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ABSTRACT

Lipids were extracted (with petroleum ether) from 21 samples of hard red
winter wheats and 23 samples of experimentally milled straight-grade flours
that varied in bread-making potential. Wheat protein content varied from
11.5t0 15.7%, flour mixing time from 7/8 to 9'min, and loaf volume (LV) per
100 g of flour from 523 to 1,053 cc. The total lipids from 10 g of flour (db)
were fractionated into polar lipids (PL) and nonpolar lipids (NL); total
lipids were analyzed colorimetrically for carbohydrates, mainly galactose
(GAL). PL content varied from 14.8 to 28.1 mg per 10 g of wheat and from
10.6 to 27.3 mg per 10 g of flour; NL/PL ratios were 6.31—-11.32 for wheat
and 2.47-6.91 for flour; lipid GAL ranged from 1.61 to 5.49 mg and from
2.64 to 5.61 mg in 10 g of wheat and flour, respectively. Significant linear
correlations were found between LV and the following variables: PL
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content (r = 0.877 for wheat and 0.888 for flour), NL/PL ratio (r = —0.902
for wheat and —0.907 for flour), and lipid GAL (r = 0.745 for wheat and
0.905 for flour). PL, NL/PL ratio, and lipid GAL were curvilinearly related
to mixing time requirement. The correlation coefficients of LV with PL,
NL/PL ratio, and lipid GAL generally were somewhat improved when LV
and lipid contents were corrected to a constant protein basis. The data
indicate that the quantity of PL or galactolipids occurring naturally in
wheat is related to bread-making (functional) properties and may govern or
be closely related to other factors that govern functional properties of good
and poor varieties of wheat. The highly significant correlations point to the
potential usefulness of PL, NL/PL ratio, and lipid GAL for estimating LV
potential of hard red winter wheat flours.

Significant contributions of wheat flour proteins to loaf volume
(LV) of breads have been well demonstrated. Two major factors
account for variations in LV of wheat varieties. One is protein
content (Finney and Barmore 1948, Finney and Fryer 1958), which
is influenced mainly by environmental factors; the other is protein
quality, which is primarily genetically controlled (Finney and
Barmore 1948, Finney and Fryer 1958, Whiteside 1958). Lipids,
minor components of wheat flour, function importantly in
breadmaking (Chung et al 1978, Daftary et al 1968, Lin et al 1974,
MacRitchie 1977, Pomeranz 1973). Shollenberger et al (1949)
reported that the petroleum ether-extractable lipids were a varietal
characteristic. Many scientists tried to correlate lipid content or
composition with genetic differences in bread-making quality of
wheats (Fisher et al 1964, 1966; Pomeranz et al 1966a, 1966b), but
no significant relationship was established. Fisher et al (1964,
1966), however, demonstrated varietal and environmental effects
on the quantity and quality of lipids that could be extracted with
water-saturated I-butanol. Those and other studies implied that
sound wheats of the same class and unexposed to extremes in
environment might best differentiate wheats according to bread-
making quality.

The composition and amounts of lipids that can be extracted
froma flour depend on the genetic makeup of the wheat from which
the flour was produced, milling yield of the flour, particle size and
moisture content of the sample, and conditions of lipid extraction,
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including time and temperature of extraction, type of extractor,
and type of solvent. Solubility parameter values or polarities of
extractants can be varied by the use of different solvents alone or in
combination with water. A preliminary study (Chung et al 1980)
showed the conditions of lipid extraction that will differentiate
hard red winter (HRW) wheat flours that vary in bread-making
potential. Six solvents (petroleum ether, Skellysolve B, benzene,
acetone, 2-propanol, and water-saturated 1-butanol) were
compared. The ratio of nonpolar lipids (NL) to polar lipids (PL)
extracted with petroleum ether or Skellysolve B best differentiated
the five flours according to LV potential.

We have extended that preliminary study to HRW wheats grown
in the Great Plains of the United States and to their straight grade
flours. We report the relation of the petroleum ether-extractable
lipids and their fractions to mixing requirement and LV potential,
two of the functional (bread-making) properties that define quality
(Finney 1979).

