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Molecular Level Protein Composition of Flour Mill Streams from a Pilot-Scale 
Flour Mill and Its Relationship to Product Quality 
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 ABSTRACT Cereal Chem. 83(1):52–56 

Flour mill streams prepared from two Australian and two New Zealand 
wheat cultivars using a pilot-scale roller mill were analyzed for rheo-
logical and baking quality characteristics and for protein composition 
using size-exclusion HPLC. Differences in mill stream protein composi-
tion, on an industrially relevant scale, and the relationships between the 
distribution of proteins (and their degree of thiol exposure) and the 
technological quality of the flour mill streams were examined. Consistent, 
significant differences were observed in the physicochemical and proces-
sing characteristics of the flour streams. Between mill streams, changes in 
the quantities of the storage protein groups were more marked than for 

nonstorage protein groups. Changes in protein composition differed 
between the break and reduction stream flours. In contrast, the degree of 
exposure of thiol groups on the various protein groups followed different 
patterns between mill streams. Numerous significant relationships were 
observed between dough mixing and product baking tests and the 
composition and thiol exposure state of the various protein classes. These 
relationships are discussed in context of manipulating the processing 
quality of flour-based products using mill streaming. A possible role for 
exposed thiol groups on storage proteins in the phenomenon of flour 
“aging” is suggested. 

 
Commercial wheat flour milling produces a large number of flour 

fractions, or mill streams, that are recombined to provide flours 
with specific processing characteristics. Each mill stream varies 
in its composition and functional characteristics as a result of the 
irregular distribution of components within the wheat kernel 
(Pomeranz 1988). Variation in total protein and ash content (Nelson 
and Loving 1963; Nelson and McDonald 1977; Prabhasankar et al 
2000; Loza-Garay and Flores 2003), flour color (Oliver et al 1993), 
lipids (Morrison and Hargin 1981; Prabhasankar and Haridas Rao 
1999), enzyme activity (Rani et al 2001), and endoxylanase 
inhibition activity (Gebruers et al 2002) of mill streams have all 
been reported. Recently, it has been reported that variations in the 
composition of four mill fractions produced on a Buhler MLU-
202 laboratory mill could be correlated with baking performance 
differences (Menkovska et al 2002). The diversity in protein 
composition of mill streams is reflected in the large variation in 
processing characteristics described by various workers (Dick et 
al 1977; Badi and Hoseney 1978; Holas and Tipples 1978; Vera-
verbeke et al 1999; Feillet et al 2000; Villanueva et al 2001). The 
storage proteins (as defined by Osborne 1907) are one group of 
compounds that make a significant contribution to flour processing 
character (Preston et al 1995) and it has been recognized that 
different protein fractions contribute different processing effects 
(Dick et al 1979; Khan et al 1989; Gupta et al 1993; Lu and Grant 
1999). The study of Menkovska et al (2002) illustrated that differ-
ences in molecular composition of mill fractions from a labora-
tory mill could be seen using techniques such as gel electrophoresis 
and that many of these compositional differences could be linked 
to variations in processing qualities of the flour streams. However, 
there has been little investigation of the effects of industrial-scale 
milling processes on the distribution of molecular level protein com-
ponents within discrete mill streams from single cultivars, and the 
effect of this varying distribution on processing quality. The aim 
of this study was to measure the nature of the distribution of 
molecular level protein components occurring during the milling 
of four diverse wheats on an industrially relevant, pilot-scale roller 
mill, and to determine whether these differences in distribution 
could be related to the processing characteristics of the resulting 

mill streams. As well as quantitating the amount of each protein 
class in a particular sample, the degree of thiol exposure (a 
measure of the extent of oxidation of the flour) on the protein was 
also measured using a recently published method (Sutton et al 
2003). The wheats were milled as pure cultivars rather than mixed 
grists to ensure sample purity and avoid possible nonlinear effects 
of cultivar blending. 

