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Abstract

This study aimed to determine the effects of power level and sample mass on moisture ratio of holy basil
leaves undergoing microwave drying process. Various microwave power levels ranging from to 164 to 752 W were
used for drying of 30 ¢ of holy basil leaves. To investigate the effect of sample mass on drying, the samples in the
range of 30 to 90 g were dried at microwave power level of 752 W dried holy basil leaves to reduce the moisture
content from 5.19+0. 13 Gyater Sy matter - 0 0.06+£0.02 Suater Seiry matier . Mathematical models including the Newton,
Henderson and Pabis, Page, Wang and Singh and Logarithmic models were evaluated for describing the drying
kinetics under various microwave drying conditions, Page’s model gave a better fit for all drying conditions used as
the highest coefficient of determination (R°), the least chi-square (}°), the lowest root mean square error (RMSE)
and mean bias error (MBE). The effective diffusivity varied from 4.15x10™" - 2.76 x10"° m?/s and the activation
energy for microwave drying of holy basil leaves was 19.85 W g” which was well explained by an exponential
expression based on the Arrhenius models.

Keywords: holy basil leaves, microwave drying kinetics, mathematical model
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ngins1 (Ocmum sanctum L) 1dufigdnsanan  au aneimsviesdarteatle iudu uenmnilssanunsoadn
wsoanaiilduarudenanduilnadiolilunisvszney  dhduvenssmennlungmeidduinduneussiveasiians
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Wang and Singh ae Logarithmic (Table 1) n1311A1
Snmduanutuanansadiuanléann Eq. (1) Ingsuuuy
AUN1TAINENADAAADINUNUITBUY Ozbek and Dadali
(2007) waz Evin (2012)

M M, _M, (1)
M,—-M, M,

MR =

lo MR fio Snsrdaunutu wag M, M, M. Ao aniud
nalay anududusiu uazaruduauna audiiy ey
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Table 1 Mathematical models given by various

authors.
Model name  Model equation Reference
Assawarachan
Newton MR = exp(—kt)
et al. (2011)
Henderson Dadal et al.
. MR = aexp(—kt)
and Pabis (2007)
n Pongtong et
Page MR = exp(—kt ) gtong
al. (2011)
Wang and 2 .
. MR=1+at+bt" McMinn (2006)
Singh
L Assawarachan
Logarithmic MR = aexp(—kt) +c

et al. (2013)
k = drying constant (min-1), n = drying index, and a, b

and ¢ = model parameters

aArduUszdnsnisandula (Coefficient of
determination, R°) A1lafdaavaas (Chi-square, ¥°)
ANINTideveInuAIALAAeUR S EoLaaY (Root mean
square error, RVMSE) uazaanuaainiadouieuidends
(Mean bias error, MBE) \{umsifimoinsadngstielunng
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Newton, Henderson and Pabis, Wang and Singh Lag
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Figure 1 Figure 1 Moisture ratios for holy basil leaves
versus time at various microwave power levels for
sampl mass of 30 g, comparing experimental curve
with most predicte semi-empirical Page’s equation; @
164 W, 0231 W, O 465 W, A 605 W, ® 752 W, —

kinetic model.
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PIUAIANUAUNUSTENINITAS1EIUAIUT UV
AL NLAIINNTVNUNEAIBWUUTIADIN A AFANSVD
Page fmlnalAssiusnsidrunnuduinlanainnismnaes
) . = a )
fauansly Figure 1 FalunuImiafeaiuauees Dadal et
al. (2007) wag Ozbek and Dadali (2007) LilaWa15041AN k
NUINEHA ANV 8TEAUAS I 1UYeIRAUluTATL LAY

qdéﬁu Falviduinnsiussium§anuvesedulilasiames
¥lidulAsnsevuietinnuainduiiu wandiiiudents
RUTUYDISMIINTOULHS IWUREIAUAT N YeLUUTIABY
NNANNAIENTIDY Page ﬁﬁwqqqmﬁssﬁu 752 W Lazile
ﬁwqmﬁizﬁu 164 W

Table 2 Statistical analysis of models at various microwave power levels.

Models Power (W) s X RMSE MBE
164 0.9676 0.1935 0.1111 0.0123
231 0.9692 0.1756 0.1019 0.0104
Newton 465 0.9760 0.1801 0.0920 0.0085
605 0.9485 0.2008 0.1466 0.0215
752 0.9612 0.2203 0.1341 0.0180
164 0.9749 0.1428 0.0879 0.0077
231 0.9762 0.1312 0.0800 0.0064
Henderson and Pabis 465 0.9819 0.1375 0.0702 0.0049
605 0.9559 0.1378 0.1240 0.0154
752 0.9661 0.1687 0.1163 0.0135
164 0.9989 0.1219 0.0209 0.0004
231 0.9992 0.1200 0.0148 0.0002
Page 465 0.9995 0.1310 0.0095 0.0001
605 0.9993 0.1138 0.0163 0.0003
752 0.9980 0.1413 0.0291 0.0008
164 0.9942 0.1575 0.0465 0.0022
231 0.9919 0.1502 0.0520 0.0027
Wang and Singh 465 0.9948 0.1609 0.0453 0.0021
605 0.9819 0.1663 0.0849 0.0072
752 0.9960 0.1728 0.0419 0.0018
164 0.9957 0.1380 0.0366 0.0013
231 0.9932 0.1274 0.0428 0.0018
Logarithmic 465 0.9949 0.1376 0.0371 0.0014
605 0.9846 0.1367 0.0732 0.0054
752 0.9965 0.1713 0.0376 0.0014

Table 3 Coefficients of Page’s model estimated at various microwave power levels.

