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Abstract

Flour extraction was analyzed by milling different varieties of wheat with different gaps of break rolls
of Buhler automatic laboratory mill MLU-202. Straight flour extraction increased with decrease in the
roll gap, which was mainly due to increase in break-related flour extraction, especially the flour from
the first break roll. Farina extraction also increased with decrease in the roll gap, which contained a
large amount of shorts and relatively small amount of flour. Straight flour extraction of wheat with
larger kernel diameter was higher, but their correlation was not significant. Meanwhile, the kernel hard-
ness showed significant (-) correlation with the flour extraction and (+) correlation with the shorts
extraction. Consequently, the effect of the break roll gap was significant on the flour extraction, and the
kernel hardness influenced the flour extraction more than the kernel diameter. 
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� �

�� ���� � ��� ��, ���� ���,

��� ��� �� �� ��� ��� �� ��
�� ���� ���� ��� ���� ���

����(���� ���, 1985). �� ��� �
� �(roll)� ��� �� ��(breaking)� ��
(reduction) ���� ����, ��� ���(sieving)

� ���� ���� ���� ���� shorts�
����. �� ��� �� ��� ���� ��

�� ���� �� ��� ���� �� ��	
������ ����.
�� ��� �� ��� ��� ��� �� �

��(Scanlon et al., 1988; Novales et al., 1998),

Ohm et al.(1998)� ��� ��� ��� ���
� ��� ��� ��� ��� ��� �� ��

� ����� ��� �� �	��, ���� �
�� ��� ��� �� �� ����� �	�

� ���. Hoseney(1990)� ��� �� ��� �
�, ���� 
���, ���� ��, ���� �
�� ��� �� ��� ����.

�� �� ��� ��� �� �� ��� �	
� �� 
�� ��, �� �� ����, 	� �


��, �� ��
� �� �� ��� ��	 �
� �� �	� �� �� ��
�� �� � �
��(���, 1986; Hsieh, et al., 1980). ��� �

�� ���� �
�� �(sieve) � �� ���
���� �� ���� ���� �� ��� �

�� ������� �
��� ���	 ���
� �� ���� �� ���� �� �
� ��

�� �
� � �� ���	 ��� ��� ��
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�� ����� �� ���� � � ��. 

��� � ����� ���� ���� ��
��� 1� �� �� ��� � ��� ����
��� ��� ��� �����. �� ����

��� � ���� �� ��� �� ��� ��
� � ��� ��� ��� ��� Buhler ���

���� ���� ��� �	� �� ��� �
� ��� ����� �	� � � �� ���

��� ����� ���.

�� � ��

�� 
�� ��� 	����(HRS: hard red spring),
����(SW: soft white), 	����(HRW: hard
red winter) 3 �� ��� �� �� �� ���

�� ���� >3.36 mm, 3.36-2.83 mm, 2.83-2.38
mm� �� �� 

 3���� ����, 3 ��

� �� ���� � �� �� ���� ����
�(���� ���, 1988). ��� ��� ���

Table 1� ���.

��� �� �� 
�� ��� Single Kernel Characterization System

(SKCS, 4100, Perten Instruments, Sweden)� ��

�� 
 ���� �	, 	�, ��� �����

� ��� Table 2� ���.

��

��� ����� 

� �� 4500 g� HRS
� HRW� �� ���� 16.0%, SW� ����

�� 14.0%� ���� �� ��� �� ���
� ��� 28oC� 
��� HRS� HRW� 18 �
�, SW� 10 �� �� �����(AACC, 1993).

��� 1000 g, 500 g � ���� Buhler ���
���(Buhler automatic laboratory mill MLU 202,

Buhler Broth, Swiss)� �� 500 g� ��, �� �
� � ��� �� ���� ��� �� �(break

roll)� �� �� �	�� ���� Table 3� �
� ����� �� ��� HRS� HRW� 130 g/
min, SW� 100 g/min�� ���� �� 1000 g�

���� �� �
 ��� 3�(1B, 2B, 3B-Flour),
�� �
 ��� 3�(1R, 2R, 3R-Flour), shorts,

Table 2. Single kernel characteristics of wheat classes by SKCS

Diameter (mm) Weight (mg) Hardness4)

Average3) Std. Dev. Average Std. Dev. Average Std. Dev.

