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MILLING ENERGY REQUIREMENTS AND FLOUR QUALITY
EVALUATION OF RICE GRAINS
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ABSTRACT

The main outlet of Egyptian rice was estimated by 40 % in 1570,

whereas it was 5.31 % in 2000. The decrease in rice exports is likely

due to the increase in rice world production and the high competition in

rice world market. This situation causes a great ‘marketing problem for

tice growers. Which reflected in fower prices of rice in the focal market.

One of the proposed alternatives is 1o improve the final rice quatity to

used as a siable food and for export market. The other alternative is to

initiating a system regulating rice consumed for proposes other than

stable food. The proposed system should be intended to supply rice for

processing at a price lower than the price of rice used for a stable food,

and to demand for rice while promoting the increase in production.

This research aims to study and evaluate the possibility of using the

hammer mill for grinding iwo different rice varieties {(Jasmine - long

variety) and (Sakha 101 - short variety)), and the effect of some

operaling parmameters affecting the grinding power and energy

requirements, The quality of final rice flours during grinding process was

also considered, The following parameters were examined. Four

hammer revolving speeds (750,800,850 and 900 r.p.m.); three hammer

clearance between fixed and rotating hammer edge (0.5, 1.0 and1.5

mm) and three fice polishing time of {zero, 0.5, and 1.0 s). Increasing

hammer revolving speeds from 750 to 8300 r.p.m, decreasing hammer

clearance from {1,516 0.5 mm.) , sind the time of rice poliching from (1.0

to zero s.) cause & corresponding increase in the power requirements

as, no-load, ioaded and useful power for both types of rice under study.

Also, af the same operating conditions the energy consumption and

degree of fineness percentage tends to increase using the two types of

rice {jasmine and Sakha). The values of fineness degree were always

higher during mill Sakba rice as comparing with fineness degree

produced from jasmine rice, These results may be due to the hardness

of Sakha rice than thet of jasmine rice.

1- INTRODUCTION
Rice is one of the world three major crops wheat, com and rice. 's iolal

production amount of about 500 million tons in unhooked rice. Although rice shears
aboutl 20% of the tolal energy uplake of the world, about one half of the worid
peaple live on rice as a major stable food (RPHT, 1894). In Egypl rice support
maore human beings per feddan than any other grains. The planied area of tice in
Egypt was 1,00 million feddan in 1984 and the production was 2,40 million-ton. In
2000, the planted area of rice increased only to 1, 040,872 fed. However, due to
the breading of high yielding varieties the production increased nearly by 242 %
and reached aboul 5.8 million-1ons { Agric.Res.Cenler-Rice program, 2000 ). In
1970,about 40 % of Egypt's rice production was exported. However, due to the
increase in rice world production and the high competition in rice world market
Egypt exports only about 5.31 % of the production {FAO 2000).
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This sifuation causes a greal marketing problem for rice growers. Which
reflected in lower prices of rice in the local market, beside that, a great amount of
paddy has accumulated in the stores of both farmer and commercial mills. Rice
millers can no longer expecl extravagant prices for their paddy buying without
finding an alternative in their production and marketing policy. One of the proposed
aliernatives is to improve the final rice quality as it is might lead to a possible
marketing competition with the rice exporting countries. The other allemalive is to
gradually shifting their main source of profit {o more economical and less wasteful
operation in order to promote and ensure a smooth conlinuation of marketing
aclivities. One of the most important economical operations for the commercial rice
mills are iniliating a system regulating rice consumed for proposes other than
stable food. The proposed system should be intended {o supply rice for processing
at a price lower than the price of rice used for a stable food, and to demand for rice
while promoting the increase in production. Cn other hands, the approach invoived
directly in controlling the supply and distribution of lower quality rice, but not in
purchasing and selling. On the other hands, high quality rice will be used primarily
as a stable food and for export market.

