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Table 1. Independent variables and their values

b LY . .
52 g ol ol [
] Code an(;i relevant levelﬂ Mathematical symbol Independent variable
1) ol
0 50 100 X B st
Cleaning (%)
) <o B
10 12 14 Y i
Moisture (%W.b)
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2. Central Composite Design
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Table 2. Central composite experimental design used to investigate the effect of cleaning and
moisture on the physical and microbial characteristics of wheat

il s gla e it oite
Dependent variables Independent variable
et
=S f““ Slaolpp0is g ] ol sk, sles
eSSl Sn : ,
(HA)ss ’ ’ (gr) 0.01kg.) (1) ddeps (1) Ade osbpeste (D) @lrs Treatment
Mold counts () thousand it Unuseful ~ Useful ) Cleaning
(colony) Total count of seed besatz besatz Moisture (%)
microorganisms Weight Hectoliter (%) (%) (%W.b)
(colony) )

25.1 14000 37.60 75.94 0.02 2.88 14.00 100 1
16.0 15000 34.60 82.34 0.27 3.23 10.00 50 2
15.9 13000 34.10 80.09 0.26 3.01 10.00 50 3
22.1 17500 34.45 80.48 0.44 3.73 10.00 0 4
23.7 16000 34.35 78.03 0.30 3.28 12.00 50 5
24.0 16500 35.10 78.08 0.27 3.11 12.00 50 6
24.9 15600 36.10 76.01 0.03 2.46 14.00 100 7
23.7 16000 34.35 78.03 0.30 3.28 12.00 50 8
27.0 18200 34.35 72.73 0.49 3.89 14.00 0 9
25.5 16500 36.15 73.91 0.40 3.37 14.00 50 10
26.4 17800 36.50 74.02 0.33 3.41 14.00 50 11
25.1 17800 34.05 76.45 0.42 3.75 12.00 0 12
24.0 16500 35.10 78.08 0.27 3.11 12.00 50 13
14.1 13000 33.60 81.88 0.02 2.19 10.00 100 14
23.7 16000 34.35 78.03 0.30 3.28 12.00 50 15
14.8 11000 35.60 81.91 0.02 1.93 10.00 100 16
22.1 15000 35.60 80.27 0.02 2.46 12.00 100 17
22.6 13500 35.10 80.3 0.03 2.48 12.00 100 18
26.5 18800 35.10 72.8 0.51 3.79 14.00 0 19
22.8 16500 34.15 80.57 0.47 4.08 10.00 0 20
254 18000 34.60 76.5 0.50 3.69 12.00 0 21
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Table 3. Selecting the models for useful besatz and unuseful besatz characteristics at 40 °C

(1) Ao e 23 (1) den 3
Unuseful besatz (%) Useful besatz (%) .
p F slis Sl e A?Jé, P F sl Sl e 4?)3, Soi:ce

Prob>F  F vValue Sum of s prob>TF F Value Sum of @bl
Squares DF Squares DF

1.52 1 209.96 1 (Mean) ;S

<0.0001  193.03 062" 2 <0.0001  95.26 6.30" 2 (Linear) _la>

0.5080 046  7.508x10™*™ 1 0.0051  10.31 022" 1 QFD) Se 5

0.0015  10.35 0.016 " 2 0.1610 2.07 0.080™ 2 (Quadratic) ¢ 55 4,

0.0735 321 3.895 x10°™ 2 0.3567 1.12 0.043™ 2 (Cubic) 4w a3

7.880 107 13 0.25 13 (Residual)sslasl, glox

2.17 21 216.86 21 (Total) Js

L l3 fxe NS do 55 oy CEM 23l e o3 S Cl“‘ 03 15 gme i
**: Significant (p< 0.01), *: Significant (p< 0.05), ns: non-significant
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Table 4. Analysis of variance for useful besatz and unuseful besatz characteristics at 40 °C