MATERIALS AND METHODS 

Wheat Samples 
Two New Zealand commercial wheat cultivars (Sapphire, chosen 

as a weaker cultivar; Monad, chosen as a strong cultivar) were 
grown in New Zealand during the 2000-2001 season, and two 
Australian commercial cultivars (Janz, normally a strong cultivar; 
Frame, normally a weaker cultivar) were grown in Australia during 
the 2000-2001 season. However, after we sourced the samples, we 
found that the Frame sample was high in protein and stronger 
than the Janz sample. For all four cultivars, 2,000 kg was milled 
using established procedures at 75% extraction on a 650 kg/hr 
pilot roller mill at BRI Australia into 14 separate mill streams: 
1st, 2nd, 3rd and 4th break flours, break middlings (BM), sizings 
(SZ), and A, B, C, B2, D, E, F, and PF reduction flours (Moss et 
al 1991). In addition, a straight-run flour was collected, consisting 
of all the streams in proportion to production on the mill. After 
milling, the individual fractions were stored at 10°C to await 
further analysis. 

Analytical Methods 
Color grade, ash, moisture content, total protein (N × 5.7), starch 

damage, farinograph, and mixograph measurements were made 
on duplicate samples (of the same milled sample) using a stan-
dard protocol (Holst 1993). 

HPLC Analysis, Protein Thiol Labeling, and Estimation  
of Protein and Cysteine Content in SE-HPLC Samples 

SE-HPLC analysis was performed according to the method of 
Sutton et al (2003), using a modification of the method of Gupta 
et al (1993). Flour and freeze-dried dough proteins were labeled 
with monobromobimane (mBrB, Sigma B-4380) according to the 
method of Sutton et al (2003). Estimates of protein and thiol con-
tents were made as described in Sutton et al (2003). Reversed-
phase (RP) HPLC measurements, used where necessary to elabo-
rate SE-HPLC results, were conducted according to the method 
described in Bushuk et al (1997). 
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Baked Product Quality Tests 
Mechanical dough development (MDD) bread baking tests were 

performed in duplicate using a small-scale 125-g MDD system 
(Mitchell 1971, 1989). Loaf volume and crumb texture scores 
were combined to give an overall MDD bake score. 

Biscuit quality was assessed using the cookie spread factor as 
measured using Approved Method 10-50D (AACC International 
2000). 

Pastry quality was assessed for a range of mill streams (selected 
on the basis of color acceptable to consumers) using the method 
of Hay (1993). Following a 60-min rest period after dough 
sheeting, the dough was cut into “vol-au-vent” rings 60 mm in 
diameter, baked for 11 min at 230°C, and allowed to cool. Ten rep-
licates of each sample of baked pastry were measured for product 
height, lift ratio, shrinkage, and % skew (a measure of the 
evenness of lift = the difference between the maximum and mini-
mum height of the baked pastry rings, divided by the average 
height). 

Statistical Analyses of Data 
Data from rheological testing, product (bake) testing, and SE-

HPLC analyses were analyzed with analysis of variance (ANOVA) 
methods using the GenStat package (v. 6.2. VSN International, 
Oxford). All analyses were performed in duplicate, except HPLC 
protein analysis, which was performed in triplicate. Data analysis 
of the HPLC results revealed that the standard deviations of the 
different protein component (and protein thiol component) values 
were of similar magnitude. Therefore, the values for all levels were 
pooled to calculate a standard deviation and a confidence interval 
for the mean value. Least significant differences (LSD) were calcu-
lated at the 95% significance level for all experimental parameters. 
For each cultivar, pairwise correlations between various analytical 
and test results were calculated. Tables of raw data (as used for the 
statistical analyses) are available from the corresponding author, 
upon request. 

