STUDIES ON SHORT- AND LONG-MIXING FLOURS

III. Mixing Properties, Protein and Lipid Composition
of Various Fractions?!
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ABSTRACT

Short-mixing Willet and long-mixing Rodco wheat flours of similar pro-
tein contents were separated into fractions of various particle sizes. Farino- .
graph mixing properties, solubility and electrophoretic composition of the
proteins, and free and bound lipid content of these fractions were deter-
mined. Mixing requirements of the fractions varied considerably and in-
creased as their protein contents increased. All of the Willet series fractions,
however, were shorter-mixing than the Rodco series fractions of comparable
protein content. Major differences in protein solubility characteristics were:
between the series, the higher acid solubility of the Willet gluten proteins;
_within each series, the greater salt solubility of the proteins in the lower
protein - fractions. In both series,  moving-boundary electrophoretic analyses
of fractions showed small differences in the acid-soluble proteins and large
differences in the salt-soluble proteins. Ether-soluble lipid increased as the
protein content of the fractions increased. Bound lipid, as measured by the
difference between the acid hydrolysate and the ether extract, was essentially
constant for all of the flour fractions, regardless of their protein content.

Various properties of the constituents of flours of different par-
ticle size have been studied. Hess (1) has separated the “wedge” pro-
teins associated ‘with the fine particles of flour from the “adhering”
proteins associated with the larger particles and starch. These pro-
teins with different mixing properties (2) are both said to be required
for normal dough characteristics. Differences in the electrophoretic
properties and amino acid composition of wedge and adhering pro-
tein have been shown by Hess and Hille (3). In an effort to study these
differences further, Wrigley (4) extracted parent flours and their fine,
medium, and coarse fractions successively with sodium pyrophosphate,
acetic acid, and sodium hydroxide solutions. The distribution of
nitrogen among the solvents was determined. The author states that
only minor differences were shown, although the lowest-protein frac-
tion (medium fraction) contained considerably (47-659%,) more nitro-
gen soluble in pyrophosphate buffer than the highest-protein fraction
(fine fraction). The low-protein fraction also contained less acetic acid-
soluble gluten protein than the other fractions. Studies of Jones and
Dimler (5).on the electrophoretic composition of glutens washed from
flours of different particle size indicated that the glutens were similar.

1 Manuscript received June 17, 1965. Paper No. 386, Journal Series, James Ford Bell Research Labo-
ratories, General Mills, Inc., 9000 Plymouth Avenue North, Minneapolis, Minn. 55427.
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Their results, however, showed that the low-protein fractions con-
tained a greater percentage of water-soluble protein than the higher-
protein fractions. They suggest that differences between wedge and
adhering protein may be in the water-soluble fraction rather than in
the gluten obtained by water washing.

The Willet and Rodco flours of similar protein contents used in
our earlier studies (6) had markedly different rheological properties
and showed differences in their protein characteristics. The possibility
that a certain particle-sized fraction might contain proteins determin-
ing mixing differences was investigated. The flours were separated
into fractions of various particle sizes. Solubility and electrophoretic
characteristics of the proteins in these fractions were determined,
and the results were related to the mixing properties of the flours.
Free and bound lipid contents were also determined.

Materials and Methods

The flours used were the Multimat-milled Willet and Rodco patent
flours described in the first paper of this series (6). These flours were
pin-milled at 19,000 r.p.m. in a 160 Z Alpine Kolloplex. Each flour
was then separated into fractions with a laboratory Walther classifier.
Four fractions were separated from Willet flour and three fractions
from Rodco flour by this method. Willet fraction 5 and Rodco frac-
tion 4 are residual coarse material.

Protein contents were determined by the Kjeldahl method and
average particle-size values by the Fisher method. Farinograms were
obtained with the 80-g. stainless-steel bowl at the second speed
- (62 r.p.m.), with constant dough weight and constant con51stency of

500 = 25 B.U.

The separated flours were analyzed for the quantity of salt-soluble
(albumin and globulin) proteins and acid-soluble (gluten) proteins
and prepared for electrophoretic analyses as follows: A 10-g. sample
was dispersed in 30 ml. of 0.IM NaCl in a 360-ml. Waring Blendor
bowl at top speed for 3 min. After centrifugation at 88,000 X g at 1°C.,

_the supernatant was retained and the residue redispersed in 20 ml. of
water in a similar manner and recentrifuged. Both supernatants, con-
taining predominantly salt-soluble proteins, were combined and
diluted to 50 ml., and aliquots were taken for Kjeldahl and electro-
phoretic analyses. :

