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Abstract 
Lipids were extracted on a microgram scale 

from 3 to 6 mg flour or from freeze-dried dough 
by percolation. The impure extract was separated 
into 12 nonpolar and 14 polar lipids by TLC. 
Then the fat ty acid composition of most of these 
lipids was determined by gas chromatography. 
The microscale method renders possible qualita- 
tive and quantitative determination of the com- 
position of the lipids in minute quantities of flour 
and dough. The selectivity of different extraction 
solvents was studied. In both flour and dough 
the fa t ty  acid composition of a given component 
is identical in the free and bound lipid fractions. 
In dough, the quantity of free lipids is less than 
in flour; the extent of the decrease depends on 
the atmosphere in which it is mixed. During 
mixing, the carotenoid pigments, a-monoglyc- 
erides and the free linoleic acid and linolenic 
acid are oxidized. Oxidation is apparently a 
function of the concentration of oxygen and of 
lipoxidase. 

Introduction 

W HEAT FLOUR CONTAINS only a small amount of 
lipids, viz. 1.5% to 3% of its weight. Despite 

this low percentage, a great deal of attention has 
been devoted to these substances in recent years. On 
the one hand, lipids are important because of their 
nutritional value and as a source of fat-soluble 
vitamins; on the other hand, lipids play an important 
part  in the aging of flour, in the mixing behavior 
of dough and in bread baking. Particularly the 
latter two items are of interest to the cereal chemist. 
The recent results of studies on the role of lipids 
in baking are highly contradictory. 

Research in the field of wheat lipids has been 
chiefly limited hitherto to extraction and reconstitu- 
tion tests. Different solvents were used to extract 
the lipids, and the changes in baking quality were 
determined (extraction tests). Thereupon the extract 
was added again to the flour from which it had been 
extracted and the effect investigated (reconstitution 
tests). The results obtained varied considerably, de- 
pending on the flour as well as on the solvent used. 

Moreover owing to lack of good analytical tech- 
niques, no one has checked thoroughly which lipids 
are extracted by any given solvent or which influence 
the solvent has on the nonlipid flour components. 
To obtain more insight in this matter and to get to 
know which reactions are taking place, the different 
components must be studied separately. 

Using modern chromatographic techniques we de- 
veloped a micro method which consists of a com- 
bination of thin-layer chromatography and gas chro- 
matography. This method was used to determine 
which lipids and how much of each of them were 
extracted by a given solvent and also whether the 
fatty acid composition exerted any influence upon 
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the degree to which lipids could be extracted. We 
also studied the change occurring during mixing. 

Experimental Procedures 
Preparatory Work 

The quantities of lipids that can be extracted 
depend on the solvent, the extraction method and 
the physical nature of the sample. The following 
extraction methods were tested on samples of 5 g of 
material: Soxhlet extraction, stirring with a blender 
(Braun),  shaking in a shaking machine, and percola- 
tion. Judging from the results obtained, percolation 
proved to be the best method, at least for samples 
of a maximum of 5 g. This method has the greatest 
yield of lipids, gives relatively few impurities, and 
is very well suitable from the technical viewpoint 
for extracting minute quantities of material. Because 
of this experimental result, we selected percolation as 
the method of extraction. 

Materials 
Flour. A commercial, unbleached, improver-free 

bread flour, having a protein content (N × 5.7) of 
10.1% (14% moisture basis). 

Doughs. Doughs were prepared from 100 g flour, 
54 ml distilled water and 1.0 g sodium chloride 
(dissolved in part  of the water). These ingredients 
were mixed in a GRL mixer (1) at 66 rpm in 
nitrogen, air, or oxygen, at 30 C for various times. 
The doughs were prefrozen in a stream of air of 
- 40  C moving at 2 m/sec. Then they were freeze- 
dried, pulverized in a mortar and, when necessary, 
stored at 4 C. 

Methods 
Lipid Extraction. The material to be tested (3, 

6 or 9 rag) was put on top of and around a cotton 
wick fixed in the narrowed outlet of a Pasteur pipet. 
A small piece of the wick protruded from the capil- 
lary (Fig. 1). Some powdered silicon carbide was 
deposited on the material to be tested to avoid drifting 
during percolation. Prior to use, the silicon carbide 
was purified by Sohxlet extraction with methanol. 
The solvent (1 ml) was put on the silicon carbide 
and slowly percolated through the material to the 
bottom. The extract was removed along the cotton 
wick and, without previous purification, applied im- 
mediately upon a TLC plate. 

