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Molecular Changes in Soy and Wheat Breads during Storage
as Probed by Nuclear Magnetic Resonance (NMR)
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Addition of raw ground almond has been shown to improve loaf quality (e.g., loaf specific volume) of
soy bread. To better understand the effects of almond addition to soy bread and to follow these
through storage, nuclear magnetic resonance spectroscopy relaxation times and cross-relaxation
experiments were performed. Spin—spin relaxation times of water protons were similar for the two
soy breads, and therefore changes of water interactions with the other components of the soy breads
(with and without almond) were not considered to be major contributors to the differences in loaf
quality observed between these breads. Additionally, T, values of water protons were found to have
a similar decreasing trend during storage, especially up to day 3, for all of the products studied. On
the other hand, during storage, lipid proton relaxation times exhibited only small changes in wheat
and regular soy bread, whereas the soy—almond bread showed a major decrease of lipid proton
mobility in particular after day 3 and up to day 10. These findings may indicate that, after a few days
of storage, the lipid fraction contributes to better plasticization of the soy bread with almond, which
can affect acceptability and storage stability of the final product. Thus, the higher amount of lipids
introduced in the almond-enriched soy bread is likely to be responsible for the improved loaf quality
and may significantly affect shelf stability of the soy-containing product.
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INTRODUCTION profile of the original product (9). Thg-glucosidase, naturally
present in almonds, hydrolyzes the glycosides, thereby increas-

Soybeans have a unique nutritional profile that incorporates ! h rati tth | hich lead t t
essential proteins, isoflavones, and other phytochemicals suchnd e concentration of Ine aglycones, which may iead to greater

as saponins, lignans, and phytic acids 2). When these a_nd fa_ster ad_sorption of isoflavondg) ar_ld potentially greater
components are consumed together, they function synergisticallyPiological efficacy of these phytochemicals.

to reduce the risk of disease (). However, soy inclusion in Various factors need to be considered to assess the impact
the U.S. diet remains relatively low. A strategy involving the 0f soy and almond addition on the quality and stability of baked
incorporation of soy into products commonly consumed in a bread. The higher moisture content, coupled with dilution of
Western diet represents a viable alternative for increasing soygluten with soy proteini1,12) and a decrease in starch content,
consumption in such populations. Attempts to adding soy is likely to cause changes in water states and distribution in
ingredients to bread significantly affect loaf quality, due to fresh and stored soy bread as compared to wheat bread. These
increased water absorption (8) and decreased loaf specific factors have been shown previously to affect staling of baked
volume (5-7). goods (13).

Recently, a soy bread of highly acceptable quality has been  Aside from altering the isoflavone profile, aimond addition
developed in our laboratory, requiring an adjustment in formula- may affect loaf quality of fresh and stored breads. Almond
tion, and resulting in higher moisture content than traditional increases the lipid content of the soy bread by about 2.5% (w/w
wheat bread in the final baked produd).(A variant of this  dry ingredients), because50% of almond kernels’ weight is
soy bread, containing 5% (w/w of dry ingredients) of ground composed of lipids (distributed as follows among the different
raw almond (referred to henceforth as s@mond bread), was  forms: saturated, 3.9%; monounsaturated, 32.2%; polyunsatu-
also formulated with the objective of altering the isoflavone (4t 12.2%). The addition of lipids (in the form of glycolipids
or lecithin) and lipid-related surfactants in soy bread has been

* Author to whom correspondence should be addressed [telephone (614) shown to play an important role in product quality, leading to
247-7696; fax (614) 292-0218; e-mail vodovotz.1@osu.edul]. improved loaf volume§—7, 14, 15). One hypothesis formulated
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8 University of Birmingham. to explain this behavior deals with the role of lipids in glutenin
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and gliadin interactions. The addition of soy proteins to wheat bread structure (immobile protons), such as gluten and starch,
flour was thought to disrupt direct interactions between glutenin are partially saturated via radio frequency irradiation of the

and gliadin, whereas upon addition of polar lipids to the wheat sample, at an offset frequency from the signal of water protons.
soy system, lipids and soy protein could interact concurrently The saturation transfer phenomenon from the immobile mac-

with glutenin and gliadin to form a stronger netwod6(17). romolecules to the water protons causes a decrease of the water
Therefore, an in-depth molecular characterization was neededsignal intensity, which leads to a minimum intensity in cor-

to understand the role of water and lipids in the sajmond respondence to the null frequency offset.

