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Abstract

A study was carried out to investigate the effects of two
different types of whitening machines (friction and abrasive) and
five different whitening times (30,45,60.75 and 90 sec) on
whitening characteristics of short grain rice varieties
(Gizal77,Giza, 178, Sakha101 and Sakha102) and long grain
varieties (Yasmin and Giza182). The evaluation basis included total
and head rice yield, whiteness degree of milled rice, nutrition
constituents, and electric power consumption. The results showed
that, for all studied varieties, the total and head rice yields
decreased with the increase of whitening time and they were
higher for the abrasive type whitening machine in comparison with
the friction type. Meanwhile, prolonged continuous whitening (over
60sec) slightly increased the whiteness degree of milled rice but
brought about a drastic reduction in head rice yield for both types
of whitening machines. Also, as whitening progressed from low to
high degree of whiteness, the levels of protein, lipids, ash, and
minerals decreased, while the level of starch increased. On the
other hands, the friction type whitening machine recorded higher
power consumption in comparison with the abrasive type.
However, the power consumption increased with the increase of
whitening time for the abrasive type whitening machine, while it
decreased for the friction type.

INTRODUCTION

The objective of rice milling is to obtain the maximum possible yield of whole
kemels of white rice or "head rice". The yields of whole plus broken kernels or "total
recovery" of milled white rice depend on the variety, purity percentage of mature
kernels, moisture content, pre-milling procedure such as harvesting, cleaning and
drying (Takai and Barredo, 1981). On the other side, the rice industry recognizes that
breakage in rice milling depends to some extent on the mechanical stress applied to
rice: kernels. This mechanical stress greatly dependant upon the type and the
operational adjustment of the machine used for milling (Radwan, 2001).

Rice milling operations in particular , are of two types (i) abrasion milling, in
which brown rice is abraded by a hard abrasive surface at high speed and low
pressure between two surfaces, and (ii) friction milling in which two or three body
wear take 'place due to the rubbing of two bodies of similar nature, under high
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. pressure. However, there is no pure form of abrasive or friction milling in rice polishing
(Mohabatra and Bal 2004).

Andrews et al., (1992) reported that, the factors contributing to rice breakage
during mflling may be classified into two general categories (1) those related to the
properties of the rice grain itself, and (2) those related to conditions under which the
grain is milled. The properties of grain itself at the time of milling are the conditions to
which the rice is subjected during growing, harvesting, drying, and storage. The

j condition of milling affecting breakage are temperature and moisture content of
grains, type of milling machine, degree of milling and the mechanical setting of milling

* machine.

: Lu and Siebenmoren (1995) stated that, there was a highly significant

" correlation between héad rice yield and the average bending force for breakage of
rough rice. They also added that, thinner kernels generally fail at a lower breakage
force and were in turn more susceptible to break during milling process.

) Mohapatra and Bal (2004) developed a mathematical model for predicting the
temperature rise and energy utilization in an abrasion milling operation and its effect
on milling quality of grain. The head rice yield was correlated with the final

" temperature of the grain and was found to decrease steadily with increasing the bulk
' temperature of grain. The developed mode! accurately predicted well the bulk
temperature rise in the rice grain with milling time. Energy utilized for milling was
found to be about 33%, whereas, about 10% of the energy was utilized to rise the
temperature of the grains, and 55-60% of the total energy was utilized in running the

" machine in idle conditions.

Andrews et al, (1992) stated that, the removal of bran layers as milling
duration increases results in reduction of milled rice yield and head rice yield with an

- increase in degree of milling.

Itani et al., (2002) reported that, The proteins, fats, vitamins, and minerals
are concentrated in the germ and outer layer of the starchy endosperm. In course of
milling these are removed, thus reducing the nutrition value of rice. .

Radwan (2001) determined the potential energy consumption for milling some
Egyptian rice varieties. The experimental results showed that, grain variety and
moisture content had profound effects on energy consumption.

