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ABSTRACT

The modification of dough-mixing behavior by N-ethylmaleimide
(NEMI) appears to result from reaction with sulfhydryl groups in the less
soluble portion of gluten as indicated by mixing curves of doughs that con-
tained various flour fractions treated with NEMI.

After extraction of a hard red spring wheat flour  with -0.5M -sedium
chloride, the gluten-starch residue retained a marked sensitivity to- NEMI
additions. The dialyzed solids from the salt extract did not affect this sensi-
tivity. Also, NEMI-treated and untreated extracts had equal and small effects
on mixing behavior of the residue in the absence of added NEMI.

After extraction with water, the gluten-starch residue differed markedly
in mixing properties from the original flour or salt-extracted residue. Never-
theless, the water-extracted residue remained sensitive to the addition of
NEMI. NEMI treatment of the water-soluble constituents did not modify
their effects on mixing-curve characteristics.

The sustained interest of cereal chemists in the sulthydryl groups
in flours and doughs has been based largely on the possibility that
“maturing” or “improving” agents affect physical properties of doughs
by oxidation of the sulfhydryl groups (5). Recently it was suggested
that sulfhydryl groups might be critically involved, also, in determin-
ing the mixing characteristics of a flour (3). This suggestion was based
on the observed effects of some highly specific sulfhydryl-binding re-
agents on the mixing behavior of doughs. The present paper reports
the results of efforts to determine whether the effects of N-ethylmale-
imide (NEMI), in particular, on mixing behavior of doughs can be
attributed to reaction with the sulfhydryl groups in a specific constitu-
ent or group of constituents of flour.

Observations of this kind seemed necessary because typical straight-
grade flours contain only about 1 microequivalent (1 X 10— equiva-
lent) of sulthydryl per g. of flour, or, in a flour of 109, protein content,
10 microeq. of sulfhydryl per g. of protein. In contrast, the protein
would contain about 100 or 125 micromoles of cystine per g. and 2400
‘of glutamic acid. Because of the very small proportion of sulfhydryl
residues, measurement of reaction products of sulthydryl groups and
binding reagents in flour and doughs seemed likely to be most difficult,
so that it would be advantageous to be able to fractionate the NEMI-
treated dough and discard those portions not involved in the effect

1 Manuscript received August 4, 1959. Presented at the 44th annual meeting., Washington, D.C., May
1959. Contribution from Field Crops Laboratory, Western Utilization Research and Development Division,
Agricultural Research Service, U. S. Department of Agriculture, Albany 10, Calif.
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of NEMI. Furthermore, there is no reason to suppose that all the sulf-
hydryl groups of the gluten components, albumins, or globulins, even
though they total only 1 microeq. per g. of flour, are equal in their
effects on mixing properties or that they react equally readily with
NEMI. Elimination of any of these constituents as participants would
simplify study of the problem of accounting for the effects of NEMI
on mixing characteristics. '

Materials and Methods

Three hard red spring wheat flours were used. Two were milled
commercially from Montana wheats, one in 1955, the other in 1958.
Their protein contents, dry basis, were 14.8%, and 15.69,, respectively.
The third flour was milled experimentally from a composite of pure
variety lots of Lee wheat grown in 1956; it contained 17.59, protein,
dry basis. The flours were stored at — 10°F. (—23.3°C.) in friction-top
cans; small portions were removed as needed, allowed to equilibrate
to room temperature at least overnight, and then used within 2 weeks.

Separations by Gluten Washing. In some exploratory experiments
a conventional gluten-washing procedure was used. Doughs were mixed
in a laboratory dough mixer until all flour was moistened and the mix-
pred, but dough development was avoided. Water and water
) of NEMI were used to form doughs. The doughs were al-
lowed to, stand 30 minutes under water at room temperature, then
were kneaded gently to separate starch and gluten in the usual way.
The volume of water was restricted, however, to about 250 ml. per
100 g. flour. Doughs containing NEMI were very soft and sticky in
the early stages of washing and had to be kneaded very carefully, but
the gluten eventually cohered well enough to permit normal handling.
The gluten was frozen in thin sheets by pressing onto blocks of solid
carbon dioxide; and the frozen sheets were broken into pieces and ly-
ophilized.