MATERIALS AND METHODS

Materials

Each of the first 10 samples was a variety composite of samples
harvested in 1975 at 10 locations in Kansas (Table I). The next 10
samples represented wheats grown at Manhattan, KS, in the
designated year, except that the Cch/2* Tmp (KS644) sample was a
composite of samples harvested in 1974 and 1976. Each of the last
three was a regional baking standard and was a composite grist of
many HRW wheat varieties harvested throughout the Great Plains
in 1973-1975. Wheat samples had been stored at 4°C until they
were ground or milled. Whole wheat samples were ground on a
Weber pulverizer to pass a screen with 0.024-in. round openings.
The bushel weight of the wheats ranged from 59.7 to 63.9 1b. The
wheat ash content ranged from 1.31 to 1.77% and the protein
content from 11.5 to 15.7% (14% mb).



After milling on an Allis Chalmers experimental mill, 23 straight
grade flours were obtained. The flour yield ranged from 70.6 to
76.8%, and the flours contained 0.33—-0.46% ash and 10.2-14.1%
protein (14% mb).

Organic solvents were analytical reagent grade, and solutions
were prepared from analytical reagent-grade compounds.
Analytical-reagent silicic acid (100 mesh) for lipid chromatography
was from Mallinckrodt (New York).

Baking Procedure

The optimized procedure described by Finney (1945), Finney
and Barmore (1943, 1945a, 1945b), and Finney et al (1976) was used
for the baking tests with 100 g (14% mb) of flour. The amount of
oxidant was 5 or 10 ppm potassium bromate (5 ppm for flours
requiring mixing times longer than 4 min) and 50 ppm ascorbic
acid. Bakes were replicated twice.

Extraction and Fractionation of Lipids

Lipids were extracted with petroleum ether from 10 g (db) of
wheat or flour sample by Soxhlet for 16 hr at a solvent
condensation rate of 4—5 drops per minute. The unfractionated
lipids were defined as total lipids (TL). Lipids were fractionated by
silicic acid column chromatography into NL (eluted with
chloroform)and PL (eluted with methanol). Lipid extractions were
replicated four times and fractionations three times. Total average
recovery of lipids from silicic acid column fractionation was 98.2%
(96.5-99.5%).

Analytical Procedures

Protein (N X 5.7), ash, and moisture contents were determined by
AACC methods (1976). Total carbohydrate content of the lipids
was determined by the colorimetric (phenolsulfuric acid) method of
Dubois et al (1956) with galactose as a standard. The sugar in the
cereal glycolipids is mostly galactose (Morrison 1978), and total
carbohydrate content was reported as galactose content. The lipids
extracted with petroleum ether from a 10-g (db) sample were

hydrolyzed by 8 ml of methanolic HCI (Applied Science Lab., Inc.,
State College, PA)according to Kates (1964). The hydrolysate that
partitioned into an aqueous layer was diluted to 50 ml; a 1-ml
aliquot was mixed with 1 ml of deionized water, 1 ml of 5% phenol,
and 5 ml of H,SOy4, and the absorbance was read at 490 nm.

Analysis of Data

Analysis of variance and tests for Fisher’s least significant
difference at @ = 0.05 were computed according to Fryer (1966). We
computed the linear correlation coefficients (r) between LV of
bread and amounts of TL, NL, or PL; the ratio of NL to PL; lipid
galactose; and protein contents of the wheat and flour samples. To
compare bread-making (mixing time and LV) and lipid-content
data, both were expressed on the basis of 100 g of flour (14% mb). A
least-square regression line, the regression equation, and the
standard deviation of a dependent variable in the populationabout
a least-square regression line was estimated according to Fryer
(1966). The confidence limits at 90% were plotted above and below
the sample regression line; a confidence belt or zone was depicted as
dotted lines (Snedecor and Cochran 1976).