Roide and Nishigama (2001) measured the milling power during abrasive
milling at five rotor revolutions by using a batch type abrasive milling machine. Results
indicated that the power consumption of milling process increased by increasing rotor
revolutions and milling time.
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Mohapatra and Bal (2007) studied the effect of milling on specific energy
consumption of rice milled in Satake laboratoy abrasive polisher. They concluded that,
as the milling progressed the energy consumption increased with degree of milling.

The present investigation aims to study and evaluate the effects of two
different types of whitening machines (abrasive & friction) and five different whitening
times on total and head rice yield, whiteness degree, nutrition constituents, and

electric pow‘er consumption of different short and long grain rice varieties.

MATERIALS AND TEST PROCEDURE

Materials:

Rice samples 'used for the experimental work were obtained from four
different short grain varieties( Giza 177, Giza 178, Sakha 101, Sakha 102) and two
different long grain varieties (Yasmin and Giza.182)) grown in the experimental farm
of Rice Mechanization Center (R.M.C), Meet El Dyba and Sakha research: station in Kafr
EL-Sheikh gov. The rice grains of each variety was cleaned, shade dried tu final
moisture content of about 14+1% (w.b) and stored in burlap sacks at aerated room
until used. At the beginning of each experimental run, rough rice samples were taken
out from the aerated room and the moisture content of the samples was determined
using the standard oven method at 130 °C for 16 hr. as recommended by (AOAC,
1990).

Whitening machines:

For examining the effects of two different whitening mechanisms (friction and
abrasive), two different rice whitening machines represented the two mechanisms
were used. The friction type machine is a horizontal batch type model (Baldor L-12),
the milling chamber consists of an iron screw with a milling roller at its center
surrounded by hexagonal screen. The pressure inside the milling chamber is increased
by giving resistance to the out coming rice by means of weight resistance placed on
the machine outlet. While, the abrasive type whitening machine is a (Satake TM-15)
horizontal batch type with abrasive rotor surrounded by a perforated steel plate and
applies carborundum (Silicon carbide) grinding particles with sharp edges. The brown
rice is conveyed forward from a screw roll and rice bran is scraped off the surface of
brown rice and pass through the perforated steel plate out of the milling chamber.
Figures (1) and (2) show a cross section for the friction and the abrasive types rice
whitening machines used for the experimental work.
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Experimental Procedure and Measurements:
Hulling of rice samples:

The rubber roll huller (model ST-50) was used for hulling the samples of
different rice varieties. The huller consists of two rubber rolls, one has a fixed position
and the other is adjustable. The grain feeding rate was fixed at 125 g of paddy rice
and the clearance between the two rolls was adjusted to give more than 90% brown
rice. As the machine chatter was opened, the rough rice is fed between the two rolls
and the grains are de-husked under the pressure of the rubber rolls and also the
difference in speed of rolls.

Whitening tests:

For all runs of whitening tests, three sub samples of brown rice of each variety
were used. The friction type whitening machine was fixed at a roller speed of 1780
(rpm) and adjusted using 1,500 g mass placed on the mill outlet arm to give proper
resistance to the outgoing grains and also to create pressure inside the milling
chamber as recommended by (Reid et al. 1998).While, the abrasive type machine
adjusted with 36# mesh grind stone and a rotor speed of 1360 (rpm) as
recommended by (Mohapatra and Bal, 2004). Following this, the brown rice was fed to
the hopper of each machine and when the hopper gate was opened, immediately the
stop watch started to record the whitening time and stopped just as the machine
finished the run. The three sub samples of each variety were whitened for 30, 45, 60,
75 and 90 sec. The resulted white rice of each experimental run was weighed and fed
to the rice grading machine model (Satake TRG-05A) for separating broken kernels
from head rice kernels.

feeding hopper

milling
chamber
\
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Fig. 1.Cross section for the friction type rice whitening machine.
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Fig. 2. Cross section for the abrasive type rice whitening machine.