Qualitative TLC. Glass slides (19 × 5 cm) were 
coated with a layer of silica gel DO (Fluka's, Switzer- 
land) by immersing the slides in a suspension of 
silica gel in chloroform (2). Neither the silica gel 
nor the chloroform was purified beforehand; how- 
ever, any impurities present were removed by heating 
the coated slides on a thermostatically controlled hot 
plate at a temperature of 400 C for 1/2 hr. During 
this heat treatment all disturbing impurities were 
removed, and the slides were well activated. After 
cooling the plates, the extract was applied in the 
way described and the plate was subjected to ehro- 
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/ 
matography as soon as possible to prevent  redeposi- 
tion of atmospheric impurities on the silica gel layer. 
The extract  was applied direct from the Pasteur  
pipet in a 2.0 cm long band at a distance of 1.5 cm 
above the lower edge of the layer. Different solvent 
mixtures were used to separate the lipids. The plates 
were developed in tanks saturated with vapor of the 
same solvent mixtures. 

Separation of NonpoIar Lipids. Freeman and 
West's (3) system was used for the separation of 
the nonpolar lipids. First ,  the slides were developed 
in solvent system I: diethylether-benzene-ethanol- 
acetic acid (40:50:2:0.2).  The solvent f ront  was 
allowed to run  a distance of 9 cm from the origin. 
After  dry ing  for 10 rain, the slides were developed 
in the same direction in solvent system I I :  diethyl- 
ether-hexane (6:94). This solvent was allowed to 
run  13 cm from the origin. The time taken for total 
development in these two systems was 50 rain. 
Separations were carried out at room temperature.  
When this procedure was used, the polar lipids 
remained at the origin. 

Separation of Polar and Nonpolar Lipids. In  order 
to separate polar and nonpolar lipids, the slides were 
first developed in system III ,  the development time 
being 30 min at 4 C and the running distance 10 era. 
System I I I  consists of a mixture of chloroform- 
methanol-water (65:25:4) (4). The polar lipids 
were separated, whereas the nonpolar lipids were 
found at the f ront  of the solvent in the form of two 
bands. Next the nonpolar lipids were separated by 
developing the slides with solvent system I in the 
same direction. This solvent was run 14 cm from 
the origin. 

For  fu r the r  fractionation of certain polar lipid 
components that  had not been separated with the 
chloroform system mentioned above, the following 
systems were used. System IV:  chloroform-methanol- 
water-glacial acetic acid (25:15:2:4) (5) and system 
V: chloroform-methanol-water-ammonia 25% (60:25: 
5:3) (6). All solvents were of analytical grade, 
redistilled f rom glass. 

The spots were located and made visible in one 
of the following manners:  (a) by heating the plates 
at 200 C for 10 min af ter  spraying with 50% volume 

of aqueous sulfuric acid, for  all components, (b) 
by spraying with a 0.2% solution of n inhydr in  in 
butanol-water (7), a spray specific for  lipids that  
contain a free amino acid group:  peaks 1, 2, 7, 8 
and the origin; (c) by spraying with Dragendorff  
reagent (8), for choline phosphatides and glycolipids: 
peak~ 1, 4, 8, 9, 10, 13; (d) by spraying with 
molybdenum spray (9) for  detection of phospho- 
lipids: peaks 1, 2, 4, 6, 7, 12; (e) by part ial  hy- 
drolysis (10), for sphingomyelin and cerebrosides: 
peaks 3, 11. 

The different components on the TLC plate were 
identified by comparing the Rf values with those 
taken from literature,  by using specific sprays and 
by comparing with pure components. The s tandard 
substances used were Iinoleic acid, monoglyeeride, 
cholesterol, lecithin, lysoleeithin, phosphatidyl-ethanol- 
amine, cerebrosides and monogalactosyl glyeeride, all 
obtained from the Applied Science Laboratory,  State 
College, Pa., U.S.A. 