RESULTS AND DISCUSSION

Baking Characteristics

Flour protein contents of the 23 flours varied from 10.2to 14.1%,
mixing times from 7/8 to 9 min,and LV from 523 to 1,053 cc (Tables
I and II). For a given variety or quality level, LV increases with
increasing protein content; thus, LV of the 23 flours was corrected
to the average protein content of 12% (Finney 1979). Mixing time,
however, decreases with increasing flour protein content up to 12%
and then remains constant (Finney 1979). Even after the correction,
the ranges of mixing times (7/8—9 min) and LV (493—1,098 cc) were
still wide; these enormous differences in corrected mixing times and
LV among samples largely represent inherent differences in protein
quality.

TABLE I
Milling and Chemical Data for 23 Hard Red Winter Wheats and Flours
Wheat
Bushel Flour Flour
Crop Weight Ash? Protein® Yield Ashb Protein®
Sample Designation® Year (Ib) (%) (%) (%) (%) (%)
Parker (C.L. 13285) 1975 62.7 1.61 11.9 74.9 0.37 10.6
Eagle (C.1. 15068) 1975 62.0 1.58 12.1 76.8 0.41 1.1
Osage (C.1. 17292) 1975 61.9 1.56 11.7 759 0.43 10.8
Plainsman V 1975 61.8 1.59 14.1 75.6 0.41 13.1
7303 1975 61.5 1.72 13.9 76.4 0.41 13.0
Lancota (C.1. 17389) 1975 61.9 1.59 12.4 75.5 0.37 11.4
CIMMYT/Scout
KS73159 1975 61.1 1.51 11.9 72.2 041 10.5
KS73199 1975 61.5 1.52 11.5 74.0 041 10.2
KS73H590 1975 61.5 1.60 11.9 74.8 0.39 10.8
KS73H593 1975 61.8 1.61 12.2 73.6 0.41 1.1
White RCf 1971 63.9 1.55 13.9 73.7 0.36 13.1
Qv/Tm/2/Mgl/Oro (C.1. 12995) 1972 62.2 1.32 13.1 72.8 0.35 12.1
Cch/2* Tmp(KS644) 1974
& 1976 62.2 1.56 13.4 72.8 0.33 12.5
Cfk/Tm
KS501097 1973 61.9 1.44 14.5 73.3 0.46 13.4
KS501099 1972 63.6 1.31 12.8 74.2 0.37 1.7
Ot Sel. (KS619042) 1972 62.1 1.43 13.2 70.6 0.38 11.9
1973 61.2 1.62 15.7 74.5 0.42 14.1
1975 61.0 1.77 14.9 74.7 0.41 13.4
Shawnee (C.1. 14157) 1973 61.4 1.41 14.2 75.4 0.40 13.0
1975 59.7 1.70 13.7 73.8 0.42 12.5
RBS (composite) 1973 60.2 1.60 13.5 72.5 0.41 12.4
1974 59.7 1.65 13.6 71.3 0.42 12.4
1975 60.6 1.59 13.4 71.5 0.42 12.4

*CIMMYT = International Maize and Wheat Improvement Center, RCf= Red Chief; Qv/ Tm/2/Mql/Oro = Quivira/ Tenmarq/2/Marquillo/ Oro;
Cch/2* Tmp = Concho/2* Triumph; Cfk/ Tm = Chiefkan/ Tenmarq; Ot Sel. = Ottawa selection; RBS = regional baking standard; numbers are C.1. (cereal

investigation) or selection numbers.
"Expressed on 14% moisture basis.
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Wheat vs Flour Lipids

Amounts of TL (Table III) were much higher in wheats (average
191.8 mg/10 g) than in flours (average 94.0 mg/10 g) because
aleurone (in bran) and germ are richer in lipids than is the
endosperm fraction (Pomeranz and Chung 1965, Sullivan and
Near 1928). The high levels of NL in wheat (average 170.1 mg/ 10 g)
were responsible for the large difference in TL of wheat and flour
and for the much higher ratios of NL to PL in the wheats
(6.31-11.32, average 8.05) than in the flours (2.47-6.91, average
3.60). NL comprised 82-86% of the lipids in germ or aleurone
(Harginand Morrison 1980). The amounts of PL in wheat (average
21.7 mg/ 10 g) were somewhat higher than those in flour (average
20.4 mg/ 10 g), a result that is corroborated by the data of Hargin
and Morrison (1980) if appropriate calculations are made. Those
calculations showed that the sum of PL (excluding starch lipids) in
the structural parts of hand-dissected wheat kernels (10 g) was
slightly higher than the calculated nonstarch PL in 10 g of
endosperm.

