‘%’ 28 D30 (6,10 9 (55918 s pub
L ’ )) AY (J3l 0 )lows o3 als

; -1

gl gLt

<

DOIL: 10.22069/EJFPP.2018.12301.1390 http://ejfpp.gau.ac.ir

Sl Tdaw gy 4 T 9 S gl (48 S SUS WT B (5 jlwding

‘,0_/;:.’;';/, _,';nb?m%

ety pgeaite S il (5 s allis jo b (5,180 (e jaol T subTpuacd (Aaiiua K59l il 3 yas
Ol s e shers sl e oS5 oads e 5 (535158 (5518 0dSLEIS s g SGIKe g 055 REFPVIRCY
Ol 8 S U8 S b a5 (3558 sk oS2ils (St 5 T g sdSCES (ot SHISe g 055 st
Ol o) e ksl Giome oS5 (b Ele 5 30sS (655l e IS (et s S ke 55,5 sleiils”
YWAR/ATY 15y sl YD AN il

045>
ST sl 4 g OO 1 S Ol 4 58 slal Sl Ol L3 SO p s 3 S i i bl
ol O i a3 Csby 5 Ol i (1SS pde i S 038 S 3 sdes OIS ale
53 ool Cel a5 5 55 e Sl 5o sk 5 Sl i sbel el s Gl il d e
crrinS 53 e Mo o5 0 S s s Shee i 40 b (R ool S Gds S el sde slad] b
el 05 5 Sl Ol e

ATl St ol 51 0ESCES S Rl Sl RS gl s cnl 53t B, g ol
Al g Bl s ol a5 ladie 1 (G550 oS o 2 B) Gl o 255 02 S0 Lt ol
P e 1S Bl s A ¥ Les s T el (sl St (sl ke A3 o3l o5 2 S il 05 S
S sl i ap (o3 55 B Y0 ) lss (SCist il il O55n 0350, Olses 5 (483 5 533 )0 BT ) Slss &gz
Fl e o gad 00 St Olay e 5 (o) Laals ([S3) 55 S5 Sl (Ao 3) agils (SaeSCs Olje O gz

o 8518 eslinal 550 03 S i Aol B sbang s o sKie Je SO anw 5 6l 5

Laiils SauSls Ol «05,8 Slas 0l 05 Oljes 5 550 o s clos 5 S (gl puize I sls OLES b laadl
Els il La bl Olge 2 1y 8l cpnin bos 5 ol (P70 )) Sls ns Laails (Say50 S5 s 5 (Ao s)

ol st Aoy OF/T 0 &lszad 0350 Oljes 5 4ids 3 Ve &l gl 35 o s 0l S 5l a5

Goiod S| ool gl asls o Skt ol Sl AS Sleo st s 0 e SR 03 SSUES Lyl 1 oS e
Sl 5 3 AT an sl Jles oS St L 03 S St dul b b 3 Gl o (5500 ko LS KL
it s sl s 8 bl pen Ad o 5 IS 3 a3 e b Csthae b 4 S sla L

s g S AlE S Ol e sl bl Kos 6 s | G

leﬂ éa...v u’i’JJ sl Q]J'.:a e{))ﬁ&i}' ‘G'uj.g S}LLL eLg)L.NA..:@.» :L;.J:del.bojl}

shamsabadi95@yahoo.com :«3\Ss J sies”

a4



ray o D)Lou:} c(\‘) .\Jé u)‘.\.c b‘,o d)b{ga‘gdjgi).é 4)).«»4

le_i)b)'\k;ﬁom&:}.(/\) Soss0 ol
e 31T b 53 S bt elie 03 pad S
Er M5 Lol e 48 Sl ISCEe 0 5 e
~Las GlacS 5 ol b Sl il - e
w35l b CiS 2alS an ot conliol e
G?ﬂﬁa_:jﬁsoﬁ\bwbj\)é)g,ubolﬁjulﬁls
ag bl 5 el Bl o 3 S dal
Sty S ol e b e O 8 S
s Ol ol 3 g el Coaal Bl ]
OF) 503 1 3,008 iy ol o

SLaSSS Sl Glas gomn ly ma )
g s g syl s S Sl bl 5 S,
C_Mguwv_uugmdum; RIS
S5 5 Cou e sie ) ool law s i 54
5l o gl i e 55 S
Silwdag 5 2L gladdle o g faines cle iz
AR s nl el S (P) Ak ey
sdae gla bl sl S p3Y Slislesl slass
Tk S o2 03 5 el Lol o S a2
Sheslital o =S 53 L, g8 51 oslaws 3l o
YY) Cl 500 5 cmlin 2s)y

b @ SE 035 SIS Ll )
(YY) O 5 Lol bt O gmen i
OLLSan 5 slalyy 5 (Yoo)) sy mie 5 ol st 3
S gt b Ol sl el 435 bl (144)
molin LS iy S Slopas s s 5 Ol
orFia |y Lt S e b ke i A5l
s, ey 85 L aS Ls S Olge 5 Ls S
a pie Uil e LagSis s bl plis
OA 5 VY L\\)»ﬁd,\;j;@ﬁgﬁg?sﬂts

