4 I o o
T lumsudtlayminewna crust 2 aums uazitiesnn BCs iduaumsoynusaauinieianiig

2 Y A =
UAUN 3 8N 1 UNIT

IC1: T=T, forall x,t=0 (4.26)
IC2 : Cﬁ = C, forallx,t=0 (4.27)
IC3: X)) =L att=0 (4.28)

o Y1 2 ) o o a 4 . . .
4.2 ﬂ’lfl"l/]’li'ﬂ\ﬂﬂeldjulla3ﬂ’lfl’L!ﬂﬁiJﬂ’lfiW’lﬂ’lﬁ@ﬂﬂl@\ulﬂ‘]Ji]’la'ﬁ]ilﬂ’lﬁﬂm@lﬁ’lﬁﬁﬁ (Slmphﬁcatlon

and Solution of Mathematical Model)

'
% v v =

4 a U 9 1
FAVDIAUNIIDYNWUSD UALEDINOTUINITOIBNANNTOULAZNITOIENNIa 1Y

[
o

{ v I o a J A
ﬂigﬂﬂuﬂ1iﬂﬂ@ﬁﬂﬁ13h1ﬂﬂl}1ﬂﬁ}u uJuu‘umnaammmmﬁmwwwmhﬂ Farkas tagaue [7]

) o a o P 1 dy I . 4 = . % ]
mwsuwammmmﬁgﬂin slab eun15H1IU nonlinear 1Hp99103] moving boundary FIULLON
Y Y
crust region LAY core region 8ONIINNULAININMIMILNANUTDULALMIDBINNIANATY
9
50U N (simultaneneous heat and mass transfer) 991 1FMTMIMIABVVDIANAITHIANY
) H
guondudoutazainstoyaninlumsudaunsmimiaen auiudmiun1Ineand crust
v o q vy X v < . = ' v
Hoee 919991 1991031 Tag 15z Uiy non-moving boundary tazANBINITOINANUIOU
HazMINeMuIa 1 core region LINBDNVINNU WA INITONIAIADVYBIANNITNTAIUNAY
9 y o 1 Y A I Ao 9
founazuialunszuiumsneanuuiiniuninldie eswnssuumsneatlussuuidudou
110 Tasmmig lumsneananuaudmnussona #9luaunsamguanindnnudounas
= ° ' A [ = a j’ Y
menmivzihunum luaumaesinenisnasunlasvesgungiivaziSnaanurula
[ g‘; Ya o K Y o o a 4 ] 3 A o dy 9 a 4
ALUAITeI A nuuaesndiamansodrsdirenwauvun 1dunsinsiz v
1 a 14 1 1 L]
AMmimes luaunsvesmsmemanuiounaznso1omulIalu core region 1ALA AINTS
1 Y [ a £ 1 j’ 9 .
UWINTZaeANNToU lagsutazMdulse@nsmsunsanudulassau Iasld non-linear

. J . A A Y o od J
regression a3 1u crust region NUVUIAUDN crust vannuazliduiluesalseney Tuauves

'
o U Y

' a { o v J %’
Farkas tazaaiz [7] lulimsionsanmernurdnduesnnuiounniniungngadu lazaw

U
9

pgn1elu crust  luaunisvesnisoremanudounaz lulinsoremassiniunielu crust

A 9}3’/ a (% v a %’ o Ao v J 9
Luaqmﬂ"lﬂmamgﬁgmamﬂmmmﬂ?mmmaqumu“lu crust UAININ NANTYDINIUIOU
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Y A9

= A Y v 9 o Y '
mﬂumuNumu’aﬂmmnamEmmJWaﬂclfﬁuaQmmiaumﬂmimmmmumﬂiu crust Llﬁsl,u

Aaw Y A Y] % v = I 4 o = =
ez lianvaulanernuidusuiuesadseznovdiayniely cust  Tasdnbida

'
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o o J a (Y =3 %} o o
ANUTUNUTIEHINNITINA crust formation ﬂiJ‘lJ53J1i1!uﬁ\luﬂﬂﬂﬂﬂ‘ﬁfﬂﬂsﬁllﬂiuﬁﬂﬂﬁ BATINIT

G U

[
A % a

1A crust LazHavDIgUUIuazaNua U ldnoanlinedasinaina crust o 1did lanalnms
femAusouLazMImIemIIa lunszUIUNMTNeANa NAYBIgRI)TazAINAUYNZNEAN

= a P 1 YA g
NADNWITTNADINAIVANNITSUIUNTTAN llﬂﬂEN"‘IJ‘L!

421  mamemanuiouly core

! 3 a 4 ' '
ﬁilﬂ']ﬁﬁ 4.4 Lﬂuc’mm3°|/|Nﬂmﬂmﬁmsll’e)ﬂﬂﬁﬂmmmm%)@ucluﬁau core

[ 9
sdunvvesgumsdmsumsihanuiounvuiia@en luaan: luaduave nieunsanig

i £
L'ill@%}ulm$ﬁﬂ'l’)%ﬂl’f)ﬂl‘ll@]ﬂﬁﬁhﬂﬁ‘ﬁﬁ\m'N‘Ld!

Ket ZZTI = pCp% (4.4)
ANNIZVDULUA : Q:O atx=0,t>0 (4.13)
OX
T=T,, atx =X(t),t>0 (4.14)
anneiudy ; T=T forall x, t =0 (4.26)

A Aav dy a1l a Y 2 o Y
1199910 TUNUITUANYANUANUHUIYDL crust URHWING D9 IHT 82V
. [ é é ¥ A a Y = .
interface (NAUATIHUIUDIANUHUY (X(t) = L) HUADNTU 1A EIU core U fixed interface
[ [ 9
N3 interface  1N5IAADUANTIINE TUAIEEAT NN MIAHULATUAITHIRIAD VDY
4
aumsnsoemanudeuluaiu core 11aIae3Suenaa1ls (separation of variables method)

a 1 Ql

. . . .
nnanzvoua luaunsi 4.14 nlasuveouvanni x = X© U x = L Jgauugimnuge

Y

A A A v g o o o & = o A 7 '
l@@ﬂlu@\1%’]ﬂlﬂ@l|1/l’l\1€UT|3J@uleﬂulﬂﬂwu‘ﬁ (nonhormogeneous) muummﬁuﬂwammaﬂ‘ﬂu

Teglugials 13viine



De
=he

AANZETUAY :

aANSUDULUA :

4
T:pr +;(TO

422

52

< = E (4.29)

t= i_; (4.30)

_ T-T,

T=—2 (4.31)
TO _pr

v [ v
L = ASIUINU0IANUNUIVTUDINIT
oL = MMIUNSANN3oU (Thermal diffusivity) = k_/PCp