RESULTS AND DISCUSSION 

Flour Characteristics 
The flour characteristics measured for each stream showed signi-

ficant differences between all streams for color grade (which varied 
from –4.1 to +14.9 KJU), damaged starch (which varied from 3.2 
to 15.3%), ash content (which varied from 0.31 to 2.54%), and 
total protein content (which varied from 8.3 to 29.9%). In general, 
the trend was for a gradual increase in these parameters over the 
successive break streams, followed by a decrease for the early 
reduction streams, and a subsequent increase in these parameters 
for later reduction streams. Not unexpectedly, the ash content of 

the streams was highly correlated to color grade (r = 0.97, P < T = 
0.001). Similarly, but less strongly, the ash content of the streams 
was correlated to degree of damaged starch (r = 0.525, P < T = 
0.05). The trends for these parameters were as expected given the 
nature of the roller milling process (that is, increasing contami-
nation of later break and reduction flours with nonendosperm tissue) 
and are consistent with trends reported in the literature (Nelson 
and Loving 1963; Nelson and McDonald 1977; Oliver et al 1993). 

Protein Distribution in Mill Streams 
Detailed analysis of the protein SE-HPLC data revealed that the 

relative proportions of the protein subgroups did vary (although, 
in most cases, not greatly or significantly) during the streaming 
process. Changes in the quantities of storage protein groups were 
generally more marked than for the nonstorage (albumin and globu-
lin) group. The quantities of gliadin, SDS-soluble glutenin, and 
SDS-insoluble glutenin both changed markedly during the series 
of break flours but were much less variable during the series of 
reduction flours. Figure 1 illustrates these features for the New 
Zealand cultivar Monad. 

RP-HPLC analysis indicated that the variations in the levels of 
albumin and globulin proteins between mill streams of all cultivars 
was spread evenly across early-, mid- and late-eluting types (data 
not shown). 

Even small changes in the ratio of SDS-insoluble glutenin to 
SDS-soluble glutenin can produce very large changes in the func-
tional behavior of flours (Sutton et al 2003). Figure 2 illustrates 
the percentage of glutenin protein insoluble in the SDS buffer for 
all of the mill streams in the four cultivars under study. 

Figure 2 shows that the percentage of SDS-insoluble glutenin 
showed similar trends for the four cultivars. The increase from 1st 
to 2nd break was found for all four cultivars, followed by a 
decline for the 3rd break and 4th break flours, except for Frame, 
which showed a significant increase in the 4th break flour (the 
increase in the Monad trend line was not significant). The percen-
tage of SDS-insoluble glutenin decreased over the reduction flour 
series (streams A–F) in a similar manner for all four cultivars. The 
consequences of these changes in the protein profiles will be 
discussed later concerning the relationships of protein distribution 
to processing characteristics. 

Detailed analysis of the protein exposed thiol SE-HPLC data 
revealed broadly similar trends to those seen for the protein data 
(above) but the relative proportions of the different protein groups 
varied to a greater degree than for the protein only results. Figure 3 
illustrates the results obtained for the New Zealand cultivar Monad. 
Results for the other three cultivars showed similar trends. 

 

Fig. 1. Protein distribution in mill streams for cultivar Monad. 

 

Fig. 2. Percentage of glutenin protein insoluble in SDS solution in mill 
streams of four cultivars. 
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Figure 3 shows that the quantities of exposed thiol on the SDS-
soluble glutenin protein were significantly higher than for the other 
protein groups. A notable feature of Fig. 3 is that the quantity of 
exposed thiol on the SDS-soluble glutenin protein increased more 
markedly than for any of the other protein groups during the break 
flour series. Also notable was that the increase in the quantity of 
exposed thiol on the albumin/globulin, gliadin, and SDS-soluble 
glutenin proteins in the later reduction flours (stream B2 onward) 
was not found for the SDS-insoluble glutenin protein. Of interest 
was that the stronger NZ flour (Monad) had generally higher levels 
of exposed thiols on the storage protein than did the weaker NZ 
flour (Sapphire). A similar pattern was noticed for the stronger 
Australian flour (Frame) and its weaker counterpart (Janz). The 
consequences of these changes in the protein thiol profiles will be 
discussed later concerning the relationships of protein distribution 
to processing characteristics. 

