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Application of Electron Spin Resonance Spectroscopy and Spin
Probes To Investigate the Effect of Ingredients on Changes in
Wheat Dough during Heating

J. A. RoBERTSON* L. H. SuTcLIFFE, AND E. N. C. MLLS

Department of Food Materials, Institute of Food Research, Norwich Research Park,
Colney, Norwich NR4 7UA, U.K.

The change in microviscosity of the aqueous and lipid phases of wheat flour dough, during heating
and subsequent cooling, has been measured using novel spin probes based on the isoindolin-yloxyl
structure. The spin probes, water and/or lipid soluble, were used with combinations of dough
ingredients: diacetyl tartaric acid ester of monoglycerides (DATEM), salt, yeast, and sodium ascorbate.
The lipid soluble probe showed that DATEM does not produce a homogeneous phase with
endogenous lipids but is found in a separate, less mobile phase. Also, the lipids were shown not to
be involved in the baking process, although DATEM may be incorporated into the gelled starch matrix.
The water soluble probe enabled starch gelatinization to be investigated in detail and showed that
gelatinization produces a reduction of dielectric constant. The technique is appropriate for the detailed
examination of the behavior of different ingredients during baking and also potentially to examine
interactions between ingredients and flour components in dough.
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INTRODUCTION stearoly lactylate (SSL). There are indications that each can
interact with the surface of the starch granul@¥ énd also
modify starch gelatinization temperatu8}.(DATEM may also
interact with the gluten protein network, an interaction hypoth-
esized to be mediated by hydrophobic interactionsEénulsi-
fiers may also play a role in determining bubble size distribution
(10). The implication is that DATEM either influences the

It is a common practice to add particular ingredients to bread
flour to improve the handling qualities of the dough and the
overall quality and shelf life of bread. Ingredients used modify
the interactions between dough components, including the gluten
network and starch granules, interactions important in determin-
Eg gﬁ%ﬁg;{l ﬁ%ﬁ%%;?i:g?;ﬁi gf%iigliﬂp gﬁqeli?lgz'd?ﬂ;’hipterfacial properties of the liquid films that are proposed to
theology at 2 wt % of flour and shows some cultivar dependence line the bubble walls and thus retards bubble coalescence or

(1—4). The salt-mediated effects are thought to occur through CONtributes to a breakup of bubbles during mixing. Many

interaction with the gluten network, and FT-IR has shown that duestions remain unanswered regarding the mechanisms un-
derlying the role of ingredients in bread making, particularly

NaCl can promote the formation of intermoleculétsheet : . .
structures, thereby rendering the proteins more rigid and those mediated by emulsifiers. To answer these questions,

encouraging glutenin polymer formation (5). Ascorbate, the suitabl_e probe_s are required to monitor_the_complexity of events
other major ingredient generally included in dough formulations, ©ccurring during dough development in situ.
is an oxido-reductant, considered initially to be converted Electron spin resonance spectroscopy (ESR) has been used
enzymatically to the reducing agent, dehydroascorbate. Dehy-to study phase behavior during heating of dougyh)(and has
droascorbate can oxidize reduced glutathione in flour and much potential to offer new insights into how food ingredients
thereby prevent the formation of mixed glutathione-protein may affect phase behavior. Spin probes are stable free radicals
disulfides with the gluten proteins. By limiting disulfide that do not interact chemically with components of the system
interchange with glutathione, the gluten network should be being studied (12). They can be chosen to be soluble in either
strengthened, with the quality of finished bread improv&d ( the lipid or the aqueous phase or to partition between phases.
A second group of improvers widely used in bread making The ESR spectra reflect the rotational motion that depends on
are emulsifiers, particularly the anionic surfactants diacetyl the probe size and the microviscosity of the medium. Preliminary
tartaric acid ester of monoglycerides (DATEM) and sodium work (11) has shown the potential of some novel spin probes,
based on the isoindolin-yloxyl structure, to monitor the micro-

* Corresponding author. E-mail: jim.robertson@bbsrc.ac.uk. Feti4 viscosities of the aqueous and lipid phase during the heating of
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a) HC CH The novel free radicals used as spin proligégyre 1) are 1,1,3,3-
§ d tetramethylisoindolin-2-yloxyl (TMIO) 17, 18), the sodium salt of
NO» 1,1,3,3-tetramethylisoindolin-2-yloxyl-5-sulfonate (NaTMIO$J) and

the n-hexyl ester of 5-carboxy-1,1,3,3-tetramethylisoindolin-2-yloxy!

