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Fig. 1. Schematic diagram of roaster and its details: (1) Blower, (2) Damper and anemometer, (3) Heating elements, (4)
Stainless steel canal, (5) Temperature sensor (Pt100), (6) Sample tray, (7) Feeding gate, (8) Hot air exhaust pipe, (9)
Sensitive balance, (10) Computer and RS232 computer interface cable, (11) Control Box
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Table 1- Semi-theoretical and empirical models used for modeling of thin layer drying of pistachio nuts

abl,
Equation

o)
Reference

Fick,s second law (in spherical coordinates) &M/ dt=1/r 4/ dr (D effr 30/ dr]
MR=exp(-(t/a) b)
MR=b.exp(-k.t)

MR= a.exp(-k1.t)+b.exp(-k2.t)

MR=exp(-kt)
MR=exp(-kt) n
t=a.InMR+b.InMR2

MR=1+a t+b t2

weibull model
Henderson_&_pabis model
two-term model
Lewis model or Newton model
modified_page model

thompson model
wang_&_signh model

(Tavakolipour, 2011)
(Aghbashlo et al., 2010)
(HendersonPabis, 1961)

(Henderson, 1974)
(Bruce, 1985; O’callaghanet al., 1971)
(Overhults et al., 1973)

(Thompson et al., 1968)
(WangSingh, 1978)

0dd s SLis loj b pme ialS el Ign b e

O3 wdp loj ep)S sl Ol ey g Lo GRI3EIL aoe
(2 JS2) cdly als’ ol gl a4 b,

9 145 120 (slalos (sl ploj )3 gy s5ime Sy

3 JSs 3 cail p e 1B (lje ey g ogales 23 170

18 cubs by caoyw b g 423> 10 o >l o o3y Lt
g a5 170 4 160 (145 120 130 clales p> a5l p je
Cogby 5l amo s 8917 4 83/5 T7/1 T0/3 BAI5 e iy
iRl L a8 sdalie Gl e piomen 3,5 (0 i ey
Ao (Rl (b SiS loj 93,8 andy sled

S oo 3 g ol oy GRIEIL S USE 4 g L
a3 170 el Lo j> abges Glgseds b o LialS oui
T8I2 5ee @ cagby LialS s pa 4283 10 loj )3 Lwgades
06 5,5 gy Lo ye ey, o) 98 5 97 89/7 80/8
b byl (a6 ye) 2 9 1/72 113 0/88

by slod b Cos (3,8 Ay il p 0 Cogb) halS
O g4 USLs 3 0,5 e B £S5 slse (i G g 08
03yl i lisee gby (s Cugb, LialS ce s
Coyw g 90,5 dldy slod agi 8 Wb odimd L &S o
b Cogby (Bl Cop sl (18 S E 5 p)S Sler b
Ol 52 b pialS (g b i pRalS g loj CuslS
Aulyh alls g s oaaliie cugby ials I b # a)bges
ol s 4 S Cul 03y Fy (Jo o dlspo jd 0 Sid
3 laging bl dtay Sl Cugh) 7955 ) (F9y0 Cueglie
Rafiee et al., 2010; Xia0 ) 458 o 4ol 1) odslcamas gl 15
Iy stelie ol Zhu and Shen JLio j4-bas (et al., 2010
ledgod (5135 sy slaled )3 sl (13,5 Sis jogas
.(Zhu and Shen, 2014)
bl o Sy gl diag 03,5 4ty AT 50 Cugb) ials

E?(Mﬁ'e:m: J“fR‘p?‘E) - E;!(MREXH,E - MRws,i ):

R = z
SH MR, ; — MR,.,) )
¥2 = EJ;'I.:l MR op; — MRy }‘
- N—n (3)
1."