Mixing Characteristics and Relationship  
to Protein Distribution 

Segregation of the various protein groups during the milling 
process should be reflected in a corresponding variation of those 
processing qualities that rely on protein. Mixing behavior (as 
measured by MDD work input, by farinograph, and by mixo-
graph) varied with mill stream, regardless of the technique used, 
with MDD work input relationships being the most complex. 
Although MDD mixing is a combination of shear and stretch, as 
are farinograph and mixograph, it is conducted at higher speeds 
(300 rpm against 100 rpm for the farinograph) and it is difficult to 
relate MDD work input figures to development times obtained by 
farinograph or mixograph. The MDD values measured were the 
amounts of work input required to optimally develop the dough 
for each mill stream. Except for cultivar Sapphire, strong correla-
tions across mill streams were observed between WI and the per-
centage of the glutenin protein that was insoluble in SDS buffer 
present in the flour stream (r = 0.795, Monad; 0.624, Frame; 0.669, 
Janz). This result was not entirely unexpected as this parameter 
has been associated with dough strength in the past (Gupta et al 
1993). For cultivars Sapphire, Monad, and Janz, there were also 
highly significant correlations between WI and total protein (r = 
0.799, Sapphire; 0.867, Monad; 0.619, Janz) as determined by 
SE-HPLC. This was also reflected in correlations between WI and 
the quantities of individual protein subclasses. There were no sig-
nificant correlations between WI and the amount of exposed thiol 
on any of the storage proteins. 

A relationship between total protein content (and each of the 
protein subfractions) and farinograph dough development time was 
observed for all four cultivars (r = 0.725, Sapphire; 0.719, Monad; 
0.921, Frame; 0.939, Janz). In the two strong wheats, significant 

correlations were also seen between the dough development time 
and the percentage of the glutenin protein insoluble in SDS buffer 
(r = 0.565, Monad; 0.756, Frame). There were no significant 
correlations between farinograph development time and the amount 
of exposed thiol on the storage proteins. For the two strong culti-
vars, farinograph dough stability was positively correlated with 
the quantity of SDS-insoluble glutenin protein (r = 0.810, Monad; 
0.775, Frame) but this relationship did not extend to either of the 
less strong cultivars. For the two Australian cultivars, farinograph 
dough breakdown was negatively correlated with percentage of glu-
tenin protein insoluble in SDS buffer (r = –0.865, Frame; –0.873, 
Janz). The same negative relationship was seen for the NZ culti-
vars but the relationship did not reach the 95% significance level. 
Similarly, for the two Australian cultivars, farinograph dough break-
down was correlated with total exposed thiol over all the dough 
protein groups (r = 0.98, Frame; 0.939, Janz) but this relationship 
was not significant for the NZ cultivars. 

In a similar way to that seen for the MDD and farinograph, sig-
nificant positive correlations were seen in all four cultivars between 
total protein content and mixograph time-to-peak, peak value, and 
peak width, although the relationships were more robust for the two 
stronger cultivars. Within the protein subclasses, the strongest 
relationships were between the SDS-insoluble glutenin protein 
group and these mixograph parameters, consistent with previous 
observations (Gupta et al 1993). None of the mixograph parameters 
were correlated with the quantity of exposed thiol on the storage 
protein groups. 

Processing Characteristics and Relationship  
to Protein Distribution 

MDD breadbaking. Considering the SE-HPLC protein data and 
data for the bread tests performed on the flour mill streams, MDD 
loaf volume (for all cultivars except Sapphire) was highly corre-
lated with the percentage of the glutenin protein insoluble in SDS 
buffer (r = 0.891, Monad; 0.759, Frame; 0.974, Janz). Similarly, 
MDD loaf volume was negatively correlated with the amount of 
exposed thiols on the SDS-soluble protein groups, and particu-
larly for the two Australian cultivars where the relationships were 
very strong (for SDS-soluble glutenin protein exposed thiol vs. 
loaf volume, r = –0.726, Monad; –0.711, Sapphire, –0.933, Frame; 
–0.879, Janz) (Fig. 4). 

