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The major goal of this research is to investigate some engineering factors affecting the
performance of wheat grinding for obtaining whole flour. To achieve this goal, the effect
of grinding disc shape, clearance, and moisture content of wheat grain on the perfor-
mance of grinding were studied. The results showed that: The specific energy require-
ments and extraction ratio increased with increasing the moisture content, whereas the
productivity of whole wheat flour increased with increasing the moisture content from
14 - 16 % then decreased with increasing the moisture content from 16 — 20 % for all
types of tested grinding discs. Also, the specific energy consumption and extraction ratio
decreased with increasing the tested grinding clearance from 0.1 — 0.4 mm, whereas the
machine productivity increased with increasing the clearance from 0.1 to 0.4 mm for all
types of tested grinding discs. Under the tested moisture content range and grinding
clearance, the results showed that the original grinding disc was better than other two
local discs, the original disc (D1) had low values of specific energy requirements, and it
had high values of productivity and extraction ratio followed by local disc (D2) with
four curved blades. The highest values of machine productivity were 4.61 and 4.33 Kg/h
with specific energy requirements of 0.089 and 0.092 kWh/kg and extraction ratio of 71
and 57 % at using original disc (D1) and local disc (D2) which has four curved blades
respectively when the moisture content was 16% and grinding clearance was 0.1 mm.

1. Introduction

Wheat is one of the most important grain crops, a

smallholders along the River Nile and in the Nile delta
(Abdalla et al., 2022).

basic nutritional raw material for people and a major
energy source all over the world (Lupu et al., 2016). The
global cultivated wheat area is about 219 million hec-
tares and production volume of wheat grain is 808 mil-
lion tons while, the cultivated area in the Arab Republic
of Egypt is about 1.43 million hectares with a produc-
tivity of 9.7 million tons (FAOSTAT, 2022). However,
Egypt is the world’s largest wheat-importing nation,
with only less than half of the national consumption be-
ing met by domestic production which is primarily pro-
duced from big desert frames and millions of
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Over the last few decades, there has been a signifi-
cant increase in the demand for whole wheat flour (Seal
etal., 2016). Whole wheat flour products provide signif-
icant nutritional benefits over refined flour products
(Gémez et al., 2020). Consuming more whole wheat
flour or grain lowers the risk of cardiovascular disease,
type 2 diabetes, and certain malignancies additionally
improves intestinal health (Seal et al., 2016). Whole
wheat grain contains the following nutritional compo-
sition: 78-80% carbohydrates, 8-18% protein, 9-15% di-
etary fiber, 1%—2% fats, and 1%-3% minerals (Miller
Jones et al., 2015). Wheat can be used for food (67%),
feed (20%), and seed (7%) (El-Porai et al., 2013). Wheat
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grain consists of three main parts: endosperm (82.7-
83.7%), peripheral layers (pericarp + intermediate layer
+ aleurone) (13.1-14.3%), and germ (3-3.2% dry weight)
(Barron et al., 2007).

Wheat flour is derived from two main types of
wheat grains; Flours obtained from bread wheat varie-
ties (Triticum aestivum L.) are widely used of bread and
other bakery products elaboration, whereas durum
wheat flours (Triticum turgidum ssp. durum L.) have
technological properties that makes them suitable for
high-quality pasta production (Igrejas and Branlard,
2020; Ciudad-Mulero et al., 2021). Protein content in
in hard wheat is higher (12-16%) than in soft wheat (8-
10%) according to [USDA/NASS (2001) C.F. El-Porai et
al. (2013)].

