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Abstract

This study was to find out the relationships between whiteness, hardness, crack ratio, broken rice ratio,
increased grain temperature, moisture content, electric energy consumption, and optimum conditioning of
grain temperature for the milled rice efficiency and quality maintenance during the milling process of
brown rice at low temperature. There was no significant difference between the whiteness variations of
white rice after milling process when the conditioning grain temperatures ranging from 0 to 20oC was
used. The crack and broken rice ratios of white rice and the hardness of brown rice decreased with an
increased in the conditioning grain temperature. Conditioning grain temperatures of 12, 20oC are appli-
cable to appropriated standard of temperature (15oC) after milling process. In the case of low tempera-
ture of grain, there was steadily increase the rate of changing moisture contents because of dew
condensation. There was 2.62~14.28% decline of electricity energy for milling process when the tem-
perature of grain was higher than 0oC. Therefore, it needs to control temperature over 10oC for appro-
priate milling in winter season.
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ò ���) �î�, �Nf ïË�f çNj �Ï~
� 0, 3, 5, 12, 20oC� �B~&
.


þO»

� 
þf ;W * *� �î�N� '' 0, 3,
5, 12, 20oC¢ r 7; ;�V(CM-5, 300~400 kg/
hr, TOYO, Japan)¢ ÒÏ~� 15 kg~ *�¢ ;W

>N 90Û0.2%� ;W~&�, 3² >�~� Wê,
;ê, ÿ��N, �¢VN, �N, �>N, ²j*K

ï æz¢ jvÁªC~&
. 
*� �î�N� G;�Ïö �~º Î"º SAS

~ ¢öV~ ¢æï ªÖªCb� Ûê¾Ò~� F
~Wj ¦;~&
.
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Wêº Wêê(C300-3, Kett, Japan)� 10² G;

� ê ï�8b� ¾æÚî
.
��� ;ê

;êº ãêê(KHT-20N, Fujiwara, Japan)¢ �Ï

~� *��ò 7 j*ã" ÿ�ãj '' 50ãO
G;� ê ï�8b� ¾æÚî
.
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*�f W�~ ÿ��º ãÿ��f 7ÿ��¢
Îv ÿ��� 6;~&
. 1² G;� j*� 50

ãj Z·*� j�~�ÿ��R�V(RC-50, Kett,
Japan)� G;~&�, 10² G;ö &� ï�8b�

¾æî
.
��� �¢VN

W�~ �¢VNf �¢VFêV(25M, ³4, Japan)
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²j� ¾æî
.

��� �N

�NG;f:æ̂ Nêê(SK-1250MC, SATO, Japan)

¢ �Ï~&�, *�~ ãÖ �ò7�ö bB¢ ã
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ò~ 1/2;ê& &�B �6öB W��� Úö b
B¢ ã«~� �&Nê� ¾æÚî
.

��� �>N

�>N G;f �ò 10Û0.5 gj 10² j�� ê,
135oC~ 
þÏ��V(WFO600 ND, EYELA,

Japan)öB 24�* ��~&
. ��B �òº ��
²�VöB 30ª ;ê �² ê �ï~� Z²j�
�>N(M135,%)j êÖ~�, � 8j �&�>N �

;�� � (1)" (2)¢ �Ï~� �&�>N(M105,%)
� ~Ö~&
(à�t�, 1975).

*�: M105=100−1.0122(100−M135) (1)

W�: M105=100−1.0133(100−M135) (2)

��� ;W ²j*Kï

;W ²j*Kïf &;Ï ²j*Kê(WL, LG,
Korea)¢ �Ï~� G;~&�, *� 80 kgj ;W

� ãÖ� ~Ö~� ¾æÚî
.

Ö"5�V

Wê

Fig. 1f *� �î�Nö V� ;W *?ê~ W
ê¢ ¾æÞ ©�
.
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Fig. 1öB �º :f ?� *� Wêº �N 0,

3, 5, 12, 20oC¢ r '' 20.2, 19.9,  19.7, 19.6,
19.6b� ¾æÒ�, ;W� W�~ ãÖ 37.3, 37.5,
37.8, 37.5, 37.8� ¾æÒ
.