The starch suspension was centrifuged and the supernatant liquid
retained. The starch precipitate was present as two distinct layers; the
lower prime starch and upper tailings starch were separated with a
spatula, and each was suspended in water. After centrifuging, the wash
liquids were added to the first supernatant liquid, and the starch frac-
tions were washed again in the same way. The final washings were dis-
carded. The washed starch fractions were dried in a vacuum oven at
37°C.

The soluble constituents present in the wash liquids were recovered
by vacuum concentration to a small volume in a rotating-flask evap-
orator followed by lyophilization. The various lyophilized fractions
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were ground through a 40-mesh screen in a small Wiley mill and ex-
posed to atmospheric humidity for at least 24 hours before nitrogen
and moisture contents were determined.

 The amounts of the fractions recovered and their nitrogen contents
are given in Table I. Reconstituted doughs were prepared with the

TABLE I
FrACTIONS FROM 1955 HRS FLOUR BY GLUTEN-WASHING PROCEDURE

WEIGHT

T
Doucr Fracrion E::o;ﬁm.zn NXT‘::;-:JII:‘.?\'
Frour SOL;D (Dry Basis)
g %
Control Gluten 18.3 13.7
Prime starch 46.3 0.0
Tailings starch 15.0 03
Solubles 4.8 34
+ NEMI . Gluten 115 14.3
(6.6 mg. per Prime starch 46.4 0.0
86 g. flour solids) Tailings starch 14.5 0.5

fractions combined in proportion to the amounts recovere . (dry
weight) from control doughs. Thus 7.2 g. gluten, 25.1 g. prime :tarch,
8.1 g. tailings starch, and 2.6 g. solubles were combined to give 3.0 g.
flour solids (equivalent to 50 g. flour solids, 149, moisture basis These
quantities were used to obtain mixing curves in a farinograph, using
a 50-g. bowl. Although the proportions of fractions recovered from the
NEMI doughs were slightly different (as were their nitrogen contents),
the differences were considered to be relatively minor in view of
marked differences in the mixing curves. Fractions from the NEMI-
treated doughs therefore were substituted for control fractions on an
equal-weight basis.

Extraction of Soluble Constituents. In addition to the gluten-wash-
ing procedure, flour fractions were obtained by the following pro-
cedure. Eighty-gram portions of flour were weighed into polyethylene
bags and placed under vacuum to remove air; the vacuum was released
with purified nitrogen, and the samples were let stand under nitrogen
overnight. Eight hundred milliliters of water or other extractant were
placed in a 1-qt. Mason jar and brought to freezing by holding the jar
in a Dewar flask containing some powdered dry ice. During the cool-
ing period, the extractant was flushed with a stream of purified nitro-
gen. An 80-g. portion of the flour then was transferred to the jar, and
the jar was closed with an Osterizer blending assembly (John Oster
Mfg. Co., Racine, Wisconsin).? These amounts of extractant and flour

2 Mention of trade names or equipment does not constitute endorsement by the U. S. Department of
Agriculture over others of a similar nature not mentioned.
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were chosen to minimize head space in the jar. The blender was run
at full speed for 1 minute, then slowly for 4 minutes. (By allowing
some ice to form when the extractant is cooled, the extraction can be
maintained at 0°C. throughout the mixing.) The suspension then was
centrifuged for 20 minutes in precooled cups; the centrifuge also was
cooled by additions of powdered dry ice.

