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ABSTRACT

The objective of this study was to predict drying moisture ratio of hot air drying using an
empirical model (EM) and an artificial neural network model (ANNM). Beef was dried under drying
temperatures of 50-70°C and air velocities of 1.0-2.0 m/s. Subsequently, EM and ANNM were applied to
describe the drying moisture ratio of product. Furthermore, prediction resulls between EM and ANNM
were compared with the experimental data. In this sfudy, it was cbviously found that EM and ANNM can
describe the drying moisture ratic effectively. Additionally, it was aiso found that prediction resuits of
Multilayer feed forward Levenberg-Maqurdt ’s Back-propagation ANNM is 0.84 % good agreement with

experimental results than those of EM.

Keyword: Moisture ratio, Artificial neural network, Back-propagation
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9 Henderson and
exp(-gt) + ¢ exp(-ht)
Pabis
10 Midilli MR = g exp(-kl') + bt
Approximation | MR = aexp(-kt) + (1-
kR
of diffusion a} exp(-kbt)
MR = a exp(-kt} + (14
12 Verma et al.
a) exp(-gi)
13 Logistic MR = a /[1+exp(kt)]

2.2 nmisdgndliuunieeslamrnoyszam

ey

woudiaaslessinodszamiviun (artificial
neural network) ynaziionaw 5 97 B0
Ussan (neural network w38 neural net) o
ldsunsunaninsasanivdsuranaasrumna

FILNIIFIWIURUUNBIUATWEAG (connectionist)

PeTdnTTueEas un T inmauadueTuny e

i 6 aliuf 1 W@anunmay - Touow w e 2554

Lﬁa’{hamn’rxﬁnm’umLﬂ%mhm-s:mwluauaa
:Jv:mfﬁ'zﬂ?@aqﬂszaqﬁﬁa:a%um%mﬁa"i‘iaﬁ
anuEnIolunITEouiniieedizluuy (pattern
recognition) wazn1sgduIuaaIuy (knowledge
deduction)lE WAL IR UA WAL TORD LeEn 84
ugvﬂr wuIR A usnTaamaiiad leuannsAnE
s RGN (bicelectric network) luanad
Fadsznavday iwaadszan wia “dasaw’
(neurons) uaz Ieilszauiszam (synapses) udaz
wasdszamdsznaudivdanplunisiunszua
tszaw Gond enlasi® (dendrite) Faiilu input
wasdanplumsdanzusdssamidonit "Laraau”
(axon) daufluinilan output YaILTad LTadNaTTL
gl §AsunWiieil aiininszdudan
?}aﬁﬂmuuaw%ans:s}”u@”wmaéﬁwﬁu RPN |
ﬂs:mm:ﬁjmmmﬂmﬁgﬁwgﬁqtﬂﬁuaémzlﬂu
ﬁaﬁﬂau’hﬁmn‘i:éjumaﬁu 9 saniall 01
nTuFLsE M USING ﬁ'zm'éuaﬁa:na:@umaa‘guﬂ
saldtunisuonoanuasiu auluaafiaionu
s A NN 3B aN s 8T Wi TR AL A 10
Lﬂum"‘sm}"m?iﬁ"mu%'am‘fuﬁmamlugﬂ?ﬂ 2
wuudasalassinodszgmisuaiunsn
L'éuuu.uquanﬁu?{ﬁmm-fu-ﬁaugﬂﬁtﬂuau"mﬁ Y
Azl R uwg R nasu RS §nwe i
ThuiFadu (non-inear) luamSsiasteiuuuiiaas
lassinodszamifisuun gl unsvitwsdandinw
AT RTINS LU IR B AL o uTa LT Failu