L 55 Sl Db sl Olosla Ja15S bl

Lu:;md@)bc’f&qju\m‘)bw

1. Response surface methodology

Yoo

Ao
SNE (S e 5 n A Ol S
ol Gl S Sl 5 e el & Ol
I 55 0l g Mg s o 25 15 Lo 528
SETY A5 bt b 5 O sekes VA 350 Y0P
H@ﬂqwbﬂj\m,wmﬁ)m);
S 4 00) Al e Jle s S ST il
b = ol e SRl cods b
g Cdils yy Sldae Sl 0 Skt ok
Sl s den (Csb e 055wl ) Lo VW s
(S5t o5y g 45 em) ks Sllas ol
ol (5 Al ) Lo VWV s Ll b
53,8 w3 Ol oyl & s gl ()
g_é,\_a.,\.:l{&w\_sﬁc&l&pj\,\x{éﬁ S gkl
i o b (Sl 05 S )
At bl b i 0 Sk b s Ses
i Sl Olsn (2S5 038 S b )b
0 Seds 0,8 i OISin des ol
S s Oas St S pde s s U
5 sl Slais sl sl oS ol
4o 53 g a5 e Sl Gl gl s ok
LT3 Jsb 53 mp (Sonps S5 5 SaSd Cel
b b Al Sud e s Sew
3K sl 0 S5 Sass
Sl Sl g SdkS SRals le o S
S s (Fe Slaptenn by A3l e A S
Sz cde 41 sl Sl Sl 05 5 (Sas
sloml g s Al b s C eSS 8 0l
S e
SO, 8 s Jsol e 5 cenpnl Olles
slaailsy jn Saass 5 S 5 abel LYo R
03,58 ol (Ve 5VF) AL e s



Ol)ed 5 591,8 (wlyd yos

S 5sm Olje 4 5 Ll el 035 51 s

Ol jape g alSuwd
1A Einlojl Hlgd diwaml (S SWid olKiwd
el gl OV JSC8) ol 3550 o SSCas oS
wtle (YO F) 6wl Jaw gy 535 oll (bl
U—SM u_i\)ég;_?ﬁ)b_; Lf’L-:-)J‘ )9 9
(G55 onl 02 2 5o Slasled sldsd @) J s
ads) G, 4SS S glal gl Oy |5 53
)Fy;@bjw\aujlﬂmtg;f
sdes (Slaa Al ealayl 3 S b 5 S S S
eMvjnguw\m;)yf)‘quL)}oM
“— Q{‘Mé\j&»‘d})bﬂgcdﬂ}r;%b})b
S-S o i Glaghs 5l p S lsa s 1355
c\a_.al_gb))}ﬁj\wjoﬁbblﬂu‘dibuﬁjb

AF) das e Al ) Laasils o sb ) dLaals

Oime ) 5 il 255 &0 (S ke 5 STy
Skt oo 035 S5 pde Mo b )5S s
OVF) dyn oy a3 4y alS
Sl ot 5 B S A 03 SSES
I e 2asm Al 0055 L 0T S
a2 OsSUeld el )y a5 Ly ol S
S AL 05,8 Sl it (ot 53 Ak
Ao 8 St ol L (il 15)
Gl ol byl el A écbu Ob o a5l
Gl o Ghs Sl ekl Jol al e s aslllas ol
Sy sl ) eslizal (S8 & 5 a0
P B S S Do et i Gl
e e 3 sl s oS (K L Ok S

Sy g Skt Mg 0T g bl

L9, 9 3190
rL>,;3| S osla ol 5550 & S gl & goi 130 g0

() AT G bl el gl o S Slad ) K3

Figure 1. The shematic of laboratory batch rotary dryer
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Table 1. Independent process variables and their levels
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3. Lack of fit
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Table 2.Experimental data for response parameters of paddy rice dried using laboratory batch rotary dryer

&b e o pize sl
Response Independent variables levels

SIC R D55 03 sl gles b

Syt Spdoys 0k S Ol e RO Ol gl it s e .
L. laals &1l gzl . . 82508 Run

Percentage of Drying time ) Cylinder rotation
crack (%) (min) Percentage of Cylinder speed (rpm) Inlet Temp.
breakage (%) fullness (%) 4 ®)

