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Abstract

Despite the nutritional and sensory improvemengs@ated with sprouted grains,
their use in baking has been limited until recentigeed, severe and uncontrolled
grain sprouting induces high accumulations of eretyeractivities that negatively
affect dough rheology and baking performance. i ¢hudy, wheat was sprouted
under controlled conditions and the effects of@ment (i.e. 15%, 25%, 33%, 50%,
75% and 100%) of the related refined flour (SWFdongh rheological properties,
baking performances and starch digestibility wesseased. Adding SWF to flour
significantly decreased dough water absorptioneligament time, and stability
during mixing, which suggests a weakening of theeyl network. However, no
significant changes in mixing properties and gluaggregation kinetics were
measured from 25 to 75% SWF. Regardless of the anamlded, SWF improved
dough development and gas production during leagemlecreases in gas retention
did not compromise bread-making performances. Hse tesult — in terms of bread
volume and crumb porosity — was obtained with 508F3nstead of using SWF
alone. Interestingly, in 100 % SWF bread the slosgestible starch fraction

significantly increased.

Keywords:. sprouting; dough rheology; bread- making; starigiestibility
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1. Introduction
Sprouts from cereals and pulses have been used@sdurces for centuries,
especially in Africa and Asia, where sprouting germination) is mainly carried out
in households to improve the sensory quality (BellKappeler, & Zamprogna
Rosenfeld, 2013). Moreover, germination is als@assed with the improvement of
the nutritional values of the grains, as recerglyiewed by several authors (Hubner &
Arendt, 2013; Omary, Fong, Rothschild, & Finneyl12)) The nutritional benefits
promoted by germination include: (i) an increas¢habioavailability of several
minerals and vitamins; (ii) an increase in anti@xtlactivity; (iii) a decrease in anti-
nutrients, such as enzyme inhibitors and metalatimgl species (i.e. phytates)
(Makinen & Arendt, 2015; Singh, Rehal, Kaur, & Jy&D15). Therefore, using
sprouted grains in food formulations is becomingeasingly popular in the
marketplace and represents an emerging trend IthHeads. Downside of sprouted
grains is starch digestibility, that generally m&ses significantly after germination,
due to the increasedamylase activity induced by the treatment (Dhivggrren,
Butterworth, Ellis, & Gidley, 2017). Unlike pulsédoover & Zhou, 2003), less work
has been done to evaluate the effect of germinatiotie starch digestibility of
cereals and their products (e.g. bread). Moredalr#erences in types of cereal, flour
refinement level, and methodology might accountcfamtrasting results (Cornejo,
Caceres, Martinez-Villaluenga, Rosell, & Frias, 28wieca, Dziki, & Gawlik-
Dziki, 2017).

As regards functionality, the hydrolytic enzymeiates induced by
germination such as amylases and proteases —dafgsixe - negatively affect the
technological performances of wheat, which thusbezs unsuitable for baked foods

(Morris & Rose, 1996). This might occur directlythre field (i.e. pre-harvest
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sprouting) - when grains are exposed to prolongetowvfoggy conditions - or when
the germination process is carried out under umothetl conditions of moisture,
temperature and/or time (Nielsen, McCrate, Heyn®atilsen, 1984).

Germination under controlled conditions has be@p@sed at an industrial scale to
determine the extent of the modifications occurimgerminated grains. Besides the
improvement in sensory attributes of bread (Rigl@éristiansen, & Guo, 2014), the
native enzymes present in sprouted wheat coulddesipease or substitute the use of
commercially enzymes, such as flour improvers énatcommonly present in the
formulation of baked products (Marti, Cardone, Nach, Quaglia, & Pagani, 2017).
The effects of high percentages (>10%) of refidedrffrom germinated wheat on
bread-making performances have not been investigagie In food formulations,
balancing nutritional and/or sensory improvemerftdevmaintaining technological
quality is a challenge. Therefore, the aim of 8tigdly was to investigate how gluten
aggregation kinetics, dough formation, leavenindgremance and bread
characteristics are affected by blending commerweradat flour with refined flour
from sprouted wheat. This study also aimed at deteng the maximum level of
sprouted wheat enrichment suitable for obtainipgoaluct with enhanced sensory
and nutritional benefits, without compromising tiread-making performance and

thein vitro starch digestibility.