Rice flour produced from broken or complete kemels is considered one of the
most important sources for processing various kinds of food products {Pustaka,
1981; El-Rekabi et al., 1985; El-Gendi, 1986 ; Mostafa. 1987; and Nishio, 1991).
There are many processed rice flour products used in many countries of the world,
Some of these products are premixed pancake, rice flakes, rice crispy, various
baby foods, rice snacks, noodles, bread containing rice power, snacks and sweets

" Goel, 1089 ; Nishio, 1981, and FAO, 1991. However, 10 obtain rice fiour with
specific physical and nutrition characleristics a series of research work should be
conducted 1o assess the proper grinding sysiem to adopt the wheat grinding
machines for grinding various varieties of rice. Hamza (1976) stated that in the
milling process as a mechanical treatment, affects greatly the milling products
characteristics. Consequently, any difference in the way of milling or treatments
applied to the milling stock will actually affect the yield or the extraction rate of flour
and consequently affects the composilion and characteristics of the products. He
added that in the milling of flour, the bran and germ of the kemel are removed as
purification progresses. The resulling straight grade flour appears yeliowish or
creamywhite, owing to the prevalence of carotenoid pigments and absence of bran
and germ particles.

Simmons (1963) and Kozmin (1988) classified the grinder or milling
equipment's according to the principles of action of their working organs upon the
treated product as; cutting (chipping off) machines; pressing (crushing) machine;
and machines acting by free impact. Milling equipment may depend upon one or a
combination of two or more of these types. i

In recent years, as energy has become increasingly expensive, power costs
have assumed much grealer imporiance in the economics of flour mill operations.
It ts not surprising to learn that, milling energy estimatled that as much as 75%of
the energy used in a fiour mill was associsted with the actual milling process, and -
the remaining 25% was for processes such as grain cleaning, storage, flour
blending, shipping and packing, and preparation of mili feed (Zwingelberg, 1980).

Hall and Davis (1979) reported thal material type, moisture content, grinding
fineness, rale of feed, type and condition of mill; affect the power requirements and
milling capacity. Meanwhile, Hansen and Stewarl (1865) stated that the energy
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required for any specific size reduclion situation is dependent, first, on the kind of
material being or method by which the reduction is being achieved, and, third, on
the padicular size range over which the comminution occurs. Kilborn et al. (1982)
concluded that kemel hardness is only one factor that would be expecled to affect
energy requirements during milling. Other factors such as feed rate, roll gap, roll
speed, and tempering procedure also play a significant role.

Hegazy (1995) concluded that at any feeding rate, increasing milling speed
and decreasing the clearance between working surfaces, were found to be
important factors in increasing flour fineness degree, flour degree, flour
cemponents (protein and fat), flour color degree, while, the required horsepower for
milling operation increased. Meanwhile, Hassan (1994) showed that grinding
capacity increased and grinding energy decreased as fineness of grinding
increased by increasing screen size from 3.2 mm to 6.35 mm which in turn gave an
increase of 68.1% in grinding capaciy and a decreased of 55 % in grinding energy.

Refai, 1865, end Elkady and Elshazely, (1971) reporied that color has long
been a criterion for flour quality. The flour color depends on several faclors,
inchading the carotencid pigments, stains and discoloration caused by microbial
infestation and the percent extraction of fiour. The extent and composition of the
pigments of bran and endosperm vary in different grains classes. Flour may have a
carotenoid pigment content varying from 295 o 411 ppm.
depending on the wheat from which il is derived. While, Gallagher (1984) and El-
Rekabi et al.(1985) indicated that granularity influences flour color. Within normal
limmits, the finer flour, the brighter and whiter it will appear.

The main goal of this research work is to sludy and evaluate the possibility of
using the hammer mill for grinding two different rice varieties. The effect of some
operational parameters and grain conditions on the grinding power and energy
requirements. Studying the effect of such process on the final rice flour quality was
also considered as one of the aims this invesligation.

2- EXPERIMENTAL PROCEDURE AND MEASURMENTS

The main experiment was carried out at the Rice Mechanization Center (RMC)
of Agric_Eng Res.institute (AEnRY!), in Meet El-Dyba, Kafr El-Sheik Governorate.

The experimental work was divided into two stages. The first stage was carried
out 1o study some of the physical and mechanicai properties of two different rice
vareties of (Jasmine - long variety) and (Sakha 101 - shorl variely) used in this
study. The second stage was carried out to siudy the effect of some operating
parameters affecling the grinding energy requirements, and to study the effect of
such process on the final rice flour quality {physical properties).

For the duration of these experiments, scme of the independent variables
wese t{aken inle consideration, such as, four hammer revolving speeds
¢750,800,850, and 900 r.p.m.), three clearance between fixed and rotating hammer
edge (0.5, 1.0 and1.5 mm) and three polishing time of rice {zero, 0.5, and 1.0 s).
Flour color degree is affected by polishing time of rice and hence quality.