HRS1)

NS2) 2.50 0.56 32.31 9.27 88.23 19.52
LA 3.20 0.44 48.78 6.77 70.95 17.93
MI 2.69 0.44 35.75 6.98 84.39 18.21
SM 2.18 0.53 27.06 10.04 88.16 21.11

SW

NS 2.43 0.55 33.67 9.36 33.35 19.77
LA 2.91 0.46 45.37 7.74 28.58 16.95
MI 2.56 0.46 37.09 8.54 33.48 19.08
SM 1.92 0.34 24.44 5.92 40.43 22.50

HRW

NS 2.49 0.53 32.98 9.74 73.56 20.96
LA 3.21 0.44 46.87 5.36 64.52 16.41
MI 2.63 0.47 35.26 7.20 71.10 18.41
SM 2.09 0.49 25.84 8.16 80.75 21.71

1)HRS: hard red spring, SW: soft white, HRW: hard red winter. 
2)LA (kernel large): > 3.36 mm, MI (kernel middle): 3.36-2.63 mm, SM (kernel Small): 2.63-2.38 mm, NS (kernel non-segregate): LA
+ MI + SM.
3)Average and standard deviation of 3 replications.
4)Characteristic hardness index of SKCS.

Table 1. Distribution of wheat kernel diameter

HRS1) SW HRW
> 3.36 mm 16.9% 18.3% 13.8%

3.36~2.63 mm 62.2% 63.6% 58.3%
2.63~2.38 mm 19.0% 16.5% 25.3%

1)HRS: hard red spring, SW: soft white, HRW: hard red winter.
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���(bran)� � 8 �� ��� �����. � �

�� �� �� ���� Fig. 1� ��� 3�� �
� �(1B, 2B, 3B)� 3�� �� �(1R, 2R, 3R)
� ���� 
 � ���� �(9N-150, 10N-132)

� ���� ��. ���� � ��� �� ��
����� �� ��� �� ��� �
� � �

�� ��
 �� �� ��� ��� �� ��
��� ���� 
��� ����(���� ��
�, 1988).

��� ��(extraction) ��
Fig. 2� ��� 1B, 2B, 3B�� �� ����
�� �� ��� 1B3, 2B3, 3B3� ��� 3B1,

��� 1R, 2R, 3R�� �� ���� �� ��
��� 1R3, 2R3, 3R2� shorts 3R1� � ���
100%� ���� ��� ��� �����. ��

��� �� � ��� ��� �� ���� ��
� straight ���, �� ���(patent flour), ��

���(clear flour), farina� �� �� �� ���

� �����(���, 1986; �	�, 1975). 

Straight ��� 
= 1B3 + 2B3 + 3B3 + 1R3 + 2R3 + 3R2  (1)
�� ��� = 1B3 + 2B3 + 1R3 + 2R3 (2)

�� ��� = 3B3 + 3R2 (3)
Farina = 1R3 + 2R3 + 3R2 + 3R1 (4)

��� ��� �� ��� � �� � ���
��� �� ��� Fig. 3�6� 	� �� ���
��. �� ��� �� � ��� �� ��� 	

�� �� ���� ���
� ���� ���
�� ��� �� �� �
(average diameter)� �

� � ��(RGA, average pf roll gaps)� �� �
�� ��� �����. ��� �� �� �
�

���� � ��� �� ��� �
� �� ��
� ���� ����, �� � ��� ��� �
�� �
� �� � ��� �� ��� ����

����.

�� � �� 

�� �� ��� ��
�� ��� stream� �� ��� Fig. 3� 	�
� �� �� � ��� ��� ���� ����

Fig. 1. Flow sheet of milling process in Buhler automatic
laboratory mill. B, break rolls; R, reduction rolls; N,
sieves.

Table 3. Adjustment of roll gaps in Buhler automatic laboratory mill

Gap of break rolls Gap of reduction rolls

 Left end1) Right end  Left end Right end

 Narrow 0.30 mm 0.01mm 0.01mm
 Middle 0.35 mm 0.30mm
 Wide 0.40 mm

1)Three break rolls are on one shaft with 2 ends, and 3 reduction rolls are on the other shaft in the same manner. 