16.0 58 35.69 45.50 6.00 60.00 1

16.0 63 36.54 45.50 6.00 60.00 2

16.5 61 34.92 45.50 6.00 60.00 3

21.0 160 28.51 45.50 6.00 33.68 4

17.0 53 39.58 18.52 6.00 60.00 5

17.0 62 29.00 45.50 0.74 60.00 6

16.5 38 32.45 25.00 10.00 80.00 7

28.0 67 43.10 72.48 6.00 60.00 8

35.5 40 50.94 66.00 2.00 80.00 9
13.0 56 23.52 45.50 11.26 60.00 10
17.0 60 30.57 45.50 6.00 60.00 11
26.5 40 37.96 66.00 10.00 80.00 12
14.5 132 27.39 25.00 2.00 40.00 13
29.5 127 29.37 66.00 10.00 40.00 14
15.5 60 36.79 45.50 6.00 60.00 15
16.5 59 34.45 45.50 6.00 60.00 16
30.5 35 44.23 45.50 6.00 86.32 17
18.0 116 30.96 25.00 10.00 40.00 18
21.0 135 28.42 66.00 2.00 40.00 19
32.0 38 42.30 25.00 2.00 80.00 20
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Table 3. Comparison between R% adjusted and predicted R? for different treatments of Paddy rice drying using

laboratory batch rotary dryer

(Responses) Y

St Sy SRS e b (Model) J.
Percentage of L .
Percentage of crack breakage Drying time(min)
75.03 56.64 58.42 S
ol 5 . 3 5
oo el 2
73.28 58.15 56.57
(Adjusted) (Linear) >
oA e el oo o
69.66 60.36 51.54 .
(Predicted)
89.05 85.84 89.70 e
ol 5y 5 <
TR e i sk
87.05 82.56 88.15
(Adjusted) Linear-)
VAU SRR SS- (Quadratic
81.65 82.13 85.15 )
(Predicted)
72.92 65.63 64.03 N
ol 5 s : =S :
T el it S b
71.20 65.53 56.97
(Adjusted) Linear- )
VU SRR S (Interaction
68.99 63.52 54.16 )
(Predicted)
89.94 96.98 94.31 e
ol 5 . 3 5
oo el 2
86.63 95.54 92.61 (Adjusted) BN STRE S
uste
! (Full Quadratic)
b e Gl oo o
79.89 88.86 88.68

(Predicted)
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Figure 2. The interaction effect of temperature and rotating speed on drying time of paddy rice
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Table 4. ANOVA analysis and model fitting for response parameters of Paddy rice drying by laboratory batch rotary
dryer
P values 1
P - < Sl e Cds b
S S das S Ao s Ods S Ol Degrees of Soliroe
percentage of crack percentage of breakage Drying time freedom
Je
<0.0001 <0.0001 <0.0001 9
Model
<0.0001 <0.0001 <0.0001 1 (A)
<0.0001 <0.0001 0.0075 1 (B)
<0.0001 <0.0001 0.0034 1 ©)
<0.0001 <0.0001 0.0632 1 AxB
0.0061 <0.0001 0.2388 1 AxC
<0.0001 0.0261 0.3398 1 BxC
<0.0001 0.0279 <0.0001 1 A’
0.0007 <0.0001 0.9350 1 B’
<0.0001 <0.0001 0.4567 1 c?
olilaudl
- - - 10 T
residual
Sl pe
0.6640 0.7727 0.0657 5
Lack of fit
i i i 5 oA sl
Pure error
Lo
- - - 19 Fo
Total error

A; Tem, B; rotating speed, C: cylinder fullness
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Figure 3.The interaction effect of temperature and rotating speed on percentage of breakage of paddy rice (Loss)
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Figure 4.The interaction effect of temperature and cylinder fullness on percentage of breakage of paddy rice
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Abstract

Background and objectives: Rice is a very popular cereal in world and very important from
economic point of viwe. The problems of drying paddy rice is lack of drying uniformity in the
paddy rice that creates stress temperature and moisture and thus will cause losses in the later
stages. The purpose of this research was to develop a high performance system for processing
the paddy to healthy white rice in the shortest drying time.

Materials and methods: In this study, to reduce losses and increase the drying rate, an
innovative laboratory rotary dryer machine was used. The response surface methodology (RSM)
with central composite design was used for modeling and determinimg the optimum processing
conditions for paddy drying . Independent variables for this process were temperature (40 to
80°C), cylinder rotation speed (2 to 10 rpm) and the cylinder fullness (25 to 66%). The
percentage of breakage, percentage of crack and drying time were used as response parameters
to develop predictive models and optimize the drying process.

Results: The results showed that the temperature, cylinder rotation speed and cylinder fullness
had significant effect (P<0.01) on the percentage of breakage, percentage of crack and drying
time, as temperature was the most effective parameter. According to optimization process, the
minimum losses (percentage of breakage and percentage of crack) and drying time were found
with the inlet air temperature 56.53 'C, cylinder rotation speed of 10 rpm and the cylinder
fullness of 54.20%.

Conclusion: Conditions and parameters of drying process had important rule in the final quality
properties and losses of paddy rice. Our results revealed that RSM could be used to develop
adequate prediction models for describing quality changes in paddy rice during drying. The
changes in the quality parameters were adequately described by quadratic model. Also, the
result showed that inlet temperature was more important than cylinder rotation speed and
cylinder fullness on losses of paddy rice.

Keywords: Optimization, Paddy rice, drying, Losses, Response surface methodology
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