NITUIUMTNL AT LT BUR IR S UWRFR S

[ Out

o Iy 3 &
Eﬂ'ﬂ 2 i.i,'].l'l.l’*]'lﬂﬂﬂL‘Hﬂﬂﬂ‘i:ﬁ?ﬂlHﬁﬂﬂﬂN‘%HU



P FirnsTmaas uwinmaueuadun il

cay ~ o a
14 6 atiuf 1 W@swunmau - HQwIuU w.a. 2554

wuustaaslasvinldssaifsuniiaants
o J‘t! o 0
lurwidondouuuitasilarivpdszaimiiou
wuunarpruilawlddrawd (multilayer feed
forward neural network) uaﬂ"ﬁni:u1umn§uu§
sULWWINTz g aundurasarauwdinanainan
A S
(Levenberg-Maqurdt's Back-Propagation) drattlu
o . ° .
witslulassasrsvasuuusiaadlassinodszain
o e wal A v o P o
muunuﬁul"ﬁnqm [22] wasiivaniwuadaltiiuwiu
Twgan (hidden layer) 2w UdanniaFoud
(leaming rate) WYL 0.1 wazil epoch witay 1000
I . & ' - - f
muJumwu_@wwamaaamﬁaauaimwmﬂszmﬂ
\Abu (Neural network toolbox) wasmaiWuad
e = v a¥ s e v
MATLAB it saniiulnssasan lidudauuss g
e wulunmstndalassiodszamifion [23}
Back-Propagation fiaiiluasnainunldlu
— v ' P e 4 da "
msnuugmaa‘[me‘muﬂs:mmmmwmwuuﬂm
Walsuadmnn s Toudaseninsiatanl
e 4 a4 & e s
WU EY laonnsUSuAasiua UAIuLaN a1 81
ﬂ'umé‘vgmﬁﬁ'lmm'l@h'm‘[nimhuﬂizmwLﬁuuﬁ'u
' I's Aw o [ oy wey @
AerananiaiinniTnaasd -gmagawl'mnvm
0 =1 «t a L3 A
Tasadrudszamipuazidiaauiwun e
ﬂaumw@"‘iﬂﬂsaﬁhLlﬂi:mmﬁuw'lﬁﬁwauﬁ
Qnﬁam‘%avﬁwlne'iﬁmamﬂmmam’%a‘lﬂ dFaau
. . o v - [ Aes
lign saavipfazdSudiesnelildmaounaa

@ P
muamlugﬂﬂ 3

Xl

Lanstn
Fupcton

|
[
! Uharpet

A

A

Dearsd
Uaput

3UN 3 nezurumaBoufuusuninsznodaundy

43

msaTshaodeontsulasaaiisues
wudnaaalasnelszamiinulnauisuitlauon
nTieTizveamiiu 2 @14 fa ansTessiwn
Fwaniiitouludutan wasniriaswdad Ty
thuIaulu%wﬁamm:%’mmﬁvgﬁ Tasiuainnas
Jiarzdswmiisanlutusendawianiituan
ﬁ’ﬁauﬁmm:auﬁqﬁ It nsie e e
mﬂaﬁ‘fumutaulu%uﬁﬁauua:%mmﬁﬂﬂI@nnlﬂﬁm
S NAEaIYEIALAEITAINATINTAIN N
ARALATDUNINYA (RMSE) wazsivFulssEning
gaanls () JuamidTanuiwuis auIniy
Frwgae auATNEIRINTeLWR s o S Tnit
Teltuwuuitaalnsatnods amiousungas
wwiasilelassinoszamfiou (neural  network
toolbox) vasmaIWLIF MATLAB Iﬂuﬁﬁagaauwm
(input) yaslasadpls mmaydalsenauede
amnnil, a1u$ran wasanilFluntsanuds

danataving (output) 1aslassdilszainifioy

\
ADFRIIEILAITNTUTBINTITOULWITINIL U
BT S URANS A B AT IRAITUTUNT
auwwIszwintuuuiaadlassids anifounu
wuvsaanauiiaalaslfarsinfisasradiaiy
'uammm‘uaaﬂamﬂmmﬂ%‘auﬁmm (RMSE)
wassgudszaninsaiuly ) lmaSoudiou

ﬁay‘amnmiauuﬁni{a5’Jﬁquau%am:
winiltdnwanaznagavuuuitaaslassdine
sz oo uiu @ Iwa T wAIT
DLW mﬂ'ﬁaga“ﬁaéu 790 TATOURVINNTIBUUAY
svautaurs 9 Gauls Imuﬁgmﬂagaa:gmma
saniilu 2 dru dmusnfftanisindauuusiaes
Tassrnodszanifiouuszdufinioozldive
nagavuwvusiasdlassitodszaninoulunns
FuSaTIEI UA I UTWN UL Faluauianil
Jauas 75 maaﬁagamsauuﬁaa:gnlﬁﬁa'E'Jﬂﬁ'm
wazdnjonar 25 ﬂaaﬁagamsauuﬁw:lﬂﬁa
PARDLATAIM LS TIEI WAL TWN N TAU LRI T8 S

s ' i
LLUU%”I&@GI@N’IHUﬂi:ﬁ"mlmﬂil



44

3. wamanasasuwazianso
321 mamieredaodesnsiulasaiion

AT LU e R T aY TR I By

uan e nraaoleunstulasaadteves
wuuasslnntsUramifnsdaiunsianed
wiswiufinseulutugon wazinzEmINanTu
rhrf[auﬁmm:au'lu%u'wﬁauua:%u’mmﬁwm‘[mLﬂu
MTATIER 10 Fwdariniswisnain lduadail
uxaaliluensef 3 uas 4 awdey

na1Teh 3 war 4 atldwonilannsTy
Tassasvasiundasslosstroszamiinuile
FmIurunesaTIE AL IR sanuR ety