The extracts were decanted from the starch-gluten residue. NEMI-
treated solubles were obtained by adding NEMI equivalent to 20 times
the sulfhydryl content of the flour represented by the extract. The ex-
tracts were held 5.5 hours in an ice-water bath, then were transferred
to cellophane dialysis tubing. Dialysis was carried out at 2° to 5°C.
Dialyzed solids were recovered by placing the dialysis sacks in an air
blast to evaporate most of the water, then lyophilizing.

The starch-gluten residues were frozen rapidly by spreading on dry
ice blocks; frozen residues were broken into pieces, lyophilized, and
ground through a 40-mesh screen.

Mixing curves were obtained with these fractlons in a Swanson-
Working recording mixer. In operating the mixer, a spring setting of
10 was used.

Also, mixing was stopped briefly after 1 minute and the dough was
scraped down from the sides of the bowl. The absorption used was
that required by the original flour to give a maximum of 500 Bra-
bender units in a farinograph. Thirty-five grams of starch-gluten resi-
due (149, moisture basis) were used in each dough. Additions of solu-
ble constituents were made without reducing the quantity of starch-
gluten residue.

The starch-gluten residues obtained- by extracting flour with 0.5M
sodium chloride contained about 2.19, of salt (dry basis), based on
conductivity measurements of water extracts of the residues. Accord-
ingly, sufficient starch-gluten residue (30.7 g. dry weight) was weighed
out for each dough to provide 30.1 g. dry flour solids; this quantity
contained 0.6 g. sodium chloride. Additional salt, 0.1 g., was added to
give 29, salt (flour basis) in each dough. To doughs prepared from
water-extracted flour residues, 0.7 g. salt was added.

Sulfhydryl analyses were carried out by amperometric titrations
with silver nitrate (1) as adapted for use with flour samples- (4).

Results and Discussion

Fractions by Gluten Washing. The fractions described in Table I
- were combined into reconstituted doughs and mixed in the farino-
graph. The composition of the doughs and some characteristics of the
mixing curves are given in Table II. Substitution of prime starch or
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TABLE II

EFFECTS OF N-ETHYLMALEIMIDE TREATMENT PRIOR TO GLUTEN WASHING ON
FARINOGRAPH CURVE CHARACTERISTICS OF RECONSTITUTED DOUGHS

Douce CONSTITUENTS DECREASE IN

MixiNG

Pri Starch Tozro A Mmores
rime arc. SIST. T
Gluten Starch Tailings MAX'MULTI Past MAX!MZM
minutes B.ub B.u?
Control . Control Control 6.0 515 110
NEMI Control Control 3.3 ' 510 140
Control NEMI Control 6.5 495 100
Control Control NEMI 6.3 495 95
NEMI NEMI NEMI 3.0 560 170

a All doughs contained ‘“‘control’’ solubles. Water was added to give 62% absorpnon on a 14% moisture
basis; this absorption with the original flour gave a curve maximum of 500 B.u
b Brabender units.

tailings starch fractions from the NEMI-treated dough for the corre-
sponding control fractions had no significant effects on the mixing
behavior of the reconstituted: doughs, but gluten from the NEMI
dough decreased mixing time to 3.3 minutes. The latter value also is
not significantly different from the 3.0-minute value for the dough con-
taining gluten and both starch fractions from NEMI-treated dough.

Because the starch fractions were found not to be involved in the
effect of NEMI on mixing, further studies were simplified, because
gluten need not be separated from starch.. This facilitated both the
preparation of dough fractions and the mixing of reconstituted doughs.

The above observations and other similar exploratory experiments
suggest that most of the effect of NEMI is due to its reaction with
gluten sulfhydryl groups. However, the washing procedure that had
been used for the separation of the dough fractions undoubtedly left
appreciable amounts of globulins, and perhaps albumins, in the gluten.
These soluble proteins then could have been involved in the NEMI
effects. In addition, many of the sulthydryl groups in the dough frac-
tions were lost, presumably by oxidation, during the gluten-washing
process. For example, one set of determinations indicated only one-
fourth the sulthydryl groups of the flour to be present in the fractions.
To minimize these difficulties in subsequent work, extraction of solu-
bles from flour suspensions was conducted at low temperatures and
with nitrogen-flushed extractants.

