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Rice Milling and the Quality and Taste of Milled Rice
(Part 3) Quality and Taste of Milled Rice

Shuso KAWAMURA
(Department of Agricultural Process Engineering, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)
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Table 1. Milling yield and real milling yield of milled rice.

Abrasive type mill

Friction type mill Commercial rice mill

Milling yield, % 93.7 92.7 91.4
Real milling yield, % 93.6 92.6 91.4

92.7 91.2 89.5 Data could not be determined.
93.3 92.2 91.5 94.4 93.0 92.5
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Fig. 1. Whiteness of rice milled by laboratory and
commercial rice mills.
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Fig. 2. Translucency of rice milled by laboratory
and commercial rice mills.
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3) MIFEBRHEEX Fig 3BEFEBERYTLE,
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L, BEHEEHEN 92.5% CHRFBRARIL 8% &L 7o
foo ZHIEN L THEIKE RS OBFRFRLET
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3 EFOBEBNEECEN D b, BIEEXOE
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FBREFEOEEEXKIAENE B0 LEh T
Do T THEIRIE R IC X AR AXORFRER
PR ERANBCEREYE XD,
b. bZREDRRE
1) AHE Figd cBBELTLE,
BRBEEITHORBCLEBRBEIEDET L &
LI L, EE—0RBESE T, BESRE
- E R AR X B Ak OBEE LB

100

ol -
R 80} —\——— Abrasive mill]
5

E

o R .

2 o Friction mill
2 \ .
5 60 )
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Z N

2 T

1723
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Fig. 3. Unstripped embryo rate of rice milled by
laboratory and commercial rice mills.
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Fig. 4. Bulk weight of rice milled by laboratory
and commercial rice mills.
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Fig. 5. Free fat acidity of rice milled by labora-
tory and commercial rice mills.
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Fig. 7. Water uptake ratio of rice milled by labo-
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Fig. 9. Starch-iodine blue value of rice milled by

laboratory and commercial rice mills.
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Fig. 10. Extracted solids in cooking solution of
rice milled by laboratory and commercial

rice mills.
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Fig. 11. Appearance of rice milled by laboratory
and commercial rice mills.
» and ** indicate the significance at the

5% and 1% level, respectively.
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Fig. 12. Appearance of cooked rice milled by labo-
ratory and commercial rice mills.
+ and ** indicate the significance at the
5% and 1% level, respectively.
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Fig. 13. Aroma of cooked rice milled by labora-
tory and commercial rice mills,
*» and ** indicate the significance at the
5% and 1% level, respectively.
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Fig. 14. Cohesiveness of cooked rice milled by lab-
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5% and 1% level, respectively.
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Fig. 15. Overall flavor of cooked rice milled by
laboratory and commercial rice mills.
* and ** indicate the significance at the
5% and 1% level, respectively.
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Table 2. Milling rate by abrasive type mill of milled rice.

Milling condition

Real milling yield

Milling rate

Abrasive type Friction type

After Abrasive

by Abrasive Milling yield

After Friction

mill, Sec. mill, Pass type mill, %  type mill, 9  typemill, % %

9 100.0 92.2 0.0 90.3

7 98.7 92.1 16.5 90.6

15 6 97.4 92.0 32.5 90.8

20 4 96.8 92.1 40.5 91.2

30 2 95.7 92.5 57.3 91.8

80 0 92.3 92.3 100.0 92.0
Commercial milled rice 98.1 92.2 24 .4 90.3
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Table 3. Physicochemical properties of rice milled by the friction type mill with three

different kernel temperatures.

Physicochemical Properties of milled rice

Kernel temperature beforé milling

10C 20C 30C
Real milling yield, % 92.1 91.8 92.1
Milling yield, % 91.1 91.2 90.9
Number of passes through friction type mill 5 4 3
Kernel temperature after milling, C 30.0 34.0 40.5
Risen temperature, C 20.0 14.0 10.5
Broken kernel, 9% 8.1 8.8 10.5
Moisture content, % w.b. 135C 15.5 15.4 15.4
Whiteness, % 32.3 32.4 31.3
Translucency 62.3 57.3 55.2
Color
L ; Lightness 63.0 63.3 63.1
a ; Red(+) versus green(—) -0.6 —0.4 —0.3
b ; Yellow(+) versus blue(—) 13.4 13.6 14.0
H ; Hunter whiteness 60.6 60.8 60.5
JE ; Color difference 0 0.4 0.6
Bulk weight, g// 855 852 848
Fluidity, sec./150 g 7.13 7.11 7.13
Free fat acidity, mg; KOH 3.5 2.5 7.1
Mold growth after 3 months storage No No No
Cooking characteristics
Water absorption ratio 1.22 1.21 1.21
Water uptake ratio 1.90 1.90 1.88
Volume expansion ratio 2.23 2.21 2.10
Starch-iodine blue value 0.40 0.40 0.37
Extracted solids, g/200 m! 0.28 0.30 0.31
PH 6.7 6.7 6.7
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Table 4. Physicochemical properties of milled rice with four different moisture contents.
Moisture content, % w.b. 135C* 14.0 15.5 16.7 18.0
Moisture content, % w.b. 105°C** 13.1 14.7 15.8 17.3
Moisture content, % w.b. PB-1D*** 12.3 13.8 15.1 16.7
Whiteness, % 29.7 30.5 30.0 30.6
Translucency 64.7 65.3 66.7 67.1
Bulk weight, g// 861 856 850 839
Fluidity, sec./150 g 6.74 7.00 7.02 7.13
Mold growth