(1) dsio i 23 (1) Ao 3|
Unuseful besatz (%) Useful besatz (%) .
w3 w3 &
e o g some I o e gseme ] ; Source
Sum of Squares  Coefficients @bl Sum of Squares  Coefficients @bl
DF DF

063" 0.29 5 6.53" 3.16 3 (o) T 31 50
0.61" -0.23 1 6.08"" -0.71 1 X) ol s
7.626 X107 0.025 1 022" 0.14 1 (Y) cusb,
0.016 " -0.057 1 K) b5z p33 3 S
1.415 x107°™ 0.017 1 (Y?) ashs g amss i
7.508x1074™  -9.688 X107 1 022" 0.17 1 XY) ol x asb,
0.012 15 0.37 17 (Residual) eLlesl
4.301 x107"™ 3 0.12"™ 5 (Lack of Fit) 3l pas
7.473 x10° 12 0.25 12 (Pure Error) 2l glax
0.65 20 6.90 20 (Cor Total) S lay o § goms
0.9818 0.9463 (R-Squared) R’
0.9757 0.9368 (Adj R-Squared) e Jsleze R’
0.9648 0.90 (Pred R-Squared) (Pred)R’
6.40 4.67 (CV) & i oy

s I3 pxe NS Ao ys ey mhas 3l e o s S rlas 3l e e
**: Significant (p< 0.01), *: Significant (p< 0.05), ns: non-significant.
s Sl S S 255 s me ey 5SS Jas G5 pde 005l 1 2 55
XY s(P<+/*V)Y X by sla el as Wsls Ol @Lﬂ ERCINN (50 Jslas) conl Laesls
olate  Siad o b 5 (Stmasds oo plie . dils 2 5Sa (gl (ols ome S (P < +/00)
5 S Ole oot LLIIY gdlslas . dl 0o /85 50 /APVY (o 5w 1) o (6l 0l

oy
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Figure 1. Three dimensional plots of changes in useful besatz (a) and unuseful besatz (b) at different
levels of cleaning and moisture content at 40 °C.
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Table 5. Selecting the models for hectoliter and thousand seed weight characteristics at 40 °C

(gr) €ls,l 5 O3 0.01kg. lit") 2 oSa
Weight thousand seed Hectoliter .
P F sl Pl o 4?)3, P F sl Pl o A}ﬁ, Soi:ce
Prob>F  F value Sum of s prob>F F Value Sum of 313!
Squares DF Squares DF
25718 1 1275 %10 1 (Mean) S5l
0.0003 12.84 11187 2 <0.0001 20620 169.49 2 (Linear) _la>
0.0470 4.59 167" 1 0.0383 5.04 1.69° 1 QFD) J=Sea 5
0.2340 1.60 1.09 ™ 2 0.1050 2.63 1.48™ 2 (Quadratic) p 55 4 >
0.6786 0.40 0.29 ™ 2 0.0397 4.18 1.65° 2 (Cubic) 4w >3
4.79 13 2.57 13 (Residual)slasl slax
25737.01 21 1.277x107° 21 (Total) Js

e 3 pme NS Ao s ey CEM 03l g s S gl 3 ol pme ek
**: Significant (p< 0.01), *: Significant (p< 0.05), ns: non-significant.
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Table 6 . Analysis of Variance for hectoliter and thousand seed weight characteristics at 40 °C.

(@) <ls,l5a O35 0.01kg. lit") = s
Weight thousand seed Hectoliter }
ar ar -
Sla o ¢ s sl g Dl o § gorme ) P Source
Sum of Squares Coefficients 2! Sum of Squares  Coefficients 2!
DF DF
12.84° 35.00 3 171.18%* 77.93 3 (bo) 1as 31 2,2
3.97% 0.58 1 23.46* 1.40 1 X) &b
7.21% 0.78 1 146.02 % -3.49 1 (Y) usb,
X ol s po> a3 il
) osbs po> a3 il
1.67° 0.46 1 1.69°° 0.46 1 XY) )b ss x Csh
6.17 17 5.70 17 (Residual) easlesl
1.58™ 5 3.15™ 5 (Lack of Fit) 25l » pae
4.59 12 2.55 12 (Pure Error) all= slas
19.01 20 176.88 20 (Cor Total) S Zlxs o ¢ sazes
0.8255 0.9677 (R-Squared) R’
0.8182 0.9621 (Adj R-Squared) o1& Jslazs R’
0.65 0.9535 (Pred R-Squared) (Pred)R’
1.72 0.74 (C.V) &l i o0