The linear correlation of wheat and flour PL was greatly higher
than that of wheat and flour NL (Fig. 1). The PL contents of the
flours were linearly related to those of the wheats (r =0.951). Thus,
the PL content of flour could be estimated from that of the wheat
by applying the linear regression equation shown in Fig. 1, bottom.
Ata given wheat PL content, the estimated flour PL content would
be within the confidence zone. Although the linear correlation of
NL contents of wheat and flour was statistically significant (r =
0.480), estimating the NL content of flour from that of the wheat
would be of no practical value because of the high standard
deviation (4.45) of the least-square regression line (Fig. 1, top).

The galactose content of wheat TL (average 2.12%) was less than
half that of flour TL (average 4.97%, Table 1V), because the
nonstarch endosperm lipids are richer in glycolipids than are the
germ or bran lipids (Hargin and Morrison 1980, Pomeranz and
Chung 1965). The average lipid-galactose content (4.07 mg) of 10 g
of wheat was somewhat less than that (4.68 mg) of 10 g of flour.

Relationship Between Lipids and Mixing Requirement
Mixing requirements of flours were curvilinearly related to the

TABLE II
Bread-Making Characteristics of Flours®

Loaf Volume

Mixing Time (100 g of flour)
As As
Sample®/ Received Corrected® Received Corrected®
Crop Year (min) (min) (cc) (ce)
Parker/ 1975 41 3% 785 875
Eagle/ 1975 6% 6 885 950
Osage/ 1975 3% 2% 853 938
Plainsman V/1975 9 9 1,000 924
7303/1975 4y, 43, 988 919
Lancota/ 1975 414 3% 930 975
KS73159/1975 4% 4 965 1,098
KS73199/1975 6% 5 922 1,077
KS73H590/1975 2% 2% 815 894
KS73H593/1975 2% 24 835 894
White RCf/ 1971 214 24 898 833-
C.1. 12995/1972 7 7 940 933
KS644/1974 & 1976 2% 2% 923 890
KS501097/1973 % % 523 493
KS501099/1972 1% 1% 827 845
Ot Sel./ 1972 1% 1% 688 692
Ot Sel./ 1973 % % 612 553
Ot Sel./ 1975 1% 1% 726 669
Shawnee/ 1973 4% 4% 1,053 978
Shawnee/ 1975 5% 5% 1,021 983
RBS/1973 3% 3% 1,003 973
RBS/ 1974 4% 4y 995 965
RBS/ 1975 4% 43 1,006 976

“Averages of two replicates; average standard deviation: 20 cc for loaf
volume, less than 14 min for mixing time.

"Samples are described in Table I.

‘Corrected to a 129 protein basis.
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corresponding lipid-galactose contents (Fig. 2, left). Because
mixing times of flours that had protein contents below 12% were
corrected, the differences in corrected mixing times were largely
inherent (varietal). The mixing requirement increased slowly
(about 0.04 min/ mg) as lipid-galactose content increased to about
35 mg and then increased rapidly (about 0.6 min/mg) as lipid-
galactose content increased above 35 mg. A similar curvilinear
relation existed for mixing time and LV when both were corrected
to 12% protein (Fig. 2, right). Mixing requirement increased slowly
(about 0.003 min/cc) as LV increased to about 900 cc and then very
rapidly for further increases in LV to about 1,000 cc. Mixing times
greater than about 5.5 min (associated with excessively strong
physical dough properties) account for decreasing dough
extensibility and for the corresponding small decreases in LV. A
similar relation between LV and mixing time of flours from about
300 wheat progenies was reported by Finney and Yamazaki (1967).

