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2. Water holding capacity
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4. Bulk density
5. Texture analyzer
6. Water Solubility Index
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Table 1 The results of regression analysis in terms of coded levels

Feed moisture (B, %)

Screw rate (C, rpm)

code WOLF! (A, %)
1 40
2 25
3 25
4 40
5 25
6 25
7 25
8 10
9 25
10 25
11 40
12 25
13 25
14 25
15 10
16 40
17 25
18 10
19 25
20 40

14 120
18 150
18 150
22 180
18 150
22 150
14 150
22 180
18 150
18 180
14 180
18 150
18 150
18 150
18 150
22 120
18 150
22 120
18 120
18 150

1. Whole oleaster flour
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Table 2 The proximate composition of raw whole oleaster flour and whole oat flour

Raw Raw
Ingredients (%) Whole Oleaster Flour Whole Oat Flour
(WOLF) (WOAF)
Total Dietary Fiber 45.54+0.84 12.97+0.37
Insoluble Dietary Fiber 38.24+0.62 5.72+0.12
Soluble Dietary Fiber 7.30+0.24 7.254+0.31
Ash 2.41+0.05 2.74+0.07
Fat 0.72+0.02 4.25+0.08
Humidity 7.7240.15 7.53+0.35
Carbohydrates 84.66+1.52 75.78+1.38
Sugar 53.334+0.93 -
Protein 4.49+0.07 9.69+1.02
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Design-Expert® Software
Factor Coding: Actual
Humidity

ﬁ 11.42

5.88

X1 = A: Oleaster

X2 = B: Feed moisture 12.00

Actual Factor
C: Screw Speed = 150.00

8.50

Humidity(%)

3
X3
S

o
o
6

K
)
40
20 33
Y
® WOLF(%)

Feed moisture (%) '

14 10

Fig 1 Effect of WOLF and feed moisture on
humidity of extruded breakfast cereal
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Table 3 Coefficient of variables in the predictive model for response variables

Bulk r .
Variables  Humidity  Density  Mardness Solubility Lightness  Redness Velloness
(BD) Index (WSI)
A 0.540" 0.024™ 8.510" 7.170° -5.2707 0.100™ -1.490""
B 24007 0.004"™ 52607 -1.090° -3.0007"  -1.330™ -1.1107°
C -0.059™ -0.013” -3.900" -0.340™ -1.160° 0.900"" 0.220™
AxB - - - -0.750"™ - - -0.800"
AxC - - - -0.160™ - - 0.100™
BxC - - - -1.040° - - -0.086"™
A? - - - - - - -
B’ - - - - - - -
C? - - - - - - -
F Value 0.0001™"  0.0001™"  0.0001"" 0.0001"" 0.0001™"  0.0001™"  0.0001°"
R 0.93 0.84 0.82 0.97 0.87 0.80 0.94
Adj R? 0.91 0.81 0.78 0.96 0.84 0.77 0.91

Lack of fit  0.5985™ 0.0784™ 0.5197"

0.1738"™ 0.4636™ 0.3483™ 0.4503"
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X1 = A: Oleaster
X2 = C: Screw Speed

Actual Factor
B: Feed moisture = 18.00
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Design-Expert® Software

Factor Coding: Actual

Bulk Density (gr/cm3)
18444

Bulk Density (gr/cm3)

2 WOLF(%)

120 10

Screw Speed (RPM)

Fig 2 Effect of WOLF and screw speed on bulk
density of extruded breakfast cereal
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Design-Expert® Software
Factor Coding: Actual
Hardness

%40 9

11.6

X1 = A: Oleaster

X2 = C: Screw Speed

Actual Factor
B: Feed moisture = 18.00

Hardness(%)

Screw Speed (RPM) 1%

120 10

Fig 4 Effect of WOLF and screw speed on
hardness of extruded breakfast cereal
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Design-Expert® Software
Factor Coding: Actual
Hardness

HAD 9

1.6

X1 = A: Oleaster

X = B: Feed moisture

Actual Factor
C: Screw Speed = 150.00

Hardness(%)

Fig 3 Effect of WOLF and feed moisture on
hardness of extruded breakfast cereal



e Shee 5 S5 gla Sy 05,5ST gla e 3L

le.{.o.hjé)ub.eﬁﬁ

Design-Expert® Software
Factor Coding: Actual
wsl

ﬁzo 85
12.00
X1 = B: Feed moisture
X2 = C: Screw Speed

Actual Factor
A: Oleaster = 25.00

16.25

Screw Speed (RPM) 180.0 22

Fig 6 Effect of feed moisture and screw speed on
WSI of extruded breakfast cereal
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DesignExpert® Software
Factor Coding: Actual

L
Esw 0
46.5
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10.26 0.11 11.01 12.66 56.09 7.07 26.51
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ABSTRACT

ARTICLE INFO

With regard to the importance of breakfast cereal in today's eating habit,
these products can serve as vehicles for the main nutrients. Therefore, the
purpose of this research was to investigate the effect of extrusion variables
containing replacement level of whole oat flour with whole oleaster flour
(10, 25 and 40%), feed moisture (14, 18 and 22%) and screw speed (120,
150 and 180 rpm) on some physical and functional properties of breakfast
cereal. These properties included moisture content, bulk density (BD),
hardness (HD), water solubility index (WSI) and color parameters assessed
by central composite rotatable design. Based on the obtained results, an
increase of the whole oleaster flour and feed moisture increased the
moisture content and hardness and decreased the yellowness of the
samples. While the water solubility index was increased by increasing the
whole oleaster flour and was decreased by increasing the feed moisture.
The evaluation results of the screw speed indicated that increasing the
speed resulted in less bulk density, hardness and water solubility index.
Additionally, the lightness of samples decreased due to a higher amount of
all the variables studied. On the one hand, the difference between
ingredients content and structure of the whole oleaster flour and the whole
oat flour was one of the most effective factors on the obtained results. On
the other hand, the influence of the feed moisture and screw speed, as very
important factors of the extrusion process, on the physical and functional
properties of the product was completely recognized. Optimum condition
was found to the blends of whole oleaster flour/whole oat flour (10:90),
screw rate of 180 rpm, and feed moisture content of 22% with desirable
properties including humidity(10.26%), bulk density (0.11 g/cm3),
hardness (11.01 N), water solubility index (12.66 %), lightness (56.09).
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