*�~ Wêº �î�N� ¸j>� 0.3~0.6 ;ê
�^~² 6²~º ãËj �&b¾ �~ N�&

ìº ©b� ¾æÒ�, ;W ê W�~ Wê æz
ê �î�Nö V¢ 0.2~0.5 N�� �~ æz& ì

º ©b� ¾æÒ
. 
�Þ *� �î ê �>N Ã&ö V¢ Wê&
£* 6²~º ©b� �� >Ú ®b¾(� �,

2002), �N �îf *�f W�~ Wêö 'Ëj
�~æ pº ©b� 6�B
.

;ê

Fig. 2º �î�Nê *�~ j*ã" ÿ�ã~

ï�;ê¢ ¾æÞ ©�
.
Fig. 2ö ¾æÞ :f ?� *� j*ã" ÿ�ã

~ ;êº �î�N� Ôj>� Ã&~º ãËj

¾æî
.

*� �î�N� 0, 3, 5, 12, 20oC� ãÖ *�
j*ã ï�;êº '' 8.91, 8.49, 8.37, 8.27,
8.21 kgf �î
. 0f 20�ò~ ;êº 0oC�ò&

0.7kgf ¸f ©b� ¾æÒ�, 12f 20oC� ãÖº
12�ò& 0.06 kgf �^~² ¸f ©b� ¾æÒ
.

ÿ�ã ï�;êº �î�N ê� '' 7.38, 7.11,
6.98, 6.89, 6.77 kgf �î�, �î�Nö V� ÿ�
�* �& ;ê N�º 0.61 kgf, �² ;ê N�º

0.12 kgf� ¾æÒ
.
�©f *� �N� Ôj>� *�~ �ç� �

��^B ãê& Ã&~V r^b� Òò>�, ÿ
.V ;W� ê;ÎNj &~�Êº "º ö��¢

� 6�B
.
�î�Nö V� j*ã" ÿ�ã~ ;ê N�º
ÿ�ã� 1.54~1.38 kgf Ô² ¾æ¾ ;W� r ·

f {Köê �æV �Þ ©b� 6�B
. 
�î�N" *�~ j*ã 5 ÿ�ã ;êf~

F~W ¦;f v &æ Îv ¦;Ûêï p-8� F
~>& 0.05�
 ¸² ¾æ¾ F~W� �;>æ p

~
.
�©f Fig. 2öB ��� &r ßWç ÿ¢ �
î�NöBê ;ê ÞN& �V r^ö F~W�

�;>æ pf ©b� 6�B
. ��¾ *F� :
f ?� 0oC~ ãÖ 20oC�
 ï� ;ê& 0.7 kgf

;ê ;� ©j �J� r ôf ·j ;W~º ã
Ö � ¦~& �JB ê;ÎN� &~F ©b� 6
�B
.

ÿ��N

Fig. 3ö *� �î�Nê ;W ê W� ÿ��N

Fig. 1. Comparison of whiteness before and after milling
of the brown rice by conditioning grain temperature.

Fig. 2. Comparison of whole and cracked grain hardness
of the brown rice by conditioning grain temperature.

Fig. 3. Comparison of crack ratio after milling of the
brown rice by conditioning grain temperature.
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j ¾æî
. 

Fig. 3öBf ?� ;W ê W� ÿ��Nf *�
�î�N� Ôj>� ¸² ¾æÒ�, ß® �î�
N� 3oC�~öB W�~ÿ��& ¸² Ã&~&
.

;W * *� ÿ��Nf 15.76%�î�, *� �
î�N� 0, 3, 5, 12, 20oC¢ r ;W ê W�~

ÿ��Nf 21.90, 21.60, 20.26, 18.86, 17.38%�B
;W * *� ÿ��N�
 6.14, 5.84, 4.50, 3.10,
2.07% ;ê Ã&~&
. 0f 3oCöBº 0.3%� �

~ N�& ìº ©b� ¾æÒ�, �î�N� 0f
20oC� ãÖ W� ÿ��Nf 0oC öò& 4.07% ̧

² ¾æÒ
.
�©f *F� :f ?� *� �N� Ôj>�

*� �ç ãz� ;ê& ¸j ;W� ;W{Kj
¸� &�~&V r^b� 6�B
.