There are various stages for wheat grain grinding
including cleaning, conditioning, grinding, and sifting
(Dziki, 2023). The most crucial step in the processing of
wheat is grinding (Ahmed et al., 2015; Davara et al.,
2018). Also, the grinding process is one of the most en-
ergy consuming processes during the flour and feed
production, and the main factors that affect the energy
consumption during grinding process are machine pa-
rameters and physical properties of grains (BUDACAN
et al., 2013; Dziki, 2008). Grinding is a common tech-
nique for reducing food's size because it produces food
powders that are easy to use as intermediate or final
products and are chemically and microbiologically sta-
ble (Jung et al., 2018). The process of wheat grinding re-
quires the usage of a variety of equipment such as plate,
hammer, stone and roller mills (Prabhasankar and
Haridas Rao, 2001). Also, mills that use attrition or
shear forces for size reduction play an important role in
fine grinding. Since much of grinding is carried out in
the food industry, it produce very small particle sizes
and this type of mill is widely used (Bayram and Oner,
2007). The single disc mill, double disc mill, and Buhr
mill are three of the main designs of the disc attrition
mills (Barbosa-Canovas et al., 2005).

Before grinding, the moisture level of food materi-
als is a very important factor, since it determines the
materials’ physical properties and the powder proper-
ties, such as flowability after grinding, the moisture
content of food materials is closely related to its energy
requirement for grinding (Jung et al., 2018). Apart from
the equipment employed, the process of grinding is in-
fluenced by grain moisture and its mechanical proper-
ties which are mostly determined by the cultivar factor.
In all cases an increase of grain moisture increases the
specific energy requirements of grinding (Ahmed et al.,
2015). The design of grinding disc, clearance, rota-
tional speed, and the feeding rate all influence grind-
ing efficiency.

After the undesired matter is sorted out the end af-
ter cleaning and preconditioning the wheat (soaking in
water in order to increase moisture content) it is ready
for grinding, the modern wheat grinding plant is nor-
mally a complex system; many varied the production
rate according to the techniques and capacity for pro-
duction line. The statement operation of the mill needs
a lot of time for training to have experience to correctly
handle the various processing machines into producing
high-quality flour with highest possible yield (Fouda et
al,, 2017). Additionally, Grinding is often done in large
mills (governmental and private) where wheat grains
go through several stages before grinding process (such
as transport, storage, cleaning, conditioning... etc.)
which may lead to loss in the quantities of wheat grains,
furthermore, the process of grinding wheat grains in
large quantities in government and private mills re-
quires packing and transport operations, which may
sometimes lead to a loss of flour and an increase in its
production costs. Approximately 25 million tons of
wheat is lost during the postharvest stages (including
storage and post-production). About 46 percent of this
loss is observed in developing countries (Baloch, 1999).
In addition to the need for storage, which can some-
times lead to spoilage of the flour, which affects human
health. To obtain freshly full milled flour which has
high nutritional value at any time, there was an urgent
need for small grinding machines that suit the needs of
the Egyptian family, especially small farmers, these ma-
chines are not available locally and are imported from
abroad at high prices, with the passage of time and re-
peated use of the machine, the problem of wearing of
grinding discs appears, which are not available locally.
Therefore, the focus was on finding solutions to this
problem by developing and manufacturing simple
grinding discs from local materials to replace imported
discs, in addition to its use in the local manufacturing
of wheat grain grinding machines. So, the main objec-
tive of this study was as follows:

Study of some engineering factors (such as shape of
grinding disc, grinding clearance, and moisture content
of wheat grain) affecting the performance of wheat
grain grinding to contribute in the developing and local
manufacturing of wheat grain grinding machines that
suit the needs of the Egyptian family (home usage), in
addition to study the operating and grinding costs.

2. Materials and methods

This study was conducted at the Department of Ag-
ricultural Machinery and Power Engineering -Faculty
of Agricultural Engineering, Al-Azhar University,
Cairo, Egypt and ACU (Ahram Canadian University)
Laboratory in Egypt through years of 2022 - 2023.
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2.1. Materials
2.1.1. Type of wheat grains

The wheat grains used in this study were a mixture
of the three following types; two types of Egyptian
wheat (Egassed 22 and Giza 11) and imported French
wheat to enhance the properties of the produced flour.

2.1.2. Grinding machine

A Perten laboratory mill 3303 as shown in Fig. 1 was
used for wheat grain grinding, this Lab mill is a disc
type mill and consists of the following parts: base of ma-
chine, power transmission, feeding system, grinding
chamber, final product outlet. The overall length,
width, and height were 28, 15, and 48 cm while the total
mass of grinding machine was 16 kg.