2. Materials and methods

2.1 Materials

Refined flour from sprouted wheat (SWF; starchg/80 gqp, protein: 12 g/100 g,
lipid: 1.5 g/100 gy,; ash: 0.5 g/100 g,) was kindly provided by Molino Quaglia

(Molino Qualia S.p.A., Vighizzolo d'Este, Italy). M#at kernels were sprouted in an
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industrial sprouting plant (Buhler AG, Uzwil, Swattand) and milled as described in
a previous work Marti et al. (2017a) with few mackitions. Briefly, wheat was
soaked in water (kernels:water ratio of 1:2) foh 24 20 °C, germinated for 48 h at
20 °C, dried at 60 °C for 12 h.

SWF was used alone (100%) or blended with a comalevbeat flour (CTRL;

Molino Quaglia S.p.A., Vighizzolo d'Este, Italy)afacterized by the following
alveographic indices: W (dough strength) = 280 * I0P/L (tenacity:extensibility
ratio) =1.16. In details, 15 g, 25 g, 33 g, 50y &5 g of SWF were added to 85 g,

759, 67 g, 50 g, and 25 g of CTRL, respectively.

2.2 Gluten aggregation properties

Gluten aggregation properties were measured dtite&gplicate with the GlutoPeak
device (Brabender GmbH & Co. KG, Duisburg, Germaag/yeported by Marti et al.
(2017a). The following indices were automaticaélgarded by the software provided
with the device (GlutoPeak version 2.0.1; Braber@gi@bH & Co. KG, Duisburg,
Germany): (i) Maximum Torque (MT, expressed in Bnatber Equivalents, BE),
corresponding to the peak occurring due to glutgregation; (i) Peak Maximum
Time (PMT, expressed in s), corresponding to time tbefore torque decreasing,
when gluten breaks down; (iii) Energy (expresse@lumoPeak Equivalent, GPE)
corresponding to the area under the curve fronb#ginning of the test and 15 s after

MT.

2.3. Mixing properties
Water absorption, development time, stability aadrde of softening were measured,

at least in duplicate, with the Brabender® FariapirE (Brabender GmbH & Co.
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KG, Duisburg, Germany) equipped with a 50 g mixoogvl according to ICC 115/1

Approved Method (ICC, 1992).

2.4 Leavening properties

Dough development during leavening and its gasymiaoh and retention were
assessed on two independent dough samples. CTRE,&\/their blends were
mixed with bakers’ yeast and salt (1.5 g/100 grlppreviously dissolved in water.
The required amount of water was previously deteechiby a farinograph until the
mixing curve reached 500 BU. For each sample,rtgeedients were mixed in an
automatic spiral mixer (Bomann, Clatronic s.rt)y) for 8 min and placed (315 g) in
the Chopin Rheofermentometer F4 (Chopin, TripettRehaud, Villeneuve La
Garenne Cedex, France) for recording changes ighdbaight and gas production

during leavening (3 h at 30 °C).

2.4 Bread-making

Dough samples, which were prepared as describégt iprevious section, were
divided into two portions of 250 g, molded intoiagler shapes, and put in tin pans
(height: 8 cm; length: 15 cm; depth: 5 cm) in aghirmy chamber for 60 min at 30 °C
and 70% of relative humidity. Bread was baked imaen (Self Cooking Center®,
Rational International AG, Mestre, VE, Italy) fomdin at 120 °C adding vapor until
90% relative humidity was reached. Then, the oeemperature was increased up to
230°C and bread was baked for 11 min. Samples arealyzed two hours after
baking. Bread loaves were packaged in perforatested polypropylene film and
stored at controlled conditions (20 °C, 60% rekatmwmidity) for six days for texture
analysis. Three central slices (15 mm thicknessgwelected from each loaf and

used for crumb color, porosity and texture analyse each flour mixture, two



117  experimental baking tests were performed and sixde were obtained from each

118  baking test.

119 2.5Bread properties

120 2.5.1 Colour and specific volume

121  Colour determination was carried out using a réflece color meter (CR 210,

122 Minolta Co., Osaka, Japan) to measure the lightaedssaturation of the color

123  intensity of bread crumb and crust. Results wepressed in the CIE L* a* b* colour
124  space. Measurements of bread crust were performeiglicate on three loaves for
125 each bread-making process (n=18). Measurementeadl lcrumbs were performed
126  on three bread slices of one loaf from each breakimg test (n=6).