Interestingly, the total protein exposed thiol was, for all culti-
vars except Janz, significantly positively correlated with optimum 
dough water absorption, whereas no relationship was found between 
total protein content and water absorption. 

Cookie spread test. There was a significant variation in cookie 
spread index between mill streams. Lower spread factors (and hence 
negative correlations against increasing amounts of constituent 
groups) are considered desirable in biscuits to reduce distortion 
and loss of surface detail in the biscuit product. Considering the 
SE-HPLC protein data and data for the cookie baking tests per-
formed on the flour mill streams, cookie spread index was highly 
negatively correlated with the quantity of both SDS-soluble glu-
tenin and SDS-soluble albumin and globulin proteins (r = –0.916, 
cookie spread vs. SDS-soluble albumin/globulin for cultivar Janz). 
Similarly, cookie spread index was highly negatively correlated 
with the amount of exposed thiols on all of the SDS-soluble 
protein groups (r = –0.839, cookie spread index vs. SDS-soluble 
glutenin exposed thiol for cultivar Sapphire). Therefore, in high-
quality cookie flour designed to give reduced distortion and loss 
of surface detail in the biscuit product, it is more desirable to have 
greater amounts of the SDS-soluble protein groups present and 
for these protein groups to have higher amounts of exposed thiol 
groups. 

Pastry quality test. No significant interactions were observed 
between protein distribution and pastry quality for the NZ culti-
vars, even though pastry made from cultivar Monad mill stream 
fractions showed significantly greater product height than pastry 

 

Fig. 3. Protein thiol distribution in mill streams for cultivar Monad. 
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made from the other cultivars. Although most Monad mill stream 
fractions had more gliadin than other cultivars except Frame, there 
was no correlation between gliadin content and pastry height. 
Monad mill stream fractions were also characterized by higher 
MDD work input but while the protein components correlated well 
with MDD work input (see above), they were only weakly nega-
tively correlated with pastry product height. For the Australian culti-
vars, some significant negative correlations were observed between 
SDS-soluble protein components and pastry height but the patterns 
of association were not consistent. Similar results were found when 
considering lift ratio, shrinkage, percentage skew, and other 
pastry rheological properties. 

Relationship of Flour Protein Thiol Content to Processing 
Quality and a Possible Role in Flour Aging 

As noted above, there was significant exposure of thiol groups 
on proteins in milled flour streams. Most notably, the later break 
and reduction flour streams (where a greater extent of grinding 
occurs and hence expectation of molecular disruption) are higher 
in exposed thiol content. In the discussion above, it was noted that 
there were highly significant correlations between the exposed 
thiol content of various protein subgroups and certain rheological 
characteristics and certain processing quality measurements. Anec-
dotally, it is also known that flour changes in its rheological char-
acteristics and processing quality following milling and that it is 
sometimes desirable to let the flour “age” (for a period varying 
from several days to several weeks) before use to avoid major 
processing problems. This aging phenomenon is most commonly 
attributed to lipid oxidation processes (Gracza 1965), although 
some evidence has been produced that the starch granule surface 
proteins are involved in the process (Seguchi 1993). Our results 
may indicate that there is another dimension to the flour aging 
phenomenon involving the oxidation state of the protein thiol 
groups and the interactions of flour protein thiols with other pro-
teins and dough improvers. These possibilities are being actively 
investigated. 