Y H 1
T,, = 9Aeaveai1luomsianIzaeg

b

1w U dal Y I v J
LW]uﬂ’lﬁ'ﬁllﬂilﬂa’luﬁﬂiu’ﬁuﬂ’]i 4.4,4.13,4.14 1ag 4.26 llﬂlﬂu’ﬁllﬂ’lil@ﬂwu‘ﬁ

o°T _aT

E = E (4.32)
T(x,0)=1 (4.33)
g (0,9 =0 (4.34)
T(1,1)=0 (4.35)

Iammeilueynsu (series) Faaumathadei

TN S

Y
mimﬂmmm%uiu core

A < a 4 1 dy J I
auNIIN 4.5b Lﬂuﬁllﬂ']i‘ﬂ'Nﬂﬂ!ﬁ?’nﬁﬁi"lJ’fJ\?ﬂ']iﬂNJL‘ﬂﬂ'ﬂlJG]fusluﬁ'Ju core 13w

Y A a d o [ J ~ ] ~ .
NRUeN 2 voaflng drmsunisunsluaniiziline (Fick’s second law for unsteady state
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. . A A Y o a £ 1 I o a £ 1 dy
diffusion) Wennsanlvdulse@nsmsuns luaumsdudulsed@nsmsunsanudu lagsiy

(effective moisture diffusivity)

oCy aZC[5
o Do o “o
aC[3
TANNLVDULUS : —=0 atx=0,t>0 (4.15)
OX
Cpg=0 atx=X(),t>0 (4.16)
p
anneiudy ; Cp=C, for all x, t =0 (4.27)

Smnluszuumsneaiinnuruives crust Hesniisaniniimsinasuiives
interface 191 11n18 110115511109 #1015 assume 1ANANUHHIVOIAIU core MAVANY
WeIFIEIMS faiuTiannzvouvaluauns 4.16 Cp HAuniA 0 i interface (x = L) 4@
vosaumsimmaey 18 1as1438 nsuendanls o2 Idaunissandiunududiuiaisusy

A o 3 .
13181 Nﬂqﬁﬂﬂlﬂuﬂuﬂjm (series)

C, _4 i -1)" COS{(2n +1)nx}exp[-oeﬁ (2n +1)%x’t
T

2L 41° } (437

A A g Yy v 4 &2 v & A = <
WoNIT I UANUAVNTUIRAINIFUDINIT AU UENNITN 4.37 Jananailu

C © . 2,2
i :%Z; exp[ D (ZILJ;D d t} (4.38)
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crust iu1ﬂutﬂu@\1ﬂﬂi$ﬂﬂﬂﬂaﬂ muu@m‘mnnmﬂu crust %QLWWﬂUQﬂ!Wﬂ”N‘U@QHWNH LAagn
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a

1 { < 1o a £
calorimeter) TAA1/501% 0.1302-0.1531 W/mK Ngaivigdl 100-120°C vziwiu Idnduilszdns

] 9
msmanuieunamihomsiimgannaimsiiinnudounielu crust 1109 (h >> k) a9riu

= 1

{ Y ] 1
gaunginAI AN uguugive sy waz lulinnuduniumsaiemanudousin

= = 3 ~
ﬂ"lflui’)ﬂﬁﬂ"ng"llﬂﬂ!ﬂl@’l‘luﬁ'lﬂﬂTﬁ‘V] 4.17 ﬁNﬂmEJL‘iJuﬁumi‘ﬂ 4.39

oT
kcleff AL

™ =h(T,-T|,.0) atx=L,t>0 (4.17)

crust

Tow = Tl = Tg att>0 (4.39)
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Voil = Vcrust (440)
m_/P,; = TUR - x)(L - 2%) (4.41)
U = AvAt (4.42)
4 y .
110 v, = snasveainiy
= U31105U04 crust
90} @ 901 o a [ 4
m, = Wninveiiulunaanum
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P, = ANUMUILUUYDUNY
v
R = SANVYRIFUDING
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{evhms simplify uuusasaneadiamansyesmsneanu el
AR UL TEINALAEANNA AN TIUTTEINANINIULT1a09U84 Farkas uazaue [7] udaee 18
uuusaesnadiamaasoiisiodmiunmsaemanuenly core region oz l3nszd
mmmsunsnszaeanudenlaesin Fudumnimesiniuaunssuaumssemanudeu
Tuszuumsnea 18udaums 436 Taofinnuduussenia 760 mmHg Sunqif interface
AuAAeAfD T, = 100°C HaEfinNUAUAINIIUTIOINA 270 mmHg Teagiif interface

1T W A =3 (6]
mInuYAReane T, =73 C

4 = (-1)" (2n +1)mx -a(2n+1)*n’t
T=T_ +—(T,-T, €0S ex
bp TE( 0 bp)g n-+1 [ p

(4.36)
2L 41° }
o a 4 ] 1 ] .
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C ® _ 2,2
i :%z—l exp{ Doy (2:;1) T t} (4.38)
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T, =Tl =Ty att>0 (4.39)
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m,,/P,; = TUR - X)z(L - 2x) (4.41)
U = AvAt (4.42)
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0 29.3 | 293 293 54 46.6 | 59.7 746 | 300 | 974 100.0 101.6
2 30.1 | 319 34.0 56 477 | 602 75.6 | 310 [ 97.6 100.1 101.6
4 30.7 | 33.0| 36.0 58 485 [ 61.0( 76.1 | 320 [ 97.8 100.1 101.6
6 314 | 342 38.0 60 49.2 | 61.5 77.0 | 330 | 98.9 100.2 101.6
8 320 [ 353 399 70 52.1 | 650 80.0 | 340 | 99.3 100.2 101.3
10 32.8 [ 363 | 41.7 80 552 | 684 828 | 350 | 99.6 100.3 101.7
12 33.6 | 374 | 435 90 58.0 | 71.8 853 | 360 | 999 100.4 101.8
14 344 [ 385 | 454 100 [ 60.5 | 746 87.4 | 370 | 100.1 | 100.6 101.9
16 352 395 | 472 110 | 633 | 77.4( 89.4 | 380 | 100.1 | 100.6 101.9
18 359 [ 405 49 120 | 66.1 | 799 91.2 | 390 | 100.1 | 100.6 101.9
20 36.7 | 427 | 50.6 130 [ 68.6 | 82.2( 929 | 400 | 100.2 | 100.6 102.0
22 37.3 | 443 | 523 140 | 71.4 | 84.1 942 | 410 | 100.2 | 100.8 102.1
24 37.7 | 46.0 | 539 150 | 73.0 | 859 95.6 | 420 | 100.1 | 100.9 102.1
26 38.2 [47.2 55.5 160 | 75.4 | 87.6( 96.7 | 430 | 100.3 | 100.8 102.2
28 38.6 | 48.4 56.9 170 | 77.6 | 89.2 97.7 | 440 | 100.3 | 100.9 102.2
30 39.1 [ 492 | 586 180 [ 789 | 90.6 | 984 | 450 | 100.2 | 101.0 102.3
32 399 [ 502 | 604 190 | 82.0 | 92.2 99.2 | 460 | 100.3 | 101.0 102.3
34 40.3 | 51.1 62.3 200 | 83.4 | 934 99.7 | 470 | 100.4 | 101.0 102.4
36 403 | 519 640 | 210 ( 86.4 | 94.7| 100.1 | 480 | 100.3 | 101.0 102.5
38 412 | 53.0| 65.1 | 220 | 87.5 | 95.8( 100.5 | 490 [ 100.3 | 101.1 102.6
40 42.0 | 53.7| 663 | 230 | 89.1 | 96.7( 100.8 | 500 [ 100.3 | 101.1 102.6
42 427 | 55.0 67.7 | 240 | 913 | 97.5( 100.8 | 510 [ 100.2 | 101.1 102.6
44 435 | 56.0 | 685 | 250 | 92.7 | 98.1 | 101.0 | 520 | 100.3 | 101.2 102.7
46 44.0 | 56.8 69.6 | 260 | 933 | 98.7| 101.5 | 530 | 100.4 | 101.3 102.8
48 449 | 574 709 | 270 | 94.4 | 99.2( 101.5 | 540 | 100.2 | 101.3 102.9
50 454 | 579 724 | 280 | 95.1 | 99.7( 101.5 | 550 [ 100.4 | 101.3 102.5
52 46.0 | 58.8 739 1290 | 96.5 | 999 | 101.5 | 560 | 100.4 | 101.3 102.9