42

RMSE = [ Z{MRW“ R, E}Z]

\ 100
P'I: A:n} = N Z'MR;:N,E MRB.X"J,E|
=1 (5)
2 pSks) Sis slae p ugh, M (5) b (1) Ll o
ol S AS) oL gy Mo & o 53 (S5 o5l S5k
oole 4 S5AS o 5oh) adg] calos Mo (S5 ool 55k
ooy Cod MRexp 0 iy i Cugbsy Conns MRpre o S
Al o Jde ol colps Sl g ialejl blas sl N ¢ oisloj]
S Cgr Lo uSile duslie s (ANOVA) il 5JUT
5 0 S Lo 2 lsm (e g Lod (laysiSTs 45T
O S S 048 o i Jdo oppcwlio glacol
L L ybges als’ 5 0 pLos MINITAB 17 )5 8le 5 b ity
A5 ey EXCell 201315815 45

g Lod (clayess (sl ol Lo Laodly Luily)ly 4350 auls
d91 ne Sy (alS Sal g oloj 1 lsp ol Cop
pSole e Al5 g @l Gas b gxe 4 4 bg (2 Jgis)
Los 51 (uil)ly 40528 s (el 2 (2 JS5) 4 plosl il
Wy sladiges Cugb) (1l loj 2 p)S Slp Ol o
Psine 55 S8 bie I3 eizran 250 b sine 7L el 3
ol 04

g Lo il alas ol Lis La nSile dulio guls wyp



405 iy T e i S St 1 158 3y e o g Lo 4l

s s g )IK).».)L Jole Lo laiedy Lo ,ub 4 LablSle 8
Ozdemir and Devres, ) s ledgos o)l oyad s > Jg3
.(1999; Palipane and Driscoll, 1994

Ot Olgsd 1y Los anilS slagiagly ol (Jgji cas
JUie yobas Kiloages Li)l5 b Sid s o I35 50 Jole
oS aisyp sl 1999 Jlu > Ozdemir and Devres
Sis ogas > 1994 Lo > Palipane and Driscoll « 5.3

Jlog <ol (sl yiall g cugby ials Sinl g oloj g o) Glop bz S g (355w slod Guibly JUT -2 Jgae
Table 2- Variance analysis of roasting temperature and hot air velocity on time and rate of moisture loss and Weibul
constant parameters

Olazyo (ko
wf 2% aile 4’}’:_ Mean squares
:'M é’:‘ &3l Sl oo oals Kl
ources o Degrees e s ) .
variations ?)f acab byt Cagh, Cagb,
freedom constant a constant b Moisture loss Moisture loss
. . 1
time (min) rate (kg min™)
e - - - -
Temperature 4 35.3784 0.1483 880.63 0.000064
(A)
‘5& ULP Cﬁc)“) Hk Kok Hk Kok
Air Velocity 4 24.7097 0.03922 395.497 0.000028
(B)
e 1
Interaction 16 0.8577" 0.00893" 23.199 0.000003™
(AB)
Error (E) 25 0.1478 0.00437 4.942 0.000000

**Significant at 1% of probability level
*Significant at 5% of probability level
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Fig. 2. Drying time of pistachio nuts to reach equilibrium moisture content at different treatments
(Different letters within the same column indicate significant difference (P< 0.05))
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Fig. 3. Moisture content versus roasting time of Pistachio nuts
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Fig. 5. Drying rate curves versus moisture ratio for different air velocity when temperature is 145°C
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Table 3- Curve fitting criteria of the thin layer drying models for the roasting of pistachio and Constant
coefficients of models

