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Development of a Miller Producing Clean White Embryo
Rice Using a Vertical Miller
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ABSTRACT

This study was carried out to develop a miller to produce white embryo rice with functional nutrients by improving
the conventional vertical miller. The effects of rice moisture content and the shaft revolution speed of the miller on
germ(embryo) adherence rate, whiteness, broken rice rate, and cracked rice rate were investigated. Also, the effect of the
mesh size of emery stones on the germ adherence rate was investigated. The vertical prototype miller was improved with
the increasement of about 42% in producing white embryo rice at proper conditions(shaft revolution speed of 900 rpm,
emery stones of mesh #50, processing capacity of 2.3th, zero outlet resistance, rice moisture content of 16.2%). The
results were as follows:

1. The germ adherence rate of white rice was significantly influenced by the moisture content of brown rice. The
germ adherence rate of white rice decreased rapidly with the increase of the moisture content of brown rice. When
brown rice with moisture content of 13.2%, 14.5%, 15.2%, 15.4% was milled by the prototype with emery stones of
mesh #35 and shaft speed of 900(1,100) rpm, the germ adherence rate of the milled rice was 76.2%(70%), 69.2%(66%),
45,9%(38%), 13.0%(9%), respectively.

2. The whiteness of white rice milled by the prototype with emery stones of mesh #35 and shaft speed of
1,100(900)pm increased from 27(23) to about 40, respectively, as the moisture content of brown rice increased from
13.2% to 17.2%.

3. The rate of broken rice of white rice milled at 900rpm decreased by 0.6~1.0% compared with that at 1,100rpm
when the moisture content of brown rice was less than 15.2%.

4. The germ adherence rate was increased by 10.3% and 11.0%, respectively when brown rice with moisture content
of 162% and 15.5% was milled by the prototype miller with shaft speed of 900rpm and emery stones of mesh #50
instead of mesh #35.

5. Considering the germ adherence rate, broken rice rate, and whiteness of milled rice, the proper milling conditions of
the prototype miller for producing embryo rice were the moisture content of about 15%, the processing capacity of 2.3th
and minimum outlet resistance of ON-m with shaft speed of 900rpm and emery stones of mesh #50.

Keywords : White embryo rice miller, Moisture content, Shaft revolution speed, Emery stones, Germ adherence rate.
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Table 1 Nutritional information of white rice and rice embryos(Houston, 1972)
I Protein Lipid Fiber Ash Lysine B, B
ems

% % % % % ©gg ©g8
Rice embryo 14~21 17~21 24~35 48~8.7 62~172 17~59 1.7~43
White rice 6~17 0.3~0.5 0.2~05 0.3~0.8 34~42 02~1.1 02~06

Bs Niacine E Ca Phytic acid Fe
Items

1g/g ©gs ©gg mg/g mg/g mg/g
Rice embryo 13~15 28~83 76 02~10 7~16 60~130
White rice 0.4~1.2 16~42 trace ~3 0.1~03 0.3~0.7 2~238
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(1) emery stone, (2) resistance pendulum, (3) rice exit, (4) rice bran exit, (5) upper cover, (6) screw, (7) shaft roller,
(8) belt, (9) pulley, (10) driving motor, (11) emery stone(fixed), (12) emery stone (rotational), (13) screen, (14) air hole

Fig. 1 Schematic diagram of the prototype vertical rice miller for producing white embryo rice.

Table 2 The equipments used in this study

Equipments Manufacturer Model Specification

Vertical miller Hyundai Machine, Korea HRW-4 Capacity: 4ton/h

Whiteness meter Kett Electric Lab., Japan C-300-3 Range: 5~70

Crack analyzer % SR €t Japan DC-50 50 kernels

Electronic balance Oretling, UK GC-62 Resolution: 0.001g

Moisture meter Kett, Japan K305 Resolution: 0.1
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Table 3 Experiments to investigate the change of
the germ adherence rate according to
moisture content, processing capacity and
outlet resistance

Mesh no. of| Moisture Processing | Outlet resistance
emery stones|content %(w.b.)| capacity(th) (N-m)
15.5
#35 13, 17, 19, 0, 03, 0.6
16.2 2.1, 23
15.5
#50 L3, 17, 19, 0, 03, 06
16.2 2.1, 23
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Fig. 2 Percentage of white embryo rice versus
moisture contents of brown rice using a
prototype miller at two different shaft revo-
fution speeds.
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Table 4 The two-way ANOVA table of the significance of shaft speed and rice moisture content on the

germ adherence rate

Source SS DF MS Fs F(0.05) F(0.01)
Shaft speed 3754 1 37.54 9.49* 5.12 10.6
Moisture content 19948.29 9 2216.48 560.16** 3.18 535
Error 35.61 9 3.96

Total 20021.44 19

* :significant level of 5%, ** : significant level of 1%.

125



Y¥Tolg ol&t ¥Huloln] A=) W

Table 5 The two-way ANOVA table of significance of shaft speed and rice moisture content on the

whiteness of white embryo rice

Source SS DF MS Fs F(0.05) F(0.01)
Shaft speed 9.25 | 9.25 6.74* 5.12 10.6
Moisture content 731.21 9 81.25 59.23*+ 3.18 5.35
Eror 12.34 9 1.37

Total 752.80 19

* . significant level of 5%, **: significant level of 1%.
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Fig. 3 The change of rice whiteness versus mois-
ture content of brown rice using a pro-
totype miller at two different shaft revolution
speeds.
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o 734 Prob=0.0044<0.05; &F4& 155%9 7
Prob=0.005 < 0.05; &4& 16.2%2 7% Prob=0.0004
<0.05).
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Fig. 10 The comparison of germ adherence rates
according to rice moisture content
between a vertical miler and the pro-
totype miller with emery stones of mesh
#50 and shaft speed of 900mpm at the
processing capacity of 2.3th and mini-
mum outlet resistance.
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