(HCTMIO) (20). Partitioning experiments usimeoctanol/water showed

that the solubility of TMIO in water is<0.1%. The spin probe

NaTMIOS is insoluble in nonpolar solvents whereas HCTMIO is

insoluble in water. Preliminary experiments to study starch gelatinization

NaSO, have shown that these probes are more suitable for use in dough than
NO are the commercially available probes such as 2,2,5,5-tetramethyl

pyrrolidin-1-oxyl and 2,2,6,6-tetramethyl-piperidin-4-ol-1-oxyl (TEM-
CH CH POL) (13).

s s Sample Preparation.Batches of experimental dough (5 g sample
size) were prepared using a dough minimixgéd)( Standard mixer
settings were as follows: premix 15 s, set point 1.5 W, speed set point
CH.CH.CH.CH.CH.CH.O 250 rpm, and energy input 200 J (40 J/g dough). During mixing, speed

s ariariariaT e NO (rpm), torque (mN m?), power (W), energy (J), and run time (s) were
automatically displayed and recorded for off-line processkigure
2).

Dough samples were prepared using 100 parts flour plus 62 parts
of water/100 parts flour, containingl mM of either TMIO or
NaTMIOS and including combinations of the following ingredients:

©) QO CcH, CH,

CH,” “CH

Figure 1. Free radical chemical structures: (a) 1,1,3,3-tetramethylisoin-
dolin-2-yloxyl (TMIO), mainly lipid soluble but also water soluble (17, 18);

(b) the SOdium Salt Of 1,1,3,3-tetl’ame'[hy|iSOir‘IdO|in-2-y|0xy|—5-su|f0nate DATEM (02 parts)’ activated dried yeagtz parts)’ sodium ascorbate
(NaTMIOS), water soluble (19); (c) the n-hexyl ester of 5-carboxy-1,1,3,3- (0.02 parts), and sodium chloride (2 parts). Since it is insoluble in water,
tetramethylisoindolin-2-yloxyl (HCTMIO), lipid soluble (20). the spin probe HCTMIO was introduced into the dough through either

s L . (i) coating the mixer paddles from a solution of probe in dichlo-
the gelatinization of starches has shown that ESR can distinguish;yethane (in this case a premix of 30 s was used) or (i) dissolved in

two starch phases in the aqueous phase of heated d&83h ( pATEM with dough prepared under standard conditions. A sample of
In the current study, the objective was to use a computer- the dough was transferred to the barreh& mL syringe and-40 mg
controlled minimixer to prepare dough (~5 g samples with extruded into a 30 mm ptfe. capillary (3 mm o.d. and 1.5 mm i.d). To
defined ingredient recipes) under standardized mixing condi- minimize loss of water, the capillary was sealed at each end. After
tions, with mixing profiles recorded for subsequent analys. ( proof at 30°C for 30 min, the dough sample was placed in a 5 mm
The method was designed to mimic the mixing action of the ©0-d- NMR tube and introduced into the ESR resonance cavity. A T-type

Chorleywood bread making process (18). thermocoupl_e was placed alongsi_dfe the capillary and the temperature
measured with a Comark 5000 digital thermometer.