Measurements an Iculations:
1-Physical and mechanical properties of different rice varieties:
-principal dimensions and related properties:
Length, width, and thickness of 100 grains in three replicates of each studied
variety were measured using a digital venire caliber model (DAG-SOO)'with accuracy of
0.01 mm. Grain length/width ratio, shape index of grain (k) and coefficient of contact

surface (C.C) were also calculated using the following equations:
k=L/NW.Th s (1) (Abd Alla, 1995)

where:
k = shape index of grain, dimension less.
L= length of rice grain, mm
W= width of rice grain, mm
Th = thickness of rice grain, mm
At (k) >1.5, the grain is considered oval but at (k) <1.5, the grain is

considered spherical.

-T
O =TT g T st @
TS
where:
T
Fs= area of oblong surface= 2 xLxW  mm?
T

Ts= area of transverse surface= '4— xWxTh, mm?

Mass of 1000 grains:

Three sub samples of different studied varieties each of 1000 grains were
picked out. The mass of 1000 grains of each sub-sample was determined by an
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electric digital balance model Ditto 0-15 with accuracy of 0.01 g. and then average of
the sub-samples was calculated.
Grain crack peroentage'

For each treatmel;lt a total weight of 100 grains of rough rice was manually
de-husked and the resulted brown rice was inspected using the reflection type visual
crack meter model (AG-43). The percent of cracked kernels was determined using the

following relationship:

% CrackedKernels= Hulihetaf crficked kemmely > & [1]) CH—— 3)
Total number of inspected kernels

Grain hardness:

Hardness of rice grains was measured using the hardness tester model Kiya-
174866. Each grain was oriented on its flattest surface on the bottom piate of the
tester, and the manual cross head was moved down until failure occurred. The
hardness value of each sample was recorded in kilogram and converted to Newton.

2-Total and head rice yields: .

The percentages of total and head rice yields were calculated using the

following relationships:

% Total rice yield= t(;t:l ‘;/t ogémlled nlce X100 4)
of paddy sample
%Head rice yield=—r0f soundkemels oy 5)
wt of paddy sample

3-Whiteness degree of milled rice:

Whiteness degree of milled rice was measured for each treatment using the
Japanese Kett whiteness meter model C-300. The apparatus was calibrated using the
calibration figure for white rice. The white rice samples was filled into the measuring
figure and inserted into the meter tube for three minutes. Whiteness degree of the
tested sample was displayed digitally into the meter screen.
4-Bulk temperature of milled rice:

Bulk temperature of milled rice was measured immediately after each
whitening run using the infra-red spot thermometer model (HT-11).
5-Power consumption of the whitening process:

The electric power consumption (W/125 g. paddy) for each experimental run
was measured using the German LVM-210 power consumption meter. The tested
machine of each type was fixed to the power source and the power meter. The
stabilized reading without foad power was first recorded and it was subtracted from
the power data collected when the machine was running under full load. The samples
of each variety were fed to the hopper of the machine. As the hopper gate was
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.opened the stop watch started and the power oonsump‘iibn r‘gcbrded just after the
sample had run through the machine for the required whitéhing;time.
6-Nutrition constituents of milled rice: fg WES

Nutrition constitutes of milled rice were determfned at the rice processing
laboratory of the Food Technology Research Institute, Agnc Res. Center (A.R.C).
Protein content was estimated using the Kiel-Dahl method Starch content was
determined by the Iodine color metric method (Juliano, 197) and the lipid material was
extracted from rice flour with N-Hexane as descnbed‘ by (Choudhury and
Juliano(1980). Ash content was determined by igniting 2q .of‘ milled rice in muffle
furnace at 550 °C to constant weight. Total content of Na, _;k, oa, Fe, Zn, and Mg were
determined in the digested solution using atomic abs%,:rpt'ibh 'FMD3. Phosphorus
content in the digested material was determined using }mcﬁo vanedate molybdate
yellow method according to (Chapman and Pratt 1978). ¢

RESULTS AND DISCUSSION

Physical properties of different rice varieties: &)

. Table (1) presents some physical propertle;! related to the milling
characteristics of different studied rice varieties. As shown |n the table, the obtained
ranges of different studied properties were (14.25 to 14. 77;) % w.b for grain moisture
content, (3.59 to 5.33) for L/H ratio, (2.94 to 4.52) for shape_: Index (K), (69.88 to
81.25) for coefficient of contact surface (C.C), (21.59 to 29 06g) for the weight of
1000 grain, (3.20 to 6.71) % for the grain crack percentage and (51 18 to 63.37) N.
for the grain hardness.