1191 (s) | Center Mid Surface | 1281(s) | Center Mid Surface
570 100.3 101.3 103.0 840 100.2 101.4 104.9
580 100.3 101.4 103.1 850 100.2 101.4 104.9
590 100.3 101.5 103.2 860 100.2 101.6 105.3
600 100.3 101.5 103.3 870 100.2 101.8 106.0
610 100.2 101.5 103.3 880 100.2 102.1 106.6
620 100.2 101.6 103.4 890 100.2 102.2 106.8
630 100.1 101.6 103.6 900 100.2 102.2 106.9
640 100.2 101.7 103.6 910 100.2 102.3 107.0
650 100.2 101.7 103.8 920 100.3 102.5 107.2
660 100.2 101.7 103.8 930 100.4 102.7 107.7
670 100.3 101.6 103.9 940 100.7 103.1 108.4
680 100.3 101.5 104.0 950 100.9 103.3 108.8
690 100.4 101.6 104.1 960 100.9 103.4 109.0
700 100.4 101.5 104.1 970 101.0 103.8 109.2
710 100.3 101.5 104.1 980 101.1 103.9 109.2
720 100.3 101.6 104.2 990 101.1 103.8 109.4
730 100.3 101.5 104.3 1000 101.1 103.8 109.4
740 100.3 101.5 104.4 1010 101.0 103.6 109.5
750 100.3 101.6 104.5 1020 101.1 103.8 109.6
760 100.3 101.6 104.5 1030 101.1 103.7 109.7
770 100.3 101.5 104.6 1040 101.1 103.7 109.7
780 100.2 101.5 104.6 1050 101.1 103.7 109.7
790 100.2 101.5 104.6
800 100.3 101.4 104.7
810 100.3 101.4 104.7
820 100.2 101.5 104.8
830 100.3 101.4 104.8
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M5197 0.2 gauiniinielu Slab Potatoes HoNOATNANUAY 760 mmHg NAUHUIANIINAINT

0.1 cm (surface), 0.3 cm (mid), it 0.65 cm (center) Gluﬁwﬁuqmmﬁ 140 °C

111 (s) | Center Mid Surface | 1381(s) | Center Mid Surface
0 273 27.4 27.2 58 55.75 69.75 93.85
2 28.45 30.1 32.5 60 56.55 70.65 94.25
4 29.5 322 38.6 70 61.6 74.5 94.25
6 30.3 33.2 433 80 66.25 78.5 97.1
8 314 34.7 47.9 90 70.6 82.65 98.6
10 324 35.7 52.1 100 75.6 85.7 99.25
12 333 36.9 56.1 110 79.05 87.4 99.4
14 34.1 38.5 59.9 120 82.35 89.25 99.8
16 35.2 40.5 63.8 130 85.4 91.35 100.2
18 36.2 42.2 67.1 140 87.7 92.85 100.15
20 36.95 44 70 150 90.7 94.95 100.8
22 37.75 45.55 72.5 160 92.45 95.9 101.3
24 38.6 47.15 74.95 170 93.85 97.05 101.95
26 39.5 48.75 77.25 180 95.4 98.2 102.75
28 40.3 49.9 79.25 190 96.8 98.7 103.25
30 41.1 51.45 81.25 200 96.95 98.8 103.6
32 42.15 53.15 82.9 210 97.95 99.55 104.65
34 42.95 54.45 84.25 220 98.9 100.3 105.9
36 43.8 55.9 85.35 230 99.3 100.2 106.65
38 45.05 57.55 86.6 240 99.25 100.15 107.4
40 46.05 58.95 87.7 250 99.45 100.4 108
42 47.2 60.3 88.65 260 99.65 101.05 108.8
44 48.3 61.75 89.5 270 99.85 101.85 109.4
46 49.25 63.1 90.25 280 100 102.4 110
48 50.4 64.3 90.95 290 100.05 102.3 110.35
50 51.45 65.5 91.6 300 100.2 102.85 110.9
52 52.55 66.7 92.15 310 100.5 102.8 111.3
54 53.6 67.8 92.75 320 100.95 102.95 111.75
56 54.7 68.9 93.45 330 101.25 103.1 112.55