Thus, flours containing 38 mg of lipid-galactose per 100 g (14%
mb) would have mixing times of about 24 min and LV of about
880 cc on a 12% protein basis. Similar curvilinear relations were
found for mixing time and wheat lipid-galactose, wheat PL, and
flour PL contents (figures not shown). When flours contained
about 167 mg and wheat about 179 mg of PL (per 100 g, 14% mb),
mixing times (on 12% flour protein basis) were about 2!/4 min.
Mixing time was also curvilinearly related to the ratio of NL to PL
in flours and wheats. It decreased rapidly with increasing ratios up
to 3.8 and 7.8, respectively, and slowly up to 5.3 and 11,
respectively, and then remained constant (figures not shown).
Those flours and wheats that had NL/ PL ratios greater than about
4 and 9, respectively, had mixing times less than 2 min. However,
linear relationships were established when the log of corrected
mixing time was correlated with lipid galactose, PL, and NL/PL
ratio of flour and wheat; correlation coefficients (0.728—0.890) were
very highly significant (e = 0.01).

No significant correlations were found between mixing time and
NL of wheat or flour (data not given). Although flour mixing time

TABLE III
Petroleum Ether-Extractable Total (TL), Nonpolar (NL), and Polar
(PL) Lipids from 10 g (dry basis) of Hard Red Winter Wheats and Flours®

Wheat Lipids (mg)

Flour Lipids (mg)

Sample®/Crop Year TL NL PL TL NL PL
Parker/ 1975 1959 177.6 183 875 70.1 174
Eagle/ 1975 188.5 167.1 21.4 925 725 200
Osage/ 1975 2100 187.0 23.0 1033 835 198
Plainsman V/1975 188.6 163.6 25.0 99.6 748 248
7303/1975 1945 169.9 24.6 108.7 826 26.1
Lancota/ 1975 181.4 158.5 229 933 699 234
KS73159/1975 181.8 157.8 24.0 90.0 67.0 23.0
KS73199/1975 1950 1723 227 101.2 778 234
KS73H590/1975 185.5 164.6 20.9 927 737 19.0
KS73H593/1975 190.7 170.3 20.4 91.6 73.6 18.0
White RCf/ 1971 188.8 170.4 18.4 869 69.0 179
C.1. 12995/1972 230.3 202.2 28.1 1045 772 2713
KS644/1974 & 1976 1922 168.0 24.2 949 723 226
KS501097/1973 182.3 167.5 148 83.8 732 106
KS501099/1972 176.5 158.6 179 83.4 67.1 163
Ot Sel./ 1972 184.0 166.0 18.0 929 758 17.1
Ot Sel./ 1973 186.7 171.5 15.2 90.6 749 157
Ot Sel./ 1975 184.7 164.5 20.2 928 724 204
Shawnee/ 1973 204.1 178.1 26.0 946 674 272
Shawnee/ 1975 190.0 164.0 26.0 89.5 63.7 258
RBS/1973 91.0 689 221

RBS/1974 958 706 252
RBS/ 1975 196.9 173.1 23.8 99.8 748 250
Average 191.8 170.1 21.7 940 727 204
Average standard
deviation 6.0 3.0 1.4 2.1 1.9 1.1
LSD (a = 0.05)° 11.5 70 26 3.8 34 2.0

* Averages of four replicates for TL and of three replicates for NL and PL.
"Samples are described in Table 1.
‘LSD = least significant difference.



was linearly and significantly correlated to TL of wheat (r = 0.448)
and of flour (r = 0.543), the coefficients indicate that only 20 and
29%, respectively, of the variation in mixing time was accounted for
by TL content.