**: Significant (p< 0.01), *: Significant (p< 0.05), ns: non-significant.

Hectoliter

Moisture (%W.b) Cleaning (%)
g=]
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Figure 2. Three dimensional plots of changes in hectoliter (a) and thousand seed weight (b) at
different levels of cleaning and moisture content at 40 °C.
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Table 7. Selecting the models for total counts of microorganisms and molds at 40 °C.
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Figure 3. Three dimensional plots of changes in total count of microorganisms (a) and molds (b) at
different levels of cleaning and moisture content at 40 °C.

o4



Ol g (e JT o)1

SIS Sl eyt glos 5o KS L“rﬁ*"fﬂﬁﬁvf S ol sl Sy 8l Jodos A s

Table 8. Analysis of variance for total counts of microorganisms and molds at 40 °C
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Figure 4. Three dimensional plots of changes in desirability at different levels of cleaning and
moisture content for wheat grain at 40 °C.
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Table 9. Optimization of the process at 40 °C on the wheat grain
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Abstract

Background and objectives: Wheat grain has an important value in the world
nutrition. Evaluating the physical and microbial properties of agricultural products
plays an important role during harvesting with machines, cleaning process and
waste reduction. In this study, for the first time in Iran, the optimized effects of
cleaning and moisture content at 40 °C on the physical (useful besatz, unuseful
besatz, hectoliter, thousand seed weight) and microbial (total count of bacteria and
molds) properties of wheat grain (n-80 variety) in Golestan province, were
modeled.

Materials and methods: After determining the basic moisture content, samples
with three levels of cleaning (0-100%), and different moisture contents (10-14%
w.b) at 40 °C were studied and modeled by response surface methodology using
central composite design (face center) including 21 tests with five repeats at the
central point.

Results: The results showed that by reducing moisture content and increasing
cleaning levels, useful and unuseful besatz decreased and hectoliter increased. Also

*Corresponding author; smjafari@gau.ac.ir
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increasing the cleaning percentage was more effective than moisture content
reduction in reducing useful besatz and unuseful besatz. The lowest value of
hectoliter was 72.58 (0.01kg. lit") at 40 °C. The highest thousand seed weight at
moisture content 14% (w.b) and cleaning level 100%, was 36.80 gr. Higher rate in
increase in thousand seed weight was found in the higher moisture content than
that in the higher level of cleaning. With increasing moisture content and reduction
in cleaning level, total microbial count increased. Linear parameters of cleaning
and moisture had a significant effect (p < 0.01) at 40 °C on the total count of
microorganisms in the linear model. Total microbial count increased by 52.7 and
90%, at moisture content 14% (w.b) and cleaning level of 10%, respectively in
comparison to that in moisture content 10% (w.b). R’ for useful besatz, unuseful
besatz, hectoliter, thousand seed weight, total counts of microorganisms and molds
(colony/g) were 0.9463, 0.9818, 0.9677, 0.8255, 0.8547 and 0.9674, respectively.
The results of optimization at 40 °C showed that cleaning level of 100% and
moisture content of 10% (w.b) resulted in storage of grain wheat with desirability
of 94.1%.

Conclusion: Regard to non-significant lack of fit and high values of R’ and
adjusted R’, our selected models could accurately predict the experimental values

for all studied properties.

Keywords: Cleaning, Wheat, Moisture content, Modeling, Physical and microbial
characteristics
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