The residue was then redispersed and recentrifuged; one 50-ml.
portion and three successive 40-ml. portions of 0.02M formic ‘acid
were used. These extracts, containing predominantly acid-soluble
gluten proteins, were combined and diluted to 200 ml., and aliquots
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were taken for Kjeldahl nitrogen and electrophoretic analysis. All
samples were analyzed in duplicate. Quantities of insoluble protein
remaining in the residues were determined by difference. Electro-
phoretic analyses of salt-soluble proteins and acid-soluble gluten pro-
teins were made as given in our earlier report (6). Lipid analyses
were obtained by the AOAGC ether extraction method 18.018 (7) and
the AOAC acid hydrolysis method 13.019 (7). The amount of bound
lipids was calculated as the difference between these values. Protein
and lipid values and farinograph absorptions have all been calculated
on 149, moisture basis.

Results and Discussion

The distribution of the material and protein among the separated
flours is given in Table I. Protein contents and particle size values of
the fractions are also given. '

TABLE 1
YIELD AND ANALYSES OF SEPARATED WILLET AND RoDpCcO FRACTIONS

PERCENT PERCENT

Fracrio Saronta o Size " Fromin

. %o % o %

Willet, P-M® ‘ ‘ 142 8.2 100
Willet, fraction 1 9.7 34.1 4.7 T 240
2 11.3 27.7 6.3 22.4
3 194 9.2 10.3 12.7
4 20.6 6.4 18.1 9.3
5 39.0 114 18.9 31.6

Rodco, P-M 13.5 11.1 100
Rodco, fraction 1 8.5 24.6 4.9 16.3
2 16.4 11.9 7 15.1
3 17.5 7.1 13.2 9.5
4 57.6 134 25.0 59.1

apP.M, pin-milled.

Farinogram results on the fractions are given in Table II. Mixing
characteristics vary markedly, depending upon the protein content of
the fraction and the type of parent flour. The Willet fractions are
all shorter-mixing than Rodco fractions of comparable protein con-
tents. Comparison of fractions of comparable protein content show
that the fractions reflect the mixing characteristics of their parent
flours. There is no evidence that any one fraction is primarily respon-
sible for the mixing differences between the original flours. .

The distribution of the proteins in the fractions according to their
solubility is given in Table III. With both flours, the percentage of
salt-soluble protein in fractions of comparable protein content is
similar, but the lower-protein fractions have higher percentages of
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TABLE II
FARINOGRAPH MIXING PROPERTIES OF SEPARATED FRACTIONS
SAMPLE . PROTEIN A::g;:p- MAx:MUM N’Ir ‘::I!i{::d STABILITY
% - % B.U. min. min.
Willet, P-M 14.2 60.6 500 4 5
Willet, fraction 1 34.1 94.2 490 24 21
2 . 27.7 86.5 510 22 15
3 9.2 57.2 495 1 2
4 6.4 57.2 500 0.5 0.5
5 114 53.8 520 2 3
Rodco, P-M 135 65.3 485 ’ 20 19
Rodco, fraction 1 24.6 94.2 495 40 18
2 11.9 69.5 495 - 22 20
3 7.1 57.2 525 2 2
4 13.4 60.0 490 12 14

apP.M, pin-milled.

salt-soluble proteins than the higher-protein fractions. The low-
protein, adhering protein fraction associated with the starch is thus
high in proteins of the salt-soluble, albumin, and globulin types.
Data of Wrigley (4) and Jones and Dimler (5) actually show greater
solubility of the proteins in the low-protein fraction.

Acid-soluble gluten proteins were highest in the Willet series frac-
tions. Greater solubility of Willet gluten proteins was also shown in
our previous studies (6). Within either the Willet or Rodco series, the
greatest difference in the percentage of the acid-soluble gluten pro-
teins was between the lowest-protein fraction and the other fractions.
Some of this difference was accounted for by the greater proportion of
proteins removed with the salt extraction of the lowest-protein frac-
tion.

The quantity of acid-insoluble proteins was consistently higher
for the Rodco fractions. This -also agrees with previous results with
Rodco flour (6). :