after 1 month storage No(—) No(-) No(-) Yes(+)
after 3.5 months storage No(—) No(—> Yes(+) Yes(+++)
Free fat acidity, mg ; KOH
after 1 week storage 7.4 9.1 9.1 10.3
after 5 months storage 18.4 25.3 X X
Cooking characteristics
Water absorption ratio 1.24 1.21 1.20 1.17
Water uptake ratio 2.01 1.95 1.93 1.92
Volume expansion ratio 2.23 2.23 2.19 2.23
Starch-iodine blue value 0.44 0.43 0.42 0.37
Extracted solids, g/200 m/ 0.35 0.32 0.28 0.27
PH 6.8 6.8 6.8 6.7

* Method 135C ; Moisture content was determined in accordance with SAMJ method (1975) by
drying whole kernel of about 10 g for 24 hour in an oven at 135C (£2°C).
** Method 105C ; Moisture content was determined in accordance with drying whole kernel of
about 10 g for 24 hour in an oven at 105°C(%1°C).
*** Method PB-1D; Moisture content was determined in accordance with using a moisture consent

meter PB-1D made by Kett Laboratory Co. Ltd..
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Fig. 41. Effect of milled rice moisture content on

appearance of milled rice.
* indicates the significance at the 5%
level.
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Fig. 42. Effect of milled rice moisture content on

appearance of cooked rice.
++ indicates the significance at the 1%
level.
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Fig. 43. Effect of milled rice moisture content on
hardness of cooked rice.
* indicates the significance at the 5%
level.
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Effect of milled rice moisture content on
cohesiveness of cooked rice.

+ indicates the significance at the 5%
level.
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Fig. 45. Effect of milled rice moisture content on
aroma of cooked rice.
+ indicates the significance at the 5%
level.
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Fig. 46. Effect of milled rice moisture content on
overall of flavor of cooked rice.
+ indicates the significance at the 5%
level.
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Fig. 47. Effect of moisture content of milled rice
after 3 months storage on overall flavor
of cooked rice.

* indicates the significance at the 5%
level.
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Summary

1. Quality and Taste of Rice Milled by Labora-
tory and Commercial Rice Mills

The quality and taste of rice milled by the abra-
sive type or friction type mill were investigated and
the results were compared with rice milled by a
commercial rice mill (a compass rice milling unit).
The effect of the real milling yield on the quality
and taste of milled rice was also investigated. The
following results were obtained :

(1) At the same real milling yield, the rice
milled by the friction type mill showed lower white-
ness, higher translucency, and a lower unstripped
embryo rate than that milled by the abrasive type
mill. As the real milling yield decreased, both
cases of milled rice showed a rise in whiteness and
translucency, and a decline in unstripped embryo
rate.

(2> The bulk weight of the rice milled by the
friction type mill was larger than its counterpart.
However, no difference was observed in the fluidity
of rice milled by either type of mill. With a
decline in the real milling yield, the bulk weight of
milled rice increased and the fluidity improved.

(3) The rice milled by the abrasive type mill
and the rice with a high real milling yield had a
higher free fat acidity.

(4) Use of the abrasive type mill produced a
higher water absorption ratio than in its counter-
part, but there was no difference in water uptake
The friction type mill produced a higher vol-
ume expansion ratio, a higher starch-iodine blue
value and a lower extracted solids than the abra-
sive type mill.

(5) The abrasive type milled rice had many
scratches on the grains caused by the abrasive

ratio.

rollers and residual bran, hence each grain was
white and had a milky frosted appearance. On the
other hand, the rice produced by the friction type
mill was smooth, polished and transparent.

(6) In taste tests, the friction type milled rice
with lower real milling yield had the best overall
flavor, being excellent in appearance, aroma and
cohesiveness. The most conspicuous difference
between both types of rice was in the evaluation of
appearance.