Fig. 2. Schematic diagram of mass streams in milling
process in Buhler automatic laboratory mill. 1B3, 1B-
flour; 2B3, 2B-flour; 3B3, 3B-flour; 1R3, 1R-flour; 2R3,
2R-flour; 3R2, 3R-flour; 3B1, bran; 3R1, shorts; the
others, intermediate masses.
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� Table 4� 	��. 1B-���(1B3)� ��� 1�

�� �(1B-R)� ��� ���� (-) �����
1B-R� ��� ����� �� ��� ����
��� ��� ��� ��� �
�� (+) ���

�� ��� �
� ��� �� ��� ����
��� �� ����. �� ��� ��� 
��

�� SW > HRW > HRS �
� ��� ��
�
SW� 1B-R� �� 0.30 mm��� ��� �
�

��� ��� 0.4 mm�� �� �� ���
�
HRW� HRS��� ��� ��� ����. 

2B-���(2B3)� ��� �� ��� ����

1B-R� ��� �� (+) ����� 1B-R� ��
� ����� ��� ���� � 
�� ���

� ��
� ��� �
� (-) ����� ���
�
� 
��� 2B3� ��� �� ���
� �

� ��� ��� 
�� �� SW > HRW >
HRS �
� ��� �� ����. 

3B-���(3B3)� ��� 1B-R� ��� (+) �

���� 1B-R� ��� ����� ��� ��
�� ���� ��� �
�� (-) ����� �

�� � 
�� ���� ���. �� ��� �

�� 
�� �� SW > HRW > HRS �
� �
�� �� ����. ��� SW� HRW� 1B-R�
�� 0.30 mm��� ��� �
� ��� ���

1B-R� �� 0.40 mm�� �� 
� ���
�
HRS� ��� ��� ����. 

�� ���� ���� �� �� ���
(BF=1B3+2B3+3B3)� �� ��� 1B-R� ���

(-) ����� ��
� 1B-R� ��� ����
� BF� ��� ���� �����. �
� 2B3
� 3B3� ��� �� �� ���� ���� �

�� 1B3� �� ���� �� BF� ��� 1B3
� ��� ��� �
�� 

� ����, BF�

�� ��� ��� �
�� �� (-) �����
��� � 
�� ���� �
� �� ��� �

�� ��� �� �� �
�� �� �
� ��
� �� ��� ��� ��� �� ��� ���
SW > HRW > HRS �
� ��� �� ����.

�� �� � 1� �� �(1B-R)� ��� ��
� ��� � ��� ��� ��� ���� 3�

Fig. 3. Flour extraction from break rolls (1B, 2B, 3B) according to the 1st break roll gaps.
A: soft white, B: hard red winter, C: hard red spring. � : LA, � : MI, � : SM, � : NS, � : average diameters (refer to Table
2); RGA, average of roll gaps. 
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�� �(3B-R)� ��� ��� ��� ��� �

�� ����� ��� ���� ���� ��
�� ��� ���� ���(���� ���,
1985). ��� 1B-R� ��� 	�� � �� ��

� ����� 
��� ��� 1B-R� �(9N-150)
� ��� � �� �� ��� ���� 1B3� �

�� ���� �� 
�� ���� �� ���
� �� ���� 1B-R� 2� ���(2B-R)�� �

�� ��� �� �� ��� �� ���� ��
�
� 3B3� ��� ���� �
� ����. 
��� �	� 	�� ���� ��� �� �

� ���
� ��� �
� �� 1B-R � ��
�� ��� �� ���� �� �� �� ���

� ���
� ���� �
� ����. 1B3 �
��� �� ��� ��� ��� ����� �

�� ��� 1B-R ��� �� �
��� ���
�� ��� ����� �� ��� ��� ��
� ��� ����� ��� ����� ����

���� ���� ��
� ����.