SAS~ ¢öV~ ¢æï ªÖªCj Û� �î�

N" ;W ê W� ÿ��N"~ F~W ¦;f ¦
;Ûêï~ p-8� 0.0073�B F~>&�
 Ôf

8j ¾æÚî�, 0f 5 5 20oC Ò�öBò F~
W� ¦;>î
.

�¢VN

*� �î�N N�ö V� ;W ê �¢VNj

Fig. 4ö ¾æî
.
Fig. 4öB r > ®�� �¢VNf ;W * *

� �î�N� Ôj>� Ã&~º ãËj �&æò
N�º �^~&�, ß® 5oC �~¦Vº Ô² ¾
æÒ
.

�¢VNf *� �î�N� 0, 3, 5, 12, 20oC¢
r '' 4.63, 4.54, 4.43, 4.23, 4.27%¢ ¾æÚî


. �¢VN� �&Á�²� �Nf '' 0f 12oC
�ò�î�, 0oC�ò& 0.40% ̧ f ©b� ¾æÒ


. �Þ 12f 20oC� ãÖº 0.04% N�� &Ë

Ô² ¾æÒ
.
�î�N� �¢VNö �~º Î"º ¦;Ûê
ï~ p-8� 0.0004� F~>&�
 
Ö Ôf 8

j ¾æÚî�, 12f 20oC Ò�~ ¦; Ö"¢ B
�~� ¾^æ �îNê*öº F~W� 
Ö ¸f

©b� ¦;>î
.
�N� ¸f �ò& Ôf �ò�
 �¢VN�
Ôf �Fº �ö �öB BF� :f ?� *�

�N� ¸b� *� ;ê& ·� �ç� �z>Ú,
;W� ;W{Kj ÔºÚ &��b� �~� &�

� �æV r^�
.

�N

Fig. 5ö ;W * *�~ �N" ;W ê W� �
N N�¢ jv~� ¾æî
. 

*Ò ;W ê '; �N çßf 15oC�~� >Ú
®b�, �N� .Z ¸² çß~� �¢Vf ÿ�

�& Ã&~�, >ª¶
� 
æº ©b� rJ^
®
(;^C �, 1994; ��� �, 1995).

Fig. 5öBf ?� ;W ê �N çßf ;W *
*� �î�N� ¸f �ò& Ô² ¾æÒ
.  
*�~ �î �N� 0, 3, 5, 12, 20oC¢ r ;W

ê �Nf 20.8, 22.1, 25.2, 27.7, 31.0oC� *� �
î �N�
 '' 20.8, 19.1, 20.2, 15.7, 11.0oC ç

ß� ©b� ¾æÒ
. 
ß® 0~5oC� ãÖöº W�~ �Nçß� �;
º*�
 5oC Ú� ¸V r^ö :²ç~æ pf

©b� ¾æÒ�, .V�N 12, 20oC� ãÖöº '
; �Nçß �;º* Úö ��>Ú ÿ.V ;W

� *�~ ';Nêº 10oC �çb� ~º ©� :

Fig. 4. Comparison of broken rice ratio after milling of
the brown rice by conditioning grain temperature.

Fig. 5. Comparison of increased grain temperature after
milling of the brown rice by conditioning grain
temperature.
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²ç~
� 6�B
.

�î�N" ;W *Áê �N N�ö &� F~
W ¦;j SAS~ ¢öV~ ¢æï ªÖªCb� Û
ê ¾Ò� Ö", F~>& 0.05öB ¦;Ûêï p-

8� 0.0001� 
Ö Ô² ¾æÒ�, ''~ �î�
Nê F~W� 
Ö ¸f ©b� ¦;>î
.

;W� �î�N� ¸f �ò& Ôf �ò�

;W ê �Nçß� ¸æ pf ©f 
*� �N� ¸b� *� ;ê& ·�, ;[~ �

z� ;W� &�{K� Ôjæ�B îV�ö ~�
Nêçß� ÔjæV r^�
.

�>N

Fig. 6f *� �î�Nê �>N" ;W ê W�
�>N æz¢ jv� ©�
. 

Fig. 6öB �º :f ?� �î�Nê ;W ê

�>N æzº ;W * *� .V�>N�
 £*
Ã&~&
.