ESR Instrumentation. A Varian E4 X-band ESR spectrometer was
MATERIALS AND METHODS used in conjunction with a JEOL NM-PVT controller and digital set
Triticum aestiumcv Hereward (Advanta Seeds, UK Ltd., Dorking,  unit to provide sample temperature control. Spectra were obtained at
U.K.) was milled to 72% extraction using a Buhler mill at RHM  temperature intervals of7 °C intervals from~25 °C to ~95 °C and
Technology, High Wycombe, U.K. This was the source of flour used recorded digitally (1000 points) with a personal computer fitted with a
for all of the experiments described. Liquid DATEM esters (Loders Real Time Devices ADA2000 digitizer and EPRW software (21).
Croklaan) were obtained from RHM Technology, High Wycombe, Data Treatment. Mixing. Profiles from each dough mix were
U.K., and all chemicals used were Analar grade and obtained through obtained in triplicate, with data combined to provide a mean mixing
Sigma, U.K. Allinsons dried yeast was obtained locally and activated profile. The mixing profile from each recipe was split into three
30 min prior to use (38 mg yeast/mL in a 20 mg/mL sucrose solution component parts: premix {@L5 s), mixing (torque development), and

at 30°C). mixed (torque plateau) (sdeigure 4a). Regression analysis of data
800 -
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Figure 2. Dough mixing profile for a 5 g flour + water + salt + ascorbate + yeast dough recipe prepared under the set conditions (see Materials and
Methods), to illustrate the change in rotor speed and torque development during dough preparation at set power input and energy level.
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50 Table 1. Mixing Profile Parameters for Different Dough Ingredient
Recipes?
40+
A mixing gradient ATorque  time to
30 ingredient (mN/m/s) (mN/m)  plateau (s)
220 flour/water 1.02 18 17
E B flour/water/salt 0.35 19 60
510 flour/water/DATEM 0.50 15 25
£z flour/water/salt/DATEM 0.15 17 67
g °‘_ flour/water/salt/Ascorbate 0.24 15 65
0 . flour/water/salt/DATEM/ascorbate 0.20 25 102
] flour/water/salt/DATEM/ascorbate/ yeast 0.19 24 104
20 <
D 2 The mixing gradient is the regression coefficient of torque developed between
30 e e the end of the premix and the mixed dough. ATorque represents the difference in
o ’ > ’ 1 " . ’ s " 1o torque developed during mixing, i.e., ATorque = Torquepiateay = TOIqUEpremix. TiMe

to plateau = time (x) intersect of mixing gradient regression equation and plateau
regression equation.

Field sweep /mT

Figure 3. X-band ESR spectra at 24 °C of TMIO in dough prepared

from flour + water: (A) experimental, deconvoluted spectra; (B) lipid phase; . ) o .

(C) water phase; (D) residual. and mixing was effectively complete within 15 s. Addition of
salt (Figure 4c) increased the time-to-plateau to around 60 s
covered by the tangent, fitted visually, to each part of the mixing profile compared tc.) around 30 s f_or simple fl_et_wat(_-:'r dough,
was used to derive the initial torque during premixing, rate of torque ConSISten.t .Wlth the observed.mcreased ml)flrlg time effects of
development, and final torque developed. Mixing time was taken as NaCl addition using the 2 g mixograph)(Addition of salt and

the point of intersection between the mixing time tangent and mixing ascorbate (Figure 4f), extended mixing time to over 90 s. This
plateau tangent, less 15 s for the premixing. observation is also consistent with known effects of ascorbate

ESR Since almost all of the ESR spectra obtained comprised at leaston mixing time, as determined by the 2 g mixograph (22).
two overlapping spectra, deconvolution is essential. Deconvolution was DATEM had little effect on the torque time-to-platedkiqure
done for the two most intense spectra in an observed spectrum since it4d) in contrast to the strengthening effect observed previously
is not feasible to deconvolute more than two spectra in an experimental (22) but this may be related to incorporating DATEM at half
spectrum. Deconvolution of two overlapping nitroxide spectra was tha |evel reported previousl2®). Although torque development
accomplished off-line using the EWVIOGTN iterative software (Sci- time varied according to ingredients present, the plateau values
entific Software Services) (21). The fitting program calculates (i) attained for each mix remained relatively con,stant The absence

nitrogen-14 hyperfine coupling constang, (i) line positions, (iii) . o o
fractions of each component, (iv) Gaussian line widths, and (v) of any apparent decrease in torque indicated overmixing of