CONCLUSIONS 

Size-exclusion HPLC was used to determine the protein com-
position and degree of thiol exposure of flour mill streams prepared 
from two Australian and two New Zealand wheat cultivars using a 
pilot-scale roller mill. Significant differences were observed in 
both the chemical and processing characteristics of the flour streams 
from the four cultivars. For any of the cultivars under study, there 
were more marked changes in the quantities of the storage protein 
groups than for nonstorage protein groups and the change in pro-
tein composition was greater in the break stream flours as com-
pared with the reduction stream flours. Contrastingly, and some-
what unexpectedly, the pattern of thiol group exposure on the 
storage protein groups within a set of mill streams differed to that 
observed for the proteins. Many significant relationships were 
observed between dough mixing and product baking tests and the 
composition and thiol exposure state of the various protein classes 
in the mill stream flour. This information may help to improve the 
control of flour milling and the development of flours with unique 
molecular level protein compositions. It may also provide a 
potential explanation of flour aging processes. 

ACKNOWLEDGMENTS 

We would like to thank Michael Southan and John McCorquodale of 
BRI Australia for coordinating the milling of the samples, and the NZ 
Lotteries Science Grants Board for aid with equipment purchases. K. H. 
Sutton would like to thank Richard Kelly for thoughtful commentary. 
This research was funded by the NZ Foundation for Research, Science 
and Technology. 

LITERATURE CITED 

AACC International. 2000. Approved Methods of the American Asso-
ciation of Cereal Chemists, 10th Ed. Method 10-50D. The Association: 
St. Paul, MN. 

Badi, S. M., and Hoseney, R. C. 1978. Corn flour: Use in cookies. Cereal 

 

Fig. 4. Relationship between MDD loaf volume and amount of exposed thiols on SDS-soluble glutenin proteins. Cultivars: A, Janz; B, Frame; C, Monad; 
and D, Sapphire. 



56 CEREAL CHEMISTRY 

Chem. 55:495-404. 
Bushuk, W., Hay, R. L., Larsen, N. G., Sara, R. G., Simmons, L. D., and 

Sutton, K. H. 1997. Effect of mechanical dough development on the 
extractability of wheat storage proteins from bread dough. Cereal 
Chem. 74:389-395. 

Dick, J. W., Shuey, W. C., and Banasik, O. J. 1977. Adjustment of 
rheological properties of flours by fine grinding and air classification. 
Cereal Chem. 54:246-255. 

Dick, J. W., Shuey, W. C., and Banasik, O. J. 1979. Bread-making quality 
of air-classified hard red spring wheat manipulated flour blends. Cereal 
Chem. 56:480-485. 

Feillet, P., Autran, J., and Icard-Verniere, C. 2000. Pasta brownness: An 
assessment. J. Cereal Sci. 32:215-233. 

Gebruers, K., Courtin, C. M., Goesaert, H., van Campenhout, S., and 
Delcour, J. A. 2002. Endoxylanase inhibition activity in different Euro-
pean wheat cultivars and milling fractions. Cereal Chem. 79:613-616. 

Gracza, R. 1965. Aging and storage studies in flours and air-classified 
flour fractions. Cereal Chem. 42:333-358. 

Gupta, R. B., Khan, K., and MacRitchie, F. 1993. Biochemical basis of 
flour properties in bread wheats. 1. Effects of variation in the quantity 
and size distribution of polymeric protein. J. Cereal Sci. 18:23-41. 

Hay, R. L. 1993. The effect of flour quality characteristics on puff pastry 
baking performance. Cereal Chem. 70:392-396. 

Holas, J., and Tipples, K. H. 1978. Factors affecting farinograph and 
baking absorption. 1. Quality characteristics of flour streams. Cereal 
Chem. 55:637-652. 

Holst, S. R. 1993: Quality manual for Grain Foods Research Unit. New 
Zealand Institute for Crop & Food Research: Christchurch. 

Khan, K., Tamminga, G., and Lukow, O. 1989. The effect of wheat flour 
proteins on mixing and baking—Correlations with protein fractions 
and high molecular weight glutenin subunit composition by gel electro-
phoresis. Cereal Chem. 66:391-396. 

Loza-Garay, M. A., and Flores, R. A. 2003. Moisture, ash and protein 
flow rate study in a wheat flour pilot mill using simulation models. 
Trans. Inst. Chem. Eng. 81(C):180-188. 