Quantitative TLC. The extract  obtained from an 
accurately weighed sample of flour or dough (3 or 6 
mg) was applied direct f rom the Pasteur  pipet  in 
a series of single spots so close to each other as to 
form a narrow band on the TLC plate. Good homo- 
geneity was obtained by superimposing the extract  
in a number of layers. The first drops must be very  
small since they are relatively rich in lipids. The 
width of the origin must be exactly 2 cm. 

After  chromatography, the solvent was evaporated 
from the plate in a vacuum desiccator. Then the 
TLC plate was sprayed with 50% volume of aqueous 
sulfuric acid (11) and heated at 200 C for 10 rain; 
this makes the lipid bands char. Next the plate was 
scanned with a densitometer (Vitatron UTD 500, 
filter 363 ran). The transmit ted light was recorded 
on a linear extinction scale. The peaks were 
symmetr ical  

The described procedure does not separate all com- 
ponents from each other. Complete fractionation can 
be obtained, af ter  weak staining in iodine vapor, by 
scraping off a band (that  contains several com- 
ponents) and rechromatographing in a different sol- 
vent system. For  reliable quantitat ive measurements, 
two determinations are required, one with a small 
quant i ty  of flour or dough (3 rag) for  major  com- 
ponents, and one with twice that  quant i ty  (6 rag) 
for  minor components. 

Preparative TLC. Preparat ive  TLC was used to 
obtain pure components of lipids from the flour and 
dough sample examined in order to determine their 
f a t ty  acid composition. In order to have sufficient 
lipid material available for  determining the fa t ty  
acid composition of a given component, 90 mg of 
flour or dough were used (approx. 1 mg of lipids). 
Af ter  chromatography, the separate bands were 
rendered visible with a very  light spray of diehloro- 
fluorescein, viewed under  ultraviolet light, and the 
lipid areas were scraped off the plate directly into 
5 ml test tubes. 

GLC. F a t t y  acid methyl esters were routinely 
separated by GLC. A glass column (2 m × 3 ram) 
containing 12% ethylene glycol adipate on chro- 
mosorb W was used at 195 C in a Fraetovap model 
GV gas chromatograph (Carlo Erba  Co.) operating 
with a flame ionization detector. The carrier gas 
was nitrogen. The total lipid extracts of the separate 
aomponents isolated from a TLC plate were saponi- 
fled with 0.5 N K O H  in methanol at 65C during 
15 min. Then the fa t ty  acids were esterifled (5 rain. 
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at  65 C) with BFs-methanol (the methanol contained 
14% BF3, f rom Brit ish Drug Houses, Ltd.) .  Saponi- 
fication and esterification of the individual com- 
ponents was achieved without removal of the silicic 
acid. The methyl esters were dissolved in heptane 
and analyzed (12). S tandard  methyl esters mixtures 
(Applied Science Laboratory,  State College, Pa.) 
were used for identification of the fa t ty  acids. Fur -  
ther  confirmation of identi ty was obtained by hy- 
drogenation of the esters followed by gas-chromatog- 
raphy. The retention time of the methyl esters was 
also compared on 15% Apiezon-L on Gas-Chrom. P. 

R e s u l t s  a n d  D i s c u s s i o n  

Methods 

There are different methods for quanti tat ively mea- 
suring the components separated on a TLC plate:  
gravimetrically, colorimetrically and densitometri- 
cally. In our tests we used densitometry. Peifer  (2) 
and Blank et al. (13) demonstrated their ingenious 
use of the charring procedure for quanti tat ive TLC 
by densitometry. The degree of charring depends on 
the composition of the lipid, in par t icular  on its 
carbon percentage. In order to determine the ab- 
solute quantities f rom the densitogram, one should 
mult iply the densitometric units of each component 
with a specific factor (14). We did not need these 
factors in our experiments as we wished to compare 
the various components of flour and dough. There- 
fore, the quantities in Tables I, i I  and I I I  are ex- 
pressed in cm 2 peak surface. In  approximation, 1 
cm 2 corresponds to 3 × 10 ' mg of lipids. 