N1 (s) | Center Mid Surface | 1381(s) | Center Mid Surface
340 101.4 103.15 113.2 630 106.45 110.95 122.9
350 101.45 103.4 113.3 640 106.45 111.05 122.95
360 101.55 103.4 114.35 650 106.5 11.15 122.9
370 101.65 103.9 115.3 660 106.75 111.35 123.2
380 101.8 104 115.4 670 106.85 112.15 123.75
390 101.8 104.3 115.8 680 107.25 111.95 123.6
400 101.75 105.05 116.4 690 107.45 111.6 123.3
410 101.85 105.2 116.65 700 107.45 112.05 123.75
420 102.3 105.55 117.1 710 107.75 112.35 123.9
430 102.55 105.75 117.2 720 107.85 112.4 124
440 102.7 106.45 117.25 730 107.85 112.4 123.95
450 102.7 106.85 117.45 740 107.85 112.4 123.95
460 102.65 106.55 117.2 750 108 112.5 124.05
470 102.5 106.35 116.85 760 108.05 112.65 124.05
480 102.75 106.85 117.05 770 108 112.65 124.15
490 102.95 106.8 117.1 780 108 112.6 124.15
500 103.25 107.15 117.2 790 108.05 112.6 124.1
510 103.35 107.55 117.4 800 108.15 112.5 124.1
520 103.55 107.6 117.45 810 108.1 112.6 124.05
530 103.7 107.8 117.45 820 108.15 112.6 124.05
540 103.8 107.9 117.5 830 108.15 112.75 124.05
550 104 108.3 117.8 840 108.1 112.75 124.1
560 104.45 108.9 119.05 850 108.05 112.75 124.05
570 105.4 109.85 120.3 860 108.1 112.8 124.1
580 105.9 110.3 121.15 870 108.2 112.8 124.2
590 106.35 110.75 122.15 880 108.2 112.8 124.2
600 106.2 110.85 122.85 890 108.2 112.8 124.1
610 106.1 111.05 123.05 900 108.2 112.8 124.1
620 106.35 111 122.85
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M5197 0.3 gauiniinielu Slab Potatoes HoNOATNAMUAY 760 mmHg NAMHUIANIINAINT

0.1 cm (surface), 0.3 cm (mid), it 0.65 cm (center) Gluﬁwﬁuqmmﬁ 160 °C

13971 | Center | Mid | Surface | 1301 | Center [ Mid | Surface | 13871 | Center | Mid | Surface
(s) (s) (s)
0 29.9 29.9 29.9 58 68.2 82.5 98.8 340 | 108.7 | 116.0 | 1283
2 314 | 375 48.1 60 69.2 83.2 99.2 350 | 1093 | 116.2 | 1284
4 33.1 39.7 54.9 70 73.9 86.1 99.8 360 | 1099 | 1164 | 1283
6 348 | 419 59.0 80 77.7 89.0 101.0 | 370 | 110.0 | 1164 | 127.4
8 364 | 444 63.8 90 81.9 91.6 101.8 | 380 | 110.2 | 116.5] 127.7
10 38.0 | 46.8 68.8 100 85.4 94.2 102.1 | 390 | 110.5 | 116.6 | 1273
12 39.7 | 49.2 74.3 110 89.1 97.0 103.0 | 400 | 110.7 | 116.8 | 127.8
14 412 | 513 78.2 120 91.8 98.8 104.0 | 410 | 110.8 | 117.0 | 1283
16 42.7 | 53.6 81.4 130 93.9 100.3 | 1043 | 420 | 110.8 | 117.0 [ 128.5
18 442 | 56.0 84.5 140 95.8 100.8 | 105.1 | 430 | 1109 | 116.9 [ 128.5
20 15.7 | 58.0 85.8 150 96.8 101.5 | 1063 | 440 | 111.0 | 117.0 [ 128.8
22 46.9 | 60.8 88.2 160 97.8 102.3 | 107.7 | 450 | 111.5 | 117.1 128.5
24 48.0 | 63.1 89.5 170 99.5 102.8 | 109.1 | 460 | 111.7 | 117.1 129.2
26 49.5 | 65.0 90.5 180 | 101.0 | 103.9 | 1104 | 470 | 111.7 | 117.2 | 129.2
28 50.7 | 66.8 92.0 190 | 101.4 | 1054 | 1125 | 480 | 111.8 [ 117.1 129.1
30 50.7 | 66.8 92.0 200 | 102.4 | 106.7 | 1144 | 490 | 1119 | 117.2 | 1294
32 534 | 69.8 94.0 210 | 1023 | 107.7 | 1162 | 500 | 1125 | 1179 | 1304
34 545 | 70.8 94.5 220 | 102.0 | 108.8 | 1182 | 510 | 113.0 | 119.2 | 1314
36 556 | 72.1 94.7 230 | 101.9 | 109.3 | 119.8 | 520 | 1142 | 121.0 | 1339
38 57.1 73.5 95.2 240 | 102.4 | 109.8 | 121.5 | 530 | 1152 | 122.4 | 1353
40 582 | 74.1 95.4 250 | 103.2 | 110.7 | 122.8 | 540 | 115.7 | 1233 | 136.1
42 593 | 755 96.2 260 | 1042 | 111.8 | 1244 | 550 | 116.2 | 124.0 | 136.7
44 603 | 76.3 96.9 270 | 1055 | 113.2 125.3 | 560 | 116.4 | 1245 137.5
46 61.8 | 774 97.5 280 | 106.2 | 1142 126.0 | 570 | 117.0 | 124.8 | 138.1
48 62.7 | 784 97.8 290 | 106.8 | 114.8 | 126.5 | 580 | 117.5 | 1252 | 138.7
50 63.6 | 79.0 97.9 300 | 107.2 | 115.1 127.1 | 590 | 117.7 | 1253 | 138.6
52 65.1 80.1 98.3 310 | 107.7 | 1154 | 127.6 | 600 | 117.7 | 125.1 138.4
54 66.0 | 81.0 98.5 320 | 108.0 | 115.6 | 1279
56 67.0 | 81.5 98.7 330 | 108.2 | 115.8  128.1
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M15197 0.4 gauiniinielu Slab Potatoes HoNOATNAMUAY 270 mmHg NFHUIANIINAINT

0.1 cm (surface), 0.3 cm (mid), it 0.65 cm (center) Gluﬁwﬁuqmmﬁ 120 °C

19391 | Center | Mid | Surface | 1381 | Center | Mid | Surface | 1381 | Center | Mid | Surface
(s) (s) (s)