127  The volume of three loaves from two independentrizptests (n=6) was evaluated
128 by using the sesame displacement method after mealist compacting the bread to
129  exclude all empty spaces. Weight was assessed asaunical scale (Europe 1700,
130  Gibertini, Novate, Italy). The specific volume (nN=8as determined by the

131  volume/mass ratio and expressed in mL/g.

132 2.5.2 Crumb moisture and water activity

133  Crumb moisture was evaluated using a moisture aeaa(fMA 210.R, Radwag Wagi
134  Elektroniczne, Poland) drying the sample at 13WA@ the weight did not change by
135 1 mg for 120 s. Crumb water activity,favas measured by an electronic hygrometer
136  (Acqua Lab, CX-2 — Decagon Devices, Pullman, WAt Bcrumb moisture ang,a
137  were measured on three central slices of one toaf ach bread-making trials

138 (n=6).

139 2,53 Crumb porosity
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Crumb porosity was evaluated as described in Mawdi. (2017a). Images of three
central slices (15 mm thick) of one loaf from e&cbad-making trial were acquired
with a flatbed scanner (Epson Perfection 3170 PI&dko Epson Corp., Japan) at a
resolution of 600 dpi (dots for inch). For each g®aa single square field of view
(49.5 mm x 49.5 mm) was selected. The images waiigrated, standardized and
optimized by applying appropriate filters to evatithe morphological
characterization of the bubble area (fhand porosity (%) using Image-Pro Plus 6.0
software (Media Cybernetics Inc., USA).

Moreover, bubbles, were classified into four diéfietr size classes according to their
surface: class 1: bubble area between < 0.98; wlass 2: bubble area between 1.00
and 4.99 mrf class 3: bubble area between 5.00 and 49.9§ uiass 4: bubble area
greater than 50.00 nfmPorosity (i.e. the area of pores over the taid) and the
area occupied by each class of pores (i.e. areadf dimensional class of pores over

the total pore-area) were also calculated.

254 Texture

Crumb texture characteristics were analyzed byguaitexture analyzer (Z005, Zwick
Roell, UIm, Germany), equipped with a 100 N loalll @ described by Marti et al.
(2017a). To evaluate crumb hardness, three cesitcak (15 mm thick) of one loaf
from each bread-making trial were compressed (speedn/s) to 30% of their height
by using a 30 mm diameter cylindrical aluminum @oBrumb hardness (n=6) was
measured after O (two hours after baking), 1, 3@aetbrage days and expressed as

the load (N) at 30% strain.

2.6 In vitro starch digestibility of the bread



163  According to the method described by Englyst e(26100),in vitro starch

164  digestibility was assessed by the estimation atilgdRDS) and slowly (SDS)

165 digestible starch fractions that are likely to bmecavailable for rapid or slow

166  absorption by the small intestine, thus modulaghlygemic response. Bread was

167 minced to simulate mastication (particle size tbss 0.9 cm) and treated as reported
168 in Marti et al. (2017b). Duplicates from two indeplent baking trials were averaged
169 (n=4). Rapidly (RDS) and slowly (SDS) digestiblarsh fractions were calculated
170  from the glucose-released data at 20 min and bet@@end 120 min of incubation
171 with a mixture of hydrolytic enzymes. RDS and SB&fions were expressed as the
172 percentage of digested starch per 100 g of bredpoGlucose, fructose and

173  maltose concentrations were evaluated (in samgsddigestion) by HPLC Anion
174  Exchange Chromatography with Pulsed Amperometrie@m®mn (HPAEC-PAD)

175 (Marti et al., 2017a).

176 2.7 Statistics

177 The data was subjected to analysis of variance (A)Qo determine significant
178  (p<0.05) differences among the samples. ANOVA analysis performed by

179  utilizing Statgraphics XV version 15.1.02 (StatRdit., Warrenton, VA, USA).

180 Different dough, bread, or cells were considerethetors. When a factor effect was
181 found to be significant 0.05), significant differences among the respective

182  averages were determined using Fisher’'s Leastf®ignt Difference (LSD) test.