The method of extraction described in the pre- 
ceding paragraphs makes it  possible to apply  the 
extract  in a narrow, homogeneous band without 
damaging the silica gel layer. When silica gel DO 
of Fluka's  is used, there is no deformation or any 

widening of the bands, nor tailing. The method 
is highly sensitive, as small a quant i ty  as 0.1 ~g 
lipids can be detected. Moreover, the method is re- 
producible, provided working conditions are stan- 
dardized. Because the analysis is performed rapidly 
(extraction takes 2 rain and separation 50 rain) 
and no purification process is involved, the possibility 
of changes occurring as a result of oxidation or 
hydrolysis is small. Therefore, this method offers 
the possibility of determining which lipids play a 
role in some dough reactions and what changes they 
undergo dur ing these reactions. 

Extraction and Fractionation of Lipids Yrom Flour 
The flour lipids were separated by means of the 

solvent systems I I I  and I ;  and, since the extracts 
contained relatively large amounts of lipids, the 
nonpolar  lipids were additionally separated on an- 
other TLC plate by using solvent systems I and II. 
In the latter case the a- and fl-monoglycerides were 
separated. An example of a separation of polar 
and nonpolar lipids of a benzene-ethanol-water ex- 
t ract  from flour is shown in Fig. 2. 

In Table I the peak surfaces of densitograms of 
various extraction solvents are listed. By means of 
comparison with pure reference materials, specific 
staining reactions and Rf-values from l i terature most 
components have been identified (Column 2). Peaks 
consisting of several components were fractionated 
fur ther  by scraping off and rechromatographing with 
solvent systems IV and V. 

In  the first instance, this micro-method has been 
used for s tudying the selectivity of a series of sol- 
vents with increasing polarity. Free lipids are de- 
fined as the lipids extracted with ether;  residual 
lipids which can be extracted with a mixed solvent 
system containing ethanol or methanol are considered 
to be the bound lipids (15). In these extraction 

T A B L E  I 

Composition of Wheat Flour Lipids Fractionated by T L C  After Extraction by Various Solvent Systems 

Extraction solvents 

T L C  L i p i d  class  Ethanol -  Chloro- Ethanol-  Benzene- 
no. H e x a n e  E t h e r  Ch]oro- ~orm- ether-  ethanol-  

f o r m  e ther  me thano l  water water 
2 ; 1  2 : 1  ( 2 : 2 : 1 )  ( 1 0 : 1 0 : 1 )  

Polar l iplds 
1 Lysolec i th in  0.6 a 0.4 1.1 2.4 2.5 2.5 2.6 

2 Lysophosphatidyl-ethanolamine 3 S ph ingom ye i in  ~ 0 ' 7  } 1 " 0  } 1"2 ] j j } } 3 . 6 )  1,6 1.2 ~ 3.0 
J 

4 Lec i t h in  1.8 2.2 3.8 4.5 5.0 4.8 5.0 
5 U n k n o w n  0.9 0.9 1,1 2.2 2.4 2.2 2.2 
6 Phospha t idy l - ino  sitols 0.9 1.0 1.0 1.2 1.3 1.4 1.4 
7 Phospha t idy l - se r ine  -{- u n k n o w n  6.0 5.9 6.9 11.0 11.4 11.4 11.2 
8 Diga lac tosy l -g lycer ide  ~ phospha t idy l -e thano lamine  15.0 19.6 31.2 38.6 40.8 41.0 40 .4  

9t } } } .l ) i Unknown + sterol~lyeoslde 9.0 10.0 13.9 1 ]. 18.o 
10 25.0 25.2 25.2 j 

11 Cerebros ides  2.6 7.5 7.6 j 9.2 
12 P hospha t i d i c  ac id  0.9 1.2 1.2 1.0 1.0 1.4 1.4 
13 ~[onogalactosyl-glycer ide 5.0 10.2 10.4 11.4 11.2 11.6 11.6 
14 U n k n o w n  0.6 0.8 0.8 1.8 0.6 1.0 1.0 