The results in table (1) show that, short grain vanetles (G 177, G.178, Sakha

101, and Sakha 102) recorded lower values of L/Th ratio, shapetIndex (K), coefficient
of éontact surface (C.C), grain crack percentage and highér values of weight of 1000
grain in comparison with long grain varieties (Yasmin and G 182)’"On the other hands,
short grain variety G.177 recorded the hlghst grain hardness of 63.37 N., and variety
G. 178 recorded the Iowest value of 51.18 N. S
Total and Head Rice Yields: :
Figures (3) and (4) illustrate the variations in total and head noe yields for different
studied rice varieties, different types of whitening machmes, and different whitening
times. As shown in Fig.(3), for both types of whitening machlnes ‘the total rice yield
decreased with the increase of whitening time and it was hlgher for short grain
varieties in comparison with long grain varieties. The recorded‘; total rice yields for
short grain varieties G.177, G.178, Sakha 101, and Sakha '1_-02 ranged from (63.17 to
74.20 %) for the friction type whitening machine and from ( 64.23 to 74.81% ) for

"
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the abrasive type. While, the total rice yield for long grain varieties Yasmin and G.182
ranged from (64.81 to 71.01%) for the friction type whitening machine in comparison
with( 66.32 to 72.88%) for the abrasive type.

Tablel. Some physical and mechanical properties related to milling process of different
studied rice varieties. '

Grain Dimensions Coeffident | Mass
Grain Grain Grain
(mm) of contact of
Variety M.C L/Th k crack | hardness
surface 1000
%(w.b) | L W | Th |- (%) (N)
(CO graing
G177 14.77 | 7.39 | 3.03 | 2.05 | 3.60 72.26 27.05 4.50 63.37
2.96

G.178 1459 732283190 3.85| 3.15 69.88 23.59 3.90 52.98

Sakhal0l1 | 14.74 | 8.10 | 333 | 2.18 | 3.71 | 3.01 73.08 29.06 3.20 58.58

Sakhal02 | 14.57 | 7.55 | 3.14 | 2.10 | 3.59 | 2.94 72.18 27.59 4.30 59.27

Yasmin 1437 | 9.55 | 257 | 1.79 | 5.33 | 445 81.25 25.52 6.32 53.62

G.182 1425 938|237 | 1.81 ] 5.18 | 4.52 80.70 25.36 6.71 55.72

The observed reduction in total milling yield with the increase of whitening
time may be due to further whitening of broken kernels with prolonged whitening time
which converted to a rice powder usually lost with the discharged bran.

Meanwhile, as shown in Fig.(4) , the percent head rice yield decreased with
the increase of whitening time, and it was higher for the abrasive type whitening
machine in comparison with the friction type. It was also higher for short grain
varieties in comparison with long grain varieties. The recorded percentages of head
rice yield for short grain varieties G.177, G.178, Sakha 101, and Sakha 102 were
ranged from (51.36 to 67.03%) for the friction type whitening machine in comparison
with (53.29 to 71.80 %) for the abrasive type. While, the corresponding values for the
long grain varieties Yasmin and G.182 ranged from (50.72 to 60.16%) for the friction
type and from (55.75 to 66.20%) for the abrasive type.

The lower head rice yield produced by the friction type whitening machine in
comparison with the abrasive type may be due to the fact that, the grain milled with
the friction type whitening machine receives higher pressure and more shearing and
bending stresses on the starchy endosperm of the milled kernels. While, the abrasive
type milling machine can shape off the surface of rice grain which tends to bend and
break during the milling process.