�� �� ��� ��
�� ��� stream� �� ��� Fig. 4� ��
�, �� �� � ��� ��� ���� ���

� Table 4� ���. 1R-���(1R3)� ���

1B-R� ��� (+) ���
�� ��� 	�� �
� �� ��� ��� 1B-R� ��� ��� �

HRS�� ��� ���� HRW��� ��, SW
��� 1B-R� �� 0.35 mm�� �� ��� �

��. ��� �	�� (-) ���
�� � 	��
���� �
� �� ��� 1B-R� ��� ��
� �� ��� ��� ��
� SW� HRW�

1B-R� �� 0.30 mm��� �� �	�� ���
��� 1B-R� �� 0.40 mm���� �� ���


� HRS� 1B-R� �� 0.35 mm� ��� ��
�. �� ��� ��� 	�� �� SW > HRW

> HRS �
� ��� �� ����.
2R-���(2R3)� ��� 1B-R� ��� (+) �
��
� �� ��� �
�� 1B-R� ��� �

���� ��� �����, ��� �	�� �

Fig. 4. Flour extraction from reduction rolls (1R, 2R, 3R) according to the 1st break roll gaps.
A: soft white, B: hard red winter, C: hard red spring. � : LA, � : MI, � : SM, � : NS, � : average diameters (refer to Table
2); RGA, average of roll gaps. 
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� �� (+) ���
� �	� �� ��� 	�

� ��� ��� ��� �� ����. ���
SW� HRW� MI(�	� 3.36-2.63 mm� ��)�
	�� 1B-R� ��� ����� ��� ���

� 	�� ��� HRS� 1B-R� ��� ��� �

�� ��� ��� �� ��� ���. �� �

�� ��� 	�� �� HRS > HRW = SW �

� ��� �� ���� 

3R-���(3R2)� ��� 1B-R� ��� (+) �

��
� ����
� ��� �	� �� ���
���� ���. 

�� ���� ���� �� 

 ���
(RF=1R3+2R3+3R2)� �� ��� 1B-R� ���

(+) ���
� 1B-R� ��� ����� RF� �
�� ��� ���. �� �� �� ��� ��
��� �� 

 ���� ��� ����� �

� ��� �	�� ���
� �� 

 ���
� ��� ���� ��
� ����.

��� �	� �� RF� ��� (+) ���
�
��
� �� ��� ��� � 	��� ���

�����. �� ��� ��� 	�� �� HRS
> HRW > SW �
� ��� �� ����. ��
	�� ���� �� ���� ��� ��
�

���
� �� 

 ���� ��� ����
�
� ����.

���� ��
Shorts� ��� �� ��� �
�� 1B-R� �
�� (-) ���
� 1B-R� ��� ����� �
�� ���� �� ��� ��� �	� ���

��� ���(Fig. 5). �� SW� SM� MI� 1B-
R� �� 0.35 mm�� �� 0.40 mm�� ���

	�� �����. �� ��� ���� �� 3B-
R�� � �� ���� ��� � �� ��� �
� ���� shorts� ���� 	� ���� �


� ����. ��� �	� �� ��� ��� �
�� 	�� �
� SW� HRW��� LA(�	 >

3.36 mm� ��)� �� ��� ��� HRS���
SM(�	 2.63-2.38 mm� ��)� �� ��� ��

�. �� ��� ���� 	�� �� HRS >
HRW > SW �
� ��� �� ����. �� 	
�� �� 	� �� ���� �� ���� shorts

� ���� 	� ���� �
� ����.
���(bran)� ��� 1B-R� ��� (+) ���


� 1B-R� ��� ����� �� ��� �

�� ��� ��� ��� �	�� (-) ���


�� ��� 	�� ��� ���. 
1B-R� ��� ����� �� 
�� ����
�� ���� �� ���� ��� ��� ��

�� ��� �� ���� ���
� ����
��� ���� �
� ����. �� ��� �

Table 4. Correlation coefficients between flour extraction and single kernel wheat parameters or milling parameters