Relationship Between Lipids and Loaf Volume

The correlation coefficients of LV vs the ratio of NL to PL and
the amounts of PL and lipid galactose of both wheats and flours
were very highly significant (Table V). The significant but
impractical (for predicting) correlation coefficients (r = 0.453) of
LV and flour TL was attributable to the PL fraction. Loaf volume
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of bread was not significantly related to the protein contents of the
samples (Table V) because of the extremely wide range in protein
quality (Table II). Limited but comparable data (not given)
indicated that PL and lipid-galactose, but not NL, contents
increased with increasing protein content within good-quality
samples. Thus, PL and lipid-galactose contents of flours were

TABLE IV
Galactose Content in Lipids Extracted with Petroleum Ether
from Hard Red Winter Wheats and Flours®

Galactose Lipid Galactose
(%) in TL® of (mg) in 10 g (db) of
Sample®/Crop Year Wheat Flour Wheat Flour
Parker/ 1975 1.65 4.89 3.23 4.28
Eagle/ 1975 2.47 5.34 4.66 4.94
Osage/ 1975 2.21 4.46 4.64 4.61
Plainsman V/1975 2.79 5.48 5.26 5.46
7303/1975 2.40 4.94 4.67 5.37
Lancota/ 1975 2.32 5.35 421 4.99
KS73159/1975 3.02 5.80 5.49 5.22
KS73199/1975 2.66 5.54 5.18 5.61
KS73H590/ 1975 2.03 4.72 3.77 4.38
KS73H593/1975 2.48 4.47 4.73 4.09
White RCf/ 1971 1.85 5.36 3.49 4.66
C.1. 12995/1972 1.95 5.19 4.49 5.42
KS644/1974 & 1976 2.46 5.55 4.73 5.27
KS501097/1973 0.88 3.15 1.61 2.64
KS501099/1972 1.89 4.62 3.34 3.85
Ot Sel./ 1972 1.99 4.32 3.66 4.01
Ot Sel./ 1973 1.57 3.70 2.93 3.35
Ot Sel./ 1975 1.69 4.35 3.12 4.04
Shawnee/ 1973 1.84 5.36 3.76 5.07
Shawnee/ 1975 2.07 5.84 393 5.23
RBS/1973 5.16 4.70
RBS/1974 5.32 5.10
RBS/ 1975 2.29 5.29 4.51 5.28
Average 2.12 4.97 4.07 4.68
Average standard
deviation 0.04 0.09 0.10 0.09
LSD (a = 0.05)° 0.11 0.23 0.23 0.21

* Averages of two replicates (average of four determinations per replicate).
*Samples are described in Table 1.

“TL = unfractionated total lipids extracted by petroleum ether.

4LSD = least significant difference.

TABLE V
Linear Correlation Coefficients of Wheat or Flour
Components and Loaf Volume

Loaf Volume

Wheat or Flour
Component(s)® As Received Corrected®
Wheat
TL 0.343
NL 0.089
PL 0.877° 0.907¢
Ratio of NL to PL —0.902° —0.925¢
Lipid galactose 0.745¢ 0.854°
Protein 0.225
Flour
TL 0.453¢
NL —0.186
PL 0.888° 0.905°¢
Ratio of NL to PL —0.907° —0.904¢
Lipid galactose - 0.905° 0.928°
Protein —0.157

*TL = petroleum ether-extractable total lipids, NL = nonpolar lipids, PL
= polar lipids.

®Loaf volume and flour lipid content were corrected to a 12% and wheat
lipid content to a 13% protein basis. Corrected ratio of NL to PL was
obtained from NL content (as received) divided by PL content (corrected
to a 129 protein for flour or 13% for wheat).

“Significant at 0.01 level.

‘Significant at 0.05 level.
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corrected to an average of 12% and those of wheats to an average of
13% protein. Forexample, PL or lipid-galactose content of a given
flour was divided by its protein content and then multiplied by 12.
The corrected ratio of NL to PL was obtained from NL contents (as
received) divided by PL content (corrected to 12 or 13% protein).

The correlation between LV and NL/PL ratio was very highly
significant for both wheat and flour, both on the as-received and
the constant protein basis (Fig. 3). The range of NL/ PL values was
somewhat greater for the wheats than for the flours, especially ona
constant protein basis.

The linear correlation coefficients of LV and PL were usually
slightly lower than those of LV and NL/PL in both wheat and flour
(Table V). The slightly higher correlation coefficients probably
would not justify the two assays in the NL/PL determination,
compared to only one in the PL determination. If PL content of a
wheat or flour is known, LV could be estimated, from the linear
equations, within the 90% confidence zones (Figs. 4 and 5, top).