Meanwhile, the variations in total and head rice yield for different studied
varieties not only affected by the type of milling machine and the milling time, but also
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.by the differences in their physical und mechanical properties. Varieties wit-h lower
values of (L/Th) , (K), (C.C) and crack percentage and higher values of weirht of 1000
grains and hardness showed higher total rice yields and lower broken percentages in
comparison with other varieties.
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Fig. 3 .Total rice yield as related to milling time for different types of milling

machines and different rice varieties.
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Fig. 4. Head rice yield as related to milling time for different types of milling
machines and different rice varieties.
Effect of milled rice tempferature on head rice yield:

Figure' (5) Hlustrates the variations in milled rice temperature and
head rice yields as: related to whitening time for different studied varieties and
different types of whiteninb machines. As shown in the figure, the temperature of
milled rice increaseé with &ne increase of whitening time and it was higher for the
grain whitened with the friction type whitening machine in comparison with the
abrasive type. Tha incré_ése in rice bulk temperature has causes a noticeable
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reduction in head rice yield for all stucied varieties. At the rriinimum whitening time of
30 sec, the final bulk temperature of milled rice raﬁged'fmm ( 44.26 tc 52.76 °C)
and the head rice yield ranged from (58.5 to 67.20 %]:for the frtion type whitening
machine in comparison with (27.82 to 30.81°C) and ( 62.39 to 71.80 %) for the
abrasive type. While, at the maximum whitening time of 90 sec, the rice bulk
temperature ranged from (62.31 to 79.05 °C ) and the head rice yield ranged from
(50.72 to 61.28 %) for the friction type whitening machine in comparison with (35.98
to 45.16 °C) and ( 55.75 to 64.91 %) for the abrasive type. The higher temperature of
milled rice for the friction type whitening machine in ‘comparison with the abrasive
type, may be due to the friction forces generated between the grains, grain and the
perforated screen, or grain and the revolving roll as menﬁonéd by (Mohapatra and Bal
2004). s 8

To relate the change in rice bulk temperatu}e with the head rice yield
of different studied varieties, a simple regression analysis was employed. The results
of analysis show a linear simple relationship of the form of: ’

HRY (%) = A + B (Tp) eoveeiiecceiiaionnsensd (6)
Where: :
HRY = head rice yield, %.
Ty = bulk temperature of milled rice, °C.
A, B = regression constants ‘
The values of regression constants A and B for diﬁ'erént studied varieties and
different types of m|II|ng machines are presented in table: (2)

Table 2. Constants of Eq.(6) relatlng the change in muled nce temperature with
the heated rice yield. ;

: Friction type Abrasive type

Variety B B, o ” | B

G.177 73.948 | -0.258 | 0.96. 87.567 -0.6992 0.97

G.178 92.782 | -0.5735 | 0.99 82.585 . -0.5092 0.95
Sakhal01 | 79.899 | -0.2835 | 0.96 87.956 . -0.5405 0.94
Sakha102 | 88.707 | -0.5627 | 0.96 87.956 -9.8168 0.97

Yasmin 71.527 | -0.2605 | 0.99 106.28 .| -1:3781 0.95

G.182 74.896 | -0.3094 [ 0.97 92.798 -1.0012 0.98

Whiteness degree of milled rice: ‘

The effects of whitening time and type of whitening machine on whiteness
degree of milled rice are presented in Fig.(6). As sden in the figure, the whiteness
degree of milled rice increased with the increase of véhntenmg time and it was higher
for the grain whitened with the friction type whitening madwme in comparison with the




686 WHITENING CHARACTERISTICS OF DIFFERENT RICE VARIETIES USING
TWO DIFFERENT TYPES OF WHITENING MACHINES

abrasive type. For short grain varieties (G.177, G.178, Sakha 101, and Sakha 102), the
recorded whiteness degree of milled rice ranged from (33.60 to 48.29%) using the
friction type whitening in comparison with (28.63 to 46.17 %) for the abrasive type.
However, for.long grain varieties (Yasmin and G.182), the whiteness degree of milled
rice ranged from (34.90 to 42.15 %) using the friction type whitening machine and
from (30.9 to 39.72%) for the abrasive type.
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Fig. 5. Relation between rice bulk temperature and the head rice yield (HRY) for
different t;pes of milling machines and different milling time.
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In general, the increasing in whiteness degree of milled rice was much
reduced after 60 sec of whitening and it was ranged from 33.85 to 46.20% for all
studied varieties. However, since the detectable change in whiteness degree of milled
rice by the human eye yielded whiteness meter readings not over than 30-32% as
mentioned by (Fukazawa, 1993), the milling time of 60 sec may be considered as the
maximum time at which the polishing process should be stopped. At this time, not
only the whiteness degree of milled rice is acceptable, but also the head rice yields
and the nutrition constituents of the kernels.

