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Figure 1. Drying setup used in this study.

03 sl L gad (0355 5l ey LS (555
ool aalsl e Al b s S 15 olas
Lo god g S gby Oljan 0SS5 B gy o
bl aslsl sy A sl @

oAb B s ey ol tlaesls T 5 bl 2 b
5 el Sy Sl T s sl Slels
b 53 S5 Ol 3 Lan Sl avlie (sl
aw s Lamalesl adS s eslizal o ys 40 Sluabl
S esliral Uy Laesls g bl 3 JUT s plosil 1S
W <=L>,L}\ \# as.. Minitab )|)-é\<=f'

St )z Sl (2 Sl A
Sl Je n g (8L 5 350 Glae g 03 S
Vo s Laesls 0T 03,5 as aul b Cio
A Casby el A 55l (V) Jade Jue
Aol s Vbl Sl el Lol Jub s 0l
Csb,y e S My s Me My MR 0f 3 45 (VA)

Cosb,y d Ol po Cosb, Ol (s O) (oo

YA

Slaosoe 3l sy ¥ ol el sl

S5 0hd 03 O L o3l ghls 550
ﬁﬁg.mﬁ)\;cyﬁﬂmw\ym
sl sy o, V0 Salasl a3 Ladpel s
S 0L L) s Jedhn (o me 5o ek sl
s S I3l P s YO X Ol an L (4l
A a5 i ys gl S (4a3s F) Sl i Ol
(e 39— odal i 4 ged 3 &}“@‘““5
05 Slargsnns 55 P o 53 ks
Ve v losaw 5 Dl YO 3TV AA OIS an b
038 s Ad S 51 301 S sl a3 A
S e S s Jlaas a5l 5 b Sl e sed
Vo eSS I s LS BT e e
Smm 45 Do ol Al S5 UL 4dss
s IS 5o b 5l anl B eds S ol cadS
o Lads sad e 5 B gt oSt 55 0l 4

‘-Jl—:"’Li" LSJ).\J—? L—M"}: 3 C)Lﬁ- oKas )\ o



OS2 9 (0155 1,000

3 Me<<My 5 Mo<<M, (355 dslaa 53 &S bl

) aaly (0) ol Lolal LB 55U Ml

“.j fii) St osle gle o adsl cusby 5 Jols
| (&..L;— osle (ajif

V) 38 o3l ¥ dlaly S geo 4 Ol o _M,-M,
v M,-M, N ey
MR ="~ ¥ b,
0
03 S oS St i S 03l 3590 (L, slade -Y Jgd
Table 1. Mathematical models used to predict drying kinetic.
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Figure 2. Experimental drying curve of Myrtus fruit by combined microwave-hot air drying method under primary

shock of 300W.
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Figure 3. Drying time of Myrtus fruit under primary shock of 300W.
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Figure 4. Drying rate of Myrtus fruit at 80°C under primary shock of 300W.
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Table 2. Parameters related to the models of thin layer drying for Myrtus fruit at 80°C under primary shock of 300W.

e o SR PO NICIPRVY SRS PO NINCHPS I 35wl a3 A ol YO
I\/I?(()iel 180W, 80°C 300W, 80°C 450W, 80°C
1 k=0.0517 k=0.0815 k=0.1122
R’=0.9896 RMSE=0.0885 R?=0.9748 RMSE=0.0796 R’=0.9805 RMSE=0.0728
5 n=1.0724 k=0.0414 n=1.5485 k=0.0191 n=1.7804 k=0.0182
R’=0.989 RMSE=0.0991 R’=0.9797 RMSE=0.0783 R’=0.971 RMSE=0.0671
3 a=1.0454 k=0.0541 a=1.3838 k=0.1081 a=1.8673 k=0.1826
R’=0.9901 RMSE=0.0888 R’=0.972 RMSE=0.0681 R’=0.9738 RMSE=0.0743
4 iz()l (?56‘?1 c=-0.0598 kj0.0835 a=1.3699 ¢=-0.1062 kj0.204 a=1.9968 c=0.0305
R’=0.9942 RMSE=0.0809 R"=0.9808 RMSE=0.0699 R"=0.9872 RMSE=0.0591
a=0.006  b=-0.0087 a=0.0015 b=-0.014 a=0.0001 b=-0.0063
5 n=-0.067 k=-5.5078 n=-0.0788  k=-7.22 n=-0.133  k=-10.7925
R’=0.9859 RMSE=0.0710 R’=0.9904 RMSE=0.0528 R’=0.9849 RMSE=0.0485
a=0.5227 b=0.5228 a=0.6919 b=0.6919 a=1.9389 b=2.194
6 k;=0.0541 k,=0.541 k;=0.1081 k,=0.1081 k=0.1895 k,=-0.4859
R’=0.9903 RMSE=0.0716 R’=0.971 RMSE=0.0683 R’=0.9797 RMSE=0.0606
7 a=1.5165 k= 0.0622 a=2.0649  k=0.1295 a=2.412 k=0.2031
R’>=0.9982 RMSE=0.0174 R’>=0.9981 RMSE=0.0214 R’>=0.9968 RMSE=0.0251
] l%z()l 321162 a=1.0541 az=1 383 g=2757.75 k=0.1081 kj0.1826 a=1.8673 g=5147.8
R%=0.9909 RMSE=0.0486 R"=0.9762 RMSE=0.0662 R"=0.9791 RMSE=0.0599
a=0.3485 b=0.3485 a=0.4613  b=0.4613 a=0.7979 b=2.197
9 ¢=0.3485 k=0.0541 c=0.4613 k=0.1081 c=1.141 k=0.1895
g=0.0541 h=0.0541 ¢=0.1081 h=0.1081 g=0.4859  h=0.1895
R’=0.9939 RMSE=0.0761 R’=0.9797 RMSE=0.0569 R’=0.9924 RMSE=0.0829
10 k=0.0517 n=1 k=0.0815 n=1 k=0.1122 n=1
R?=0.9803 RMSE=0.0749 R’=0.9716 RMSE=0.0843 R?=0.9778 RMSE=0.0838
1
——Fitted to Two-term
exponential model
0.8 A 130W
- * 300W
‘@, g, 06 1 450W
3 g
" =
]5 S 04
g é 0.2
0 ‘ : : .