;W * *� .V�>Nf 14.29% �î�, *�
�Nj 0, 3, 5, 12, 20oC� �î~� ;W� ê �

>Nf '' 14.31, 14.32, 14.39, 14.29, 14.33%�
¾æÒ
. � �>N 8f ;W* .V�>Nö j
~� 0.00~0.10% ;ê Ã&� ©�
.

¢>'b� ;W ê �>Nf ;W 7 îV�"
ª³ö ~� 0.5% Ú� 6²~º ©b� ��>Ú

®
(� � 2002). ��¾ � 
þöB ;W ê �
>N� �^~²¾î Ã&� �Fº ;W� �N�
Ôf *�& ;W ê �N� 20.8~31.0oC� çß>

î�, �©� 45.4~64.6% ç&Ûêö 1.0~1.7oC~
&N �Vf 7/~�B Ö�& B�~&V r^b

� 6�B
(¬��ï, 1991).
V¢B *�f &�
Ú~ Nê& .Z Ôf �

�f & ��ö Ö�¢ B��B ®î &~~ ÖJ

& ®bæ� '.~æ pf ��b� 6�B
.  
*� �î�Nê ;W� ²j*Kïj Fig. 7ö
¾æî
.

Fig. 7öB r > ®�� ²j*Kïf �î�N
� Ôf �ò�
 ¸f �ò& 6²~º ©b� ¾

æÒ
.
�î ê �N� 0, 3, 5, 12, 20oC� ãÖ ;W

²j*Kïf '' 763.84, 743.80, 719.23, 698.96,
654.71 Wh/*� −80 kgb� ¾æÒ
. 0oC �ò¢
V&b� �N� 3, 5, 12, 20oC� ãÖ 6²B ²

j*Kïf '' 20.04, 44.61, 64.88, 109.13 Wh/*
�−80 kg� î�, 6²N� ¾æÚ� '' 2.62,

5.84, 8.49, 14.28%�î
.
�î�N� ²j*Kïö �~º Î"¢ ¦;�
Ö", ¦;Ûêï~ p-8� 0.0001� F~>& 0.05

�
 
Ö Ôf 8j ¾æî�, 0f 5oC 5 20oC
Ò�öBò F~W� 
Ö ¸f ©b� ¦;>î
.

;W * �ò~ �N� ¸j>� ;W ²j*K
ï� 6²~º �Fº �öB BF~&�� �N�

¸b� *��ç~ �z� ;W� ;W{K� &~
>Ú ¦~& '² �ÒV r^�
. 

º £

ÎÞÆ �N� Ôf *�º �ç� ���^B
;W�*� ^Úæ�, "¦~� �� ê;ÎN &

~f ²j*Kï� Ã&�
. �îf �b~ �>
N" �Nj �.~º VF��, *�~ ��� �
ê;>N 5 ê;ÎNj Ëç�Ò > ®
.

 � ��öBº &N *� ;W� ê;ÎN Ëç
5 ®îFæ¢ *� '; *� �îNêf ;W ê

Wê, ;ê, ÿ��N, �¢VN, �N çß, �>N

Fig. 6. Comparison of increased moisture content after
milling of the brown rice by conditioning grain tem-
perature.

Fig. 7. Comparison of electric energy consumption during
milling by conditioning grain temperature.
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æz, ²j*Kï �"~ &ê¢ �«~&
.

*� �î �N 0, 3, 5, 12, 20oCö &� ;W
ê W� Wê æzº � N�& ìº ©b� ¾æ
Ò�, ÿ��N, j*ã" ÿ�ã ;ê 5 �¢VN

f *� �î �N� ¸j>� 6²~º ©b� ¾
æÒ
. 

�î �N 12, 20oC� ãÖ& ;W ê '; �N
çß �;º* 15oC Úö ��>î
. ;W ê �
>N æzº �î�Nö &êì� �VNêf ;W

ê �N N�� B�� Ö�ö ~� �^~² Ã&
~º ãËj �&
. ;W ²j*Kïf �î�N

� 0oC�
 ¸f ��� 2.62~14.28% 6²~º ©
b� ¾æÒ
. V¢B ÿ.V ;W� *�~ ';

Nêº 10oC �çb� �î~�¾ Fæ~º ©�
'.� ©b� 6�B
.

6Ò~&

� ��º Ï§&�v �Fê�Ò�~ ��j æ
öb� >¯>îb�, �ö 6Ò�ãî
.
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