Fig. 1. Perten 3303 laboratory mill, reprinted from;
https://www.yumpu.com/en/document/read/52958056/labora-
tory-mill-3303

8.5

1.8

Original disc (D1)

Local disc (D2)

The power transmitted from an electric motor [220
-230'V, single phase, 1.6 A, 50 Hz, and rotational speed
of 2800 rpm] to the grinding disc by using direct trans-
mission. Grinding chamber contains a pair of herring-
bone discs with a diameter of 75 mm, one of them is
fixed and installed on the internal wall of the grinding
chamber, while the other is movable and installed on
the engine shaft as shown in Fig. 2. Three types of mov-
ing discs were used; original disc (D1) and two discs
were manufactured locally; disc with four curved
blades (D2) and disc with four straight blades (D3) as
shown in Fig. 3. The clearance was adjusted using a
lever to control the distance between the two grinding
discs in six levels of 0.1 mm each, and the clearance was
calibrated using a feeler gauge.

Fig. 2. Grinding chamber. a) fixed disc and b) moving
disc.

1.3;23

Local disc (D3)

Fig. 3. Tested grinding discs.
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2.1.3. Measuring instruments

1) Electric oven: The electric oven was used to deter-
mine the moisture content of wheat grains, the spec-
ifications of oven were as follow; VENTICELL55
type, 230V, 50/60 Hz, 1250W, and Max temperature
up to 2500 C.

2) Digital balance was used to weigh the individual
samples of wheat grains, measurement ranged from
(0-7 kg) with accuracy of 0.01 g.

3) A digital AVO meter was used to measure the con-
sumed current, with accuracy of 0.001, range of the
measurement AC/DC voltage up to 600V and
AC/DC current up to 10 A.

2.2. Methods
2.2.1. Cleaning of wheat grains

Wheat grains were subjected to cleaning process to
remove any further impurities (immature grain, bro-
ken, foreign materials, etc.) before the beginning of
grinding experiments according to El-Sabaei (2017).
Wheat grains was cleaned by using a sieve (2 mm x 2
mm).

2.2.2. Moisture content of wheat

The moisture content [Mc, (%, wb)] of wheat grain
were determined by drying method in a hot air oven at
105° C for 24 hours according to Mousa (2020). This test
was repeated three times.

2.2.3. Conditioning of wheat grains

To achieve the desired moisture content of wheat
grains sample, the amount of added water was well
mixed with grains and left for 24 h. The following equa-
tion was used to calculate the mass of added water ac-
cording to Tavakoli et al. (2009).

_ mi(Mfm - Mim) [1]

where;
m,,: is the mass of added water to the wheat grains
specimen (g).
m;: is the initial mass of used wheat grains speci-
men, (g).
Mgy, is the final moisture content of specimen, (%,
wb).
M p,: is the initial moisture content of specimen,
(%, wb).

2.2.4. Variables of study

The following variables were studied to evaluate
the performance of grinding process:

- Shape of grinding disc: three types of moving disc;
Original disc (D1), local disc (D2), and local disc (D3).
- Grinding clearance: four clearances of 0.1, 0.2, 0.3, and

0.4 mm.
- Moisture content of wheat grains: four levels of 14,
16,18, and 20 (%, wb).

All grinding experiments were conducted at con-
stant rotational speed (2800 rpm) and constant feeding
rate (8.31 kg/h), also; experiments of this study were
replicated three times.

2.2.5. Performance indicators
2.2.5.1. Machine productivity

Machine productivity was calculated using the fol-
lowing equation:
Productivity
mass of milled wheat grains, (kg) - [2]

time of milling, (h)

2.2.5.2. Specific energy requirement

The specific energy requirements (kWh/kg) were
calculated according to Mousa (2018) using the follow-
ing equation:

Specific energy requirements

_ Power, (kW) - [3]
"~ Productivity, (kg/h)

The power consumption (kW) was determined by
using the following equation:
[XVXcos® Xng,

= .4
Power 000 (4]

where:
I: is the consumed current, (amperes).
V: is the voltage difference (220 Volt).
cos @ : is the power factor assumed 0.85 and
Nm: is the mechanical efficiency of motor assumed
(85%).

