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Development of Mathematical Modeling for Ginger Slices Drying Kinetic

Using Infrared-Vacuum Dryer
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Abstract

The objective of this research was to develop mathematical modeling for ginger slices drying
using infrared-vacuum dryer. Furthermore, drying kinetic, specific energy consumption, color and water
activity were studied and the modeling was executed by empirical equations. The experiment was carried
out by drying temperature of 50, 60 and 70°C with absolute pressure of 10 kPa consisting of 2 conditions
of constant vacuum pressure and pulsed vacuum pressure with time ratio of vacuum pressure versus
atmospheric pressure time at 15:2. The result shown that drying rate increased when drying by pulsed
vacuum drying and increasing the drying temperature, whereas drying time and specific energy
consumption decreased. The quality analysis of dried ginger slices at 70°C revealed the lowest of
lishtness, redness and yellowness. Moreover, ginger slices dried by pulsed vacuum drying had no
statistical difference in the color of samples. In addition, the values of water activity of dried ginger slices

were within standard at about 0.405-0.537. Finally, Mildilli's equation was suitable for predicting the
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drying kinetics of ginger slices with the highest coefficient of determination (R?) at 0.99947 whereas the
lowest root means square error (RMSE) and sum of squared error (SSE) were 0.00722 and 0.00059,

respectively.
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wazvilldnalunsoundsduas uaﬂmﬂﬁlﬁaLU%'&JUL%U%%msauLLﬁﬂquqzyzywmﬂmﬁuaszjcycywmmwuﬂ’aéﬁ
grumginmseuuiadendu wud msuwisiaaanauuuiaddauAuUdemdanusumgininseuuiuy

qeyayniAnsi Inefgamgiiouwia 50 60 wag 70°C asilmnuduiomasnuinmeanadlaenfsUssinuiosay

iR ]
]

16.99 6.19 wag 11.03 mud1au MailileaninmssuwistiulaiidyanniALuuiadasasanssaneiivesdadaing

v

D

a a

wazvhlvlananlunisauwiaduas 3avihlianuduldomdsnusimistiosawnuluaig [8-9] lnensauwraiuden

gomALuUTaduazgmiauuis 70°C ImnuduUiemaaud iz daeianiviniu 24.25 MI/Kg,uer cvap.

a0
34.28 BvD EPVD 152
30_?3 28.19 27.26

= o 24.25

W
=
I

SEC (MJ/Kg )
[ % ]
=

10

50 60 70
Drying temperature (°C)

= 2 & 1% ° oy 2 a
AN 4 ﬂ’J’mﬁ‘uL‘UaE]QWﬁNWuﬁﬂLWWﬂumiaULqu"Ud

3. duazdsunuundase

151991 2 USUnaundaseuas #vaatuTanauLasnaIa UL

Method T (°C) a. L* a* b* AE
Fresh 0.994+0.004°  76.98+3.13*  1.66£0.50°  6.87+3.69° N/A

50 0.4910.083%  72.63:2.64°  4.28+1.05°  4.52:2.05%  6.24+2.66°

VD 60 0.537+0.079°  73.16:2.81°  3.12+0.99®  3.35:2.23%  6.69+2.18°

70 0.529+0.050°  68.54+2.80°  2.36+1.83" 1.03+2.35° 11.24+3.00°
50 0.443+0.0245  73.37+3.73° 1.77+1.15¢ 2.87+2.28 6.45+3.34°
PVD 15:2 60 0.458+0.080°°  73.22+5.74° 1.88+1.39¢ 4.16+5.07° 8.17+4.49°
70 0.405+0.048°  71.21+3.31°  1.81+1.19° 1.73+2.28° 8.72+3.36P

a-c means in the same column with different superscripts are significantly different (p<0.05)
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90

USunadaszvesduliandeeuuiadiateglugg 0.405-0.537 a5l 2 FeidAegluinueiinnsgiu

a

Ao deldiAu 0.6 Aunsduszinnesliaunsanigld viliawnsaiusnududmaseuwialildaum [10]

v

HoWa15a9iAId wuin TudseuwimidaianualnslnalfesiulazdaranasessilidsdAgdeUTouiisuivia

o—

o

an lngianzigaungleuusia 70°C awilA1Auad1efan WeaNgumiin1souuieig WUy lidewnd s Ul
JENAENTY dTuTNeULTIBayINIAKUUTaddAduLAslndlAs s uTan e in1TouwiswuLayyINe