183 3. Resultsand discussion
184 3.1 Gluten aggregation properties
185 The GlutoPeak device has been proposed as a nagickkable method for

186 evaluating gluten aggregation kinetics in wheat@as(Marti, Augst, Cox, &
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Koehler, 2015; Marti, Ulrici, Foca, Quaglia, & Paga2015; Melnyk, Dreisoerner,
Marcone, & Seetharaman, 2012). Typical GlutoPeakesufor a wheat flour (CTRL)
and a sprouted wheat flour (SWF) are shown in &ig.During the test, the sample
slurry is subjected to intense mechanical actiammted by the speed of the rotating
element, which facilitates the formation of glut@hus, a rapid increase in torque is
registered until the maximum value (i.e. MT) isafeed. Further mixing breaks the
network, with a concomitant decline in torque (Nlattal., 2015a). Generally, flours
for bread-making showed higher peaks and fasteemglaggregation than flours for
cakes or biscuits (Lu & Seetharaman, 2014; Mardl.¢2015b; Quayson, Atwell,
Morris, & Marti, 2016).

Results suggest a weakening of the gluten netwiaklé 1). Indeed, germination
promoted the hydrolysis of gluten forming proteysproteases and the formation of
soluble peptides (Koehler, Hartmann, Wieser, & Rik¢l2007), compromising
gluten aggregation properties. In particular, rejplg wheat flour with SWF
significantly decreased MT, and a linear responag @bserved with the enrichment
level (R’=0.80).

As regards the time at which maximum aggregati@uwed, a no linear response
was found for SWF blends. PMT did not change whetol25% SWF was used.
However, the PMT value significantly decreased winenlevel of SWF was
increased, except for 50% level. A maximum PMT sa@ito exist when SWF was
blended with control bread flour in equal porti¢ns., 50:50).

A similar trend in GlutoPeak test has been showandoft and hard wheat flours
were blended in equal portions (Lu and Seethara@@i¥). This phenomenon —
which was not observed in any other rheologicdltesay be related to differences in

interactions between gluten proteins from SWF am&C similar to that observed

10
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for soft wheat and hard wheat gluten proteins (Mieket al., 2012; Quayson, Matrti,
Bonomi, Atwell, & Seetharaman, 2016). This hypoibedll need to be investigated
further before any definitive conclusions can bavr.

One of the most suitable parameters for prediatomgentional parameters
related to dough strength, beside PMT and MT, usdbin the area under the curve
which takes into account both maximum torque and’ RMarti et al., 2015b;
Quayson et al., 2016a). The presence of SWF sigmifiy decreased this parameter,
which yielded a linear response*d®.85). The results suggest that SWF has a
negative effect on gluten aggregation propertiks|yt due to the action of proteases,
thus confirming previous findings (Marti et al.,22@&). However, SWF enrichment at
25, 50, and 70% did not significantly affect thergy value (g0.05).

Finally, on the basis on previous works (Marti let 2015a,b), the mixtures with
SWEF — regardless of how much was added — showtargaggregation kinetic

similar to that of a flour with good bread-makinggdjties.

3.2 Mixing properties

The effects of incorporation of germinated wheatiflon dough mixing
characteristics are shown in Table 1. Dough fronRCWas characterized by high
water absorption (57.8%) and very high stabilit§.8Lmin) (Table 1), which are
typical of strong wheat flour (Fig. S2).

Replacing CTRL with SWF brought about a significgnt0.05) decrease in water
absorption (Table 1) and resulted in a linear raspR=0.96). According to
Dojczew & Sobczyk (2007), decrease in water abgorgtould mainly be due to
proteins de-polymerization as a consequence dhtbase protease activity in
germinated wheat. Dough development time and dstagtility sharply decreased up

to 15% SWF enrichment (Table 1), indicating dougdakening. Interestingly, these

11
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two parameters did not further decrease with iringgamounts of SWF (>15%),
with the exception of 25% SWF. The reduced develmrtime and stability could

be due to the disruption of the gluten matrix byyenes (i.e. proteases).

3.3 Leavening properties

Rheofermentometer analysis provides informationl@amngh leavening performance
(i.e. dough height, C£production and retention). Table 1 shows the dhtained
from this test carried out on the different mixsirddding SWF to wheat flour
increased both dough height (up to 75%) and leagetiine (Table 1). The results
confirmed the positive effect efamylase activities on dough leavening properties
(Marengo et al., 2016; Marti et al., 2017a; Sanzefta, Collar, & Haros, 2008). In
fact, high levels of sugars - which result fronrslehydrolysis byr-amylase — are
used from the yeast during leavening, resultingreater dough development in a
shorter time, compared to CTRL. No linear respamag detected for dough height,
since no significant differences were observed fid&% to 75% SWF enrichment.
Despite the positive effect of germination on dodgkielopment, adding SWF to
common bread flour decreased height at the endeaeavening step, suggesting the
collapse of the dough structure when the leavetimg lasts more than 2h. This is
due to the decrease in the ability of the glutencstire to withstand the physical
stresses as a result of proteolytic activity.