TABLE III
PROTEIN DISTRIBUTION IN SEPARATED FRACTIONS

PERCENT oF ToTAL PROTEIN

Fracrion PROTEIN -
Salt-Soluble Acid-Soluble ' Insoluble
) %
Willet, P-M 2 142 . 10 82 8
Willet, fraction 1 34.1 7 84 9
2 27.7 : 7 85 8
3 9.2 . 11 79 10
4 6.4 13 78 » 14
Rodco, P-M 13.5 10 75 15
Rodco, fraction 1 24.6 7 77 16
2 11.9 9 74 17
3 7.1 13 70 17

aP.M, pin-milled.
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The percentages of acid-insoluble proteins in the fractions within
each series were similar except for the lowest-protein Willet fraction.
This fraction had a high percentage of acid-insoluble protein. The
adhering protein fraction of Willet flour appears to contain a higher
percentage of proteins of high molecular weight than the other Willet
fractions. Early results of McCalla (8) showed that both the salt-
soluble protein and glutenm fraction increased uniformly throughout
grain development, whereas gliadin increased more rapidly in the
later stages. Thus, the percentage of salt-soluble protein and glutenin
protein (0.1N NaOH-soluble) was greater at early stages of matura-
tion. Recently, Jennings and Morton (9) and Graham et al. (10) have
~extended these findings. They also found that a larger proportion of
the total protein was soluble in 0.01M sodium pyrophosphate at early
stages of development.

. The present results, showing an association of the salt-soluble pro-
teins with the adhering protein fractions, when considered with the
maturation studies, suggest that this fraction is laid down early during
maturation. The percentage of insoluble (glutenin) proteins is high
in the Willet adhering protein fraction. As McCalla (8) found a higher
proportion of glutenin—type protein in early stages of maturation, this.
is a further indication of the early development of adhering protein.

The electrophoretic compositions of the gluten proteins are given
in Table IV. Results are averages of duplicates which in general
agreed within less than 59%,. The major difference between the series
is in the greater quantity of the beta component in the Willet frac-
tions. Within each series analyses were quite similar, except for the
lowest-protein fractions which had a lower percentage of many of the
components.

TABLE IV
ELEC’I‘ROPHORETIC COMPOSITION OF GLUTEN PROTEINS IN SEPARATED FRACTIONS
Acip- PERCENT oF ToTAL PROTEIN IN COMPONENT
: PROTEIN
S
Fracrion ConteNT Pn‘:)l:rl::;s" Alpha Beta Gamma Omega Fast
% %

Willet, P-M? 14.2 82 44 16 10 3 9
Willet, fraction 1 34.1 84 43 18 10 4 9
2 27.7 - 85 46 15 12 4 8
3 9.2 79 - 42 15 11 4 7
4 6.4 73 40 13 9 4 7
Rodco, P-M 13.5 75 41 12 11 4 7
Rodco, fraction 1 " 246 77 44 . 11 12 4 6
2 11.9 74 42 12 10 4 6
3 8

3 7.1 71 41 10 9

aPercent of the total protein in fraction.
bpP.M, pin-milled.
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. TABLE V
ELECTROPHORETIC COMPOSITION OF SALT-SOLUBLE PROTEINS IN SEPARATED FRACGTIONS

ToraL PROTEIN IN COMPONENT

SaLT-
SAMPLE ProTEIN SOLUBLE 1 2 3 4 5 6 7 8
PROTEIN &

4.4-5.8% 3.8-3.9 3.2-3.4 2.5-2.7 1.0-2.1 0.7-0.9 0.4-06 (0)

% % % % % % % %o % %

Willet
P-M¢ 142 11.2 - 0.5 0.8 0.7 14 2.5 0.8 16 29
Fr.1 33.8 6.6 0.4 0.6 0.5 0.7 1.2 0.7 0.9 1.6
Fr.2 25.3 7.6 0.4 0.6 0.5 0.7 1.3 0.9 12 - 20
Fr.3 10.6 12.6 0.6 0.6 0.9 1.3 2.8 1.1 2.1 3.3
Fr.4 49 159 0.3 0.9 0.7 13- 47 1.7 2.5 3.8

Rodco
P-M 184 10.5 - 06 0.7 0.6 0.9 1.5 0.7 22 32
Fr.1 24.6 8.4 0.4 0.5 0.5 0.6 1.0 0.5 20 29
Fr.2 12.5 105 0.3 0.6 0.5 0.9 1.6 0.8 3.1 2.9.
Fr.3 72 15.2 0.6 0.9 08 11 2.7 1.2 32 47

aPercent of total protein.
b Mobility range, 4 (10-5 cm.2/volt/sec.).
¢P-M, pin-milled; Fr., fraction.