ﬁmauﬁauéﬁgﬂﬁ 4

o a o a d
TN 3 Namﬁmﬂ:ﬁmmuu'nau‘nmm:au

Tutugau
U
NRENMY | TTeu r RMSE
Tutusan
5 0.99840 0.00317
.. 10 0.99944 | 0.00158
Wien
15 0.99867 0.00205
20 0.99857 0.00253

— a < Ca A
f1714EN 4 Naﬂ"ﬁ']lﬂ?ﬁ:“wﬂn’ﬁuﬂ"IUIauﬂL“NW:ﬁN

Tamyiensumand uninmaueiuniunsilie

U9 6 atiuf 1 lhauanTiay - Douwiou w e 2554

Hhdden layer
P

L

£
Inpu: Javer i
S

- Orput Javer
p gt

DR 0
IEUN

AN A

AR AR

ET: o T
i e Purelin tuncuon

‘
»

-
»

. n

v

Tansig function

e . o Pe|
Eﬂ“ﬂ 4 TassinudsamiAnunivanzay

32 wAn T IRIITRRULUTIROOU AR
IMUIEFY
HAN1TILATIEWNITRAN AL LA AR
LuLaadaNRIRRRMNATEN IS LTI
SaEIMANN U Ta LR s Au AL Ee
aglugﬂmﬁuﬂs:'ﬁﬂ%ﬂaamsﬁmﬁula (r) Lazan
FINAAOITOIRNARUNATINAIUARTOLAREY
Vanue (RMSE) Lﬁmﬁuuﬁuﬁaﬂamwﬂaawm
WUUdRaauREAa e 13 wuudians asuanalu

A
AN 5

B19197 5 HANITILATIZRULULS e naNPIng

o o [ 2
FIRTUNITIBLLLWASL WA IR IERNUTAW

lu%tuqﬁauua:%tutmﬁvg@ T
—— RTOPp!
Warngudnnlan i .
wReraw|  Tududou-du r RMSE TOULLINEDY r RMSE
Lmﬁwﬂ Newton 0.94768 | 0.04998
Tansig-Tansig 0.99991 | 0.00128 Page 0.99698 | 0.01202
Tansig-Purelin | 0.99998 | 0.00111 ]
Modified Page i 0.99684 | 0.01230
Tansig-Logsig 0.80579 | 0.31559 e S U U
, ) Henderson and
- 984 .
. Purelin-Purelin | 0.98403 | 0.09209 Pabic 0.97691 | 0.03320
LUaI7 Purelin-Tansig | 0.98694 | 0.05586
Purelin-Logsig | 0.79875 | 0.32556 Wang and Singh 092227 | 0 06092
Logsig-Logsig 0.85680 | 0.28657 L
Logarithmic 0.99564 | 0.01441
Logsig-Tansig 0.99988 | 0.00202 _]
Logsig-Purefin | 0.99991 | 000178 Two term 0.99818 | 0.00931

4 A IUA T T



e TirnIINeEas untivenaueiueTunsd b

o o of =
% 6 aduh 1 1RauInT IR - anuILYw W.A.2554

& a
a7
A - 2
FauULIaed r RMSE
Two term exponential 0.99814 | 0.00940
Modified Henderson
0.99914 | 0.00637
and Pabis
Midilli 0.99832 | 0.00895
Approximation
0.99812 | 0.00947
of diffusion
Verma et al. 0.99818 | 0.00931
Logistic 0.94902 | 0.04931

INATIR 5 WL 1804199 Modified
Henderson and Pabis f;mmmm:ﬁumnﬁq@lu
MR AaTIEIMAN IR AL ALt ey
andaulaoiidl mnﬁq@tmﬁu 0.99914  uaci)
ﬂﬁuﬂamtﬂﬁauﬂauﬁq@ lonfid1 RMSE iy
0.000637 LﬁaamnLﬁ'aﬁ%uﬁgmum‘haaalmjﬁﬂﬁ
LUL§1899149 Modified Henderson and Pabis 3
tnayy aw”lmﬁ%aaglugﬂmaaﬁuﬁszﬁﬂ“{n'\mwi