Yo fulfili the objective of this research work, a hammer mil, {which was most
popular type in the Egyplian village), was used to mill the rice samples. The
grinding chamber of the machine was a chromium-plated steel block (30-cm
diameter), with has into it six stationary knives of high-grade tool steel in projecled
the periphery of the chamber, hardened and ground. Four similar hammer cutters
fweed to the spindle of electric motor, rotating at high-speed. Tuming the knutled
Holthead at the outer surface of the grinding chamber, which alters the gap
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beilween the fixed and the rotating knives can conirot the fineness of the product.
Hopper, with dust-proof cover was fixed on the top of the mill, A slainiess-steel
sieve Of (1.0-mm circolar hole) closes the lower part of the grinding chamber and
the rice is reduced in size passes lhrough this sieve fo the oullet (as shown in
Fig.1). The specifications of this machine is shown in table (1).

2 1 11 ‘\i

1.

1- Feed hopper 2- Sliding shutter = 3- Stationary knife - 4- Screen
5- Rotor knife  6- Delivery chute  7- Sereen handwheel 8- Rotor
9- Micro switch  10- Clamping par  11- Threaded stud ~ 12- locknut
Fig. {1): A schematic diagram for hammer cutter mill (Wiley mills, model- 4).
Table {(1}: The specificalions of hammer mill used in this sludy.

Specifications - Harnmer Mill
Manufacture, : USA, Wiley mills
Type; Hammer cutter mil
Mode!;, - o 4
Overall length, cm; 40
1 Overall width, om; ’ 0
Overall height, cm; 50
Hammer speed, r.p.m, 800 .
Power source, single phase slectric molor

Power requirement, 0V, D746 kW)

2.1-Test procedures: . .

The paddy or rough rice samples were cleaned thoroughly and the foreign
seeds and materials were rejecled by hand picking followed by sleving. The rough
" rice of each variely was passed through a Satake rubber roll machine model THU-
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35A, to give a brown rice in one pass. The resulting brown rice was poured into the
pohshing chamber of the McGill # 2 miller, for milling the brown rice at different
times (zero, 30 and 60 s). After milling process, the samples were taken to
determine the milling degree and whiteness of mitled rice.

The rice samples were fed from the feed hopper into the hammer milt; the
hammers strikes and cufting it with greal force and rapidly pulverizes if. The
samples of grounded rice were taken periodically from the machine outlet. Packed
in polyethylene sacks and stored in a refrigerated room at { 0 - 4 C ), to avoid
insects sttack and microbial contamination in rice flour during the experimenta!
stuedy, till different examinations and analysis were used.

2.2 - Measurements:
2.2_1.Physical and mechanical properties of rice grains determination:

A digial sliding caliper accurate to the nearest 0.05 mm was used to measure
length, width and thickness of grain rice.

Hardness of rice grains was tested using Hardness Tester # 174886 kiya
Seisakusho, L.T.D.

The whiteness and mﬁﬁng degree of milled rice were measured after the tests
directly using a Keti meier, model {C-3060).

2.2 2. Determination of grains moisture content:

Muoisture content of grain samples were performed according to AA.C.C.
{1983). The standard air oven method using 25 g sample placed in air oven at 130
C tor 16 hours was used lo determiine grain moisture content.

2.2.3. Detenmmination of the grinding power and energy requirements:

During grinding the brown rice, the consumed time from the instant of full
dropping of rice uniil the instant of end time was measured. Then the energy (kWh)
for fiour milting was calculated by knowledge of the grinding power (k W) for each
test according to (lLockwood and Dunstan, 1971) as follows:

Energy requirements = The consumed power (kW)} x Time consumed (h).

The grinding power consumed (Pc.) for single -phase electric motor, was
determined using super clamp meter ~700k Japan made to measure the iine
cussent strength and potential difference value. Then the power consumed was
calculated gs follows:

. Pc.=A V. c0s 8. nn 7 1000 - kWL

Where: :

A = Curremt sirength in amperes;

V = Voltage (being equal to 220 volt);

fim =Mechanical efficiency {assumed B0%});
Cos 0 = power factor (being equal to 0.70).

