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Rice Milling and the Quality and Taste of Milled Rice

(Part4) Optimum technique for milling and optimum brown
rice condition before milling

Shuso KAWAMURA

(Department of Agricultural Process Engineering, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)
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Fig. 1. Effect of storage time on hardness of

brown rice.
Moisture content of brown rice during stor-
age was between 14.5% and 14.2%.
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Fig. 2. Effect of kernel temperature on hardness

of brown rice.

Moisture content of brown rice was 15.9%.
** indicates the significance at the 1%
level.
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Fig. 3. Effect of moisture content on hardness of
brown rice.
Brown rice temperature was 20°C.
** indicates the significance at the 1%
level.
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Fig. 4. The response model of hardness to changes
in storage time, moisture content and tem-
perature of brown rice kernel.
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Fig. 5. Regression planes among hardness, mois-
ture content and kernel temperature of
brown rice.

** indicates the significance at the 1%
level.
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Fig. 6. Relation between crushing hardness of
brown rice and electric energy consump-
tion of the two type rice mills.

** indicates the significance at the 1%
level.
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** indicates the significance at the 1%
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** indicates the significance at the 1%
level.
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Table 1. Simple correlation coefficient between taste evaluations and physicochemical prop-
erties of milled rice.
Appearance

I -
Moisture content X X X —0.54* X X
Translucency Q.77+ 0.75%** 0.75%** X 0.70%** 0.80***
whiteness X X X X X X
Lightness X X X X X X
Hunter whiteness X X X X X X
[a] value —0.941* —0.941t —0.86t X —0.90%" —0.931
[b] value —0.95' —0.94% —0.89" X —0.911 —0.951
Unstripped embryo rate —0.88***  —(,90*** —0.84** —0.47* —0.74***  —(.87***
Fluidity X X X X X X
Bulk weight 0.80*** 0.71%** 0.75%** 0.53* 0.67*** 0.76%**
Free fat acidity —0.87***  —0.82*** —0.81*** X —0.69***  —(.84***
Water absorption ratio X X X X X X
Water uptake ratio X X X X X X
Volume expansion ratio 0.51* 0.51* X X X 0.49*
Starch-iodine blue value 0.77*** 0.68** 0.76*** X 0.58** 0.72***
Extracted solids —0.80***  —0.86*** —0.77*** X —0.72***  —(.79***
PH X X X X X X
Appearance of milled rice 0.95*** 0.97*** X 0.88*** 0.98***
Appearance of cooked rice 0.93%** 0.48* 0.88%** 0.96***
Aroma X 0.85%** 0.95%**
Hardness X X
Cohesivenes 0.94***

r(19, 5%)=0.43*, r(19, 1%)=0.55**, r(19, 0.19%)=0.67***, r(5, 5%)=0.76', r(5, 1%)=0.88't
*M, #*xdD and *** indicate the significance at the 5%, 1% and 0.1% level, respectively.

X indicates the nonsignificant correlation.
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Table 2. Simple correlation coefficient, multiple correlation coefficient and contributory rate
between taste evaluations and meaningfully correlative physicochemical properties
of milled rice.
Appearance
Milled Cooked Hard- Cohesive- Overall
rice rice Aroma ness ness flavor
Translucency 0.77*** 0.75%** X X X 0.80***
Unstripped embryo rate ~0.88***  —0.90*** X X X —0.87***
Bulk weight X X X X X 0.76***
Free fat acidity X —0.81*** X —0.69*** —0.84***
Starch~iodine blue value X X X 0.58** 0,72%**
Extracted solids X —0.77*** X X —0.79***
Multiple correlation coefficient 0.88ttt 0.96Mt 0.87Mt X 0.701t 0,97t
Contributory rate, % 78 76 X 48 94

r(19, 194)=0.55**, r(19, 0.19%)=0.67***, R(18, 0.1%>=0.66Mt, R(14, 0.1%)=0.74'%

11y

** and ***d%. 10 indicate the significance at the 19 and 0.1% level, respectively.
X indicates the nonsignificant correlation or nonmeaningfully significant correlation.
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Table 3. Effect of milling rate by the abrasive type mill or the friction type mill on milling
characteristics and the quality and taste of milled rice.