44.0 50.7 80.2 100.7 102.6 106.1 107.0 

Nonpolar l ip ids  
15 U n k n o w n  1.2 2.2 2.4 2,5 2 .4  2.6 2.6 
16 a -Monoglycer ides  1.6 1.5 2.0 3.5 3.5 3.5 3.4 
17 ~-Monoglycer ides  3.6 5.2 6.0 5.8 6.1 6.0 6.0 
18 Caro teno ids  0.2 0.2 0.4 1.0 0.8 1.0 1.0 
19 Oxidation products 0.1 0.1 0.1 0.3 0.2 0.2 0.2 
20 Sterol 1.6 1.6 1.5 2.1 1.8 2.0 2.0 
21 Free fatty acids 20.8 21.8 22.6 25.0 26.4  26.0 26.6 
22 1 ,2-Diglycer ides  8.0 8.0 8.2 8.4 8.6 8.6 8.8 
23 1 ,3-Dig lyeer ides  5.0 5.0 5,0 5.1 5.2 5.3 5.2 
24 U n k n o w n  1.3 1.4 1.4 1.8 1.8 1.8 1.8 
25 Tr ig lyce r ides  57.2 58.3 58.4 56.0 59.0 56.6 60.0 
26 Stero]esters  9.7 9.8 10.0 8.8 10.4 9.0 10.2 

110.3 115.1 118.0 ]17 .5  126.2 122.6 127.8 

Tota l  l ipids 154.3 165.8 198.2 218.2 228.8 228.7  234.8  

a These figures reI~te to quan t i t i e s  of 6 m g  of f lour ;  t hey  represent the n u m b e r  of cm ~ peak  s u r f a c e  (1 cm ~ r e p r e s e n t s  3 .10 -~ m g  lip~ds).  
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TABLE I I  

Total Amounts  of Polar  and  Nonpolar  Lipids of Dough 

Dough Dough Dough Dough 
Flour mixing in mixing in mixing in mixing in  

ni t rogen ni t rogen -~ air oxygen 
iodate a 

Polar  liplds 
free 50.7 ( 4 7 % )  43.6 ( 4 1 % )  43.6 ( 4 1 % )  46.3 ( 4 3 % )  5 3 . 3 ( 5 0 % )  
bound 55.9 ( 5 3 % )  6 2 . 7 ( 5 9 % )  6 3 . 0 ( 5 9 % )  6 0 . 3 ( 5 7 % )  53.1 ( 5 0 % )  
total 106.6 106.3 106.6 106.6 106.4 

Nonpolar  lipids 
free 1 1 5 . 1 ( 8 9 % )  9 4 . 5 ( 7 4 % )  9 4 . 5 ( 7 4 % )  8 7 . 0 ( 8 0 % )  9 6 . 9 ( 8 9 % )  
bound 1 3 . 3 ( 1 1 % )  3 3 . 9 ( 2 6 % )  3 2 . 8 ( 2 6 % )  2 2 . 0 ( 2 0 % )  1 2 . 7 ( 1 1 % )  
total 128.4 128.4 127.3 109,0 109.6 

a Added 1.83 moles of iodate per g r am of flour. 
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experiments the basic quanti ty was always 6 mg 
of flour. 

A mixture of benzene-ethanol-water extracts both 
free and bound lipids. Extract ion with this solvent 
can be considered to be complete since it has not 
been possible to demonstrate, af ter  acid hydrolysis, 
the presence of lipid in the residual materiah By 
means of ether, the free lipids are extracted. Table I 
shows that  this fraction contains 90% of the total 
amount of the nonpolar and 4 7 ~  of the polar lipids. 

From Table I we can easily read that  the amount 
of lipid extracted from flour is enhanced by in- 
creasing polari ty of the solvent. I f  a solvent con- 
tains ethanol or methanol, its effectiveness is greatly 
enhanced, especially for polar lipids. Tile presence 
of water slightly increases extractability. 

Table I, moreover, shows the quant i ty  of each 
individual lipid extracted of a given solvent. For  
instance, hexane extracts 78% of the free fa t ty  acids 
(peak 21) as compared to the amount extractable 
with benzene-ethanol-water and only 37% of the 
digalactolipid (peak 8), whereas chloroform extracts 
85% of the free fa t ty  adds  and 76% of tile digalaeto- 
lipid, and so on. Diglycerides (peaks 22 and 23), 
triglycerides (peak 25) and sterolesters (peak 26) 
can be easily extracted with a nonpolar solvent. 

F rom l i terature it is known that  flour particles 
consist of a network of proteins, with the starch 
grannies imbedded in between; the lipids are spread 
out over the entire substance in the shape of single 
molecules or as mieelles. An apolar solvent probably 
extracts the lipids located on the external surface 
of the flour particles as well as those lipids which 
easily diffuse from the inside to the exterior, such as 
triglycerides and sterolesters. When a polar solvent 
is used, the ter t iary  structure of the protein is 
disrupted, thus rendering the lipids more accessible 
to the solvent. 