bread as compared to the soy bread. Z-spectra of carbohydrate systems, obtained from cross-

NMR is one of the most powerful techniques to follow relaxation data by plotting the normalized magnetization
dynamic processes and elucidate molecular and conformationalintensity versus the frequency offset, were deconvoluted to sums
structure of both small compounds and macromolecules in food Of Lorentzian and/or Gaussian components to better describe
products {8). Various magnetic resonance techniques have beenchanges during storage of components of different rigidity
applied to study bread and its individual ingredients. For Presentinthe sampl&g,34). For example, starch gel systems
example, solid-state NMR has been used to study hydration of@nalyzed during storage using cross-relaxation spectroscopy
wheat componentslg), high-resolution magic angle spinning Were found to have Z-spectra approximated by a single
(HR-MAS) techniques were used to characterize flours of Lorentzian component for the freshly ge_lanmzed system a|_1d,
various origin 0), and magnetic resonance imaging (MRI) UPoOn storage, required the use pf combinations of _Lorent2|an
experiments were performed to investigate mobility and distri- @1d Gaussian curves to describe the more mobile (narrow
bution of water in baked goodg1). However, for water and com_ponent) and _hlghly restricted _(broader cc_)mponent) confor-
polymer mobility, relaxation times and cross-relaxation tech- mations, respectively (34). Previous work in our laboratory
niques are valuable and easily executable experiments able tdound that two Lorentzian curves provide the best fit for starch
provide information on water and solid dynamics. gels (waxy and wheat), gluten, and bread dough, whereas

Water mobility was investigated in bread and starch gel coupled Lorentzian and Gaussian curves best fitted bread

systems by means of spispin and/or spirrlattice relaxation Z-spectra (3?)' . . o
times (22—27). Relaxation times, which are time constants of These various techniques, in compmauon, can be used to
the magnetization vector evolution to equilibrium, correlate to characterize the molecular changes in soy,~sayond, and

rotational diffusion and are therefore considered to be a good "Wheat breads during storage and relate these to product quality.

indication of the molecular mobility of compounds, larger values

of relaxation times indicating higher mobility. However, it MATERIALS AND METHODS
should be pointed out that the interpretation of the water
relaxation times results is Con"_lpllcat_ed by the effects of chemical were freshly baked for each set of experiments. The wheat bread
exchange and cross-relaxation with macromolecules such aSamples were prepared in a bread machine (model BBCC-V20,

proteins and carbohydrates and molecular diffusi®8).(To  zojirushi America Corp., Commerce, CA) using the wheat bread
the best of our knowledge, it appears that investigations of lipid program, to reduce variability (preheat time, 40 min; kneading time,
relaxation times, in the baked goods field, have been performed30 min; three rising periods with a stir between them; and baking time,
only on glassy bread®9) and crackers3Q). In glassy breads 40 min). The obtained baked loaves wer455 g (1 Ib). The soy breads
the low moisture content most likely resulted in a water proton could not be baked in this machine due to insufficient mixing of the
signal with very short relaxation times and therefore was most ingredients and consequent poor quality of the ba_ked produc_t. Thgrefore,
likely not detected. For the crackers samples, at 3.5% moisturethe soy breads were made and baked at The Ohio State University Food
content, it was determined that the relaxation times calculated "dust"y Center following a patent-pending procesj. The soy and

. . soy—almond bread ingredients were mixed (at maximum speed in a
were due to lipid protons30). The authors designed the Hobart mixer) until uniform dough was obtained. The dough was hand-

experiments, by increasing the moisture content of the samples, neaded and proofed at 46 and humidity>90% (CM2000 combina-
such that they could determine the moisture level that allows tion module, InterMetro Industries Corp, Wilkes-Barre, PA) for 45 min
acquisition of both water and lipid proton relaxation times using and baked (jet air oven, model JA14, Doyon, Liniere, QC, Canada) at
the CPMG sequence (usually > 500us) (30). In this study, 160°C for 50 min. The proofing temperature was previously optimized
spin—spin relaxation times of water and lipid in the fresh and (35, 36) to obtain maximum conversion of isoflavones to the aglycone
stored soy breads were used to probe the effects of the almondorm. The soy-almond sample had the same formulation as the regular

addition on the interactions among ingredients and their changessCY Pread with the addition of 5% w/w (dry ingredients) of raw almond
during storage. (Wild Oats Markets, Inc., Boulder, CO) to the dough mixture. The