Lorentzian line widths. An example is shown figure 3. Deconvo-  Sa@mples had not occurred. Similarly, since effect of ingredients

lution is assisted by the fact thal values are affected by the polarity 0N dough mixing was consistent with previous studies using

of the medium, (range-1.42 mT for a nonpolar medium t€1.56 mT different mixer types, the samples used for ESR measurement
for a polar medium). From the Lorentzian line widths, the rotational were considered typical of fully developed doughs.

correlation tine,z(B), of a TMIO-type spin probe can be calculated Regression analysis of the experimental mixing curas

(19) from the equation premix, mixing slope, and plateaBigure 4a)—is summarized

in Table 1. Thus, on introducing the different ingredients into
the dough, development of torque was reduced relative to the
flour—water mix. For salt and DATEM, there was some
apparent cumulative reduction in torque development. On adding
magnetic field at the center of the spectrum. Assuming that the Stokes ascorbate, torque development remained relatively constant but

Einstein model is applicable and that the spin probe is a rigid sphere tN€ change during mixing\Torque: Table 1) was higherp~24
of radiusr, 7(B) can be used to calculate the microviscosity of the MM/m. DATEM and ascorbate in combination had the major

7(B) = 5.75(0.3){ [W(—1)- W(+1)[/B)} x 10 's

where W(—1) andW(+1) are, respectively, the low- and high-field
Lorentzian line widths of the nitrogen-14 manifolds aBd is the

medium in which the spin probe is dissolved: influence on dough development. Yeast had no apparent effect
onATorque, and for all other combinations of ingredients tested,
7(B) = 4nr377/3kT ATorque was around 15—19 mN/m.

Effect of Temperature on Spin Probes.The majority of
wherek is the Boltzmann constant afidis the absolute temperature.  free radicals having an unpaired electron centered appreciably
7(B) has been used here as an indirect measure of microviscosity. 5 4 nitrogen-14 atom have a hyperfine interaction temperature

coefficient, d&/dT, of +2.2 x 1074 mT K1 (23). Preliminary
RESULTS AND DISCUSSION experiments showed NaTMIOS in water had a coefficient of

Dough Mixing. Dough mixing can be characterized by +2.1(+0.1)x 107 mT K™, and this value was taken to be

physical measurements based on mixing torque or powerapplicable to the other TMIO-based spin probes used.
consumption rather than chemical changes during dough The spin probes used are thermally very stable, within the
development. Torque associated with dough mixing is a measurechosen temperature range, but preliminary experiments sug-
of how dough rheology varies with rate of work input, measured gested that probe concentration decreased with heating. Since
as resistance during standardized mixing conditions. Using thethere is the potential for the spin probes to react with some
minimixer allowed changes in torque to be related to modifica- constituent in the flour and/or the ingredients used, the effect
tions in dough recipe. From the series of torque mixing profiles of temperature on total spin probe concentration was determined
(Figure 4), it was apparent that the ingredients investigated had using a sample tube containingl mM NaTMIOS in water
a marked effect on dough rheology. In the absence of any addedplaced alongside a sample tube containing dough without a spin
ingredients (flourt water) torque developed rapidly on mixing, probe. Results showed the apparent decrease in probe concen-
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Figure 4. Mixing profiles (mean of three individual mixes for each recipe) for 5 g batches of dough prepared under standard mixing conditions for dough
recipes with the test ingredients: (a) model to demonstrate the derivation of the mixing gradient and plateau (Table 1); (b) flour + water mix; (c) flour
+ water + salt mix; (d) flour + water + DATEM mix; (e) flour + water + salt + DATEM mix; (f) flour + water + salt + ascorbate; (g) flour + water + salt
+ DATEM + ascorbate; (h) flour + water + salt + DATEM + ascorbate + yeast.