Power Consumption:

Electric power consumption as a function of whitening time for different types
of milling machines is plotted in fig. (7). As shown in the figure, the power
consumption increased with the increase of whitening time for the abrasive type
whitening machine , while it was decreased for the friction type. Also, the power
consumption for the friction type whitening machine was higher that of the abrasive
type. For short grain varieties (G.177, G.178, Sakha 101, and Sakha 102), the power
consumption ranged from (107.4 to 278.7 W/125 g paddy) for the friction type
whitening machine in comparison with (41.76 to 110 W/125 g paddy) for the abrasive
type. However, for long grain varieties (Yasmin and G.182) the energy consumption
ranged from (83.30 to 237.63 W/125 g paddy) for the friction type whitening machine
in comparison with (57 to 96.93 W/125 g paddy) for the abrasive type.' The above
mentioned results reflect the effects of machine working mechanism on power
consumption. For the friction type whitening machine, at the early stage of milling the
bran peeled off by the higher friction force ~enerated between the grains, grain and
the perforated screen, or grain and the revolving roll. With increasing milling time the
bran layer is further removed and both the pressure and the friction forces decreased
causing a noticeable reduction in power consumption .On the other side, the abrasive
type whitening machine does not'polish the rice grain under pressure, but it depends
upon the centrifugal force of the roll and the impact forces between the grain and the
roll which causes an increase in power consumption with milling time as mentioned by
(Mohapatra and Bal, 2007).

Nutrition constituents of milled rice -

Tables (3 and 4) present the effect of whitening time and type of whitening
machine on moisture content, ash, protein, lipids, amylase and minerals contents of
different studied varieties. The results show that moisture contents are slightly
decreased with the increase of whitening time and it was lower for the friction type
whitening machine in comparison with the abrasive type. This means that the
moisture contents of rice kernels was affected directly by the bulk temperature of
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milled rice. Also ash, protein, lipids and mineral contents of milled kernels decreased
with the increase of whitening time while, the amylase content was increased. The
observed reduction in ash, protein, lipids and mineral contents may be due to further
removal of bran layers. While, the detected increase in amylase content may be due to

the increase of starch percentage in the milled rice.
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Fig. 6. Whiteness degree of milled rice as related to milling time for different types of

milling machines and different rice varieties.
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Table 3. Changes in nutrition constituents of milled rice as related to milling time for
different types of milling machines and different rice varieties (%).

Time, Agine lAsh Protein prids Amylase
Variety (min) content .

Fric. | Abras. | Fric. | Abras. | Fric. | Abras. | Fric. | Abras. | Fric. | Abras.