Power (W) k (min™) n
164 0.0134 1.9319
231 0.0347 1.8429
465 0.0903 1.7277
605 0.1637 2.5158
752 0.3051 2.2760
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3.2 WanseNUYenhIMINIRE NTavaUNamIaRsN TS
QUUILUNZINTT

AsAnwINAveIITNE 108197 30, 50, 70 wag 90 g
AensiUasunlassnsduanutuveslunsinsilusening
msounisenaulalasiniissiu 752 W nudldailu
NSOUWIN 2.75, 5.00, 6.00 Uag 7.50 min aua16u (Figure
2) mﬂm’m%uﬁf'uﬁu 5.1940.13 Quater Sdry matter . OUWIAU
\MABAUTY 0.06+0.02 Quater Sy matter - LABAITOUWAILU
nEmsIianidn 30 ¢ avldiaanluniseuuiadosning
thwitin 90 ¢ s 2.73 W seiinanfildluniseuuiaasiuog
Authminvesnedeild Tnewleuiudminfedn szl
Thanlunseuniaiiuiudie aonndosfunanuidoves
Dadal et al. (2007) waz Ozbek and Dadali (2007)

navasimtingaedeianisidsundasnnutuvesly
nsnslusgminamseuuianenaulalasion nsinsizi
WIAINITITLAD AN VashuUTIaoINAdna1ans Iagld
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ANURANaIAlUN T UIBLUUTIaRmsAtindans 1Ju
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Mzl FatunsiassiuuUsiassiunzanlunis
¥unesnsinisiasunawesdnsidiuaiuiuresly
v lusznineniseuwislunsmsiseniululasnis
fsauuUasmendamansfidal £ fuinuaziian
2 RMSE, MBE fisniniuudiasmnandamansiuuudug
WletuSeuLfisufy (Maskan, 2001; Dadal et al., 2007;
Ozbek and Dadali; 2007; Assawarachan et al., 2011)
Table 4 LAAIAINITITLABSLAZNITILATIEINIADAVD S
LUUSIaBIMeAdnA1and 3931yl nuusiaenig
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0.9995 UBNaNTA1 ¥ DgsEming 0.1311-0.1412 A1 RMSE
wazA1 MBE ag/luyas 0.0068-0.0291 uag 0.0001-0.0008
PINEITU §991nN15ANwIvee Dadal et al, 2007 wudn
WUUSIaRIIAdnAIEnIU Page danumunzaulunis
¥unensasunlainutuvenseiseuidoalusewing
nrseunesruadululasianiguiy Table 5 wans
AIN131TL0 050U UUTIABINNAGAAIARS VY Page 39
IfuArmfinisauwie (k) Adasinseuws (n) uway Figure

2 uansAndilgannmsvhunesnsiaiunnutuvedunsimng
Tussminamseuwiemeadululasanfissiuidsaunsd
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. 1.0 Figure 2 Moisture ratios for holy basil leaves versus
' % 0.8 time at various sample mass for microwave power
E .
£ level of 752 W, comparing experimental curve with
*g 0.6 most predicted semi-empirical Page’s equation; ® 3
g g, A 50 ¢, @70 M0 g, — kinetic model.
g 04
L
2
S 02
0.0 ®e

0 2 4 6 8
Drying time {min)

Table 4 Statistical analysis of models at various samples mass.

Models Weight (g) R Va RMSE MBE
30 0.9612 0.2203 0.1341 0.0180
50 0.9727 0.1866 0.1004 0.0101
Newton
70 0.9675 0.1960 0.1129 0.0127
90 0.9680 0.1995 0.1133 0.0128
30 0.9661 0.1687 0.1163 0.0135
50 0.9781 0.1434 0.0803 0.0065
Henderson and Pabis
70 0.9738 0.1461 0.0915 0.0084
90 0.9745 0.1478 0.0911 0.0083
30 0.9980 0.1412 0.0291 0.0008
50 0.9999 0.1342 0.0068 0.0000
Page
70 0.9992 0.1311 0.0172 0.0003
90 0.9990 0.1326 0.0193 0.0004
30 0.9960 0.1728 0.0419 0.0018
50 0.9191 0.1693 0.1545 0.0239
Wang and Singh
70 0.9939 0.1647 0.0491 0.0024
90 0.9947 0.1645 0.0460 0.0021
30 0.9965 0.1715 0.0376 0.0014
50 0.9942 0.1458 0.0413 0.0017
Logarithmic
70 0.9952 0.1449 0.0392 0.0015
90 0.9960 0.1455 0.0359 0.0013

Table 5 Coefficients of Page’s model estimated at various sample mass.

Sample (g) k (min™) n
30 0.3051 2.2760
50 0.2092 1.8295
70 0.1119 1.9610
90 0.0682 1.9621
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3.4 AINENIUNTEHY
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Figure 3 The effect of power level/sample mass on drying

constant of holy basil leaves.
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