The useful power (the difference belween horsepower consumed and
horsepower required for running the mill emply) was caiculated as follows:

Useful power = power with foad — power without load KW,
2.2_4._ Flour physical analysis {particle size distribution) determination:

The rice flour granulation and sieve analysis were determined using a
iaboeatory automatic sieve shaker {(PaSakha Teraoka — type SNF-7) Japan made
as Toliow: Alter milling all sample, @ 250 grams of flour sample was placed on the
top of sieves and the shaker was nun for 5 minutes, using a sleve series of 28, 32,
48, 100, and 150 mesh respectively. Afler each iest period the percemtage of
through and overlails were recorded.
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3- RESULTS AND DISCUSSION

in order to evaluate the milling efficiency during actual milling tests of rice
grains, the different criteria of rice flour as technological properties of fiour and |
other faciors related to the power and energy requirements during milling operation
were taken into consideration. The obtained results were discussed as follows:

3.1. Physical and mechanical properties of rice grains:

Knowing the physical and mechanical characteristics of rice grains is very
importani characteristics 1o select the adjusted clearance between fixed and
rotating hammer edge. This clearance was adjusted in reference to the minor axis
of the kernels on the assumption that each kemnels would receives some grinding.
Also, physical and mechanical characleristics are considered as the most
important factors affecting the working performance, and the physical and
mechanical characteristics of the final producl. Three principle dimensions
including length, width and thickness are. considered as the main physical
characteristics. For both types of rice under study, the average of these values
were decreased as the polishing time of rice increased from zero to 60 second
respectively

Table (2) :Some physical and mechanical properiies of the studied rice varieties .

Sakha-101 (short variety) ! Jasmine (long varlety}
Rice Varietles Polisiing Time, 3.
{zero} 20 {60} {zero) 30) {60}
Characteristics Brown Milted Milied Brown Milied Milled
rice rice rice rice rice Rice
Dimensions:
Length «nm. 557 521 407 678 6.74 6.44
Width, mm. 282 273 172 220 219 218
Thickness, mm. 194 186 D81 156 185 154
Hardness deg., N. 6053 52 68 04 58.96 51.99 46.00
Whiteness., % 24320 36.10 483 23 2997 3857
Miiling Degree, % . — 8633 133 — 433 88.67
As shown in Table (2), the average grain dimensions (iength, width and

thickness, respectively) at moisture content of 16.2 + 0.5 % (wet basis), and
polishing time al zero, 30, and 60 second were {5.57, 521 and 4.07mm.), (2.82,
2.73, and1.72 mm.) and (1.94, 1.86, and 0.81 mm for rice variety (Sakha-101)
respectively. The corresponded results for jasmine rice variety were (6.79, 6.74
and 644mm)), (2.2, 2.19,and 2.18 mm.), and {1.56, 1.55, and 1.54 mm.)
respectively.

Grain hardness as an effective factor in grinding process was also presented
in Table {2). The data revealed that the hardness degree of rice sample decreased
as the time of rice polishing increased from zero to 60 second for both varieties of
rice under study. The data also showed that during milling process, and at all times
of rice polishing, the values of grain hardness were always higher for rice variety
(Sakha-101) in comparison with that of rice varety (jasmine), as shown in Table
(2). This is may be due to increase fiber conlent in (Sakha-101) rice variety than
that for (jasmine) rice variely.

Table {(2) illustrates the effect of polishing time on the whiteness and milling
degree for both rice vsrieties under study. It was evident that increasing of
polishing time from zero to 60 second tends to increase grain whiteness degree,
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and milling degree for both rice varieties. These two factors might be altered during
the process of converting the grain into flour
3.2. Milling Power and Enerqy Reqguirements:

Figs (2, 3, 4 and 5) illusirale the milling power and energy requirements under
different operational parameters. The resulls showed that different drum speed,
different hammer clearance, at different times of rice polishing and the interaction
belween these factors have a highly effect on the power requirermnent and useful
power needed for rice grinding.

The data indicated that increasing drum revolving speeds from 750 to 800
r.p.m. cause 2 coiresponding increase in the power requirements as, no-load,
loaded and useful power for both types of rice under study. At any drum revolving
speed, the power (kW) and energy (kW .h) requirements were increased as the
hammer clearance decreased from 1.5 1o 0.5 mm, and as the tirme of rice pollshmg
decreased from 60 to zero second.