The indices obtained from the gas release cungswanmarised in Table 1.
These results indicated that doughs with increasmgunt of SWF had a higher
volume of CQ release than CTRL. If gas is efficiently retaimedhe dough, an
optimal final bread volume can be expected (Hu#nm, Li, & Rayas-Duarte, 2008).
The increasing availability of mono- and disacaté@sias substrates promoted the

carbon dioxide production during fermentation (\&yén, Jekle, & Becker, 2014). In

12



262  addition, in the presence of SWF from 33% to 10B#gh amounts of retained and
263 lost carbon dioxide resulted (Table 1) and no limeaponse was found for these

264  parameters. The coefficient of retention - whicdeined as the ratio expressed as
265 percentage between the volume retained in the dandtihe total volume of gas

266  produced during the test - decreased from 94.6%=(Q 1o about 89% for 50% SWF
267 and 100% SWF. Enzymatic activity that developedrdugermination might have
268 negatively affected the gas retention capacitycivie associated with an increase of
269  dough permeability due to dough weakening by tlesimsed hydrolysis of starch

270 chains (Sanz Penella et al., 2008). In additiootgase hydrolyses peptide linkages,
271 which might have induced a partial destructionhef protein network and thus

272  lowered the capacity of the dough to enclose ampgared to CTRL sample.

273 3.4 Bread properties

274  Based on the dough mixing and leavening propefliable 1), blends enriched with
275 SWF at 50% and 75% level did not show significaffecences. Only their gluten
276  aggregation properties differed (i.e. PMT), sugiggspeculiar protein interactions in
277  50% SWEF. Thus, bread-making performance of 50% S¥&4$-compared to that of
278 CTRL and 100% SWF.

279  As shown in Figure 1, SWF did not lead to a wonsgraf bread-making

280 performance. Moreover, 50% SWF enriched-bread,ymed greater volume and
281  more porosity than CTRL and 100% SWF samples (Taple

282 Adding SWF to CTRL resulted in a darker (decreade*) and redder crust
283  (higher a*) (Table 2). Changes in crust might beoamted with Maillard reactions
284  (Hefni & Witthoft, 2011), which can be expectedda® more intense in SWF-enriched
285 samples. Indeed, amylases and proteases affellditiard reaction, the former by

286  degrading starch to reducing sugars, whereas tiee iacrease the amount of free

13
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peptides and amino acids (Goesaert et al., 20G5)edards crumbs, an important
difference in both redness and yellowness was wbdarvhen sprouted wheat flour
was added (Table 2). These changes were also pyahabdto the increase in the

Maillard reaction.

Specific bread volume significantly differed foetthree samples (Fig. 1, Table 2),
with 50% SWF having the highest specific volumee Bimount otx-amylase
developed during germination could have playedyar&ke in increasing loaf volume.
At the same time, sprouting under controlled coodd limited the proteases activity
and its dramatic effects on the gluten network tM&tral., 2017a) that are generally

observed in pre-harvest sprouted wheat grains.

3.4.1 Crumb porosity

Using SWF sample significantly increased the afgaooosity from 45.82% (CTRL)

to 49.09% (50% SWF), which was similar to that wddd with 100% SWF (46.14%)
(Table 2). This result is obviously related to therease in volume associated with
the addition of SWF and can be related to the aseyéetivity developed during
wheat germination, whose effect on crumb porosity heen observed elsewhere
(Goesaert, Slade, Levine, & Delcour, 2009). Asdelis, although the number of each
class was very similar for all the samples (datashown), differences in cell area
were observed (Fig. 2). A significantly larger acéamall pores (<5 mfiwas

present in CTRL samples than in 50% and 100% samnjpid¢act, the small cell area
represented around 60% of the total pore area RL(dread and only about 40% for
50% and 100% SWF. An opposite trend was observepldie area in the medium
dimensional class (5.00 - 49.99 fras the area occupied by this class of pores was

higher in both SWF samples than CTRL samples. Ma@edarger pores (>50 nfin

14
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were found only in bread with SWF, whose area actamifor the about 20% of the
total porosity. From these results, it can be dedubat enzymes produced by
germination, especiallg-amylases, favor gas cell coalescence (Lagrainadoem

Goesaert, & Delcour, 2008).