tration was reversible, and the magnitude of the effect was in phase is observed as a distinct population of TMIO in the dough.
accord with the Curie Law, namely thaf/c, ~ T/T1. Thus, By contrast, the NaTMIOS is taken to partition only into the
changes in dough properties have no effect on probe concentraaqueous phase and HCTMIO only into the lipid phase. Selective
tion, but there is a need for a correction in apparent concentra-use of the three probes provided information on the behavior
tion, ¢, of free radical at different temperatures. The correction of the aqueous and lipid phases present in each experimental
may be needed to comply with (i) the Curie Law and (ii) an dough.
irreversible change in the quality fact®, of the spectrometer TMIO in Dough.The experimental spectra could be decon-
resonant cavity. voluted since the nitrogen hyperfine splitting®! values of
Figure 5 shows a typical set of results obtained by heating ~1.56 mT and~1.42 mT, could be assigned to the aqueous
and cooling dough in the presence of each of the three spinand lipid phases, respectively.#B) value of~80 ps at room
probes. Although TMIO is much more soluble in lipid than in  temperature was recorded, corresponding to the lipid phase,
water, the preponderance of water results in a roughly equalwhich reduced to~40 ps at 90°C. (Figure 5a). The process
partitioning of probe between the aqueous and lipid phases. Eachwas essentially reversible. In contrast, TMIO in the aqueous
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Figure 5. Effect of heating followed by cooling on the rotational correlation
time, 7(B), of the three spin probes in dough. (a) TMIO in flour—water
dough: A and B are, respectively, the aqueous phase on heating and
cooling with a¥ ~ 1.56 mT; C and D are, respectively, the lipid phase on
heating and cooling with a¥ ~ 1.42 mT. (b) HCTMIO in flour-water—
DATEM dough: A and B are, respectively, the heating and cooling lipid
phase at a' ~ 1.45 mT; C and D are, respectively, the heating and
cooling lipid phase at aV¥ ~ 1.41 mT. (c) NaTMIOS in flour-water—-DATEM
dough: A and B are, respectively, heating and cooling for the aqueous
phase having a¥ ~ 1.55 mT;, C and D are, respectively, heating and
cooling for the aqueous phase having aV¥ ~ 1.57 mT.

phase showed a sharp rise(B) from ~60 ps at 24°C to

~100 ps at~55 °C. This corresponds to the expected
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Figure 6. X-band ESR spectra at 24 °C of TMIO in dough prepared
from flour + water: A, before heating; B, after heating to 90 °C. The
arrows show how the amount of the third (less mobile) phase has
increased after heating.

(gluten), so whether there is a gluten signal associated with the
generation of the more viscous phase on cooling remains
unknown.

The EWVOIGTN simulation program can only deconvolute
two overlapping nitroxide spectra, but it may be seen from
Figure 6 that heating produced an increase in the amount of a
third much-less mobile phase. It is unclear whether this
immobile phase is related to starch, protein, or stapmotein
complexes, but after one cycle of heating and cooling all changes
are complete (13) and subsequent heating and cooling cycles
give no further apparent change in the third less mobile phase.

Nitrogen-14 hyperfine coupling constants derived from the
deconvoluted spectra show that the smaller values (attributable
to the lipid phase) increased reversibly, with a temperature
coefficient of +6 x 107 mT K~!, somewhat larger than
observed for simple spin probe solutions. However, the larger
values of aV associated with the aqueous phase behave
abnormally in that theglecreasevith an increase in temperature
and decrease even further upon cooling. This would suggest
that gelatinization of starch causes a decrease in the dielectric
constant of the aqueous environment. The addition of DATEM
or DATEM plus salt to the dough mix did not affect the
observed rotational correlation time$B), for TMIO, consistent
with the observed torque developed in doughs using these
ingredients.

HCTMIO in Dough.When HCTMIO dissolved in DATEM
was added to the floatwater dough mix, two phases were
observed in the dough (Figure 5b), suggesting the presence of
free lipid @ ~ 1.45 mT) and a bound lipidal' ~ 1.41 mT).
However, no phase change was observed with change in
temperature, as noted for starch gelatinization, and the process
was reversible. The most likely explanation, that there is a
temperature-related change in the microviscosity of the lipids,
was checked from the linear relationship € 0.95) between
In 7(B) and the reciprocal of the absolute temperature. A value
of 22 £ 3 kJ mol! was calculated for the microviscosity
enthalpy, similar to that of 21.4 0.6 kJ mot?! determined for