The date also showed that during grinding process, and at any drum revolvmg
speed, hammer clearance, and time of rice polishing the Sakha rice variety needed
more power and energy in comparison with jasmine rice varely. The observed
mcrease in the power and energy consumption Sakha rice variely may be
attributed {o the higher grain hardness of this variety in comparison with jasmine
variely, as shown in Tabie (2}. The results also revealed that increasing revolving
drum speed from 750 {o 800 r. p. m. causes a corresponding increase in the
energy consumption during the grinding process of brown rice &t any hammer
clearance in the range of 0.5 to 1.5 mm. for the two different rice varieties under
sfudy.

Generally, data reported in Figs. (2, 3, 4 and 5) show that, The highest power
and energy consumption was recorded when grinding process was conducted to
grind the brown rice (zero polishing time) at 900 r. p. m. drum speed and 8.5 mm.
of hammer clearance, which were, {(3.75 kW and 0.069 kW. h) and (3.67 kW and
0.067 kW, h) for Sakha and jasinine rice varieties respeclively.

The lowest power and energy consumption was recorded during grinding
process of rice grain pelished at 80 sec., drum revolving speed of (DO r. p. m.) and
clearance of hammer (1.5 mm), which was (2.93 kW and 0.061 kW._ h) (2.87 kW
and 0.059 kW._ h) for Sakhe and jasmine rice varieties respectively.

Another parameter related 1o the power and energy.consumption must be also
taken into consideration, such as degree of fineness for the produced rice flours,
which appeared that, the power requirements for grinding increases as the
fineness degree of rice flours increases. '

Generally, during grinding the two different rice varieties, the milling power as
well s energy consumplion were related 1o hammer clearance relationship
exponentially, which had high R? values, as shown in Figs. (2, 3, 4 and 5} and the
regression equation of the best fit was as foliows:

y =ae"™*
Wh ere;

y =Machine millmg power {kW) or energy. (kWhy

X = Hammer clearance,mm.;
3, b= constants.
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Fig.{ 2) : Power requirements as affected by different milling drum speeds and different
‘hammer clearances at dilfefent polishing times for jasmine rice variety.
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Fig.{ 3 } : Power requirements as affected by different milling drum zpeeds and different
hammer clearances at different polishing times of saka-101 rice variety .
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Fig.( 5 ) : Energy requirements as affected by different ‘milling drum speeds and
different hammer clearances at different polishing times of sakah -101 rice variety .

562 ' _ Misr.J. Ag. Eng., July 2001



The regression coefficient and the correlation coefficient (RQ) for machine
milling power and energy requirements using Sakha and jasmine rice varieties are
shown in Table (3).

Table (3): The regression coefficients and the correlation coefficients (Rz) for
grinding power and energy using jasmine and Sakha-101 rice.

Polishing Time, .
Rice Measured
Type. Parameters Zero 30 60
a b R? a b R’ a b R
Power, kKW . '

at 0.5 clearance; 3.210 0032 088 3053 | 0.031 089 2839 | 0036 | 0099
at 1.0 clearance; 3182 o027 096 3017 { 0027 | 0BG 2798 | 0034 | 058
Jasmine | a1 15 cleararce. 3.147 0029 | bog | 2978 | 0030 | 098 | 2770 | 0.OU37 | 098
Energy, kW.h . : ]
at 0.5 clearance 0.066 0.032 099 0.063 | 0.029 099 | 0058 | 0035 | 098
ot 1.0 clearance 0.086 0027 088 0082 | CO24 ¢ D92 | 0052 | 0022 | DED
at 1.5 clearance 0.065 0.025 0.58 0.061 | 0030 | ©59 | 0057 { 0.O37 | D89
Power, kW . ] ]
at 0 5 clearance 3338 0273 095 3.185 | D025 | 099 | 2572 | D.OZO | 088
at 1.0clearance 3280 0023 094 3.105 | 0.023 | 0.94 2887 | 0020 | 057
Sakha- at 1.5 clearance 2.215 0025 .08 3046 | 0.026 | 097 | 2.833 | 0.032 | 098

101 Energy, kW.h 3
at0.5clearance | 0.069 o027 096 0.065 { 0.031 094 | D064 | 0.099 | 097
at 1.0 clearance 0.066 o024 0988 0063 | D024 | 088 ] 0057 | D.D41 § 0.88
al 1 Sclearance poss | 0024 o8 0053 | 0024 ] 088 0057 | DD41 | D8O

Where,; a, b = constants.
3.3. Size dislribution and sieve anaiygs of rice flour:

The size reduction and sieve analysis of the produced rice flour was studied to
throw light on the effect of mechanical aclion during the grinding process on the
physical properties of flour and flour fractions.