0 31.8 32.0 32.0 56 61.4 64.1 85.1 320 92.7 88.4 100.5
2 329 344 36.8 58 62.1 64.8 86.3 330 83.2 88.6 100.5
4 34.0 36.1 414 60 62.6 65.2 86.9 340 83.4 88.8 100.5
6 35.0 37.6 46.5 70 63.7 65.7 88.3 350 83.5 88.8 100.4
8 36.4 394 55.4 80 64.8 67.8 88.7 360 83.5 88.7 100.3
10 37.6 41.0 58.5 90 65.3 69.9 89.1 370 83.6 88.7 100.3
12 384 42.0 61.0 100 65.5 71.6 89.6 380 83.5 88.8 100.3
14 39.2 42.9 62.6 110 66.0 72.9 89.5 390 83.7 88.9 100.3
16 40.5 442 63.5 120 68.0 74.6 90.2 400 83.9 88.8 100.2
18 42.0 45.8 63.6 130 70.0 76.0 90.7 410 83.9 88.8 100.3
20 42.9 46.8 63.7 140 73.3 77.5 91.4 420 84.0 88.9 100.2
22 47.0 47.8 63.9 150 75.4 78.6 922 430 84.0 88.9 100.4
24 45.5 494 64.4 160 76.0 79.5 92.8 440 84.0 88.9 100.3
26 47.1 51.0 64.6 170 76.8 80.5 93.4 450 84.0 89.4 100.3
28 48.1 52.0 64.9 180 77.1 81.3 93.9 460 84.1 89.5 100.3
30 49.1 53.0 66.0 190 77.5 82.0 94.3 470 84.1 89.8 100.2
32 50.1 54.0 68.0 200 77.9 82.5 94.7 480 84.1 89.9 100.2
34 51.6 55.5 72.1 210 78.0 83.1 95.1 490 84.2 89.9 100.1
36 53.0 56.9 74.1 220 77.9 83.8 95.3 500 84.2 89.9 100.1
38 53.9 57.9 75.9 230 78.2 84.3 95.4 510 84.2 89.9 100.0
40 54.8 58.7 77.2 240 79.0 85.0 96.1 520 84.2 89.9 100.1
42 56.0 59.8 79.7 250 79.0 85.0 96.1 530 84.2 90.0 100.0
44 57.2 60.7 80.7 260 79.4 85.3 97.0

46 57.8 61.4 91.7 270 79.9 85.9 98.1

48 58.5 61.8 82.6 280 80.7 86.5 99.0

50 59.4 62.4 83.9 290 81.3 87.2 99.7

52 60.2 62.9 84.1 300 81.9 87.9 100.4

54 60.7 63.4 84.6 310 82.3 88.3 100.5
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M3197 0.5 gauiniinielu Slab Potatoes HoNOATNAMUAY 270 mmHg NFHUIANINAINT

0.1 cm (surface), 0.3 cm (mid), it 0.65 cm (center) Gluﬁwﬁuqmmﬁ 140 °C

19301 | Center | Mid | Surface | 1391 | Center | Mid | Surface [ 1381 | Center [ Mid | Surface
(s) (s) (s)

0 32.1 32.5 32.6 56 68.9 73.2 89.5 320 90.0 99.6 119.2
2 34.0 339 49.0 58 69.2 73.8 90.7 330 90.6 99.7 119.7
4 36.6 39.1 55.2 60 69.7 74.0 92.4 340 90.9 100.0 119.9
6 37.4 43.1 58.2 70 70.8 77.9 96.4 350 91.3 100.2 120.4
8 38.4 455 60.2 80 70.9 79.7 98.5 360 91.6 100.4 120.6
10 39.6 473 64.3 90 71.8 80.2 99.9 370 92.0 100.6 120.3
12 41.0 49.0 65.3 100 72.6 82.1 101.3 380 92.4 100.7 120.6
14 41.9 51.5 66.8 110 73.7 84.1 102.2 390 92.5 100.9 120.8
16 42.9 53.1 68.3 120 75.3 85.5 103.1 400 92.7 101.2 121.0
18 45.0 54.6 70.7 130 76.1 88.0 103.6 410 92.9 101.3 121.4
20 46.2 56.0 71.0 140 77.4 89.4 104.2 420 93.1 101.5 121.2
22 47.4 57.9 72.3 150 78.7 90.2 104.8 430 93.2 101.8 121.2
24 49.2 59.6 72.5 160 80.6 90.9 105.4 440 93.4 102.3 121.4
26 51.1 60.6 73.6 170 82.2 92.0 106.1 450 93.5 102.4 121.7
28 52.1 61.7 74.2 180 82.9 93.2 106.4

30 54.0 62.5 74.2 190 83.6 93.9 107.1

32 55.3 64.2 74.5 200 84.2 94.5 107.8

34 56.5 65.5 74.8 210 84.7 95.2 108.8

36 58.4 67.1 77.0 220 85.5 95.6 110.0

38 60.1 68.3 77.3 230 86.2 96.2 111.0

40 61.0 70.0 79.1 240 87.0 96.8 114.2

42 61.9 70.9 79.6 250 87.6 97.9 116.0

44 63.8 71.4 82.9 260 88.0 98.5 117.2

46 64.7 71.5 83.0 270 88.2 98.6 118.0

48 65.5 71.8 83.8 280 88.5 98.9 118.4

50 66.8 72.3 85.0 290 88.8 99.2 118.7

52 67.6 72.6 87.7 300 89.2 99.3 119.1

54 68.2 73.1 88.9 310 89.5 99.4 119.2
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M1351971 0.6 gauiniinielu Slab Potatoes HoNOATNANUAY 270 mmHg NFAWHUIANINAINT

0.1 cm (surface), 0.3 cm (mid), it 0.65 cm (center) Gluﬁwﬁuqmmﬁ 140 °C

19301 | Center | Mid | Surface | 1301 | Center | Mid | Surface | 13081 | Center | Mid | Surface
(s) (s) (s)

0 32.6 32.7 329 52 66.6 79.5 105.5 280 101.1 120.0 133.9
2 33.7 36.0 39.2 54 67.4 80.3 106.2 290 101.5 | 1203 134.2
4 37.7 43.0 57.4 56 68.1 81.2 107.0 300 101.7 | 120.7 134.5
6 39.3 47.1 66.6 58 68.8 82.0 107.8 310 102.2 | 121.0 134.7
8 41.0 50.5 70.5 60 69.2 82.4 108.5 320 102.6 | 121.5 134.7
10 42.0 52.1 72.0 70 71.5 85.8 111.6 330 102.9 | 1225 134.8
12 43.5 53.4 73.8 80 74.5 90.0 114.4 340 103.4 | 1227 135.2
14 44.5 55.6 76.6 90 75.7 94.0 116.6 350 103.5 | 1227 135.4
16 46.0 57.9 80.5 100 77.3 98.3 119.2 360 103.7 | 1227 135.4
18 47.0 59.4 84.0 110 79.5 101.3 120.7 370 103.7 | 122.8 135.5
20 48.0 61.0 87.2 120 81.1 105.4 1232 380 103.9 | 122.8 135.5
22 49.6 63.3 90.8 130 83.8 107.9 125.8 390 103.9 | 122.8 135.7
24 51.2 65.9 932 140 88.3 111.0 130.4 400 103.9 | 122.8 135.9
26 52.2 67.7 94.3 150 88.3 111.0 130.4