A =

AN AnAuniunltuiuyueg 1L Fan1seunisuudayyInansiayldailunseuwisnun g ainie

wuutad diunAndindotwesdudadiAianannimeass wenaintllefiansananuuanaevesdinesiu (AE)
wudn lifianuuaneiuegrsidedidey (p>0.05) sntiun1souLiILUUEINAAIA Tgumnai 70°C AeilAn
ANuLANAesElaesmInTign Wesniduniseuniiigamglguasldailuniseunisuuningaainie

PR s

o gme ' a a 0w
LUUNAEEINANDNTURIULUAIEREN9YALAU

4, WUIaRWNRdnAIEnSNRS AR

o

A15797 3 ANAINIVBIFUNISLOUNS AR

Model  Con. T (°C) Constant R? RMSE SSE
50  k=0.00866 0.97120 0.05621 0.04108
\b) 60  k=0.01061 0.98134 0.04502 0.02229
70  k=0.01388 0.99831 0.01283 0.00165
Newton 50  k=0.01032 0.99053 0.03100 0.01057
PVD 60 k=0.01231 0.99160 0.02950 0.00871
70 k=0.01699 0.99796 0.01473 0.00174
Average 0.98849 0.03155 0.01434
50 k=0.00103 n=1.43374 0.99919 0.00940 0.00115
VD 60  k=0.00221 n=1.33076 0.99917 0.00949 0.00099
70  k=0.01101 n=1.05146 0.99885 0.01059 0.00112
Page VD 50  k=0.00382 n=1.20869 0.99919 0.00907 0.00090
60  k=0.00492 n=1.19905 0.99873 0.01149 0.00132
70  k=0.01144 n=1.09179 0.99938 0.00809 0.00052
Average 0.99909 0.00969 0.00100
50 a=1.07831 k=0.00926 0.97804 0.04908 0.03131
VD 60 a=1.05482 k=0.01113 0.98492 0.04047 0.01801
Henderso 70  a=1.00802 k=0.01399 0.99839 0.01252 0.00157
n and 50 a=1.03772 k=0.01069 0.99232  0.02791 0.00857
Pabis PVD 60 a=1.02874 k=0.01263 0.99266 0.02760 0.00762
70  a=1.00986 k=0.01714 0.99809 0.01425 0.00162
Average 0.99074 0.02864 0.01145
50 a=9.98493 k=0.01635 ¢ =0.01800 0.99848 0.01292 0.00217
VD 60 a=5.70171 k=0.00562 ¢ =0.00491 0.99565 0.02174 0.00520
Verma 70  a=1.00050 k=0.01390 ¢g=- 0.99837 0.01260 0.00159
et al 50 a=-0.62900 k=0.02519 ¢ =0.01360 0.99891 0.01050 0.00121
PVD 60 a=-0.82488 k=0.02714 ¢=0.01661 0.99866 0.01180 0.00139
70  a=-0.03460 k=0.00015 ¢ =0.01564 0.99972  0.00550 0.00024
Average 0.99830 0.01251 0.00197
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50 a=0.98920 k=0.00084 n=1.47262 b =0.00001 0.99929 0.00881 0.00101

VD 60 a=0.99602 k=0.00254 n=1.29379 b =-0.00006 0.99960 0.00658 0.00048

70 a=1.00133 k=0.01304 n=1.00718 b =-0.00007 0.99922 0.00871 0.00076

Midilli 50 a=0.99911 k=0.00471 n=1.15523 b =-0.00009 0.99974 0.00513 0.00029
PVD 60 a=0.99591 k=0.00574 n=1.15717 b =-0.00008 0.99919 0.00916 0.00084

70 a=0.99972 k=0.01362 n=1.04315 b =-0.00010 0.99977 0.00495 0.00020

Average 0.99947 0.00722 0.00059

v :
&

Wednsdiuanuduilannuanismaasseuuied udeiianududuysal 10 kPa LuuAIIUAY

v

qz:yzyﬁmﬂmﬁ (VD) wagmNuAUgayuIMAwuUad (PVD) 15:2 LLasqquﬁaULLﬁq 50 60 tag 70°C lUdasen
MAMISITNDIVBILUUTIABIAMAAIENSLONNTAAIIUIU 5 1A LaLA LUUTIa8s Newton, Page, Henderson
and Pabis, Verma et al. tag Midilli mewmaiansinsizvaunisanasswuuliiidadu (Nonlinear regression)
sz“famei’ﬂaaamqm‘jmmam%ﬁmmzam’[,um'ﬁﬁnmamﬁLU?{auLLanmmsﬁumm-ﬁu%Qﬁmmxamﬁqm NIITUN
Mnanuuiuglumsihunedeasdessiindudsyavimsdnaula (R) gefian uazfisnsananaeuianaialy
Msvhedadesiansniidesesnunainndoufidsaeinde (RMSE) warnasiufdasinnunaninden
(SSE) siniigm [1, 4, 10)