B
lﬂﬂ“ﬂa;‘ﬂ

3.3 AT NS ATIF IRV TR IR LI
lnguvyuirasslassgsyssamigunuLyusieas
LBUWTAR

HANTY UL SR IHAIINEUNTTALLITS
Waidausoulavuiuitasslassingdszam
vWissldondedsuisudunanisviiung
SamaIuALTUAsa ULl RN RS e A
Tawldan ¢ uasdn RMSE  (Hudsidiaeuaalu

#1519 6 LLB:EUﬁ 5uas 6

45

o PN < I Y
ATHN 6 HANTTIATIEIVNITEUUWAILUEN 19 IHAY

Jau
e
1448773
WUdnasd | Feuundnaed ¢ RMSE
Modified
(BuNIAA Henderson | 0.89914 | 0.00637
and Pabis
. Muttilayer
Tasezny
feed forward
tszamn 0.99968 : 0.00538
- back
WigN
propagation

MR (Modified Henderson and Pabis )

ANAITN B u,a:gja_l“?n" 5 LT 6 WEIW
WE I EE D ATy Bdas AU N0 W
nauwialanlsuiusaeslassisdssamdnni
SniuuuiiaaaeuRsAe Tailitasanuuuiians
lassdnodsrarmAsuigaidanlunisiiond
FILAT1T% AU UHAAWE R ITIT DU Ul
AuFuRutTuFawas L dwiBadulad was
Iﬂsm"]zJUﬁ:mmﬁuuﬁoﬁmmeULm'aﬂ'nu??i
bﬁauazujmulum%mhuﬁﬁmwim%amlmﬁuazm
VUL ﬁmsafamuﬂagu;aﬁa:ﬁs:mawamn
Euwﬂ‘lﬂﬁatmﬁwmmummu GiumsUsE AR
vaslanainodsramiiisniaduwldesaudind e

TIoE7

-
[
[

0.80 -

0.60 - RZ = 0.99914 =1.0033x - 0.0015

0.40

0.60

MR (Experiment}

o . . e o v
Eﬂ'ﬂ 5 a8 TIHRIWANUTUIINNITNIUI LA 18

LUUd1RaaNRI A aNg U LA TSRS



MR (Neutal network)

1.20

1.00

0.80

0.60

0.40

46

R2 = 0.99968 y = 1.0639x - 0.002

0.00 0.40 0.60 0.80 1.00 1.20

MR (Experiment}

P o . o o ™
E‘Lh’l 6 2@ I IURANUTUINNNITNIU UL

lasstsszamigunsunun1snaaas

4. unasu
HAIINNITITHNTIM DS AT EIUA L EUNS
auuwidinansauleslfunudsasouninaus:
wunaaslassnoUamiiouwu v swuudiaas
LWWUNSAE wasuuuIaedlasainodsainiioy
I LT L BUTETIT T EoT FLICEETT PP O I
wind lasfnnudtaaslaseinodseainiiion
s Tavuslduindniauudnaasauiiag
aslilwinoaz 0.84 Waoudunisnesas
wananiudiwuituuuiiseslasstiodszam
Woudianubangudan s ldidiwnoaandm
ﬂ'am%yumiauuﬁau@ia:naﬂﬁm‘ﬂ@umanﬂqu
nne Faulvwasmssusedaiudalddouia

WOUNULLIISRASLDUNIAA

5. na@nssudscand

e 9

W10 VAVDUNH wm?wmé’uquaﬁ“ﬁmﬁ

U

o

Aty AuUNUIY

3

6. tand1Tasde

[11 Gogus, F., “The effect of movement of
solutes on millard reaction during drying,”
Ph.D. Thesis, Leeds University, Leeds, 1994.

[2] Akpinar, E.K, Bicer, Y., Yiidiz, C., “Thin iayer

drying of red pepper,” Joumnal of Food

Engineering, Vol. 59, pp. 99-104, 2003.

(3

{4

[5]

[6]

{7

(8]

(91

(1]

TIETSmnTINeaas srringaneSuaTur L

1% 6 AU 1 lEanunag - ANUILn WA 2554

Senadeera, W., Bhandari, B.R.. Young, G,

Wiesinghe, B., “Influence of shapes of

selected vegetable materials on

drying
kinetics during fluidized bed drying.,” Journal
of Food Engineering, Vol. 58, pp. 277-283,
2003.
Passamai, V., Saravia, L., “Relationship
between a solar drying model of red pepper
and the kinetics of pure water evaporation |~
Drying Technology, Vol. 15 (5), pp. 1419-
1432, 1977a.