E x t r a c t i o n  a n d  t ' r a c t i o n a t i o n  o f  l , i p i d s  l~rom D o u g h  

We investigated the lipid composition of douo'h 
and the changes of all components during nfixing 
under  various conditions. On the ground of the 
results obtained in extracting flour, we used only two 
solvents for extracting the lipids from freeze-dried 
doughs: ether for the free lipids and a mixture of 
benzene-ethanol-water for the bound lipids. 

Table I I  shows the sum of polar and nonpolar 
lipids; these are listed extensively in Table III.  It 
is evident that  when the dough is mixed under nitro- 
gen an increase in lipid binding occurs as compared 
with flour: 59% of the polar lipids and 26% of the 
nonpolar lipids are bound. Tile changes are more 
obvious in the nonpolar lipids than in tile polar ones. 
When potassium iodate or potassium bromate is 
present in the dough, mixing under nitrogen has no 
fur ther  influence upon the binding of the lipids. 

Mixing in air results in a similar effect, though 
in a lesser degree. If,  in contrast, mixing is done in 
oxygen, the proportional  composition of the lipids 
is approximately the same as in flour. 

Fur thermore ,  it is a striking fact that  af ter  mixing 
in air or oxygen the total amount  of nonpolar lipids 
in dough is smaller than after  mixing in nitrogen. 
The explanation of this will be offered later. The 
larger the oxygen cotrcentration, the smaller the 
quanti ty of bound lipids. This conclusion is in de- 
eordance with the findings of Daniels et ah (17), 
who found even greater differences, which can 
probably be ascribed to the fact that  they used a 
rapid mixer and worked with a differently composed 
dough; they also added fats. 

Figures 3 and 4 show the separation of the non- 
polar lipids from doughs mixed under  nitrogen and 
oxygen, respectively. On comparing these figures, 
it is evident that  when a dough is mixed under  
oxygen peaks 16 (a-monoglycerides) and 21 (free 
fa t ty  acids) decrease. Besides, in Fig. 4 a new peak 
19 appears;  this one could be identified as an oxida- 
tion product  of linoleic acid, viz. an alcohol of linoleic 
acid having conjugated double bonds. The yellow 
color of the band (peak ]8) containing carotenoid 
pigments disappears. 

The quantities of the individual components are 
listed in Table III .  As to the polar lipids, lysolecithin 
(peak 1), lecithin (peak 4) and saccharide-containing 
lipids (peaks 8 to 11 inclusive) are preferent ial ly 
bound. As to the nonpolar lipids, when mixing occurs 
in air or oxygen, practically half  of the a-monoglyc- 
erides (peak 16) and three quarters of the free fa t ty  
acids (peak 21) disappear. During mixing in a 
nitrogen atmosphere, addition of 30.0 mg potassium 
bronlate or 40.0 mg potassium iodate per kilogram 
of flour did not bring about fur ther  changes; not 
even when excessive amounts of iodate (400 mg per 
kg flour) were added. The bromate and iodate do 
not, therefore, react with the lipids, whereas they 
probably react with thiol groups of protein (see, 
for instance, 26). 

F a t t y  A c i d  C o m p o s i t i o n  of  F l o u r  a n d  D o u g h  T.ipids 

Next, we estimated tile fa t ty  acid composition of 
each lipid component fronl flour and dough by using 
a combination of preparat ive TLC and gas chroma- 
tography. The fa t ty  acid composition of a certain 
component in the free lipid fraction (extractable with 
ether) proved to be identical to that  in the bound 
lipid fraction (extractable with benzene-ethanol-water 
af ter  an ether extraction).  This holds both for flour 
and dough. Moreover, the fa t ty  acid composition has 
no influence upon the extractabili ty of the lipids 
from flour or freeze-dried dough. Therefore, we 
present in Table IV only the fa t ty  acid composition 
of the components from the free lipid fraction. 
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F I G .  4. T L C  s e p a r a t i o n  o f  n o n p o l a r  l i p i d s  f r o m  d o u g h  
m i x e d  i n  o x y g e n ,  d e v e l o p e d  w i t h  s y s t e m s  I a n d  I I ,  c h a r r e d  
w i t h  50% s u l f u r i c  a c i d  a n d  s c a n n e d  w i t h  a d e n s i t o m e t e r .  

and linolenic acid, are oxidized. Minor changes were 
observed in sterolesters (peak 26). In dough this 
component has less C16:0 and more C18:1 and 018:2 
than in flour. 