Electrophoretic analyses of the salt-soluble proteins are given in
Table V. The results were obtained on a different series of samples
which were prepared similarly to those of Table I. The percentage
of the total protein present in each of the components tended to in-
crease as the particle size of the fraction increased, except for com-
ponent 1. Component 1 is a composite of minor components. Com-
ponent 7 contains pentosans (11) and component 2 has been isolated
and characterized by Kelley (12). The identity and importance of
the other components are, however, largely unknown. Components 5
and 6 may contain some gluten components (present authors’ un-

TABLE VI
Lirip DISTRIBUTION IN SEPARATED FRACTIONS
PERCENT
A
SAMPLE ‘ PROTEIN Ei’frﬁickzr HYSDEE):LY- ?_3;1;” OFL'E:;AL
Bounp
% % % % %
Willet, P-M 2 142 0.80 1.35 0.55 40.7
Willet, fraction 1 34.1 ' 2.10 2.65 10.55 20.8
2 27.7 1.40 2.00 0.60 30.0
3 92 0.45 1.00 0.55 i 55.1
4 6.4 0.35 0.90 0.55 61.1
5 114 0.40 0.90 0.50 55.6
Rodco, P-M 135 0.80 1.30 0.50 : 39.2
Rodco, fraction 1 24.6 2.00 2.50 0.50 21.2
2 11.9 0.88 145 0.57 39.3
3 7.1 0.50 1.10 0.60 545
4 134 0.66 1.20 0.54 45.0

2P.M, pin-milled.
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published results). However, these represent only part of the increase
in salt-soluble protein in the low-protein fraction. '

The lipid analyses of these flours are given in Table VI. Values for
ether extract, as is known, increase as the protein contents increase.
The quantity of bound lipids is, however, essentially constant and the
percentage of the total lipid that is bound is maximum for the lowest-
protein fractions. This suggests that the lipid might be bound by a
nonprotein component.

Conclusion

Flour fractions of various particle sizes separated from Willet and
Rodco flours vary in mixing properties, depending upon their pro-
tein content and the flour from which they are derived. In general,
the fractions of similar protein contents reflect the mixing properties
of their parent flour.

The major difference between the protein characteristics of the
two series of samples is the difference in the solubility of the gluten
proteins. Within each series one major difference is in the greater
quantity of salt-soluble proteins from the lower-protein fractions.

This may have a relationship to changes that occur during wheat
maturation and, when considered in conjunction with maturation
studies, suggests that adhering protein is laid down early in the matura-
tion period. Another difference within a series is the greater percent-
age of insoluble protein in the lowest-protein Willet fraction.

Adhering protein appears to be unusual in several ways, containing
greater percentages of salt-soluble protein, insoluble protein, and
bound lipid. Further studies should be made to determine the reason
for these differences and the nature of the bound lipid.

Acknowledgment

The authors express their appreciation to Mrs. Alide Ogrins for the electro-
phoretic analyses.

Literature Cited

. Hzss, K. Miillerei Forsch. Deut. Miillerei-Z tg. 50: 370-374 (1952). . .

. Hess, K. Die Bedeutung von Zwickelprotein und Haftprotein im Weizenmehl

fiir Teig, Brot und Gebick. Kolloid-Z. 141: 61-76 (1955). )

Hrss, K., and Hitrg, E. Uber das Weizenprotein. Z. Lebensm. Untersuch.

-Forsch. 115: 211-222 (1961).

. WriGLEY, C. W. The protein composition of air classified flour fractions. J. Sci.

Food Agr. 14: 120-124 (1963).

. Jones, R. W., and DiMLER, R. J. Electrophoretic composition of glutens from

air-classified flours. Cereal Chem. 39: 336-340 (1962).

. MuLLeN, J. D., and SmitH, D. E. Studies on short- and long-mixing flours. L
Solubility and - electrophoretic composition of proteins. Cereal Chem. 42:
263-274 (1965).

7. ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMIsTS. Official methods of analysis

. (9th ed.). The Association: Washington, D.C. (1960).

o Gt A w Mo



522 SHORT- AND LONG-MIXING FLOURS. I Vol. 42

8. McCALLA, A. G. Fractionation of nitrogen in developing wheat kernels. Can. J.
Research Cl16: 263-273 (1938).

9. JenNINGs, A. C., and MorTon, R. K. Changes in carbohydrate, protein, and
nonprotein nitrogenous compounds of developing wheat grain. Australian J.
Biol. Sci. 16: 318-331 (1963).

10. GranaM, JANET S. D., MorToN, R. K., and StmMonps, D. H. Studies of proteins
of developing wheat endosperms: fractionation by ion-exchange chromatog-
raphy. Australian J. Biol. Sci. 16: 350-356 (1963).

11. HoLME, J. Characterization studies on the soluble proteins and pentosans of
cake flour. Cereal Chem. 39: 132-144 (1962).

12. KeLLEY, ]J. J. Purification and properties of a salt-soluble protein from wheat
flour. Arch. Biochem. Biophys. 106: 167-172 (1964).