gelatinization temperature range for starch. As temperature waschloroform-extracted lipid from flour (cv Hereward)9). This
increased further them(B) decreased. The process was not suggests that no lipid is bound to other dough constituents such

reversible, and on cooling(B) increased steadily t6-350 ps

as gluten and is consistent with confocal studies of dough, where

at 30°C, consistent with the aqueous TMIO being located in a lipid has been observed as discrete dropl2#.(

relatively rigid starch-protein matrix after baking. The pre-

Furthermore, with HCTMIO dissolved directly in DATEM

dominance of starch in the dough might lead to the probe signal and dispersed in watet(B) decreased from 1220 ps at 2C
from the starch phase swamping any signal from protein to 140 ps at 8C°C. The dependence afB) on temperature
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was exponential and gave an enthalpy of 3%.8.0 kJ mof ™. @) flour + water + datem
This indicated that the lower value of 22 kJ mbbbserved in .

dough was attributable to the endogenous lipid in the flour. 7
Similarly, when HCTMIO was coated directly onto the mixer
paddles and DATEM excluded from the dough mix, only one ~ *°] Tu
lipid phase was observed in the dough, correspondira) te 1 T8
1.41 mT (Figure 5b). These data support the conclusion that s “®
DATEM and endogenous lipid do not form a homogeneous 1 T
solution in dough. The phase having@) value of~190 ps 400 1
at room temperature is attributable to endogenous lipid whereas 1 .
the larger value arises from DATEM. SineB) values of more 200 ®
than ~400 ps cannot be measured with accuracy using the
procedures to calculate(B) employed in this work, no firm 0
conclusion can be drawn from the low-temperature divergence

of the upper lines, A and B, iRigure 5b. However, it can be

100

speculated that the divergence and apparent magnitud@pf 1200 ) flour + water + datem + salt + ascorbate
indicates that the DATEM may be incorporated into the
protein—starch gel structure formed on heating above®0 1000
(). IS

NaTMIOS in DoughThe limited phase behavior changes in 500 B
dough lipid favored the use the lipid insoluble spin probe, 1 e
NaTMIOS, to investigate the effects of other ingredients. As _, &+ T,
shown inFigure 5cfor dough containing DATEM, two phases 1 "
were detected having very similaM values: ~1.55 mT and 400—\
~1.57 mT. Both phases were affected dramatically by heating e
above 60°C. Taking account of the temperature change, 004 i \zNJ\,
proportion of probe associated with each phase, and the expected 1 o
~1:3 ratio of amylose:amylopectin in wheat star@s), then 0 T T T T T T
the phase witlaN ~ 1.55 mT probably corresponds to amylose Temp/ C

and the phase witlN ~ 1.57 mT to amylopectin. Whether

interactions exist between the different starch components and
protein remains unclear, but previous wod3) has shown a

close similarity between the behavior of isolated starches and
the aqueous phase of wheat dough. This would suggest that the ]
ESR signal from any protein—starch complexes is readily 800
swamped by the presence of the high proportion of starch in
the dough. 600

Analysis of the ESR spectra from dough containing ascorbate
(Figure 7b,c), showed that the putative amylopectin phase,
havinga ~ 1.55 mT, was apparently affected by the ascorbate,
but the putative amylose phase, haviay ~ 1.57 mT, was ]
unmodified. Notably, with ascorbate present the microviscosity 0
during the cooling process did not increase substantially until 2
the temperature was below 5%, with the microviscosity
recorded being around half the value recorded in the absenceFigure 7. Effect of sodium ascorbate and the presence of yeast on the
of ascorbate. Since ascorbate has no known effect on starcHotational correlation time, z(B), of NaTMIOS. (a) Flour-water—DATEM
gelatinization at the concentration used, it is more likely that dough: A and B are, respectively, heating and cooling for the phase
its redox properties are responsible for the effects observed, e.g.having a" ~ 1.55 mT (‘amylopectin’); C and D are, respectively, heating
in controlling disulfide bond formation in gluter2, 27). and cooling for the phase having a" ~ 1.57 mT (‘amylose’). (b) Flour—