Daniels et al. (18) found, in contrast to our re- 
suits, slight differences in the fa t ty  acid distribution 
of the lipid components from the free and bound 
lipid fractions. This is probably to be ascribed to the 
fact that  they used doughs of an entirely different 
composition from ours, and also due to incomplete 
extraction. Our results show fur thermore that the 
linoleic acid containing lipids were not preferent ial ly 

bound during the mixing of tile dough, which con- 
tradicts the results of a number of researchers 
(19,2o). 

As shown in Table IV, the major fa t ty  acids (above 
0.4%) are in decreasing amounts--18:2,  16:0, 18:1, 
18:3, 18:0 and 16:1. The minor fa t ty  acids (less 
than 0.2%) are 14:2, 15:0, 17:0, 20:0, 20:4 and 22:0. 
These minor fa t ty  acids occur in such minute quanti- 
ties that  we did not pay fur ther  attention to them. 

O x i d a t i o n  o f  L i p i d s  

We carefully checked, with the aid of preparat ive 

T A B L E  I V  

F a t t y  Acid D i s t r i bu t i on  of P o l a r  a n d  Nonpola r  L i p i d s  f r o m  F lou r  and  D o u g h  

F lou r  : E t h e r  E x t r a c t  

P e a k  ( T L G  no.)  1 4 7 8 9 / 1 1  13 15 16 17 21 22 23 25 26 

1 6 : 0  a 37.0 26.2 26.1 12.2 22.0 4.5 39.4 19.0 19.4 15.5 14.6 16.0 16.1 54.1 
1 6 : 1  2.0 1.6 2.4 0.5 0.8 0.4 2.2 1.7 0.8 0.4 0.6 0.7 0.6 2.8 
1 8 : 0  5.0 2.5 4.0 1.3 1.3 0.9 4.7 2.2 1.7 1.2 1.5 1.2 1.0 2.0 
1 8 : 1  12.8 14.6 10.8 7.4 9.4 9.8 12.0 14.6 10.0 13.2 16.8 16.4 16.7 8.9 
1 8 : 2  41.0  54.0 54.3 74.1 63.2 80.6 40.0 60.1 64.9 65.8 63.2 62.8 61.4 30.2 
1 8 : 3  1.6 1.4 1.8 4.5 3.1 3.7 1.8 2,4 3.2 2.9 3.1 2.9 3.6 1.5 

D o u g h  mixed  b in  n i t r ogen  : eti lcr ex t rac t  

1 6 : 0  36.5 26.8  26.6 11.3 21,0 4.5 40.2 19.6 19.4 16.0 14.5 16.9 16.6 50.0 
1 6 : 1  2 .1  2.0 2.0 0.7 1.2 0.9 2.4 1.6 0.8 1.1 0.7 0.7 0.4 3.2 
1 8 : 0  4 .7  3.0 4.6 1.6 1.7 1.0 4.8 2.2 1.7 2.0 1.4 1.2 1.0 2.5 
1 8 : 1  13.5 14.6 l l . O  8.7 9.5 9.8 11.0 14.6 10.0 13.7 16.1 15.6 16.3 10.0 
1 8 : 2  41.1  52.0 54.0 73.1 63.0 80.4 39.8 59.2 64.9 64.0 64.3 62.5 62.1 31.8 
1 8 : 3  1.9 1.6 2.0 4.1 2.8 3.4 1.6 2.6 3.1 3.0 3.0 3.1 3.6 1.5 