G5 iy (gl seite K n
Jow Roasting parameters
MODEL . W R X*  RMSE %P k1 k2
. . ] .
x=time(min) Temprature Toa o3l y> a(min) b
Air velocity
120 06 0997 0000 0060  1.263 12358 1072
120 13 0992 0001 0048  2.255 9.659 1.044
120 2 0992 0001 0122 2,011 8.379 1.229
Weibull 145 06 0998 0000 0052  1.001 11.628 1.169
MR=exp(-(x/a)"b) 145 13 0995 0000 0034 1816 6536 1.089
145 2 0997 0000 0017  1.323 6.882 1235
170 06 0999 0000 0051  0.586 6.992 1.179
170 13 0996 0000 0023 1371 5303 1.295
170 2 0994 0001 0069  1.951 4053 1520
120 06 0996 0329 0419 49925  -11.304 0.703
120 13 0948 5074 0307 156008  -8.879 0.434
120 2 0998 0088 0253 22284  -9.273 0871
- 145 06 0995 0348 0401 48534  -12016  -0452
e 145 13 0897 6415 0361 140778  -7.348 -0.261
t=aInMR+b.InMR 145 2 0995 0212 0328  39.216 7277 0525
170 06 0997 0161 0289 31135  -7.287 -0.481
170 13 0987 0339 0263 44294 5572 -0.427
170 2 0955 33175 2235  499.426  -4.186 -0.468
120 06 0998 0000 0027 1198 1.032 0.0014
120 13 0992 0001 0032  2.207 1.017 0.00176
120 2 0986 0002 0135  3.329 1.054 0.00216
Henderson&pabis 145 06 0995 0000 0040  1.609 1.049 0.00149
MR=b.exp(-k X) 145 13 0995 0001 0039  1.991 1.031 0.00265
145 2 0992 0001 0073  2.433 1.074 0.00263
170 06 0994 0001 0079  2.062 1.047 0.00253
170 13 0987 0001 0082 2575 1.101 0.00357
170 2 0965 0003 0112 4671 1.164 0.00498
120 06 0996 0000 0019  1.450 -0.067 0.001
120 13 0962 0003 0118 4618 -0.073 0.001
120 2 0961 0004 0126  5.629 -0.075 0.001
. 145 06 0997 0000 0057 1476 -0.070 0.001
XﬂvaR'lgl—)i—j’_'g'l'} 145 13 0939 0006 0144 6725 -0.098 0.002
145 2 0989 0001 0047  2.492 -0.107 0.003
170 06 0992 0001 0079  2.430 -0.105 0.003
170 13 0989 0001 0002  2.482 -0.140 0.005
170 2 0989 0001 0077  2.669 -0.185 0.008
120 06 0998 0000 0018  0.990 0.000 1035 0190  0.085
120 13 0992 0001 0032  2.207 0507 0510 0106  0.106
120 2 0986 0002 0135  3.329 0526 0528 0130  0.130
Two-term 145 06 0995 0000 0040 1612 0524 0525 0090  0.090
MR= a.exp(- 145 13 0995 0001 0039  1.991 0516 0515 0159  0.159
ki.x)+b.exp(-k..X) 145 2 0.992 0.001 0.073 2.433 0531 0543 0158  0.158
170 06 0994 0001 0079  2.062 0518 0529 0152  0.152
170 13 0987 0001 0082 2575 0543 0558 0214 0214
170 2 0965 0003 0112 4671 0.581 0597 0301  0.301
120 06 0996 0000 0069  1.647 0.080
120 13 0992 0001 0047  2.254 0.104
120 2 0983 0002 0118  3.773 0123
LS 145 06 0991 0001 0075  2.429 0.084
145 13 0994 0001 0028  2.166 0153
MR=exp(-k-x) 145 z 0985 0001 0033 3388 0.145
170 06 0992 0001 0054  2.481 0.145
170 13 0977 0002 0034  3.625 0195
170 2 0939 0006 0048  6.580 0.257
120 06 0996 0000 0069  1.647 0.348 0.230
120 13 0992 0001 0047  2.254 0.252 0.412
120 2 0983 0002 0118  3.773 0.330 0373
- 145 06 0991 0001 0075  2.429 0357 0.237
Modified_page 145 13 0994 0001 0028 2166 0365 0.420
MR=exp(-k.-x)"n 145 2 0985 0002 0033 3388 0.461 0315
170 06 0992 0001 0054  2.481 0.404 0.359
170 13 0977 0002 0038  3.633 0512 0.381