Passamai, V.. Saravia, L., ‘Relationship
between a solar drying model of red pepper
and the kinetics of pure water evaporation 11"
Drying Technology, Vol. 15 (5), pp. 1433-
1457, 1977h.

Midilli, A., Olgun, H., Ayhan, T, "Experimental
studies of mushroom and pollen drying.”
International Joumal of Energy Research, Vol
23, pp. 1143-1152, 1999

Sarsavadia, P.N., Sawhney, R.L., Pangavhane,
D.R., Singh, SP., “Drying behavior of brined
onion slices,” Joumal of Food Engineering, Vol.
40, pp. 219-226, 1999,

Midilli, A, “Determination of pistachio drying
behavior and conditions in a solar drying
system,” International Journai of Energy
Research, Vol. 23, pp. 1143-1152, 2001.
Azzouz, S, Guizani, A, Jomaa, W., Belghith,
A, *Moisture diffusivity and drying kinetic
equation of convective drying of grapes”
Journal of Food Engineering, Vol. 55, pp.
323-330, 2002.

Kaymak-Ertekin, F., “Drying and rehydrating
kinetics of green and red peppers,” Journal
of Food Science, Vol. 67 (1), pp. 168-175,

2002.



Erieanaumaad uwrinmapatuedunydlsal

oy o A =
Un 6 auun 1 Lﬁaunmmn - HQ"H'WU“H W.€.2554

[11] Diamante, LM., Munro, P.A., “Mathematical
modeling of hot air drying of sweet potaio
slices,” International Joumnal of Food Science
Technology, Vol. 26, pp. 99-109, 1991.

[12] Diamante, L.M., Munro, P.A., "Mathematical
modeling of thin layer solar drying of sweet
potato slices,” Solar Energy, Vol 51, pp.
271-276, 1993.

[13] Ratti, C., Mujumdar, A.S., “Solar drying of
foods: modeling and numerical simulation,”
Solar Energy, Vol. 60, pp. 151-157, 1997.

[14] Baughman, D.R., Liu, Y.A., "Neural Networks
in Bio-Processing and Chemical Engineering,”
Academic Press, New York, 1995.

[15] Erenturk, K., Erenturk, S., and Tabil, L.G., “A
comparative study for the estimation of
dynamical dryinrg behavior of Echinacea
anqustifolia : regression aralysis and neural
network,” Computers and Electronic in
Agriculture, Vol. 45, pp. 71-90, 2004.

[16] Hernandez-Perez, J.A., Garcia-Alvarado,
MA. Trystram, G., and Heyd, B., “Neural
networks for the heat and mass transfer
prediction during drying of cassava and
mango,” Innovative Food Science and
Emerging Technologies, Vol. 5, pp. 57-64,
2004.

[17] Kerr, W.L., Kerdpiboon, S., Devahastin, S,
“Neural network prediction of physical
property changes of dried carrot as a
function of fractal dimension and moisture
content,” Food Research International, Vol
39, pp. 1110-1118, 2006.

(18] Erenturk, S., Erenturk, K., *Comparison of
genetic algornthm and neural network
approaches for the drying process of carrot,”
Journal of Food Engineering, Vol. 78, pp.
905-912, 2007.

19

(20]

[21]

{22]

(23]

a7

Martynenko, AL, Yang, S.X., “Biologically
inspired neural computation for Ginseng
Drying rate,” Biosystems Engineering, Vol
95 (3), pp. 385-396, 2006.

Ruiz Celma, A, Rojas, S.. and Lopez-
Rodriguez, F., *Mathematical modeling of
thin-layer infrared drying of wet olive husk™
Chemical Engineering and Processing, Vol
47, pp. 1810-1818, 2008.

Jain, D., Pathare, P.B. “Selection and
Evaluation of Thin Layer Drying Models for
Infrared Radiative and Convective Drying of
Onion Slices,” Biosystems Engineering, Vol.
89(3), pp. 289-296, 2004.

Movagharnejad, K., Nikzad, M., "Modeling of
fomato drying using artificial neural network,”
Computers and electronics in  agriculture,
Vol. 59, pp. 78-85, 2007.

Hagan, M.T., Demuth, H.B., and Beals, M,
“Neural Network Design,” PWS Publishing
Company, USA, 1996.