2.2.5.3. Extraction ratio

Extraction rate is the amount of white flour that ex-
tracted from a given weight of clean and conditioned
wheat. The extraction process was done by knowing the
total weight of the ground wheat grains, then knowing
the weight of the amount of flour extracted from the
sifting process and dividing the two quantities to find
out the extraction rate. The particle size index of each
sample was determined by sieving through standard
sieve NO. 40 GG (475 um). The extraction ratio was cal-
culated according to El-Porai et al. (2013) using the fol-
lowing equation:

Extraction rate, (%)

mass of flour, -« [5
_ ® 190 P
mass of crude wheat, (g)

-4-
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2.2.5.4. Cost analysis

The total cost was determined according to kepner
(1982); Hunt (1983) as follows:

Total operating cost (LE/h)
= Fixed cost (LE/h) + Variable cost (LE/h) ...[6]
A. Fixed costs

1. Deprecation of the machine

Deprecation of the machine was calculated from the
following equation:

D=(P-9)/L (7]

where:

D: is the machine deprecation, (LE/year)

P: is the purchase price, (LE)

S: is the salvage or selling price (LE, 0 %)

L: is the time between buying and selling year.
2. Interest rate

Interest rate was considered as a percentage of the
machine purchase price per year, it was considered 12

%.
3. Taxes, insurance and shelter

The cost of taxes insurance and shelter was consid-
ered 5% of the machine purchase price per year.

B. Variable costs
1. Repairs and maintenance (R+M)

For the machinery is about 5.77% of the machine
purchase price.

2. Electric cost

The price of electrical energy was 0.5 LE/kWh ac-
cording to the year 2023.

3. Lubricant cost
Lubricant cost was taken as 15% of the electric cost
4. Labor cost

The Labor wage was ignored in our study because
the purpose of this research is for home usage (small
scale), Furthermore, wheat grinding procedure will be
done as needed.

Grinding cost, (LE/kg)

_ Operating cost, (LE/h)
"~ Productivity, (kg/h) ..[8]

Spread sheet tools such as Microsoft Excel and SPSS
(V., 26) were used for statistical analysis of the study's
data.

3. Results and discussions
3.1. Machine productivity

Fig. 4 showed that the machine productivity in-
creased with increasing the moisture contents from 14
to 16 (%, wb), then decreased with increasing the mois-
ture contents from 16 to 20 (%, wb) for all tested clear-
ances and grinding discs. Also, the results indicated
that the machine productivity increased with increasing
the clearance (Khairy et al., 2016 confirmed this) from
0.1 to 0.4 mm for all tested moisture levels and shapes
of grinding discs.

Clearance
0.0lmm 02mm 03mm 0.4 mm
— D1 D2 D3
—
:";’n 8.0
< 7.0
£ 6.0 S
: ‘%, :
= r < —
.g 4.0 = .7--:
2
@ .
E 1.0
L)
‘E‘ 0.0
12 14 16 18 20 22 12 14 16 18 20 22 12 14 16 18 20 22
Moisture content, (%, wb)

Fig. 4. Effect of tested moisture content and clearance on grinding machine productivity using different types of

grinding disc.
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As expected, increasing the grinding clearance
from 0.1 to 0.4 mm led to an increase of the productivity
of whole grinding flour from [(4.27 to 5.61), (4.61 to
5.66), (4.13 to 4.82) and (3.72 to 4.43 kg/h)], [(4.15 to
5.27), (4.33 to 5.31), (4.20 to 4.91) and (3.82 to 4.21 kg/h)]
and [(3.81 to 4.21), (3.86 to 4.30), (3.17 to 3.92) and (2.69
to 2.93 kg/h)] when using original grinding disc (D1),
local disc (D2) and local disc (D3) at moisture contents
14, 16, 18 and 20 (%, wb) respectively. Also, the results
revealed that the highest value of machine productivity
was 5.66 kg/h at clearance of 0.4 mm and moisture con-
tents of 16 (%, wb) when using original grinding disc
(D1), while the lowest value of machine productivity
was 2.69 kg/h at clearance of 0.1 mm and moisture con-
tent of 20 (%, w.b) when using local disc (D3).