. . raw almonds were ground to a fine powder immediately before dough
Cross-relaxation NMR spectroscopy uses the saturation prenaration. Bread formulas of the three products are preseritedie
transfer method and involves perturbing a spin system (repre- 1. After baking, loaves were allowed to cool at room temperature for
sented by the solid component of the sample) and observing4 h. One set of experiments was run immediately after finishing sample
changes occurring in another spin system (the liquid component)preparation and constituted the “day 0” data point of the storage study.
(31). Investigations on changes in starch gels and bread (32—Further experiments were run at days 1, 2, 3, 6, and 10 of storage.
34) showed that cross-relaxation is suitable to depict changesSamples were stored af@ between analyses and allowed to equilibrate
in rigidity of food macromolecules. A radio frequency pulse is &t room temperature<20°C) for 2 h prior to analysis. The refrigerated
used to irradiate the sample at a variable offset frequency from stor_age conditions were chosen as these have been shown to accelerate
the observed peak resulting in partial saturation of the immobile Zt_ahng processes3(). The same sample was kept and analyzed at
. s ifferent time points rather than sample a stored loaf (whole) at the

PrOt‘?”S of the sample. In sys_tems having a significant magne- yitterent storage times to prevent effects of moisture migration (which
_t|zat|on_ tran;fer rate, saturation transfer phenomena, from thejg likely to take place in baked products) on water behavior.
immobile spin Sys_tem to the Qbsef\/eo' pr,OtO”S' cause a decrease \gisture Content. Moisture content of the products (percent, wet
of the acquired spin system signal intensity. Interaction between pasis) after baking was measured by weight difference before and after
the two pools takes place primarily through dipolar coupling drying of the samples in a vacuum oven according to AACC method
(33). In bread systems, protons on macromolecules forming 44-40 (38).

Sample Preparation.Wheat, soy, and soy—almond bread samples
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Table 1. Formulations and Crude Composition of the Wheat, Regular Peak 1
Soy, and Soy—Almond Breads (Footnotes Include the Manufacturers of
Ingredients)
wheat bread soy bread soy—almond
formulation formulation bread
ingredient (%) (%) formulation (%)
water 377 45.35 44.14
soy milk powder? 6.61 6.43
soy flour? 19.92 19.39
wheat flour® 54.3 17.52 17.05 Peak 2
glutend 2.30 2.24 /
dough conditioner® 0.20 0.19 n
sugar 4.0 4.50 4.38 \
yeast” 0.9 1.00 0.97
salt 1.0 0.90 0.88
shortening? 2.1 1.70 1.66 / \M3
almond powder” 2.67 ———
I T T T T T T T T T T T T T T T 1
wheat bread soy bread soy—almond 12 10 8 6 4 2 0 2 4
crude crude bread crude
" I . ppm
composition composition composition
ingredient (%) (%) (%) Figure 1. IH spectra (obtained using CPMG) used in the calculation of
S0y protein 2757 %615 the §pin—spin relaxation time of soy bread at day 0 of storage (nine spectra
non-soy protein 16.06 8.61 9.29 at different echo numbers, n, are shown).
sugar 1.14 10.82 10.52
carbohydrate 81.66 48.81 47.36 Table 2. Moisture Content and Specific Loaf Volume of Wheat, Soy,
fat 114 4.20 6.68 and Soy—Almond Bread Samples
aSoy Milk Powder, Devansoy Farms, Carrol, IA. ?Baker's Soy Flour, ADM moisture content specific loaf
Protein Specialties Division, Decatur, IL. ¢ Bakers High Gluten Enriched Bromated sample (%, wet basis) volume (cm?/g)
Wheat Flour Bleached, General Mills Operations, Inc., Minneapolis, MI. ?Vital Wheat wheat bread 39.3+05 4.69 + 0.05
Gluten with Vitamin C, Hodgson Mill, Inc., Teutopolis, IL. ¢ Dough Conditioner, soy bread 448+0.3 2.13+0.06
Caravan Products Co., Totowa, NJ. fRed Star Instant Active Dry Yeast, Universal soy—almond bread 428+05 2.33+0.05