GOR2) SKD SKH SKW SKD for individual GOR GOR for individual WC

0.30mm 0.35mm 0.40mm HRS HRW SW

1B31) -0.998* 0.058 -0.978** 0.219 0.081 0.049 0.037 -0.997* -1.000** -0.997*
2B3 0.073 -0.657* -0.630* -0.530 -0.707* -0.679* -0.544 -0.980 -0.373 0.909
3B3 0.997* -0.500 -0.532 -0.392 -0.375 -0.548 -0.442 0.997* 0.999* 0.969
1R3 0.714 -0.145 -0.909** 0.018 -0.048 -0.169 -0.208 -0.984 0.961 0.198
2R3 0.942 0.086 0.217 0.076 0.115 0.098 -0.027 0.986 0.950 0.910
3R2 0.963 0.311 0.911** 0.148 0.210 0.273 0.422 0.873 0.355 0.895
SH -0.952 -0.015 0.789** 0.262 0.433 0.390 0.357 -0.987 -0.967 -0.908
BR 0.965 -0.665* 0.224 -0.708 -0.636* -0.602* -0.657 0.966 0.966 0.914
BF -0.996 -0.203 -0.932** -0.042 -0.149 -0.238 -0.224 -1.000** -0.985 -0.948
RF 0.997* 0.330 0.644 0.228 0.265 0.263 0.445 0.885 0.998* 0.952
FA -0.776 0.411 0.800** 0.274 0.418 0.380 0.431 -0.615 -0.869 -0.743
P-F -0.998* -0.155 -0.932** 0.014 -0.078 -0.184 -0.203 -0.999* -0.854 -0.992
C-F 0.988 0.273 0.931** 0.114 0.189 0.224 0.403 0.962 0.953 0.999*
S-F -0.994 0.406 -0.837** 0.139 0.038 -0.130 0.036 -0.939 -0.453 -0.935

1)1B3, 1B flour; 2B3, 2B flour; 3B3, 3B flour; 1R3, 1R flour; 2R3, 2R flour; 3R2, 3R flour; SH, shorts; BR, bran; BF, total break
flour; RF, total reduction flour; FA, farina; P-F, patent flour; C-F, clear flour; S-F, straight flour. 
2)GOR, gaps of roll; SKD, single kernel diameter; SKH, single kernel hardness; SKW, single kernel weight; WC, wheat classes.
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��� 1B-R� ���� ��� ��� ��� �
�� ��� ����� HRW > HRS > SW ��
� ���. �� �� ��� ���� SM� ��

� �� ��� ���.

Straight� �� ��� ��
�� ���� ��� ����� 1B-R� ��

� ����� ��� ���� ��� ��� �
���� ���� ��� ���(Fig. 6). ���
��� ��� ��� ��� ��� ��� SW�

HRW� 1B-R� �� 0.3 mm�� ��� ��� �
�� �� 0.4 mm� ��� �� ����� ��

��� ���� SW > HRW > HRS ��� ���.
Straight ���� ��� 1B-R ��� (-) ���

�� 1B-R� ��� ����� ��� ����
�� ��� ���� ��� ��� ���. ��
� ��� ��� ��� ��� ��� SW� �

�� ���� ��� 1B-R� ��� ���� �
�� ���� HRW� HRS� 1B-R� �� 0.3

mm��� ��� ���� �� ��� 0.4 mm�
��� �� ����. �� ��� ���� SW

> HRW > HRS ��� ���.
1B-R� ��� ����� ���� �� ���

RF� �� �� BF� ��� ��� ���� �
� 1B3� ��� �� ��� ��� 	�� ��

��. �� ���� ���� ��� �����
1B-R� ��� ��� ��� ����� ���
��� �� ���� �� ���� ���� farina

� �� ����� � ���� �� ��� ��
�� �� �	�� �� RF� ��� ��� �

��� shorts� ��� ���� � � �	�. 

� �

Buhler ��� ���� ���� �� �� �

�� ��� ��� �� �� ��� ��� 	�
���. 1B-R(��� �� �)� ��� ����

Fig. 5. Flour extraction of shorts and bran according to
the 1st break roll gaps.
A: soft white, B: hard red winter, C: hard red spring. � : LA,
� : MI, � : SM, � : NS, � : average diameters (refer to
Table 2); RGA, average of roll gaps. 

Fig. 6. Flour extraction of patent and straight flours
according to the 1st break roll gaps.
A: soft white, B: hard red winter, C: hard red spring. � : LA,
� : MI, � : SM, � : NS, � : average diameters (refer to
Table 2); RGA, average of roll gaps. 
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