3.4.2 Texture

SWF addition had also a positive effect on cruminiiess (Table 2).
Decrease in firmness in the presence of SWF camotlated to differences in
crumb moisture, since SWF-enriched bread showeditamess and low crumb
moisture. Unlike the Scanlon & Zghal (2001) stuckyymb firmness did not increase
with increasing density (Table 2).

Indeed, even during storage, bread containing eg0% or 100% SWF
exhibited lower firmness than the control (Fig. 83.observed on fresh bread (t0, 2h
after baking), differences in firmness during stravere not related to either crumb
moisture or water activity, (data no shown). Ondtteer hand, several works
demonstrated that production of hydrolytic enzymesng germination were
responsible for improving crumb softness up todsiys of storage (De leyn, 2006;
Goesaert et al., 2005, 2009). In particubegmylase decreases amylopectin
retrogradation and the firming rate of wheat breadchd (Champenois, Della Valle,
Planchot, Buleon, & Colonna, 1999). In additiore timness of 50% SWF bread
after three days of storage was similar to thatvshloy CTRL bread after just one day
of storage, whereas 100% SWF sample after six edybited firmness values
similar to those of CTRL bread after just one dagtorage. A similar effect was
detected when SWF was included at low levels (<i22byead formulation (Marti et

al., 2017a).
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3.5. In vitro starch digestibility

The effects of refined flour from sprouted wheatsterch digestibility was
assessed by a well-establisheditro assay, which allows the determination of both
rapidly and slowly digestible starch fractions (RBX&l SDS, respectively). By
measuring the susceptibility of starch to digesémeymes, this assay is
internationally endorsed to estimate the potegligaemic response of foods (EFSA,
2011). Significant differences in starch suscefitybio digestive enzymes were
observed in bread samples (Fig 4). In particutaf,d0% SWF bread the RDS and
SDS fractions were significantly£p.05) lower and higher, respectively, than those
determined in CTRL and 50% SWF bread. These dateibpaagree with those
reported bySwieca et al. (2017), which evidenced a decreastairth digestibility in
bread with 20% of sprouted wheat. This result wagated to an increase in the
aliquot of resistant starch and/or to a high phiesalontent of sprouted wheat
(Swieca et al., 2017). A comparison of our resultthwhose oSwieca et al. (2017) is
difficult, since differenin vitro methods were used. Secondly, sprouting conditions
and percentages of flour enrichment were differ€hée differences in starch
digestibility (RDS) measured between CTRL and 508Fuggest that differences
in chemical composition did not play a key rolestarch digestibility. It is likely that
the different starch digestibility (i.e. increageSDS) assessed in 100% SWF was
related to differences in bread structure, conseigiwemodification to wheat flour
promoted by germination, that become evident oriignvnative wheat flour was
absent. This feature may be of interest from aitrartal point of view, since it could
reduce the glycemic potential of this new breadnidation. Indeed, the glycaemic
response appears to be directly related to the an@fuiRDS while insulin demand is

inversely correlated to the SDS fraction (Gars#fitnoy, Lang, Holt, Loyer, Brand-
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Miller, 2005). The effects of germination on protstructure and its impact on starch
digestibility needs further investigation.

In contrast, the total number of free “glycemicgaus significantly and non-
linearly increased with SWF substitution (3.0% IRTL vs 7.3% in 50% SWF vs
8.3% in 100% SWF), with maltose increase as themeierminant (Table 3). This
trait, probably attributable t@-amylase developed during germination, could be of
interest from a sensory point of view (i.e. swéadur note) but may promote an
increased glycemic response. Further in vivo studre needed to assess how the rate
of starch digestibility and the increase in freg/tgmic” sugars in 100% SWF bread

impact on post-prandial glycemic response.

4. Conclusions

Flour from sprouted wheat has always been considerbe of poor baking quality.
Indeed, the relevant amylase and protease acti\atteumulated into the grain during
germination are responsible for intense hydrolghenomena at the expense of gluten
and starch, the holding-structure macromoleculéserdough. The hydrolysis of
these macromolecules is clearly highlighted byrtiemlogical tests conventionally
used for predicting flour baking behavior.