Foods Corp., Milwaukee, WI. 9 Crisco All-Vegetable Shortening, 50% less saturated
fat than butter, Procter & Gamble, Cincinnati, OH. " Raw Almond, Wild Oats Markets,
Inc., Boulder, CO. of 1 kHz between—5 and 5 kHz). The intensity of the longitudinal
magnetization was obtained by acquiring the transverse component after
Specific Loaf Volume. Loaf volume of fresh samples was measured ~ @pplication of a 90 pulse. Z-spectra were constructed by plotting the
using the rapeseed displacement method (AACC method 10885) (  Normalized intensity of the longitudinal magnetization of the water
Specific loaf volume was calculated from the ratio of loaf volume and SPins, M;/Mj, versus the frequency offset used for the saturating
weight. pulse (lvf and MOA are the intensities of the water peak in the presence
NMR Sample Preparation. NMR tubes (5 mm; Wilmad-Labglass, ~ and absence of the saturating pulse, respectively). Combinations of
Buena, NJ) were filled to about 4 cm with the central part of the crumb Lorentzian and/or Gaussian functions were used to fit the Z-spectra
of each bread sample. The tubes were sealed to minimize moisturedata (32,34). The combination of lineshapes giving the best-fitting

loss during storage. result (highes®?) was chosen for each sample.

Experimental Condition. All of the NMR experiments were All of the data processing was performed using MatLab 6.5 (The
performed on a Bruker DMX 300 MHz (Bruker Biospin, Rhinstetten, ~MathWorks, Inc., Natick, MA). The code for the Padeaplace method
Germany) spectrometer, at room temperature. was written in-house for the appropriate analysis. A Levenberg

Relaxation Time Acquisition. Spin—spin relaxation time was  Marquardt algorithm was used for all of the fitting procedures.
calculated from the data acquired using the CPMG @9, pulse
sequence. A 90—180 pulse spacimgpf 0.5 ms and a 5 eelaxation RESULTS AND DISCUSSION

delay were us?d’ and.e'ght acquisitions were aver.aged' ' Moisture content and specific loaf volume of the fresh bread
Data Analysis. Fourier transform of the obtained time domain data

led to spectra containing three very broad and partially superimposed ;amples are presentedTable 2. The wheat bread was lower
peaks Figure 1). To fully quantify the contribution of each component 1N Moisture content (39.3%) as compared to the soy breads
to the signal, the Padd_aplace method (discussed under Results) was (~43—45%) due to formulation differences. Loaf volume was
used to separate the signals. Each of these components was Fouriemuch greater for the wheat bread as compared to the soy
transformed to obtain the corresponding peak. formulations. However, the seyalmond bread had a slightly
The obtained peak intensity data versusr Zn being the echo (~9%) greater loaf volume as compared to the regular soy bread.
number) were fit to exponential equations, resulting in the values  Due to the significant differences in formulation and prepara-
of To. . o _ tion between the wheat and soy samples, no direct comparisons
Cross-Relaxation SpectroscopyA magnetization transfer experi-  4re possible between the properties of these samples. However,

ment, cross-relaxation spectroscoit (41, 42), was performed on  he \wheat bread NMR and loaf attribute results have been
all of the bread samples. In these experiments, saturation transfer.

techniques were used to investigate magnetization transfer processe%‘CIUded as a reference to a more traditional and well-known

between mobile water protons and immobile macromolecules (43). Pread sample. , .
A Gaussian-shaped pulse lasting 3 s was used for partial saturation R€laxation Times.Fourier transformation of the FIDs (half-

of immobile protons. The frequency offset of the saturating pulse was €choes) acquired using the CPMG pulse sequence led to the
swept from—50 to 50 kHz (as referred to the water peak) in 29 Spectra reported iRigure 1 (only nine spectra of the soy bread
experiments (increments of 5 kHz between 50 and 5 kHz and incrementssamples at day O of storage are included for presentation clarity).
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Spectra of similar shape were found also for the soy bread 7.0