Extractions with 0.5M Sodium Chloride. Gluten-starch residues
and dialyzed solubles were prepared from the 1958 commercial flour,
using a 10:1 (v/w) extractant-to-flour ratio as described above. Mixo-
graph curves obtained with the original flour and its gluten-starch
residue, without and with added NEMI, are shown in Fig. 1. Compari-
son of curves A and B shows the typical effects of addition of 1
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microeq. of NEMI per g. flour. In the presence of NEMI (curve B), the
mixing curve reaches a slightly higher maximum more rapidly and
then breaks down very rapidly. The very narrow band beyond the max-
imum is quite typical; the contrast in width before and after break-
down is more pronounced in mixograph than in farinograph curves,
however.

Fig. 1. Effect of extraction with 0.5M sodium chloride and of N-ethylmaleimide
on mixograph curves of a hard red spring wheat flour (commercial milling, 1958).
All doughs contained 35.0 g. flour or flour residue on a 149, moisture basis, 0.70 g.
sodium chloride, and 22.8 ml. water. A, untreated flour; B, untreated flour plus 4.4
mg. N-ethylmaleimide; C, residue after extraction of flour with 0.5M sodium chlo-
ride; D, as C plus 4.4 mg. N-ethylmaleimide.

The residue from flour extracted with 0.5M sodium chloride (curve
C) gave a longer mixing time to peak and somewhat slower break-
down than the original flour. In fact, the dough was tougher, more
elastic, and in general stronger than that from the original flour. How-
ever, it is quite evident that the extracted flour retains a marked sensi-
tivity to NEMI (curve D). The sulfyhydryl groups retained in the glu-
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ten of the residue thus are sufficient to show the effect of NEMI, al-
though the residue contains only about two-fifths of the sulfhydryl
content of the original flour (0.48 vs. 1.12 microeq. per g.).

In contrast to the gluten-starch residue, the soluble constituents re-
covered by dialysis and lyophilization could not be shown to be in-
volved in the effect of NEMI on doughs, as illustrated in Fig. 2. When

Fig. 2. Effect of additions of dialyzed extract solids and of N-ethylmaleimide on
mixograph curves of gluten-starch residue extracted with 0.5M sodium chloride
(hard red spring wheat flour, commercial milling, 1958). All doughs contained
35.0 g. flour residue or flour residue plus solubles on a 149, moisture basis, 0.70 g.
sodium chloride, and 22.8 ml. water. E, salt-extracted residue plus dialyzed extract
solids; F, as E plus 44 mg. N-ethylmaleimide; G, salt-extracted residue plus
N-ethylmaleimide-treated dialyzed extract solids.

the control solubles were added to the gluten-starch residue, the mix-
ing curve was little changed (compare curves C and E), and no diminu-
tion or enhancement of the effect of an NEMI addition was observed
(compare the change from curve E to F with that from C to D). Also,
treatment of the solubles with NEMI had, at most, a small effect on
mixing curve characteristics (compare curves E and G).
The recovery of sulthydryl groups in the residue and extract solu-
bles, based on the actual weights of material recovered so that the
value is minimal, was 529 of the original flour sulfhydryl groups —
899, in the residue and 139, in the extracted solids. The largest losses
_probably occurred in the extracted solids, because of the prolonged
dialysis required to remove salt. Also, the sulfhydryl content of ex-
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tracted solids after NEMI treatment was 4.4 microeq. per g. compared
to 5.7 microeq. per g. in the untreated extract solids. This relatively
small difference suggests that in the untreated extract sulfhydryl groups
were oxidized to nearly the same extent they were blocked by NEMI in
the treated extract, and that only less reactive groups remain. Despite
these unsatisfactory aspects of the observations, the marked sensitivity
to NEMI retained by the 0.5M sodium chloride-extracted gluten-starch
residue makes it unlikely that the more labile sulfhydryl groups in the
extracted solids- are of any considerable importance to the NEMI
effect. : .