(7) With
obtained higher taste evaluations.

milling yield, the rice
Therefore, the

lower real
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taste of aged rice, brown rice of lower quality,
brown rice with lower taste evaluations can be im-
proved by milling them to a lower real milling
yield.

(8) In quality and taste taken as a whole, the
friction type mill was superior.

(9 The quality and taste of rice produced by
the commercial rice mill were similar to those
produced by the friction type mill used in the exper-
iment. Therefore, the information obtained in the
present study can be applied to commercial rice
mills.

2. Effect of Milling Rate Using the Abrasive Type
Mill on the Quality and Taste of Milled Rice

The effect of milling rate on the qualiy and taste
was investigated to gain a better understanding of
the rice milling method which uses a combination
of abrasive type and fricion type mills. From the
investigation, the following results were obtained:

(1) An increase of milling rate by the abrasive
type mill resulted in the decrease of translucency,
whiteness, lightness and Hunter whiteness, increase
of redness and yellowness due to the increase of
residual bran, and increase of unstripped embryo
rate. All of these changes contributed to the deteri-
oration of appearance. When the milling rate ex-
ceeded 40%, the color differences could be recog-
nized.

(2) The storage stability of milled rice declined
with the increase in the milling rate.

(3) The loss (i.e., the decrease of moisture con-
tent and the occurrence of broken kernels) declined
with the increase in the milling rate.

(4) As the milling rate increased, the water
absorption ratio and extracted solids increased, and
the volume expansion ratio and translucency de-
creased.

(5) In taste test, rice produced with high milling
rate had an inferior appearance, low aroma, limited
cohesiveness and poor overall flavor. For each of
these quality evaluation items, there was a
significant difference between the rice with more
than 409 milling rate and that with 09. There-
fore, considering the great concern of recent con-
sumers for the quality and taste of rice, the milling
rate by the abrasive type mill should be held within
the range 0~35%.

3. Effect of Brown Rice Temperature before Mill-
ing on the Quality and Taste of Milled Rice

The effect of brown rice temperature before mili-
ing on the quality and taste was investigated. The
optimal range was examined by using kernel tem-
peratures of 10, 20 and 30°C. The following results
were obtained :

(1) Higher temperature before milling resulted
in lower translucency, an inferior appearance,
higher free fat acidity and poorer storage stability.
Moreover, it exhibited a lower water absorption
ratio, water uptake ratio, volume expansion ratio
and higher extracted solids.

(2) Lower kernel temperature produced rice
whose taste had high overall fiavor-it also had good
appearance and aroma, and was soft and cohesive.

(3) There was a decline in milling efficiency
with kernel temperature of 10°C. The appearance,
storage stability and taste of milled rice deteriorat-
ed with kernel temperature of 30°C. Therefore, it
can be said that the optimal temperature before
milling is within the range 15~25C.

4. Effect of Moisture Content on the Quality and
Taste of Milled Rice

Using milled rice with moisture content adjusted
to 14.0%, 15.5%, 16.7% and 18.0%, the quality
and taste were investigated, the optimal milled rice
moisture content was determined, and finally, the
optimal brown rice moisture content before milling
was calculated. The following results were
obtained :

(1) With a decrease in the moisture content in
milled rice, the translucency declined, the bulk
weight increased and fluidity improved.

(2) After a one month storage, the growth of
mold was observed in milled rice with an 18.0%
moisture content; and after three and a half
months with 16.7% moisture content. The rate of
increase of free fat acidity caused by storage was
higher in rice with a high moisture content. Con-
sidering the storage stability, the permissible maxi-
mum moisture content of milled rice is around
16.3%.

(3) With a decrease of moisture content in
milled rice, the water absorption ratio and the
water uptake ratio increased. It should be noted
that cracks occurred on the grain surface when
soaking rice with low moisture content. Due to
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these cracks, the amount of starch flowing out into
the cooking solution increased along with starch-
iodine bule value and extracted solids.

(4) Rice with low moisture content had an infe-
rior appearance both milled and cooked, with the
cooked grains were hard and without good aroma.
Both high and low moisture content rice had low
cohesiveness. Overall, rice with 15.5—16.7% mois-
ture content received a higher exaluation than that
with moisture contents lower than 15.5% or higher
than 16.7%.

(5) The taste deteriorating rate caused by stor-

age was higher in milled rice with high moisture
content than with low. After three months, the
taste evaluations for both types reversed, with the
14.0% moisture content rice evaluated to be the
best.

(6) The optimal moisture content of milled rice,
with consideration for quality and taste, is within
the range 15.3~16.39%. Since the average moisture
reduction caused by milling is around 0.29%, the
optimal moisture content of brown rice before mill-
ing is within the range 15.5~16.5%.