Lu, W., and Grant, L. A. 1999. Role of flour fractions in breadmaking 
quality of frozen dough. Cereal Chem. 76:663-667. 

Menkovska, M., Knezevic, D., and Ivanoski, M. 2002. Protein allelic 
composition, dough rheology, and baking characteristics of flour mill 
streams from wheat cultivars with known and varied baking qualities. 
Cereal Chem. 79:720-725. 

Mitchell, T. A. 1971. Automatic dough-mixer for high rate test-bake 
system. J. Sci. Food Agric. 22:626-631. 

Mitchell, T. A. 1989. Methods used in monitoring and controlling the 

quality of bread with particular reference to the mechanical dough devel-
opment process. Pages 241-261 in: Modern Methods of Plant Analysis. 
Vol. 14. H. F. Linskens and J. F. Jackson, eds. Springer-Verlag: Berlin. 

Morrison, W. R., and Hargin, K. D. 1981. Distribution of soft wheat ker-
nel lipids into flour milling fractions. J. Sci. Food Agric. 32:579-587. 

Moss, R., Reid, A., and Stephenson, J. 1991. An overview of the Aus-
tralian milling industry and research carried out on the Bread Research 
Institue pilot mill. Assoc. Oper. Millers Bull. August: 5923-5930. 

Nelson, C. A., and Loving, H. J. 1963. Mill stream analysis; Its impor-
tance in milling special flours. Cereal Sci. Today 8:301-304, 326. 

Nelson, P. N., and McDonald, C. E. 1977. Properties of wheat flour 
protein in flour from selected mill streams. Cereal Chem. 54:1182-
1191. 

Oliver, J. R., Blakeney, A. B., and Allen, H. M. 1993. The colour of flour 
streams as related to ash and pigment contents. J. Cereal Sci. 17:169-
182. 

Osborne, T. B. 1907. The proteins of the wheat kernel. Monograph. 
Carnegie Inst.: Washington, DC. 

Pomeranz, Y. 1988. Chemical composition of kernel structures. Pages 97-
158 in: Wheat Chemistry and Technology. Vol. 2. AACC International: 
St. Paul, MN. 

Prabhasankar, P., and Haridas Rao, P. 1999. Lipids in wheat flour streams. 
J. Cereal Sci. 30:315-322. 

Prabhasankar, P., Sudha, M. L., and Haridas Rao, P. 2000. Quality char-
acteristics of wheat flour milled streams. Food Res. Int. 33:381-386. 

Preston, K. R., Morgan, B. C., and Dexter, J. E. 1995. Influence of 
protein segregation on the quality characteristics of Biggar and Genesis 
Canada Prairie Spring wheat. Can. J. Plant Sci. 75:599-604. 

Rani, K. U., Prasada Rao, U. J. S., Leelavathi, K., and Haridas Rao, P. 
2001. Distribution of enzymes in wheat flour mill streams. J. Cereal 
Sci. 34:233-242. 

Seguchi, M. 1993. Note: Effect of wheat flour aging on starch-granule 
surface proteins. Cereal Chem. 70:362-364. 

Sutton, K. H., Larsen, N. G., Morgenstern, M. P., Ross, M., Simmons, L. 
D., and Wilson, A. J. 2003. The differing effects of mechanical dough 
development and sheeting development methods on aggregated 
glutenin proteins. Cereal Chem. 80:707-711. 

Veraverbeke, W. S., Courtin, C. M., Verbruggen, I. M., and Delcour, J. A. 
1999. Factors governing levels and composition of the sodium dodecyl 
sulphate-unextractable glutenin polymers during straight dough bread-
making. J. Cereal Sci. 29:129-138. 

Villanueva, R. M., Leong, M. H., Posner, E. S., and Ponte, J. G. 2001. 
Split milling of wheat for diverse end-use products. Cereal Foods 
World 46:363-36. 

[Received February 9, 2005. Accepted August 2, 2005.] 
 
 