Extractions with Water. Mattern and Sandstedt (2) observed that
the mixing characteristics of flours were altered markedly by extrac-
tion with water. The removal of water-soluble constituents increased
mixing time; the constituents principally responsible appeared to be
gliadinlike in composition, i.e., high in amide-N content. Mattern and
Sandstedt noted also that extraction with sodium chloride solution
did not alter mixing characteristics significantly. With the different
flour and somewhat different procedures used in work described above,
the gluten-starch residue extracted with 0.5M sodium chloride gave
somewhat longer mixing times and slower breakdown than the original
flour, as shown in Fig. 1. However, in agreement with Mattern and
Sandstedt, these changes were relatively minor compared to those ob-
served after water extraction of the same flour, as shown in Fig. 3.

Curve H, Fig. 3, was obtained with the gluten-starch residue from
water-extracted flour. Nearly 1.25 hours of mixing were required be-
fore the residue. particles cohered well enough to form a rather weak
dough; then, however, a definite development took place. Breakdown
of the dough likewise was very slow.? Addition of dialyzed water-ex-
tractable material shortened mixing time to about 25 minutes, but
NEMI treatment of the extractable material appeared to have no sig-
nificant effect. Mixing time was still about 23 minutes. The original
mixing properties of the flour were not restored as completely as Mat-
tern and Sandstedt (2) observed, but the effect was certainly pro-
nounced and in the same direction. The incomplete restoration, in
the present work, may arise in part from the removal of constituents
of low molecular weight, by dialysis.

The recovery of sulthydryl groups in the water-extracted flour resi-
due and extract solubles, again based on the actual weights of material

3 Appreciable evaporation of water from the dough occurred during this long mixing; control experi-
ments with other doughs indicated that about 2.5 g. were lost in 1.5 hours of mixing, equivalent to 7.1%
absorption. When a dough was mixed with the water-extracted gluten-starch residue with absorption re-
duced 10% below that used to obtain curve H, Fig. 3, development time was shortened to about. 20
minutes. The long mixing time to maximum therefore might be attributed to the use of too high an ab-
sorption, after removal of an appreciable portion of the flour proteins. As shown later, however, the ab-
sorption used is not too high for rapid dough development when NEMI is added.




March, 1960 MECHAM, SOKOL, AND PENCE 137

Fig. 3. Effect of extraction with water and of N-ethylmaleimide on mixograph
curves of a hard red spring wheat flour (commercial milling, 1958). All doughs con-
tained 35.0 g. flour residue or residue plus solubles on a 149, moisture basis, 0.70 g.
sodium chloride, and 22.8 ml. water. H, residue after extraction of flour with water
(the mixing curve for H only was recorded 1 minute of each 10 minutes of mixing;
the total time represented on the chart is 2.5 hours); I, as H plus 4.4 mg. N-ethyl-
maleimide; J, water-extracted residue plus dialyzed water-extracted solids plus 4.4
mg. N-ethylmaleimide.

recovered, was 619, —somewhat higher than with 0.5M sodium chlor-
ide extraction. The distribution was markedly different, however, with
589, in the residue. The residue contained 0.75 microeq. per g.; the
extract solids, only.-1.4 microeq. per g., despite the fact that the flour
nitrogen extracted by water (299, of the total) was nearly twice as
much as extracted by 0.5M sodium chloride. NEMI treatment of the
water extract did not lower the sulfhydryl content of the recovered
solids; 1.5 microeq. per g. were found.