Tables {4 and 5) ifiustrates the granufation data and degree of fineness (%) for
the two types of rice flour, as aflected by the inferaclion bhetween the sludied
faclors.

The resulls showed that increasing hammer revalving speed, decreasing
hammer clearance, and increasing polishing time of rice tended 1o increase the
percentage of fineness degree for the produced flour of the two different rice
varieties of (jasmine and Sakha-101). The dala also showed that at similar
operational conditions the values of fineness degrees are higher for jasmine rice in
comparing with fineness degrees produced from variety {Sakha-101) rice as shown
in Tables (4 and 5) respectively. These results may be due to the higher hardness
of Sakha rice variety in comnparing with that of jasmine rice variety. The resuits also
show thal, the highest degree of fineness with regard {o the fraction of parlicle size
(less than 150 mesh) was oblained using 2 800 r.p.m drum revolving speed, and
0.5 mm hammer clearance and zero time of rice potlishing, which were 52 and
2.22 % for jasmine and Sakha rice flour respectively.

Meanwhile, using a minimam druom revolving speed of (700 r.p.m) at highest
hammer clearance of (1.5 min) and (B0 s.) of rice polishing time, produced the
highest degree of coarse fineness with regard to the fraction of particle size (Iess
than 28 1o 28 mesh), which were 25.04 and 32.38 % for jasrnina and Sakha rice
flour respectively.

in general, at any drum revoiving speed from {700 ~ 800 r.p.m) and constant
clearance, the fraction of particle size of (150 10 48 mesh) increased gradually by
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Table. (4): Fineness Degree as affecled by different milling drum speeds and different hammer clearances
at different polishing times of Jasmine rice variety

Drum revolving speed {r.p.m.)

Hammer| Fineness 750 1 800 850 800
clearance{ degree e
(mm.) |(Sieve size) Polishing time {sec.}
Z&ro 30 60 { zero 30 | 60 zefro 30 80 zero 30 60
<180Mesh | 309 { 286 | 26 { 382 | 313 | 268 433 | 380 | 368 52 475 | 427
150 Mesh | 10.09 09 [ 957 1144 { 1085 | 1036 [ 1243 ( 1185 | 11.38 [ 1286 | 11.84 [11.25
0.5 100 Mesh | 1765 | 1668 | 154 | 17456 | 1665 | 1565 | 1807 | 17.73 | 1742 | 1863 | 185 |17.76
4BMesh | 2748 | 2766 |28.22| 2707 | 2740 | 2700 | 2626 | 2675 | 2737 | 2844 | 2677 | 2786
32 Mesh 1955 | 1084 |2043| 185 | 1831 | 2027 | 1745 | 1778 | 1822 | 1745 | 179 l18761
28Mesh | 2214 | 2306 {2368 2191 | 2257 | 2275 | 2146 | 218 | 2193 | 2072 | 2048 | 2019
<150 Mesh | - 287 262 | 234 344 | 200 | 258 | 418 | 388 | 356 | 485 | 451 | 444
150Mesh | 98B0 | 956 1937 | 1124 | 1069 | 1028 | 1227 | 11.75 | 11.24 | 1254 | 1246 | 1.7
1.0 100 Mesh | 17.54 | 1625 |1499| 1725 | 1644 | 1579 | 17.8 | 17.62 '17._35 1850 | 1824 | 17688
A8Mesh | 2606 | 2748 [2814 2670 | 2726 | 2770 | 2647 | 2658 | 2680 | 2533 | 2645 12719
32 Mesh 1992 | 2034 (2127 1698 | 1979 [ 2037 | 1807 | 1854 { 1800 { 1770 { 181 [1842
2BMesh | 2282 | 2375 {2389 223 | 2280 | 2323 | 2151 | 2163 | 297 | 2Ne { M55 [0\
<160 Mesh | 257 23 L2421 318 | 279 | 245 | 406 | 385 | 363 | 47 | 428 | 417
150 Mesh | 956 933 |o018 | 1097 | 1048 | 1048 | 121 | 1172 | 1oe | 123 12 {1182
15 100Mesh | 17.21 | 1506 1466 1687 | 1612 | 1557 | 17.66 | 17.30 | 17.32 | 18.27 ) 1750 | 17.25
48 Mesh 2650 | 2711 [ 2784 2647 | 2647 | 2743 26 %32 | 2666 | 2518 | 2657 | 2726
32 Mesh 2061 | 211 (2216) 1933 | 2026 | 2002 | 1854 | 1882 | 1912 | 479 | 18.22 | 1838
28 Mesh 2346 | 242 [2504] W17 | 2338 ] 844 | 64 | e | 223 ) 25 | 2034 | 2112
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Table. {5): Fineness Degree as affected by different milling drum speeds and different hammer clearances

at different polishing times of Sakha -101 rice variety.