Allied to this, a fluctuation in probe concentration was noted water-DATEM-salt-sodium ascorbate dough: A and B are, respecively,
: . . heating and cooling for the phase having a¥ ~ 1.55 mT (‘amylopectin’);
over the heating cycle as an apparent 3-fold increase in . . . .
. T T . C and D are, respectively, heating and cooling for the phase having aV
concentration. The implication is that the probe can be chemi- ) ; .
. . ~157mT (‘amylose’). (c) Flour-water—-DATEM-sodium ascorbate—yeast
cally reduced, by dehydroascorbate, during dough preparation . . . .
. . ” ; . dough: A and B are, respectively, heating and cooling for the phase
but oxidized on heating. Initially, equimolar proportions of the e . e . :
b d bat - th Its. iti aving aV ~ 1.55 mT (‘amylopectin’); C and D are, respectively, heating
probe and ascorbate were present. From the results, itis appareny, , cooling for the phase having &' ~ 157 mT (amylose).
that the probe was modified but not destroyed by the presence
of ascorbate. Substituting an amide (nonradical) derivative of
TMIO for NaTMIOS to check whether free radicals could be Including yeast along with all the other ingredients had a
generated from the amide during the heating process gave naremarkable effect on the less mobile phase, characterized by
detectable signal, supporting the idea that when a TMIO-type aN ~ 1.55 mT; the more mobile phase, characterize@by-
spin probe is present it can be reduced to a nonradical 1.57 mT, behaved as previouslyigure 7c). The less mobile
hydroxylamine during the heating/cooling cycle and then phase had a(B) value of over 1 ns even before heating, and
oxidized back to a nitroxide. the heating and subsequent cooling process appeared reversible.

¢} flour + water + datem + ascorbate + yeast

1200

1000

400

200 4
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The probe concentration apparently increased, as previously, (10) Campbell, G. M.; Herrero-Sanchez, R.; Payo-Rodriguez, R.;

about 3-fold over the heating cycle. A repeat experiment, using
dough mixed with yeast and all ingredients except ascorbate,

confirmed that ascorbate was responsible for the noted reduction

followed by oxidation of the spin probe during the heating cycle,

and yeast was responsible for the increased microviscosity of

the amylose phase after mixing the dough (data not shown).
Conclusions.Using a standardized mixing regimen to prepare

wheat flour doughs it has been demonstrated that useful and

detailed information can be obtained from the application of

Merchan, M. L. Measurement of dynamic dough density and
effect of surfactants and flour type on aeration during mixing
and gas retention during proofin@ereal Chem2001, 78, 272—
277.

(11) Gillies, D. G.; Suitcliffe, L. H.; Wu, X.; Belton, P. S. ESR studies
of the dynamics of water in and lipid in dough. Agric. Food
Chem.1999,47, 4520—4524.

(12) Sutcliffe, L. H. The design of spin probes for electron magnetic
resonance spectroscopy and imagilgys. Med. Biol1998,43,
1987-1993.

the spin probes and ESR techniques to complex processes such(13) Robertson, J. A.; Sutcliffe, L. H. ESR investigation of starch

as bread making. For example, compartmentalization of ingre-
dients such as DATEM and endogenous lipid can be demon-
strated, with neither apparently being modified in the dough,

while ascorbate demonstrates oxidation and reduction properties

in the dough. The information obtained can be correlated with

gelatinisation using novel spin prob&sagn. Reson. Cher2005,
43, 457—462.

(14) Georget, D. M. R.; Gillies, D. G.; Mills, E. N. C.; Robertson, J.
A.; Alva, J.; Sutcliffe, L. H. A Computer-controlled Mini-mixer
to mimic Chorleywood Baking Process Dough Mixing. Submit-
ted.

differences in dough torque developed through mixing and (15) Chamberlain, N. The Chorleywood Bread Proedagernational

subsequent changes expected during baking. The work could

be usefully extended by more detailed examination of interac-

tions between flour components and added dough ingredients,

such as possible proteirstarch-lipid interactions in dough, the
oxido-reductant behavior of ascorbate, and the influence of
gluten on bread baking by using ESR spectroscopy coupled with
spin-labeled glutens.
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