Because the dialyzed water extract of this flour contained 299, of
the flour nitrogen, extensive changes in mixing behavior of the gluten-
starch residue perhaps could be expected. The return toward original
flour properties upon restoration of the extract solubles then could be
expected also. The marked effect of NEMI on the gluten-starch resi-
due was unexpected, however. As shown by curve I, Fig. 3, one mi-
croeq. per g. changed the dough from one that did not develop for
more than an hour to one that coheres, develops to a peak in 10 min-
utes, and breaks down at a moderate rate. In the presence of added
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NEMI, supplementation of the residue with dialyzed solubles had a
moderate additional effect in shortening mixing time to peak resist-
ance (curve J).

Important as the water-extractable constituents are to the normal
mixing behavior of flours, these observations on the water-extracted
gluten-starch residue and water-soluble constituents consistently indi-
cate that the effects of NEMI are not exerted through the water-extract-
able material.

NEMI Treatment during Extraction. As described above, the glu-
ten-starch residues from either 0.5M sodium chloride or water extrac-
tion show marked responses to NEMI additions. Nevertheless the re-
covery of sulfhydryl groups indicates that many of the more easily re-
acted sulfhydryl groups were lost during extraction and drying. In or-
der to obtain residues in which these sulfhydryl groups might be ex-
pected to have combined with NEMI, extractions were conducted with
10 volumes of water and salt solutions, each of which contained a two-
fold excess of NEMI based on flour sulfhydryl content. Extraction con-
ditions otherwise were as described above. A’ comparison of some of
the mixing curves obtained with untreated and these treated residues
is given in Table IIIL. '

The gluten-starch residue after extraction with NEMI-0.5M sodium
chloride gave a curve nearly identical with that obtained from the

; TABLE III
COMPARISON OF MICRO-RECORDING DOUGH MIXER CURVES OF 1958 COMMERCIAL FLOUR
RESIDUES EXTRACTED WITH WATER OR 0.5M SopiUM CHLORIDE WITH AND WITHOUT
" ApDITION OF N-ETHYLMALEIMIDE

MIxXING RESISTANCE &
DoucH CONSTITUENTS TIME TO Maximum 10 Minutes
MaxiMum Past Maximum

minutes

1. 0.5bM sodium chloride-extracted
residue; no NEMI present 105 670 530
2..0.5M sodium chloride-extracted
residue; NEMI present during ‘ :
extraction 10.5 610 420

3. As 2, plus 44 mg. NEMI in
dough 72 680 310
4. Water -extracted residue, no
NEMI present about 90 330 330
5. As 4, plus 44 mg. NEMI in :
dough 10.3 | 600 360
6. Water-extracted residue, NEMI
present during extraction 135 500 390
7. As 6, plus dialyzed water-ex- ,
tracted solubles 8.8 630 420
8. As 6, plus NEMI-treated dia-
. lyzed water-extracted solubles 8.8 620 410

a Units on the basis of 1000 for full width of chart.
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residue extracted in the absence of NEMI, and the dough remained
sensitive to further NEMI additions. The gluten-starch residue after
NEMI-water extraction, in contrast, was changed in mixing behavior
as compared to the residue after water-extraction. A dough was ob-

tained similar to that from the water-extracted flour to which NEMI -

was added during dough mixing. The sulfhydryl contents of these resi-
dues were definitely lower than those of residues extracted in the ab-
sence of NEMI. Values were 0.34 microeq. per g. for the NEMI-0.5M
sodium chloride sample (vs.0.48 in the absence of NEMI), and 0.52 for
the NEMI-water sample (vs. 0.75 in the absence of NEMI). Reaction
‘of sulthydryl groups thus was slightly more extensive in the water-ex-
tracted residue, but the difference does not seem sufficiently large to
account for the differing response of the two preparations. Taken with
the mixing results, the observations suggest that in the presence of
salt the insolubility of the gliadinlike protein may protect certain
critical sulfhydryl groups in the glutéen complex from reaction with
NEMI during extraction of the flour suspension.