12 20 28 36
(42ds) Ol

Time (min)

.Q“g\"" 4._.‘}‘ ts‘yﬁd.aﬁﬂ;‘;ﬂ‘.w

44

a3 A gl 53 pled (ladkesr s o Lo g omd Cusb, GLaesls sdd S w5 28 gl -0 IS

Figure 5. Experimental and predicted values of moisture ratio using two-term exponential
model at 80°C under primary shock of 300W.
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Figure 6. Comparison of fitted data with experimental one by two-term exponential model.
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Figure 7. Effective moisture diffusivity values (Deft) at different temperature under primary shock of 300W.
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Abstract

Background and objectives: In traditional medicine, a decoction of leaves and fruit of Myrtus
are used to address the problems such as stomach disease. Fruits and vegetables are highly
susceptible to microbial spoilage due to their high moisture content. For this reason, drying
methods have been developed to prevent microbial spoilage. The most common method is hot
air drying, but combination of this method with others like microwave drying is developed to
solve hot air method disadvantages such as low drying rate and high energy consumption.
Therefore, the aim of this study was to investigate the effect of combined microwave-hot air
drying method on mass transfer and drying kinetics of Myrtus fruit and to find the best
experimental drying conditions in terms of time, rate, and mass transfer.

Materials and methods: In present study, drying process of the Myrtus fruit by combined
microwave-hot air under microwave pretreatment was investigated. Drying experiments were
performed at combined powers of 180, 300 and 450/ and three temperatures of 60, 70 and
80°C under microwave pretreatment at powers of 300, 450 and 600/ in a domestic microwave
device. Experimental data were fitted to 10 mathematical models to study drying kinetics of
Myrtus fruit. Also, fitting quality of equations was evaluated using coefficient detemination (R”)
and root mean square error (RMSE). The effect of the combined method on mass transfer
coefficient and activation energy of samples were also investigated.

Results: kinetic analysis of process showed that among 10 common kinetic models, exponential
Two-term model fits well the present combined method in mentioned power range. The results
showed that at a certain temperature with increasing microwave power, drying rate constant (k)
of exponential two-parameter equation describing drying behavior of the Myrtus fruit increased.
According to the results, at a certain temperature, with increasing microwave power, drying
time decreased and drying rate increased. The highest drying time (46 min) was obtained at
combined power of 180/ and temperature of 60°C. The lowest drying time (19min) was
obtained at 450/ and 80°C , which was 58.7% lower than the maximum drying time. The
results revealed that with increasing microwave power at a certain temperature, diffusion
coefficient of Myrtus fruit increased and activation energy decreased. The highest effective
moisture diffusivity and lowest activation energy were obtained at 450/ and 80°C and was
11.59 x10™® (m’/s) and 13.14 (kj/mol), respectively.

Conclusion: Temperature and combined power are two main factors affecting Myrtus fruit
drying. Increasing the combined microwave power at a certain temperature as well as increasing
the hot air temperature at a specific combined power have dramatically reduced time and
significantly increased drying rate. The drying of the Myrtus fruit occurred at falling rate. Also,
Microwave power affect drying rate constants directly. In addition, increasing combined
microwave power increases mass transfer and thus effective diffusion coefficient of moisture.

Keywords: Activation energy, Drying kinetics, Microwave-hot air, Myrtus fruit, Moisture
diffuisivity.
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