samples at different storage times and for all of the wheat and 6.9

soy—almond bread samples. The presence of three broad peaks &8 ]

can be clearly recognized iRigure 1, in particular as the @ g7 ]

number of echoes), increases. To evaluate the decay of each = 4 1

single peak, without the influence of the others, the Pade g 65 1 l J

Laplace method was applied to the acquired time domain decays= J

(half-echoes) to obtain the data of each componéat 45). S %47 i i

Separation of the signals due to the major components presentg %2

in the system allows unequivocal assignment of decay rates toE 6.2 % 1 l

the corresponding protons. L 6.1
NMR spectroscopy time domain data can be represented asg_ 6.0 }

the sum of an appropriate numblst, of exponentially decaying D 59

sinusoids, each characterized by specific amplitude and decayg_ 58] %

constants (46), as ineq 1 ZI

56 T T T T
0= S
M

S Anexpliu) +e®) §=0,At2AL ., (N— DAL (1) - Storage (days) o
=1 Figure 2. Spin—spin relaxation times of water protons (peak 1 in Figure
1) during storage: (M) wheat bread; (®) soy bread; (a) soy—almond

whereAn, um, ande(t) denote amplitude, decay constants, and bread.
noise, respectively, andlt is the sampling time interval. Each
decay is due to a spin system present in the sample undemrespectively. In the present study, changes in water and lipid
investigation. spin—spin relaxation time were investigated as these may reflect

One of the great advantages of the Padaplace method is  the microscopic basis of the different loaf quality attributes of
that it is not necessary to input the number of components to soy and soy—almond breads.
be considered, as required with standard fitting procedds ( Changes of relaxation times during storage for the water peak
45). As a consequence, when one of the components hasof all the products are shown Figure 2. Spin—spin relaxation
completely decayed, it stops appearing as an outcome of thetimes, reported ifrigure 2, were obtained by fitting the decay
Pade-Laplace calculations. Each exponential decay, obtained of the water peak intensity with a single exponential.
from the above treatment, was then separately Fourier trans- T,, calculated from the water proton signal decay, resulted
formed, resulting in separate peaks, and pure absorption spectréan only one component [very short components may have been
(47) were considered in the calculation of relaxation times.  missed due to the use of CPMG pulse sequeB6g].(For all

The decays of the intensity of all three peaks (around 1, 4, breads, thd, decreased during storage, more markedly during
and 4.5 ppm) were used to calculdteof each componeni? the first 3 days of the study. The soy-containing breads resulted
of the exponential fittings of, were >0.9931, respectively. in higher values ofT, [and this can be partly due to higher

In Figure 1, the major peak (peak 1) around 4.5 ppm moisture content, as previously observed in statwwhter
represents a water proton signdBj, peak 2, around 4 ppm systems (53)] and, during storage, exhibited smaller changes
(only seen as a shoulder of the water peak in the experimentsthan wheat bread.
with small 2nzvalues) likely was due to proteins (19) and/or Spin—spin relaxation times of the lipid proton component
starch 49) protons, and the lipid signab(Q) was evident around  were obtained from the exponential fit of peak 3 dateHjgure
1 ppm (peak 3). 1) and are reported iRkigure 3. For the lipid peak of all the

In previous studies, sums of a number of exponentials, bread samples, magnetization intensity changes at different 2
resulting from multiple components underlying the same signal values were best fit by the sum of two components for the
decay, have been required, in some cases, to obtain appropriatealculation ofT, data.
fitting of T, data (22,29). Many authors have also used The T, of the longest component of the soy—almond sample
continuous methods for the analysis of relaxation decays, was the highest~100 ms), as compared to the other breads
showing the existence of multiple components Tedistribu- (~75 ms), and decreased 1670 ms (comparable td, values
tions (23,25—27,51). For the calculation of, of our samples, at the end of the storage period of wheat and regular soy breads),
either a single- or a double-exponential decay was found to be with the greatest decrease occurring after day 3 of storage. For
suitable to fit the data, for each peak. The exponential fitting regular soy and wheat breads, the longestomponents of
was performed using standard nonlinear least-squares prodipid protons were very similar throughout the considered
cedures instead of the Patléaplace method because the data storage period (betweer75 ms, in fresh samples, and65
were initially acquired using rZr values that are not linearly ms, in breads stored for 10 days). The shorfestompo-
increasing. nents, due to a small spin population for all of the products,