170 2 0.939 0.006 0.048 6.580 0.399 0.644
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Table 4: Effective diffusivity coefficient for drying of pistachio nuts at different conditions

O35 4dy o P55 Sl Ol Co Py WGl o ps
Roasting temperature Hot air velocity Effective diffusion coefficient
(°C) (ms™h) Detr (M*s™)
120 0.6 4.418x10°
120 0.88 4.159x107
120 1.3 5.238x107
120 1.72 7.323x10°
120 2 9.088x107
130 0.6 4.925x107
130 0.88 6.152x107
130 1.3 6.597x107
130 1.72 8.022x107
130 2 9.176x10°
145 0.6 5.176x107
145 0.88 6.074x107
145 1.3 7.61x10°°
145 1.72 1.103x10°®
145 2 1.120x10°®
160 0.6 7.827x10°
160 0.88 8.695x107
160 1.3 1.029x10°®
160 1.72 1.061x10°®
160 2 1.348x10°
170 0.6 1.072x10°®
170 0.88 1.300x10°®
170 1.3 1.500x10°®
170 1.72 2.000x10°®
170 2 2.648x10°
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Introduction

Pistachio nut is one of the most delicious and nutritious nuts in the world and it is being used as a saltedand
roasted product or as an ingredient in snacks, ice cream, desserts, etc. The purpose of roasting is to promote
flavour and texture changes in nuts that ultimately increase the overall palatability of the product.Roasting
involves a number of physico-chemical changes, including heat exchange, chemical reactions and drying.
Knowledge of desorption Kinetics is essential to predict the behavior of the material during roasting process and
to design roaster equipment.The main aim of this research was to evaluate suitable models for predicting
moisture ratio, the effect of air temperature and velocity on the drying Kkinetics of pistachio nuts and obtain the
effective diffusivity coefficient and activation energy in the drying process during the roasting of pistachio nuts.

Materials and Methods

Dried Ahmadaghaei pistachio nuts were supplied from Kashefan Kavir company (Doraj co.) in Rafsanjan.
Pistachio nuts were soaked in 17% salt solution for 8 minute and roasting was investigated at air temperatures of
120,130, 145, 160 and 170 °C and air velocities of 0.6, 0.88, 1.3, 1.72 and 2 ms™. Five semi-theoretical and two
empirical kinetic models were fitted to drying experimental data using nonlinear regression analysis techniques
in the Curve Expert 2.2 computer program.

Results and Discussion

Tow-way ANOVA indicated that temperature and hot air velocity significantly affected the drying process
during roasting of shelled pistachio nuts. The higher roasting temperatures and air velocities resulted in the
higher drying rates. During first 10 min of roasting at constant air velocity of 1.3 ms*, 64.5%, 70.3%, 77.1%,
83.5%, 89.7% of the moisture were removed at roasting air temperatures of 120 °C, 130 °C, 145 °C, 160 °C, 170
°C, respectively. The high regression coefficients (R“>0.996) and low reduced chi-square (y%), mean relative
deviation modulus P (%) and Root Mean Square Error (RMSE) indicated that the Weibull models are suitable
for predicting moisture ratio. Correlations of the Weibull model constants with the variables of temperature and
velocity were determined. Additionally, effective diffusivity (D) determined by using Fick’s second law was
varied from 4.418x10°® to 2.648x10™ m?™ over the temperature and air velocity ranges. The lowest and highest
Desrvalues were found for samples roasted at temperature of 120°C with air velocity of 0.6 m s and temperature
of 170°C with air velocity of 2 ms™, respectively. Temperature dependence of the diffusivity coefficient was
described by Arrhenius-type relationship. Also average activation energy was obtained 26.615 kJ mol™.

Conclusions

The results of this study showed that temperature and hot air velocity significantly affect the drying kinetics
during roasting of pistachio nuts.The effective diffusion coefficient determined in this study was more than the
limits specified in food products drying at lower temperatures and there was direct relationship between
temperature and hot air velocity with effective diffusion. Activation energy was obtained close to some
agricultural products.
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