Increase of more milling rate

by the abrasive

by the friction

type mill type mill
Milling characteristics
Efficiency of time High X
(milling time) (Short) X
Efficiency of energy High X
(Electric energy consumption) (Little) X
Risen temperature by milling Low X
(Heat generation) (Little) X
Effect of changes of physicochemical
properties (Kernel temperature or
moisture content) of brown rice Little X
" Breakage by milling
Broken kernel Few X
Moisture reduction Low X
Ouality of milled rice
Translucency X High
Whiteness X High
Unstripped embryo rate X Low
Bran residue X Little
Color X Nearly white
Bulk weight X Large
Quality changes during storage X Little
(Free fat acidity) X (Low)
Cooking characteristics
Water absorption ratio High X
Volume expansion ratio X High
Starch-iodine blue value X High
Extracted solids X Little
Taste evaluations
Appearance of milled rice X Good
Appearance of cooked rice X Good
Aroma P Good
Cohesiveness X High
Overall flavor X Good
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Summary

1. Relationship between Brown Rice Condition

and Milling Characteristics

The relationship between brown rice condition
before milling (i.e., degree of aging, kernel temper-
ature and moisture content) and milling character-
istics was analyzed quantitatively. Then the range
of the optimum brown rice hardness was calculated
with consideration to the milling characteristics.

(1) Aging caused by storage did not affect mill-
ing characteristics, but kernel temperature and
moisture content had a great influence on the
change in brown rice hardness. With regard to
milling characteristics, the effects of brown rice
temperature and moisture content are combined and
represented by brown rice hardness.

(2) With a decrease in kernel temperature and
moisture content, brown rice hardness increases. A
10°C change in brown rice temperature or 1% in
moisture content caused a change of 1 kgf in brown
rice crushing hardness.

(3) Using an abrasive type mill, electric energy
consumption and milling time constantly increased
as crushing hardness increased. With the friction
type mill they increased as the square of crushing
hardness. On the other hand, the occurrence of
broken kernels caused by friction type milling in-
creased inversely as the square of crushing hardness
declined.

(4) Considering the electric energy consumption,
milling time and occurrence of broken kernels, the
optimum brown rice crushing hardness would be
within the range 7~8kgf.

2. Relationship between the Physicochemical
Properties of Milled Rice and Taste

The relationship between physicochemical prop-
erties of milled rice and taste was analyzed. From
the analysis, the taste was experimentally estimated
by physicochemical properties. The following
results were obtained :

(1) Among the physicochemical properties in the
present study, the items closely related to the over-
all flavor of taste are the following : translucency,
“a” value, “b”value, unstripped embryo ratio,
bulk weight, free fat acidity, volume expansion
rate, starch-iodine blue value and extracted solids.

(2) Translucency and unstripped embryo rate

were the physicochemical properties closely related
to the appearance of both milled rice and cooked
rice. Free fat acidity and extracted solids were
those related to the aroma, and free fat acidity and
starch-iodine blue value were those related to the
cohesiveness. Bulk weight was a property closely
related to each of the above taste evaluating items.
The multiple correlation coefficient of these six
properties to the overall flavor was 0.97, and the
contributory rate was 94%.

3. Optimum Technique for Milling and Optimum
Brown Rice Condition before Milling

The effects of the compass rice milling system on
milling characteristics and on the quality and taste
of milled rice were graded. Then the optimum
brown rice temperature and moisture content before
milling were determined from the milling character-
istics and the quality and taste of milled rice.
Based on these results, an examination was perfor-
med on how to bring about optimum milling tech-
nique.

(1> With an increase in the milling rate by the
abrasive type mill in the compass rice milling sys-
tem, milling characteristics improved. When the
milling rate by the friction type mill was increased,
the quality and taste improved.

(2) In the compass rice milling system, it is rea-
sonable to adjust the milling rate of the abrasive
type mill within the range 0~35% depending on the
relative importance of milling characteristics versus
quality and taste of milled rice.

(3> When conditioning brown rice, kernel tem-
perature and moisture content should be adjusted to
the desired range as calculated by following three
equations. By milling brown rice conditioned
within this range, suitable milling characteristics
and the quality and taste of milled rice can be
obtained throughout the year.

17<=0.1X+Y<=18

15<=X<=25
15.5<=Y<=16.5
where

X is brown rice temperature ('C) and
Y is brown rice moisture content (%, w.b. 10g,
whole grain, 135°C, 24 hour method)
To rationalize rice milling, the purpose of the
present study, the important points involve improve-
ment of milling characteristics as well as the qual-
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ity and taste of milled rice.

To improve milling characteristics, a milling sys-
tem consisting of the combination of an abrasive
type mill and three friction type mills (i.e., the
compass rice milling system) was developed. To
improve the quality and taste of milled rice, a rice
conditioning technique was developed. However,
the equipment is often not employed efficiently

because the compass rice milling system and adjust-
ment of brown rice temperature together with mois-
ture content are performed in the absence of studies
related to milling characteristics including the qual-
ity and taste of milled rice.

Milling will be progressed to a greater degree by
optimizing the compass rice milling method, brown
rice temperature and moisture content.