PnmMshaTsin wwudeesndamansiouiidar 5 aums fendulszaninistadulaoglugis
0.97120-0.99977 msﬂﬂﬁaawaammmammﬁauﬁﬂé’naam?{aasﬂusﬁa@ 0.00495-0.05621 WAZHATINANAIADY

an o

mwmammﬁauagﬂmﬁa 0.00020-0.04018 Wanndluas199 3 Feaunisienianaves Mildilli awsavinewa

< v a

naiAsuulasaadulfaenndastunanisnaansiign lnsfiradsdulssavdnisinavlagean (R=0.99947)
Aadssnfiaesuesniunainind euridadeaadediian (RMSE=0.00722) uarA ind snasiuidsasininy
AaRLAADUATIAR (SSE=0.00059) deAnd aefunuAdan sdnuiaaunamaniniseuniadenesuydy danuin
LUUTIA83983 Midill Tarsnmsngaslunisiiuionisid suutasaufusndian (1] wasudlotrAanis
Wasuuasdrrdueuduiildannmmesssuazadamdiumuiuiisusilfnaunises Miditi snaghg
nsmiFsuiiisutudanmd 5 () nuirduualivlvluienafeatunnnismnass uenniidleasiensm
AT US YIS T A AL TUIINHANITNARBITUNAN A IUINA 8 ANN 15D Mildill nanssagud 5 (1)
WU fanuduiusvestoyainiznguiuluuundunss uasdanuatnduve udunuilily 45 a3 uanein

wuudaeaves Mildilli anansavihunenisilisundasdnsdiuninuiuredudldvansauiagn
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1.0 1.0
B yp 50°C ® VD 50°C
08 - A D 60C 08 {4 W
0 & \D70%C ] ® \0 C
£ 06 X PVD50°C ‘?ﬁ 06 4 X PvDs0C
- X PVD6DC a X PVDEOC
204 - - PVDT0°C E 04 4 = PoT0OC
" ks 2 0.999x + 0.0004
02 - 0.2 i okl
R? = 0.9995
0.0 0.0 T T | T
0 60 120 180 240 300 360 420 0.0 0.2 0.4 0.6 0.8 1.0
Drying time (min) Moisture ratio (exp.)
(N) BRTIFIUANUTUAULIAT () BATIFIUANUTUIINHANITNAGD
LagNaN1SINUNY

AN 5 LUSHULTIBUERTIE@IUANLTUTOITUTIANHANITNAADILATHANITYINIUIEAIBLUUTIADY Midilli

NOUWIAIE YN ALUUASTIRAZEYINAWUUTSS 15:2

#3UNan1339Y

v a

ey InATINAvIUNTHIAN YN 50 60 WAz 70°C WagAINNAUY

U

N130ULAITUTINILLATIBUL
duysal 10 kPa 71 2 Reuly Ao ANUALELAINMARTILAYAINAUGYUINARUURAFNINTIEINTENINILIa1
Juanudugganniasedanafiduauduusseinia 15:2 wudn nsiiivgamgliovwisiudeligauiinari
TisraliaTlunsaUuiuarANNAUUERINEILANST WAYNITOULATUTITIAUAUEINALUURAFENINTA
auwidulsldiininfianudugagayiniaad Wunaliszeznailuniseuwiuazanududdemasuanas

[T oo v v & a o % o ¢ a % o % o
Wk eagdldinseuuisdulsiinnudiugyamasuuiaduazgungiiouwis 70°C THanluniseuuis
v oA = Y a v o o v o W v S a
Youian uardauFuUAemndsnuIUMEAgAIAY 24.25 MI/KSnier cvap. ENMTUAUAMAINYDITUTS
WU USuauindasyuedBudamnmavinaesiiaieg sewing 0.405-0.537 Feegluinaeiannsgiu fe danladiu 0.6
nsldgamgilovuwisiiuanseiulunseuwisiudaianudugaannmatuuiadliiinnuuanssediadved iy
YDIAIMNULANANYBIELALTIN UarguUNNTB UL 70°C danararIAIINaINe ANEWA kazAdnaaveduTal
wltueinge wenntuuudnaewnendinenansionisAanldvinune M Uas Uk AR TEIUANUTUYDITUTS
Iemangay Ae aun13vee Mildili Fsfimnuwdugilunisinunegean lnedanadudulssdnimadndulagean
Wiy 0.99947 uazdiAnfanainlunisvitunesifign laedia1snfisewesrnuaainniouindaetadoniian

WU 0.00722 UagNaTINMEIERIRNUARIALAGOUMNGAWINTU 0.00059
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