Previous studies performed on starch, gluten, and breadwere found to be around 4.5 ms for regular soy and wheat
systems reported only relaxation times of water as a way to formulations and remained almost unchanged during the study.
investigate changes in water mobility in systems of different For the soy-almond bread the short€gt component was found
compositions or during storage2q, 23, 25—27, 51, 52). to be slightly shorter (between 2 and 3 ms) than that of the
However, most of these papers do not detail whether additional other products.
signals, not attributable to water protons but possibly interfering  Relaxation times for the third component (peak Zigure
with their signal decay, were observed. Exceptions are the 1) were found to be-20 ms and did not depict changes during
studies by Roudaut et al29) and Desbois and Lebotlag(Q), storage for any of the considered products and, thus, are not
which probed the mobility of lipids in glassy bread and crackers, further discussed.
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Figure 4. Changes of firmness [maximum compression load (N), as to be responsible for the improved loaf quality of almond-
measured using Instron] of wheat (M), soy (@), and soy—almond (A) enriched soy bread; therefore, further investigations were not
breads during 10 days of storage. warranted.

Changes of lipid proton mobility during storage were found

Changes in relaxation times of water in various systems of to provide better differentiation between the soy breads with
protein and/or carbohydrates in mixture with water have been and without almonds. Although lipid proton relaxation times
related to different states of water bindir2R(-27). However, are expected to be different between the two soy breads (due
it is well recognized that the value of relaxation times can be to the addition of almond to one formulation, which causes
affected not only by rotational diffusion (which can be correlated different lipid profile composition and about 2.5% higher lipid
to mobility) of water molecules but also by chemical exchange content in almond-enriched bread), trends of relaxation times
and cross-relaxation processes between water and macromoléduring storage in these products were investigated because these
ecules (proteins or carbohydrates) and translational diffusion may elucidate changes in other macroscopic loaf quality
of water molecules (28), which complicate the interpretation attributes (e.g., firmnesskigure 4), observed using other
of the observed variations in complex systems (such as foods).techniques [e.g., Instron, dynamic mechanic analyS&)](T-
Relaxation times in the two soy bread samples under analysis,components (in particular the longest component) depicted very
which have very similar compositions, were not found to be different values of lipid spin—spin relaxation time values and
significantly different and decreased slightly during storage. trends during storage between the soy bread and its almond-
Further investigations (e.g., using deuterium 8D-labeled containing variant. The presence of shortening in both the
samples) may have provided a rationale for these trends;regular soy and the seyalmond bread and the addition of
however, the main objective of this study was to investigate almond to the latter can be hypothesized to affect the amount
changes in interactions among ingredients that induce changef lipids bound by the matrix of the two fresh soy products, as
in loaf attributes in the products with and without almond. The well as the bulk free lipids. The longest component for lipid
outcomes of the relaxation times indicate that water is not likely protons, related to the more mobile “free” lipids, exhibits much
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frequency offset) during 10 days of storage of (a) wheat, (b) soy, and (c)
component obtained from deconvolution of the Z-spectra during storage.

longer initial values for the almond-containing product, indicat-
ing that the bulk fat is more mobile in seyalmond bread. The
higher mobility of the bulk fraction of lipids in fresh sey

soy—almond breads; (d) percent of total area contributed by the broad

broadest line shape as compared to the soy-containing samples.
There were little differences between the lineshapes of the two
soy breads. The broadness of Z-spectra peaks is considered to

almond bread may additionally contribute to enhanced loaf be directly proportional to the rigidity of the system under

quality by improving loaf volume (interaction with proteins)

analysis (34); therefore, broader lineshapes of the Z-spectra

(55) and the increased plasticizing effect that contributes to imply higher rigidity of the matrix.

reduced firmness, as shown kigure 4.
During storage, the mobility of the lipid proton fraction