Duncan Multiple-Range Test (DMRT) in Table (1)
showed that; the mean values of machine productivity
were not significantly for the original grinding disc D1
and local disc D2 while decreased significantly using
the local disc D3. Also, Duncan's Test indicated that; the
mean values of productivity increased significantly
with increasing the grinding clearance from 0.10 to 0.40
mm. Whereas, the mean values of machine productivity
increased significantly with increasing the moisture
content from 14 to 16 % then decreased significantly
with increasing the moisture content up to 20 %.

Table 1

Effect of shape of disc, clearance and moisture content
on the productivity, Duncan's Test at 5% level.

Pe.rfo-rmance Variables of study
indicator
Shape of grinding disc
D1 D2 D3
o 4.539a 4512a 3.595¢
E ) Grinding clearance, (mm)
5 8 0.10 0.20 0.30 0.40
—5 = 39042 4048 4.297¢ 46134
A Moisture content, (%, wb)
14 16 18 20
4.498b 45982 4.136¢ 3.632d

According to the previously mentioned results for
grinding process of wheat grain in this study; it is clear
that the optimum machine productivity was obtained
by using the original grinding disc D1 and local disc D2,
clearance of 0.4 mm and moisture content of 16 (%, wb).

3.2. Specific energy requirements

Fig. 5 showed that the specific energy requirements
increased with increasing the moisture content of wheat
grains from 14 to 20 (%, w.b) for all tested grinding
clearances, shapes of grinding discs used Ahmed et al.
(2015) corroborated this, also., similar trend was ob-
served by another researcher BUDACAN et al. (2013)

they caried out their experiments on two different grain
types: maize and wheat, two different moisture content
levels were employed for each grain type (11.1% and
17.6% for maize, and 13.4% and 18.8% for wheat, re-
spectively) their results indicated that the specific
grinding energy increased with increasing the grain
moisture content for both maize and wheat. This result
could be attributed to the fact that dry wheat grains are
fragile, easy to mill, and require less energy for the
grinding process. In addition, the plasticity of the nu-
cleus and bran increases with the increase of the mois-
ture content of wheat grains, because of this, grinding
of wheat grains requires more energy when increasing
the moisture content (Warechowska et al., 2016). Also,
the results indicated that the specific energy require-
ments decreased with increasing the tested clearance
from 0.1 to 0.4 mm (Werby et al. (2014); Khairy et al.
(2016) confirmed this) for all tested moisture levels and
shapes of grinding discs.

Increasing the moisture content from 14 to 20 (%,
whb) led to an increase in the specific energy required for
grinding process from [(0.082 to 0.116), (0.073 to 0.107),
(0.068 to 0.094) and (0.057 to 0.088 kWh/kg)], [(0.087 to
0.115), (0.077 to 0.110), (0.073 to 0.104) and (0.061 to
0.100 kWh/kg)] and [(0.097 to 0.175), (0.088 to 0.166),
(0.081 t0 0.163) and (0.071 to 0.150 kWh/kg)] when using
original grinding disc (D1), local disc (D2) and local disc
(D3) at tested clearances 0.1, 0.2, 0.3 and 0.4 mm respec-
tively. Also, the results indicated that the highest value
of specific energy consumption was 0.175 kWh/kg at
moisture content of 20 % and clearance of 0.1 mm using
local grinding disc (D3) while the lowest value of spe-
cific energy consumption was 0.057 kWh/kg at moisture
content of 14 (%, wb) and clearance of 0.4 mm using
original grinding disc (D1).