Behavior of Other Flours. Observations with fractions prepared
from the flour from Lee wheat are summarized in Table IV. The resi-

TABLE IV

COMPARISON OF MICRO-RECORDING DoUGH MIXER CURVES OF LEE FLOUR AND
GLUTEN-STARCH RESIDUES *

MIxiNG RESISTANCE P
Doucr CONSTITUENTS TiME TO Maxi 10 Minutes
MaxiMum aximum Past Maximum

minutes

1. Untreated flour 8.0 700 480
2. As 1, plus 44 mg. NEMI 5.5 710 340
3. 0.5M sodium chloride-extracted residue 14.5 760 560
4. As 3, plus 44 mg. NEMI 8.5 810 . 380
5. Water-extracted residue e o L
6. As 5, plus 4.4 mg. NEMI 21.5 480 350

2 35 g. flour or gluten-starch residue and 67% absorption on a 14% moisture basis.
b Units on the basis of 1000 for full width of chart.
¢ After about 1.5 hours the resndue particles cohered to some extent but showed little indication of dough

development.

dues recovered after 0.5M sodium chloride and water extraction dif-
fered in mixing behavior in the same manner as those from the 1958
commercial HRS flour. Their response to NEMI additions also was
similar.

The Lee flour contained 0.97 microeq. sulthydryl per g. Extraction
with 0.5M sodium chloride removed 149, of the flour nitrogen, and
the residue contained 0.59 microeq. sulfhydryl per g. In contrast, ex-
traction with water removed 489, of the flour nitrogen, but the resi-
‘due contained 0.78 microeq. sulthydryl per g. The retention of sulthy-
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dryl groups in the residues was higher with this flour than with the
1958 flour. The differences between salt and water extractions in sulf-
hydryl content and amount of nitrogen extracted are similar, however.
Doughs made up of a commercial gum gluten and starch also
showed the typical effect of NEMI on mixing curve characteristics.

General Discussion

The results reported above consistently point to the gluten fraction
of flour as the medium through which NEMI additions exert their
effect on dough-mixing properties. Despite the presence of reactive
sulfhydryl groups in the soluble constituents, treatment of the solubles
with NEMI could not be demonstrated to change dough-mixing char-
acteristics. In contrast, all the gluten or gluten-starch preparations were
sensitive to this addition of NEMI. In the case of the residues after
extraction with salt solution, the effect of the NEMI additions was
deleterious. With water-extracted residues, however, small additions
of NEMI appeared to compensate to some extent for the changes
brought about by removal of water-soluble substances. The propor-
tion of protein extracted by water was high with the two flours used.
In our experience this is typical of HRS flours. The behavior of other
types of flours has not been investigated in this regard.

Comparison of the results from water- and salt solution-extracted
flours suggests first that the effects of NEMI are exerted by reaction
with the nongliadin, or at least nonwater-dispersible, portion of the
gluten complex. A somewhat different suggestion also can be offered,
however. The appearance of mixing curves of doughs to which NEMI
has been added is similar to that of doughs to which an-excess of glia-
din has been added, as published by Mattern and Sandstedt (2) . In both
cases, a fairly short mixing time to maximum resistance is observed,
followed by a sudden and pronounced narrowing of the recorded
curve as mixing is continued. This suggests that NEMI reacts with
the water-extracted residue to liberate some gliadinlike material and
so tends to restore mixing properties of the flour residue to its original
pattern. The sulthydryl groups responsible for the NEMI effect then
could occur in either the nongliadin or the liberated gliadinlike frac-
tions. ) '

Further investigations, particularly chemical studies, to determine
the site of the NEMI-sulfthydryl reaction product in doughs mixed with
added NEMI are needed to clarify the mechanism of the changes
produced by NEMI. Information of this kind may help to provide an
understanding of the chemical basis for the varied mixing characteris-
tics of different flours.
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