During 10 days of storage only minor changes (a slight
decrease of normalized magnetization intensity at longer storage

exhibited a relevant decrease only in the almond-containing soytimes) were observed in the Z-spectra lineshapes for the wheat

bread (after day 3 of storage). The fifalvalue was comparable

and both of the soy bread samples (e.g., soy bredegare

to T, values of the other bread samples. It is worth noting that 5b), agreeing with previous finding82). Therefore, a more
these changes mainly occurred after the relaxation times of waterdetailed characterization (by curve deconvolution) was needed
had reached an almost steady value. This fact may indicate thato elucidate any changes taking place during storage.

the larger portion of lipids in seyalmond bread prolongs the

Wu and Eads applied cross-relaxation techniques to the study

plasticizing effect of water (by acting on the bread matrix at a of retrogradation of starch gels and reported that, although a
later stage) possibly contributing to better retention of freshness simple Lorentzian can successfully fit Z-spectra of fresh starch

(e.g., slower increase in firmness as showrrigure 4). The
shortest component of lipid protd, related to more “bound”
lipid fraction interacting with the other component of the bread
matrix, did not change during storage.

Cross-Relaxation SpectroscopyZ-spectra of the fresh (day
0 of storage) wheat, regular soy, and-saymond bread samples
are shown inFigure 5a. Wheat bread was found to have the

gels, the evolution of the system during storage required the
use of sums of Lorentzian and Gaussian curves to properly fit
the results of cross-relaxation experiment®)( For the
complicated bread systems under analysis, deconvolution of the
curves required the use of sums of Lorentzian and/or Gaussian
curves. The best fitsRé values were>0.9992) were always
found using the sum of one Lorentzian and one Gaussian curve.
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Examples of curves resulting from deconvolution of Z-spectra single-exponential decay. The values and profilelofuring

are reported ifrigure 6a—c. Wheat bread lineshapes were best storage in both of the soy-containing products were not
fit with a broad Lorentzian and a narrow Gaussian peak function significantly different. Changes in water dynamics and interac-
(Figure 6a). However, lineshapes of both the soy bread products tion with the other ingredients during storage in these products
were deconvoluted to a broad Gaussian and a narrow Lorentziancan thus be hypothesized to be very similar and do not contribute
(Figure 6b,c). The deconvolution result§igure 6a—c) re- to the differences in loaf quality (especially loaf volume)
flected a complex solid consisting of one solid-like proton observed.

fraction in highly restricted conformation (broader curve) and  Spin—spin relaxation times of lipid protons in wheat and
another that is relatively more mobile (narrower curv&- regular soy bread remained almost constant during storage. On
34). The area under the curve of the broader and narrowerthe contrary, changes were evident in the-saymond bread,
components is believed to directly correlate with the amount in particular after day 3 of the storage time studied, which

of the solid proton fraction in each of these conformatic@#) ( coincided with water proton relaxation times reaching a steady
The width at half-height of each component is considered to state. Thus, plasticization of the seglmond bread matrix is
be directly proportional to the solid proton fraction rigidig4j. first accomplished by water (up to day 3) and then by the lipid

Only very minor changes during storage can be observed for fraction. Similarly, Z-spectra, derived from cross-relaxation data,
the narrow components alone of deconvoluted spectra for all indicated that regular soy bread had slightly higher rigidity
samples inFigure 6 [the width at half-height of the narrow  (broader peaks) than sogtmond bread. Such plasticization has
component of the deconvoluted curves for the fresh samplesPeen shown to delay firming in breads enriched with increased
was found to be around 4 kHz for the wheat bread and 5 kHz Shortening content (55). .
for the soy-based products and remained constant during storage !N conclusion, this study indicated that the higher amount of
(data not shown)]. Similar results have been previously seen lipids (about 2.5%), introduced in the seglmond product by
for white bread 82). The width at half-height of the broad the addition of 5% (w/w, dry ingredients) almond powder might
component was 21 kHz for fresh wheat bread and 32 and 33 reinforce the plasticizing effect of water, as well as improve
kHz for regular soy and seyalmond breads, respectively (data 0af quality (loaf specific volume in particular). The added lipid
not shown). During storage, a slight increase was observed on|yfract|on was able to better interact with proteins as well as

almost constant width. with the hydrophobic components of the bread matrix. Further

work is underway to correlate these findings with other

Changes in the relative amounts of the two solid fractions . ) . i
physicochemical properties related to bread staling.

could be evaluated on the basis of variations in peak area.
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