Duncan's Test in Table 2 indicated that the mean
values of specific energy requirements were not signif-
icantly for the two local grinding discs (D2 and D3)
while decreased significantly using the original disc D1.
Also, Duncan's Test showed that the mean values of
specific energy requirements increased significantly
with decreasing the grinding clearance from 0.10 to 0.40
mm. Whereas, the mean values of specific energy re-
quirements increased significantly with increasing the
moisture content from 14 to 20 %.

According to the previously indicated results for
the grinding procedure of wheat grains used, we no-
ticed that, the largest clearance (0.4 mm) and the lowest
moisture content (14%) when using the original grind-
ing disc (D1) had lowest specific energy requirements,
while, the minimum clearance (0.1 mm) and the highest
moisture content (20 %, w.b) with using the two local
grinding disc (D2 and D3) had highest specific energy
requirements.

-6-
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Clearance

%P 00lmm 02mm 03mm 0.4 mm
g D1 D2 D3
£ 0.20
g
£ 0.16 h
2
g 012
g /
:5:3 0.08 (Aﬂ_ _ : .
g 0.04
5.‘5‘ 0.00

Moisture content, (%, wb)

Fig. 5. Effect of tested moisture content and clearance on specific energy requirements using different types of

grinding disc.

Table 2

Effect of shape of disc, clearance and moisture content
on the specific energy requirements, Duncan's Test at
5% level.

Pe.rfo.rmance Variables of study
indicator

. Shape of grinding disc

L D1 D2 D3
) '§ 0.372a 0.382° 0.387"
E S Grinding clearance, (mm)
Pl 010 020 030 040
'§ qg) 0.402=  0.386> 0.374¢ 0.3594
& -% Moisture content, (%, wb)

g 14 16 18 20

0.3372  0.366° 0.388c 0.431d

3.3. Extraction ratio

Fig. 6 indicated that the extraction ratio increased
by increasing the moisture contents of wheat grains
from 14 to 20 (%, w.b) for all tested grinding clearances
and shapes of grinding discs used. Also, the results
showed that the extraction ratio of wheat flour in-
creased by decreasing the tested grinding clearance
from 0.4 to 0.1 mm for all tested moisture contents and
shapes of grinding discs used.

Decreasing the tested grinding clearance from 0.4 to
0.1 mm resulted in an increase in the extraction ratio of
wheat flour from [(45 to 70), (46 to 71), (48 to 73) and (52
to 73 %)), [(39 to 54), (42 to 57), (43 to 58) and (44 to 60
%)] and [(27 to 35), (30 to 37), (31 to 38) and (31 to 38 %,
w/w)] when using original grinding disc (D1), local disc

(D2) and local disc (D3) at tested moisture contents 14,
16, 18 and 20 (%) respectively. Also, the results revealed
that the maximum value of extraction ratio was 74 % at
moisture content of 20 (%) and clearance of 0.1 mm us-
ing original grinding disc (D1) while the lowest value
of extraction ratio was 27 % at moisture content of 14

(%) and clearance of 0.4 mm using local grinding disc
(D3).

Duncan's Test in Table 3 indicated that the mean
values of extraction ratio were significantly for all tested
grinding discs D1, D2, and D3. Also, Duncan's Test
showed that the mean values of extraction ratio in-
creased significantly with decreasing the tested grind-
ing clearance from 0.40 to 0.10 mm. Whereas, the mean
values of extraction ratio increased significantly with
increasing the moisture content from 14 to 18 %.

Table 3

Effect of shape of disc, clearance and moisture content
on the extraction ratio, Duncan's Test at 5% level.