28 534 69.0 95.7 160 90.6 113.1 1324

30 55.1 70.1 97.5 170 92.0 114.9 131.8

32 56.0 71.4 98.4 180 93.5 115.2 13.5

34 57.6 72.6 99.5 190 94.6 115.6 133.0

36 58.8 73.2 99.4 200 95.7 116.3 133.1

38 60.4 73.6 100.0 210 96.5 116.5 133.3

40 61.2 74.4 100.4 220 97.1 117.1 133.1

42 62.6 75.4 101.7 230 97.7 117.3 132.6

44 63.6 76.3 102.4 240 98.8 117.8 133.0

46 64.3 77.1 103.3 250 99.6 1183 | 1335

48 65.1 77.9 103.9 260 100.4 | 118.7 133.8

50 65.9 78.7 104.7 270 100.7 119.6 133.6




d‘ &' Sol @ a @ I ~ 9 ’.f o
M3199 0.7 Ysanauanusuuazsunahiulunaanus slab potatoes NMNOAAIGUTNURUH

120 °C, 140 °C 182 160 °C ANUAY 760 mmHg
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a

nuy

U

3m ﬂ?mmmms‘fzu (g water/g dry solid) ﬂ?mmﬁwﬂ’u (g 0il/100g dry solid)

(sec) 120 °C 140 °C 160 °C 120 °C 140 °C 160 °C
0 4.85 4.85 4.85 1.78 1.78 1.78
60 4.62 451 4.61 1.79 2.17 4.63
120 4.65 4.22 4.07 2.33 2.24 5.89
180 4.4 4.29 3.85 3.05 6.25 6.26
240 4.13 3.74 3.19 3.45 6.45 7.17
300 4.09 3.54 3.12 4.51 7.75 9.22

450 4.1 3.05 3.04 4.97 7.17 10.99
600 4.04 2.57 2.69 6.20 8.55 11.06
750 4.05 2.71 2.35 6.62 15.22 14.16
900 3.6 2.49 2.18 6.24

1050 3.44 2 2.21 7.36

1200 3.36 1.83 7.67

1500 3.25 10.41

1800 3.07 13.03




d‘ &' Sol @ a @ I ~ 9 ’.f o
M3199 n.8 Ysunaanusuuazlsunaihiulunaanus slab potatoes NMNOAAIGUTNURUH

120 °C, 140 °C 182 160 °C ANUAY 270 mmHg
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a

nuy

U

am ﬂ?mmmms‘fzu (g water/g dry solid) ﬂ?mmﬁwﬂ’u (g 0il/100g dry solid)
(sec) 120 °C 140 °C 160 °C 120 °C 140 °C 160 °C
0 4.85 4.85 4.85 1.78 1.78 1.78
60 4.72 4.32 422 3.87 5.77 7.09
120 4.51 4.02 3.99 4.81 10.39 10.16
180 4.34 3.61 3.85 6.05 11.28 13.49
240 3.93 3.49 3.39 7.85 13.69 15.02
300 3.78 2.84 2.82 8.95 12.68 17.08
450 3.78 2.99 2.55 15.16 23.99 22.46
600 3.18 2.53 2.21 15.96 24.12 25.10
750 3.06 2.22 2 16.28 25.12
900 2.59 1.95 17.94
1050 2.56 22.84




d‘ &' Sol @ a @ I ~ 9 Bo’ @
M3199 0.9 YsunaanusuuazUsunaihiulunaanum cubed potatoes NNBDANIGUINU

QUi 120 °C, 140 °C 1ag 160 °C NANUAY 760 mmHg
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3m ﬂ?mmmms‘fzu (g water/g dry solid) ﬂ?mmﬁwﬂ’u (g 0il/100g dry solid)

(sec) 120 °C 140 °C 160 °C 120 °C 140 °C 160 °C
0 5.03 5.04 5.05 1.77 1.75 1.75
30 4.98 4.48 4.08 2.84 4.69 7.47
60 4.97 4.15 3.40 3.85 3.75 8.73
90 4.84 3.67 2.88 5.51 5.18 10.54
120 4.55 3.35 2.70 5.87 6.63 12.96
180 3.99 3.05 2.02 5.87 9.61 15.47

240 3.50 2.36 1.98 7.73 17.10 22.08

300 3.20 1.94 1.52 8.43 18.65 20.34

450 2.75 1.67 1.47 9.14 21.91 25.52

600 2.51 1.46 1.28 19.23 25.29 29.89

750 2.04 1.32 20.51 26.75

900 1.90 1.10 20.97 28.46

1050 1.69 21.22

1200 1.29 25.55




d' X ? o a o 4 A Y o
M1319N N.10 ﬂ‘%mmmmmuuamﬁmmumuiuwammm cubed potatoes NNOAAIYUINY

QKN 120 °C, 140 °C uag 160 °C NNNUAYU 270 mmHg
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1 ‘lﬁlﬂﬂ!ﬂﬂﬂ%ﬂ (g water/g dry solid) ﬂ?mmﬁwﬁu (g 0il/100g dry solid)
(sec) 120 °C 140 °C 160 °C 120 °C 140 °C 160 °C
0 4.83 4.83 4.83 1.71 1.71 1.71
30 4.52 4.25 3.75 3.72 8.85 14.55
60 4.46 3.78 3.76 8.07 8.57 14.84
90 4.16 3.19 3.46 9.00 12.38 15.06
120 3.67 3.00 2.94 9.73 15.88 23.90
180 3.14 3.34 2.54 11.50 27.69 27.88
240 2.97 2.35 2.03 25.27 34.43 31.19
300 2.55 1.93 1.80 27.75 36.64 36.88
360 2.24 1.88 1.73 28.95 43.60 52.15
450 1.95 1.82 34.96 66.68
600 1.62 1.55 57.44 82.96
750 1.18 1.26 75.35 77.79
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v3  myanalviulaeld Soxtec Apparatus
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a 4 dy
V.1 MSAUNTIEHUTIUAINTY

a

Y A A 9 A - o q ¥Ya a s Y
1. audeegiieunsoudngungil 100°C Usznm 2 sy mliguluadnames uad
' Y
FIUINUN
@ [ @ ] Y S
2. uamegaurTInealvazoen
o W ' @ ] H v A ' 9 A
3. wageelszna 5 sy Inswiviniusveu lumauznisudila
o d' - = o < 1 1 50} Y d‘
4. ildoud 105°C Besrvhgy 50 oem aunsznwulvInhminasNdszuw 16-18
a a Y] o <3 a 4 ] gol % = ¥
¥y, udrtachIiainiui mldeuluedmames tazyaimvin wlSuaanuiu

NGNS

ﬂ?mmmm%ﬁu(g water/g dry solid)= (M;—M,)/(2M, =M, —M,)

o Y

Y
1= umuﬂm%uzwsawh(g)