Although we are aware that uncontrolled wheat djmguin the field during wheat
growing is a phenomenon associated with a shagridedtion of dough consistency
and handling and bread characteristics, our reshtis/ that controlled (i.e. in an
industrial factory) sprouted wheat flour could ls®d as new ingredient in bread
making. Gluten proteins, though weakened by prgteoactivity, do not lose their
ability to aggregate and form a network suitableléavening, as the GlutoPeak test
indicated. The molecular changes associated wigho#havior need to be carefully

understood, evaluated and quantified, together thizhactual impact of these
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385 potential functional breads on glucose metabolisnparticular, the effect of
386  sprouting on quality-related protein fractionsysteand lipid molecules and their
387 potential interactions should be taken into corrsitien as a molecular explanation

388 for the positive effects of sprouting on bread mies.
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Fig. 1. Pictures of the bread prepared from commercialawvfieur (CTRL), with
either 50% level of sprouted wheat flour (50% SWi#)100% sprouted wheat flour

(100% SWF).

Fig. 2. Area of each dimensional class of pores. Coloesluslack: CTRL; light grey:
50% SWF; dark grey: 100% SWEF. Different lettersgaatke significant differences

(one-way ANOVA, LSD test,$£0.05).

Fig. 3. Crumb firmness of bread prepared from commercradat flour (CTRL —
black circle), blend with 50% of sprouted wheatiflg50% SWF — white circle),
100% sprouted wheat flour (100% SWF — black triahduring storage. Different
letters indicate correspond significant differen(@se-way ANOVA, LSD test,

p<0.05).

Fig. 4. Rapidly (RDS, black bars) and Slowly (SDS, greyshadigestible starch
fractions of bread prepared from commercial whieatrf(CTRL), blend with 50% of
sprouted wheat flour (50% SWF) and 100% sprouteeatvftour (100% SWF).
Different letters (lowercase letters refer to RID&pital letters refer to SDS) indicate

significant differences (one-way ANOVA, LSD test(o05).

23



Table 1. Gluten aggregation, mixing and leavening propsmiecommercial wheat flour (CTRL), with increasiagount of germinated wheat

flour (15%, 25%, 33%, 50%, 75%) or 100% germinatubeat flour (SWF).

CTRL 15% SWF 25% SWF 33% SWF 50%SWF 75% SWF 1609
GLUTEN Peak maximum time (s) 186%1 191+ 182+ 17242 197+6 177431 181+2¢
AGGREGATION  Maximum torque (BE) 391 371 35.7+0.6¢ 37+1°¢ 3417 35x1° 32+F
PROPERTIES
Energy (GPE) 3293+76 299347 284598 2752+145¢ 2722+6%° 2682+76 2408+33
(GlutoPeak Test)
" Waterabsorption (%) 57.8+¢0.1  57.4+0.3° 56.9¢0.2  57.3x0.f¢  553+0.F 54.840.8 54+F
MIXING
Development time (min) 8.4+1°2 1.9+0.2 2.0+0.7 1.8+0.F 1.8+0.3 2.3:0.4 2.1+0.4
PROPERTIES - . X X X X
) Stability (min) 18.8+0.1 5+1°¢ 7+ 3.4+0.5 5.1+0.2D¢ 4.6+0.% 3.620.4
(Farinograph Test)
ICC Degree of softening (FU) 948 67+ 67+ 83+1° 9245 114+17F 75+12
" Maximumdough height (mm)  39%1 488+08 50+ = 51+ 50+ 50«  40+2
Final dough height (mm) 3945 41.9+0.4 4645 39.3+0.8 45.5+0.7 46+1° 23+6
LEAVENING Leavening Time (min) 17246 1437+ 152418+ 126+F 128+F 169+37F 117+5
PROPERTIES  Total CGQ (mL) 120029 1465+9 1402+86 1566457 1556+F¢ 1597+43 1537+17¢
(Rheofermentometer CO, retained (mL) 113575 1329+18¢ 1290459 1388+13¢ 1382+7¢ 1398+F 1365+4°
Test) CO;,released (mL) 6545 13648 111+28* 179+37F¢ 174+8¢ 199447 172+13°
CO, retention coefficient (%) 94.6+0'3 90.8+0.4¢ 92+15¢ 89+ At 88.8+0.6* 88+7 88.8+0.7"
Porosity time (h) 1.69+0.09  1.44+0.02 1.54+0.08 1.4320.1% 1.46+0.09 1.410.19 1.4420.19

Different letters in the same row indicate sigraft differences (one-way ANOVA, LSD test(05).