D o u g h  mixed  ~ in  oxygen :  e ther  ex t rac t  

1 6 : 0  37.0 26.9 26.2 11.6 21.6 4.6 40.0 33.9 19.5 46.7 14.0 16.6 16.4 49.9 
1 6 : 1  2.1 1.9 2.6 0.8 1.1 0.3 2.6 2.2 0.7 1.5 0.8 0.5 1.7 3.0 
1 8 : 0  4.7 2.6 4,1 1.6 1.7 0.9 4.2 4.3 1.8 6.1 1.6 1.3 1.0 2.5 
1 8 : 1  13.0 14.0  10.6 8.9 9.5 9.8 11.8 21.9  10.2 37.8 16.5 16.1 15.7 10.2 
1 8 : 2  41.0 52.9 54.3 73.2 63.2 80.2 39,7 34.2 65.3 7.6 63.7 61.8 62.6 32.4 
1 8 : 3  2.2 1.6 2.2 3.8 2.8 3.8 1.7 3.4 2.8 0.1 3.2 3.0 3.6 1.6 

a Carbon  n u m b e r :  n u m b e r  of double bonds.  
b D o u g h s  w e r e  m i x e d  fo r  20 m i n  i n  a G E L  mixe r  at  a speed of 66.5 r p m .  
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F r o .  5. R a t e s  o f  o x i d a t i o n  o f  l i n o l e i c  a c i d  i n  d o u g h .  1. 
M i x i n g  i n  n i t r o g e n .  2. M i x i n g  i n  a i r .  3. M i x i n g  i n  a i r  w i t h  
l i p o x i d a s e .  4. M i x i n g  i n  o x y g e n .  

TLC and gas-chromatography, the rate at which the 
two polyunsaturated free f a t ty  acids decreased under  
several mixing conditions. The free f a t ty  acids were 
extracted with benzene-ethanol-water (Fig. 5 and 6). 

Mixing in nitrogen has practically no influence on 
the concentration of these acids. When mixing was 
effected in air or oxygen, a rapid decrease in both 
linoleic and linolenic acid took place, the rate of 
disappearance being more rapid in oxygen than in 
air. The addition of 10 mg lipoxidase (from soy- 
beans, approx. 10,000 uni ts /mg)  per 100 g flour 
accelerated slightly the disappearance of both acids 
in air. F rom these restflts we concluded that  the 
decrease in concentration of both polyunsaturated 
fa t ty  acids is caused by an enzymatic oxidation of 
cis, cis-],4-pentadiene containing fa t ty  acids. This 
conclusion is in agreement with results from litera- 
ture. Smith and Andrews (22) have demonstrated 
that  the uptake of oxygen dur ing mixing is enhanced 
by the lipids interacting with a water soluble sub- 
stance (lipoxidase) on the one hand and the gluten 
proteins on the other. Tsen and t I lynka  (23), too, 
have demonstrated the enzymatic nature  of the 
oxidation. 

The oxidation rates of linoleic acid and of linolenic 
acid as a result of mixing in oxygen are of the order 
of 8.8 × 10 -3 t~mole/g see resp. 1.0 × 10 -3 t~mole/g 
see. The oxidation rate of linoleic acid is almost nine 
times that  of the thiol groups, which latter is ap- 
proximately 1 x 10 3 ~mo]e/g sec (26). 

I f  we assume that  per mole linoleic or linolenic 
acid I mole 02 is taken up irrespective of the number 
of double bonds, the total quant i ty  of oxygen used 
up in the oxidation of the lipids during mixing is 
approximately 2.0 umole/g (1.7 umole/g for linoleic 
acid, 0.1 t~mole/g for linolenic acid and 0.2 umole/g 
for ~-monoglycerides and carotenoids). F lour  con- 
tains approx. I umole thiol groups and 10 t~mole 
disulfide bonds per gram, the maximum quant i ty  of 
oxygen that  can be taken up by the thiol groups is 
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FIG. 6. R a t e s  o f  o x i d a t i o n  o f  l i n o l e n l e  a c i d  in  d o u g h .  I .  
M i x i n g  in  n i t r o g e n .  2. M i x i n g  i n  a i r .  3. M i x i n g  i n  a i r  w i t h  
l i p o x i d a s e .  4. M i x i n g  i n  o x y g e n .  

therefore 1 ~equiv. (26). As we calculated that  the 
oxygen that  can be taken up by the lipids is 8.0 
t~equiv, the total uptake of oxygen by both lipids and 
proteins is 9.0 ~equiv. Smith and Andrews (22) 
reported actual oxygen uptakes of 26 t~equiv/g for 
a patent  and 58 ~equiv/g for a first clear flour. Thus 
much more oxygen is taken up than is actually used 
by the proteins and lipids. No explanation can be 
given yet  for  this fact. 
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