M

¥ 1
M, = MUUNMFUSUAEAIDYNINDUD (L)
M

Y ] v
3= UV UNNBULLALAIDYNIHAIDU(g)

V.2 MIIAANUHUIVB crust

o @ ] A ~ o T a3 1 v A
1. 11829814 slab potatoes NHIUMINBATINIATIA 9 ALY 4 91 auuITAI

Yt ' A g A 2 = A Vg
2. I¥nathammwizarundlulaenudsmeusndatieny iy crust 09NN
3. 3AAMUHUIN 8 ALMLY AD MIUDY LATAIUAI VDUAAY section NAALUN IIAIND 1

4 a I'4

Tagldesisaaiules

4. MMANUARUURAYVOS crust NIA11A 9
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v.3 myanalviiulaeld Soxtec Apparatus

I 1 ] 1 o o
Extraction 1Ju35M3suenasnanuisoazats’ld (5 crude fat, additive @14 9,819
2 A J ' a 9
Angiy , nazesnsenevdosluasilszneuFasou
[ I [ dy a o an @ = @ %
ManNNI3v09 Soxlet 1WURANMINUFIUVBINTAATIZY IAsITMTANA UNTeaUNTUNY
Y
pgn e ludvesnnuuiuduazaNugnAes uenINtfhazatsa s 0INAUL
1 a 4 I~ $ o { @
141890 uaMIAATIEZHUVY Soxlet HUITNARlFIa lUMIARAUINLAZIF D UATIININAT
a ) Y
sziinvoIaiazae la
9 (% [ ] = [ Yo o 9 a 1
Soxtec 1¥MANMTANAFUIABINY Soxlet tazauninl¥arvinazars lauinsiani
<3 1 o [ A = o = thé’ [ A =\
570159071 wazlaoansnin WeNeuny soxlet ¥ITUaWIToaANA lUMTENAADINES
< ) Y ) Y=R =
20% 1AA1U09 Soxlet Haza T UaIazarwnlFlvuldne 60-70% tazdiiiau
Yasanoga ilesninidrldanudousguenatanin
[ (% (%} o a a 4
MIanauUl Soxtee aInlFnudIhazats ldnateria HazaNI0NATIEH
A 9 [ a ] v Jd a A a [ 4 =
mstlszneui Idaniaguaterila 1wu 01115 owTdad au miswele waaduvimaniiuaz
v Aa I 9
manasInet \wuau
1w 1 g}/ o 1 d‘ U S) U o
ladrpe191u thimble 9101111 1118114195049 Extraction Unit ¥ia31a@udIviazane
Tu extraction cups 1d2 mMsNawsnazate 1d ludrhazaeszgnanasenunludiiazae
Y ] Y
Taell 2 TunpuULATAUAIINTNANIBIAIIAZA188A 1AUUI extraction cupsl Wovuay
[ 9
¥ nn
. . I A Y 9 v . . = vy o o
Service Unit 13111A3091%A050UNY Extraction Unit ¥4 l3iiuuiluainszateniny
Fou audhazasamnsnaziveld NeNoUIZYING Service Unit 1ag Extraction Unit 1013
) v ¥ o Ay v A o q ¥ A g
ponuuy leansanuaetniundeuld Tasnelianuenn 1.5 was MIamnsouenas0INa
Y1y ) . LAl o ¥ A v o v oA A g Y v
aoe1daeiedld Tu Service Unit Tituanvhmihnszmeanhazaeduimiaeodiantiosl

90NVIN extraction cups

vanmshauuazeilnsal
1. Extraction Unit MIaNAA8@I1Iaza10d M5 UIATDY Extraction Unit 92HMIana
gz A gz A @ ] J ) Ay & A Y
2 GuAY Ao Tuaoudl 1 aedvzInludhazateiion Feaawnsoazaela
y 4 2 2 2 FE 2 DA
wazawesni lamnigalutuaeuil Tuaoui 2 AI0E1NITYNENIUNIDYHIID
dazatemo 17a27aza1eNaIIUULI9IN condenser 1HARIUNIA1AI9814
[ [ I~} a 1
NINAINTANALATY 1A valve U949 condenser Tﬂﬂmswuﬂu valve Y 59U
nasnnmulyl 2-3 wn ﬁaﬁwazmngmzmmm‘lﬂu condenser @IUAIN

[ ~ A o Y g @ A A
azawﬁ’summaaﬁ]zgﬂmﬂmzmamullﬂmuﬂuwwm Wola valve voI01MA
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I 1 1 @ 4 %’ o [
Service Unit (Hutmasnionnudoulinumnsod Extraction Unit 113U30u1009

2.
%’ o A 1 A ’é o & . . A A
umumgmﬂ“lmmm umu%gﬂﬂmm Service Unit 1Uf hot plate UDIUATOI
Extraction Unit
3. Extraction Cup itag Cup Holder ﬁwmagﬁgﬁﬂu
1 o
4. Thimble HyuANIATFIUAD IFUAIFUINAI 26 WU.LAZETD 60 N,
5. NITAENIOAUVDT 1
) ~ 9 9 1 A = = 14
6. fmwihazawnly laun Ulasi@endmes uazianasu
AanAa o o
S RIGERACAA TN
a a 4 d’ . .
1. WeaMia3e9 Service Unit
a a o d’ .
2. wWadINHATos Cooling
@ " Ay a 0 Y A
3. UAAI0ENNABINSAAT I Iazi0on
Ly Y 1 o ] Aa A g’/ )
4. ¥ahwmiinded1alszans 3 nSy (W) nsTAEATeLaze I NATA 11NN
ldaslu thimbles
o . U Y
5. 111 thimbles lalu Soxtec System HT Tag 1w Adapter @9U
v Y
6. 11 extraction cups MouAzFUIIMIER (W)
7. AuAaza19a9ly extraction cups UITanm 50-75 wa.
Y
8. 111 extraction cups 1911111 Soxtec System HT w¥ounalendulonas
A [ A o ] e v 3 ~ g A @
9. aouduTonlUAdumue boiling tazadadunar 15-20 W Mniwaeudaulen
{ o ] o I =
WINAUNUS rinsing ¥1MT rinsing (HWa1 30-45 W
@ o v A o a o
10. szveaazate nieunula condenser valve WazilaaIndveseima
o . ~ a - I ~
11. 11 extraction cups Toungamgi 100°C Wurar 30 Wi
Qal < @ %7/ o o .
12. M9 extraction cups 1dulY desiccators FaHMUN (W3) MU %Fat/Oil

ANGAT
%Fat /Ol = (W, —W, ) /W,x100%
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NARNUIN A