0 12.25 | 12.25 | 0.99 0.99 9.0 9.0 1.9 1.9 204 | 20.04

30 12.16 | 12.21 0.92 0.94 8.4 8.6 1.1 1.2 2091 | 20.42

E 45 12.15 | 12.19 | 0.83 0.91 8.2 8.4 0.95 11 21.23 '} 20.59

Q2 60 1213 | 12.17 | 0.17 0.20 79 83 0.68 0.8 21.5 | 20.79

75 1206 | 12.14 | 0.15 0.16 %S 7.8 0.51 0.6 2193 | 21.24

90 12.02 | 12.12 | 0.13 0.15 7.3 7.5 0.27 0.4 22.98 | 22.52

0 12.39 | 1241 | 0.86 0.86 | 8.63 8.39 1.39 1.39 20.1 20.1

30 12.26 | 12.34 | 0.38 042 | 8.27 8.21 0.98 1.16 | 20.98 | 20.36

8 45 12.18 | 12.28 | 0.31 0.36 | 8.15 8.16 0.86 0.97 | 21.17 | 2048

S 60 121 | 12.21 | 0.15 0.17 7.95 .75 0.65 072 | 21.52 | 20.6

75 11.98 | 12.02 | 0.11 0.13 7.43 7.56 | 0.42 0.59 | 21.93 i 21.18

90 11.75 | 11.89 | 0.08 012 | 7.29 | 9.56 | 0.23 0.27 | 22.59 | 22.39

0 1246 | 1246 | 1.26 1.26 | 9.56 | 9.56 | 2.51 2.51 215 21.5

- 30 12.39 | 12.43 | 0.68 0.71 8.69 8.93 2.1 226 | 21.95 | 21.72

E 45 12.37 | 1242 | 0.48 0.52 8.38 [ 8.51 1.73 195 | 22.31 | 21.98

g 60 12.35 | 1241 | 0.31 0.35 | 8.01 8.26 1.59 1.63 | 22,59 | 22.18

75 12.31 | 1237 | 0.29 0.31 7.78 8.15 0.96 1.1 22.93 | 2236

90 12.26 | 12.32 | 0.23 0.25 7.41 7.82 0.58 0.72 | 23.17 | 2295

0 1235 | 1235 | 1.24 1.24 9.3 9.3 24 24 2042 | 2042

& 30 12.29 | 12.34 | 0.61 0.63 8.21 8.3 1.91 2.1 21.17 | 20.93
o

B 45 12.25 | 1231 | 046 0.59 7.56 7.9 1.62 1.83 223 | 2143

‘rnfé 60 12.21 | 12.30 | 0.25 0.27 7.4 2.7 1.38 1.5 22,51 | 21.79

75 12.19 | 12.28 | 0.21 0.23 7.31 Z5 0.42 0.5 22.85 | 22228

90 12.16 | 1227 | 0.16 0.18 7.19 7.3 0.25 0.3 23.19 | 22.59

0 1249 | 1249 | 1.18 1.18 8.4 8.4 1.7 1.7 18.54 | 18.54

30 1245 | 1248 | 0.65 0.67 7.65 7.8 13 14 | 2031 | 20.04

é 45 12.39 | 1247 | 0.60 0.62 231 7.6 1.1 1.25 | 20.72 | 20.15

= 60 1236 | 1244 | 0.58 0.60 7.29 7.5 0.79 0.9 211 | 2034

75 1233 | 1241 | 0.32 0.33 7.18 7.4 0.53 0.6 21.38 | 20.52

90 12.16 | 1151 | 0.21 0.24 6.25 638 | 039 04 | 22.63 | 21.28

0 1149 | 1149 | 142 1.42 7.8 7.8 1.3 i3 20.42 | 2042

30 11.27 | 11.29 | 0.89 0.93 7:5% 7.6 0.87 11 20.95 | 20.79

§ 45 1119 | 11.23 | 0.71 0.79 7.4 7.53 0.69 0.9 21.36 | 21.07

G 60 1115 | 11.21 | 0.65 0.69 7.28 742 | 061 | 072 | 2175 | 21.24

75 1114 | 1119 | 0.29 0.31 6.93 7.23 | 0.53 0.60 | 22.28 | 21.91

90 1112 | 1116 | 0.23 0.26 6.75 7.16 0.4 0.53 | 2291 | 22.65
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CONCLUSION

1-For all studied varieties, the total and head rice yield decreased with the increase

of whitening time. While, the abrasive type whitening machine produced higher

total and head rice yield in comparison with the friction type.

2- The head rice yield was correlated with the final bulk temperature of milled rice

and it was decreased steadily with the increase of rice bulk temperature.

3- For both types of whitening machines, prolonged continuous milling (over 60sec)

slightly increased the whiteness degree of milled rice but brought about a

drastic reduction in head rice yield.

4- As milling progressed from low to high degree of whitening, the levels of protein,

lipids, ash, and minerals decreased while the level of starch increased.

5- Electric power consumption increased with the increase of whitening time for the

abrasive type whitening machine while it was decreased for the friction type.
Also, the friction type whitening machine consumed higher electric power in
comparison with the abrasive type for all studied varieties.
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