Fineness

Drum revolving speed {r.p.m.}

Hammer) * . aree 750 § 800 [ 850 900
clearance (Sieve size) Polishing time {sec.}
{mm.}

tero 30 60 | zero a0 60 zero 30 60 zero 30 60

2460 Mesh | 091 069 {044 | 128 112 | a7? 15 129 1.15 2,22 2 1.85

150 Mesh 245 114 1093 | 259 218 2 312 287 2.7 327 | 315 | 296
0.5 100 Mash 1002 | 878 752 10.6 1035 997 1128 11 10.85 11.47 1122 11118
’ 48 Mesh 3673 | 3724 13778 3746 | 3R.27 a7s5 | 37.77 ] ATES 331 B2 | 3794 | 3762
32 Mesh 1880 { 1919 { 198 | 1991 | 2005 | 2017 | 2043 | 2052 | 2056 | 21.26 | 21.44 | 2157
"28Mesh | 3120 | 3206 | 336 | 2707 | 2004 | 2954 | 2575 | 2647 | 2855 | 2367 | 2418 | 2482

<180 Mesh { 082 { 067 | 04 { 149 { 098 081 { 1.4 1.18 103 218 196 | 1.77

180Mesh | 208 | 174 [ 185 ] 282 | 224 | 21 303 | 279 | 262 | 347 | 306 | 29
1o 100 Mesh 987 856 7.28 | 0.40 047 982 11.74 11.66 11.47 11.25 1109 | 1086
BMesh | 3655 | 37 [3745] 3809 [ 375 | 3748 | 3722 | 375 | 3res | 319 | 3796 3787

32 Mesh 1022 | 19.65 | 2059 196 1978 1990 | 2047 | 207 2082 2182 | 2178 | 219

B Mash 348 | 347 | 3273 0.2 208 AN53 ) 2543 | B27T | 2638 | 2369 | 2415 %

<160 Mesh | 0.75 042 {0381{ 114 | 102 { 086 | 139 | 118 1.08 21 1.89 1.67
i80Mesh | 194 | 175 | 162 ] 247 | 242 | 204 § 285 | 202 | 177 | 295 ) 282 | 28

A5 100Mesh { 976 | 897 | 7.75 | 1035 | 1007 | 988 | 1106 | 11.75 | 1145 { 1147 | 1107 | 1082
48 Mesh 36.4 35.78 3695 w82 371 3723 | 3705 | 721 § 3746 | 3828 ; BAT 38

32 Mesh 195 207 |2084] 194 | 1877 | 1997 | 2130 | 216 | 2166 | 2184 | 2155 | 2258

28 Mesh 3.6 M4 | 3238} 2082 2892 ) DM 536 | 2824 | 2661 2388 2400 2423




irereasing the time of rice polishing (zero time to 60 s.} for the two types of rice
flour as shown in Tables (4 and 5).

4 - CONCLUSIONS
The foregoing study can lead to the following conclusions:

*tIsing hammer mill and by using fractionation after milling, produced a wide range
of fineness degree of the milled products ranged from less than 150 to 28 mesh
and hence these flours may be suitable different industries.

*The highest power and energy consumption was recorded when grinding process
was conducted to mill the brown rice (zero polishing time) at 900 r. p. m. drum
speed and 0.5 mm. of hammer clearance, which were, (3.75 kW and 0.065 kW, h)
and (3.67 kKW and 0.067 kW. h) for Sakha and jasmine rice varieties respectively.
While, the lowest power and energy consumption was recorded during grinding
process of grain rice polished at 60 sec., drum revolving speed of (700 r. p. m.) and
hammer clearance of (1.5 mm), which was (2.93 kW and 0.061 kW. h) (2.87 kW
and 0.059 kW. h) for Sakha and jasmine rice varieties respectively.
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