Gauss-Newton Method
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Gauss-Newton Method

Tumsaadulalymmadmnisy indesiimsdaaulanelddulssiuivediaion
o A 1A v o do R A o 3 Y o a = v o '
2 AIMIBINNNALANVANNUTAY FINANNTUTUABINNMINDTANDIANVTURUTIEHIN
o 1 dy A v a Aa a J . . < an aa
audsmariiemsaaaulang MIAATICVINITNADDY(regression analys1s)l,ﬂuﬂa’3‘ﬁ1/lﬁﬁﬂﬁ
Aas =< Aq Y aa [ Y [ o [ o Y4 o Aq Y Y
Fntanlglumsitatenazaidumuudmiuanudunusvesdlsilianuaule @2
o o o a o 2 Y ° o a ° ]
uuuna lddmiumsimnzinmsoanesiivg lduninmssmuadlsdaszdiuiu k @29
I @ { @ ¥ o o
wasuiludulsiawisonuanldlagazSendaunlsiindanlsonnes (regressor) 13007
o . 4 o ' @ ' & Y o = KX 1 o A
MUY (predictonttaziiamnuamalsnanssn1riia « uarnzsiinmsanyInadwlsaung
@ I o 1 o 2 o . a
anvazluaulsguuazaziondinilsszmmindilsnouauei(response variable) 3N

[

= J o o o Aa A [ A
Tsanuiiaglszasandn lumsiauaaiiae meatugy Usuljwezmanzimunzanluy
9 H I
ATLUIUMIHANAINUTIRDIN UV UTIaeI NI I NI IUANUFURUTIZHINTIUAI 9 1D
o o . o o I . . :
ﬁ%INLHJ‘U%”IaENHHJﬂGIﬂHﬂ”Ii simulate LL‘U‘U‘Na@QIﬂEJTI’Jll‘IJHJMﬁiJﬂTi differential “?\1’015]

@ﬂuagj‘lugﬂmm performance equation Ao
Y'=g(xY,b) (M.1)

iiie Y'=  vector of derivatives of Y
= vector of functions
=  independent variable
= vector of depentdent variables

= vector of parameters

winguyganimsmnmuagnnzyeuauazlszaiua b g dun1s a1 @w1sn
a a <
aunnsa ldilu

Y = f(x,b) (n.2)

Tunsaina ldileuvudianstlszneualedindlsaiu 1 @2 A1 sum of square residuals

w1'ldan

.
]

£
Il
im
im
Il
-
%
|
e
-
%
|
e

(M.3)

s
s
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Y* = vector of experimental observations of the dependent variable

Y = vector of calculated values of the dependent variables obtained from eq.f.2

Y < . A o a s A o J A A [
21110 Y 11U nonlinear 1HBI9INAINITINADT IUDHIDYNUTYDI S IWBINBUNY b 9%
{ g ! 4 o v
ldaumsiilu nonlinear Rvzudaumsomidimonves b laein Tamilldlinisudlulae
) " A ¢d A . v o Y . .
Gauss 91U Iae fit  W9NBUNIY nonlinear  AUNITNT least square Taold iterative
Yo <3| . o A g . 1 2
method 92 1dMAoITY series vosmapuINMTUszImmTy linear HaZUAAZATIVOI
o . . Yo A Y o [ 1 g’/ 1 ngd 1
MM iteration 9z lamaeuilddmiunisszmmaasiae i 351i5on71 Gauss-Newton
{ g . 3 . ! s d
method tJasayiidlu nonlinear 1¥W1ilu linear Tumsiszinamat Y Taonszoeiendu v

1 a 4
Tugl Taylor series A20a1Taglsziuvoamsiimes b

V= (xb+Ab)=Y(xb) + 2 Ak (.4)

Mima1 b Ngndes wasnnmaan Ab W ldudihld b AR sum of square

. A Y A =< ' Y A Y 3
residuals Nﬂ']l!@f]‘ﬂfjﬂ WUNUAT Y bluﬁllﬂqﬁ .3 AWYNDUNIWNUINUDUDITUNIT A.4 llﬂlﬂu

aunI1g
@ = (V= -V — AAb)T (V= —¥V — AAD) (A.5)

1ilo A = Jacobian matrix of partial derivatives of Y with respect to b evaluated at all

point where experimental observations are available

aY; aY;
ab, dby
_A f— vew wEwow TR vew amEow (ﬂ6)
0%, Oty
dby dby,

v [ - 1 1
wioynusves @ Weuny budd set WM 0 92 solve a1 Ab Id9n

Ab = (AT AT (¥ = -1 (A.7)
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= QYo w ' : v
Ab 3w correction vector NFAMSVYZINUM b «?wz"lﬂ parameter vector

Y
[ @ 1 a3
voamMsUszuamm b asalninluy
by = by ious + Ab (A.8)

an ! 9/?11.1 [ o AN o a o A A A
I5U03  Gauss-Newton method 1 1dnanunuusasaniamilsdasey 1 dmsensain
& )
il multiple regreesion YUADUUDI Gauss-Newton method Usznouay
1. auyAMMAAISURUYBINITINADS b
Y o ' . . Jq 9 4
2. wvudaeteglugluesaunis differential 1916190005 b UAZANIZTVDUIUA
a a 4 4 1 [}
sumnsaaumaie W 1aTds IWdues Y uadh Y eglugdves algebraic
< 1 J
equation NI la nnwes b 1 luaumsves v 1diae
° o <3| .
3. @519 Jacobian matrix A NANMNIVRILUVIIAY SuvuTAeuilY algebraic
equation A1vea Y /@b w1898 Taens differentiate  HUVIIABI LAD
° < . . . ! .
puusaeuiy differential equation ¥A1ves AY /@b 1d0nns take partial

[ a 14
VY94 differential equation MIVAUMITINADT b

o (ary _ oo
b \dx/ @b (7.9)

uazdalugdunulnidly

4 (20) _ 2%
dx \ab/  ab (7.10)
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s 4 o a a H
aun35 .10 11 ordinary differential equation tHoyiMIBUNNTAIL]E ¥ /3b Al lums
ﬁ’%}N Jacobian matrix A
4. Gl“]’flﬁllmi .7 1O correction vector (:ﬂb)
5. NI1WA Dpere 3IDAUMST A8
Y Y H v ' '
6. MEVUadUN 2-5 aunszna (Ab) Janfesuin uaz @ Imsnasuulasios
1IN 9
an 2 A a a S A A v Ay ' 9
A5UDY Gauss-Newton method uﬁ]zmJ5za‘v]ﬁmwfmmm)mmaﬂﬂmmuag“lﬂam

o ] I . o
@ wazuvuiieeslutinnuilu nonlinear gauniin