The loaf volumes and PL contents at the tops of Figs. 4and S are
functions of both the quality and quantity of proteins. The
variation in flour protein content of 10.2—-14.19% (Table 1) would
account for 85-300 cc, depending on protein quality (Finney 1979).
However, protein quality (LV corrected to 12% protein, Table II)
varied 605 cc from 493 to 1,098 cc, a variation that was about 2-7
times that attributable to protein content. Because quality of
protein has 2—7 times as much influence on LV (as received) as does
quantity of protein, correlation coefficients of PL contentsand LV
increased after correcting both for protein content (Table V and
Figs.4and 5, bottom). The improved correlation coefficients of the
corrected values warrant the expression of PL content on a
constant protein basis to estimate LV potential of a flour.

About 180 mg of native petroleum ether-extractable PL per 100 g
of wheat or flour appears to be required for satisfactory LV of
about 875 ccat 12% protein. Anincrease of 10 mg of PL per 100 g of
flour was accompanied by an increase of 35 cc in LV (Fig. 5,
bottom). About 500 mg of good quality protein would be required
to attain such an increase in LV (Finney 1978). Thus, the very
important contribution of PL to LV of wheat flour, revealed under
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Fig. 3. Relation between loaf volume (LV) of bread baked from 100 g of
flour and the ratio of nonpolar lipids (NL) to polar lipids (PL) of wheat or
flour. Top, LV and NL/PL ratio on the as-received basis of protein content;
bottom, LV and NL/PL ratio corrected to a constant protein basis. The
corrected ratio of NL to PL was obtained from NL content (as received)
divided by PL content corrected to 12% protein forflour or 13% for wheat.
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the conditions of our assays, can be attributed, at least in part, to
genetic differences.

Polar lipids are a mixture of glycolipids and phospholipids.
Consequently, measuring some marker component in either
glycolipids or phospholipids should provide an estimate of the PL
content. We preferred measuring the galactolipid component,
galactose, because glycolipids are more involved in breadmaking
than phospholipids are (Daftary et al 1968, Lin et al 1974),
petroleum ether-extractable PL are about three times richer in
glycolipids than in phospholipids (Chung and Tsen 1975), and the
lipid-galactose content is more highly related to mixing time or LV
than is lipid-phosphorus content (Chung et al 1980).

Lipid galactose was significantly correlated with LV (e =0.01),
and the linear correlations were higher for flour than for wheat
(Table V). The linear relationship between LV of bread and flour-
lipid galactose was improved somewhat when LV and flour-lipid
galactose content (Fig. 6, left) were corrected to 12% protein (Fig.
6, right). At least 40 mg of petroleum ether-extractable lipid
galactose per 100 g of flour or 35 mg/ 100 g of wheat appear to be
required for satisfactory LV.

CONCLUSIONS

We have found that several petroleum ether-extractable lipid
fractions or their ratios are highly related to genetic differences in
mixing requirement and LV potential. The NL/PL ratio and the
amount of PL and lipid galactose of either wheat or flour were
more highly correlated with LV than with mixing time. Significant
correlations of LV and the lipid content, when both were corrected
to a constant protein basis, indicated that PL are related largely to
protein quality and to a limited extent to protein quantity. The
petroleum ether-extractable PL, especially glycolipids, are a
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function of or are somehow involved in governing protein quality.
Therefore, the determination of PL or lipid-galactose content in
addition to a protein assay could be used to estimate LV and mixing
time of sound HRW wheat grown under similar conditions.
Conducting a similar study on another group of sound bread-
making wheats, ie, hard red spring as well as winter, would be
appropriate. The present method is still too complicated and time-
consuming for screening samples in plant breeding programs. For
screening bread-wheat progenies, development of a rapid and
simple method of extracting lipids and a direct measurement
(without hydrolysis) of some functional PL component or group in
the lipid extracts would be necessary.
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