Pe'rfo‘rmance Variables of study
indicator
Shape of grinding disc
D1 D2 D3
._g 60.292 49440 34.10¢
g _ Grinding clearance, (mm)
2 010 020 030 0.40
S 55.89°  51.31°  44.67¢  39.92d
5 Moisture content, (%, wb)
14 16 18 20
45172 47.67> 49.25¢  49.69¢
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Clearance
0.lmm 02mm 03mm 0.4 mm
D1 D2 D3
- 80
S 70 AFH-——*
= |
g >0 \M 3%
§ 40 ——
£ 30 (._ar_)r_
=
20
12 14 16 18 20 22 12 14 16 18 20 22 12 14 16 18 20 22
Moisture content, (%, wb)

Fig. 6. Effect of tested moisture content and clearance on extraction ratio using different types of grinding disc.

According to the previously indicated results, we
can summarize that, the highest values of flour extrac-
tion percentage were obtained with the original grind-
ing disc (D1) at clearance of 0.1 mm and moisture con-
tent of (18 — 20 %), whereas; the smallest values of flour
extraction percentage were obtained with the local
grinding disc (D3) at clearance of 0.4 mm and moisture
content of 14 %.

Based on the previously reported results for perfor-
mance indicator (Productivity, specific energy require-
ments and extraction ratio), we can recommend the op-
timum operating conditions for the grinding process of
wheat grains used in this study as follow; It is preferred
to use the original grinding disc (D1) in the grinding
process, but, if any problem occurs for the original
grinding disc, such as; corrosion, unavailability, diffi-
culty in manufacturing ... etc,, it is preferable to use the
local grinding disc (D2) which has four curved blades,
because of its simplicity of manufacturing from local
materials and its low price compared to the original
grinding disc. Also, the results showed that the maxi-
mum values of machine productivity occurred at the
moisture content of 16 % for all tested clearances. Also,
the results indicated that the highest values of extrac-
tion ratio occurred at clearance of 0.1 mm for all tested
moisture content.

3.4. Operating costs

The total hourly operating cost of the grinding ma-
chine were 24.8 and 21.6 LE/h whereas, the grinding
cost (LE/kg) was calculated with dividing the total
hourly operating cost on the productivity of machine at
optimum operating conditions; moisture content of 16
(%, w.b) and grinding clearance of 0.1 mm, at these con-
ditions, the average values of wheat grinding cost were
5.40 and 5.00 LE/kg using original grinding disc (D1)
and local disc (D2) respectively.

4. Conclusions

® The specific energy requirements and extraction ratio in-
creased with increasing the moisture content, whereas the
productivity of whole wheat flour increased with increasing
the moisture content from 14 — 16 % then decreased with in-
creasing the moisture content from 16 —20 % for all types of
tested grinding discs.

® Also, the specific energy consumption and extraction ratio
decreased with increasing the tested grinding clearance
from 0.1 — 0.4 mm, whereas the machine productivity in-
creased with increasing the clearance from 0.1 to 0.4 mm for
all types of tested grinding discs.

® Under the tested moisture content range and grinding clear-
ance, the results showed that the original grinding disc was
better than other two local discs, the original disc (D1) had
low values of specific energy requirements, and it had high
values of productivity and extraction ratio followed by local
disc (D2) with four curved blades.

® The highest values of machine productivity were 4.61 and
4.33 Kg/h with specific energy requirements of 0.089 and
0.092 kWh/kg and extraction ratio of 71 and 57 % at using
original disc (D1) and local disc (D2) which has four curved
blades respectively when the moisture content was 16% and
grinding clearance was 0.1 mm.

Recommendations

® Attention to cleaning of wheat grains of impurities and for-
eign matter before carrying out the grinding process, in ad-
dition to performing the conditioning of grains at the appro-
priate amount and time to reach the optimum moisture con-
tent (16%) to easy separation of endosperm from the bran,
also, the local disc with four curved blades can be used to
grind wheat grain with a clearance of 0.Imm to produce
whole grinding flour.

-8-
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® Further research and development of wheat grain grinding
discs is still required to achieve super fine grinding and ultra-
fine grinding to obtain full grinding flour with high nutri-
tional value.

® Working on manufacturing small grinding machines suita-
ble for Egyptian family to promote the local manufacturing
and reduce dependence on imports from other countries.
Future studies should also be conducted to reduce the
power consumed in the grinding process.
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