CTRL, control wheat flour; SWF, flour from sproutedieat

Peak maximum time: time before torque decreasedalgluten break down; Maximum torque: peak oaogras gluten aggregates; Energy:
area under the curve until 15s after the maximuwoui; Water absorption: amount of water neededdolr the optimal consistency (500+£20
FU); Dough development time: time from first adolitiof water to the point of maximum consistencygegrStability: time difference between
when the curve reaches (arrival time) and leavepddure time) the 500 FU line; Degree of softendifference between the centre of the
curve at the end of the dough development timetla@adentre of the curve 12 minutes after this peximum dough height: maximum height
achieved during the test; Final dough height: hiegglthe end of the test; Leavening tirtieie required for maximum dough development;
Maximum height: maximum height of gaseous produgtRorosity time: time when the porosity of the glouleveloped; Total COtotal
production of C@, CO, retained: amount of CQOetained in the dough during the test; G€leased: amount of G@eleased during the test;
CO; retention coefficient: ratio between ¢@tained and total GO

BE: Brabender Equivalent; FU: Farinograph UnitsEGBlutoPeak Equivalent
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Table 2. Properties of fresh bread from commercial wheatrfalone (CTRL) or with

sprouted wheat flour (50%, 100% SWF).

CTRL 50% SWF  100% SWF

Bread Speciic volume 2.8+0.F 3.3+0.F 2.5+0.F
(mL/g)

~ Luminosity (L¥) | 69.01+1.80 63.79+4.20 54.68+1.73

Crust Redness (a*) 5.86+1.02 9.48+1.40 12.36+1.08
Yellowness (b*) 31.78+1.46 32.84+0.92 32.25+2.34
Browning (100-L*)  30.99+0.80 36.21+4.20 45.32+4.79

~ Luminosity (L¥) 71.22+2.68 72.41+2.89 64.61+2.5%
Redness (a*) -1.04+0.68 -0.67+0.08 -0.41+0.06
Yellowness (b*) 14.50+0.55 13.04+0.71 13.55+0.78

Crumb Browning (100-L*)  28.78+2.68 27.59+2.89 35.39+2.5%
Porosity (%) 45.82+0.37 49.09+0.92 46.14+1.03
Moisture (%) 41.3+0%5  37.4%0.9 39.4+0.4
Water activity 0.939+0.005 0.932+0.013 0.917+0.008
Firmness (N) 4.92+0.77 3.01+0.52  2.65+0.53

Different letters in the same row indicate sigrafit differences (one-way ANOVA,
LSD test, g:0.05).

CTRL, control wheat flour; SWF, flour from sproutedheat



Table 3. Free sugars content of fresh bread from commendiaht flour alone

(CTRL) or with sprouted wheat flour (50%, 100% SWF)

CTRL 50%SWF 100% SWF

Total free sugars (%)  3.0¢8.4 7.0+0.4 8.3+1.3

Glucose (%) 0.1+£0.0 0.2+0.1 0.3+0.1
Fructose (%) 0.2+0.1 0.4+0.2 0.310.1
Maltose (%) 2.8+0.3 6.4+0.2 7.8+1.T

Different letters in the same row indicate sigrafit differences (one-way ANOVA,

LSD test, g0.05).
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50% SWF 100% SWF

Fig. 1. Pictures of the bread prepared from commerciaawvfiour (CTRL), with
either 50% level of sprouted wheat flour (50% SW#)100% sprouted wheat flour

(100% SWF).
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Fig. 2. Area of each dimensional class of pores. Colsesiublack: CTRL; light
grey: 50% SWF; dark grey: 100% SWF. Different lettedicate significant

differences (one-way ANOVA, LSD test<p.05).
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Fig. 3. Crumb firmness of bread prepared from commercledat flour (CTRL —
black circle), blend with 50% of sprouted wheaufl¢50% SWF — white circle),
100% sprouted wheat flour (100% SWF — black triahduring storage. Different
letters indicate correspond significant differen(ase-way ANOVA, LSD test,

p<0.05).
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Fig. 4. Rapidly (RDS, black bars) and Slowly (SDS, greyspdigestible starch
fractions of bread prepared from commercial whieatrf(CTRL), blend with 50% of
sprouted wheat flour (50% SWF) and 100% sproutegiatviiour (100% SWF).
Different letters (lowercase letters refer to RR&pital letters refer to SDS) indicate

significant differences (one-way ANOVA, LSD test(o05).
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Highlights:

Sprouting was carried out in an industrial plant under controlled conditions
High levels of wheat flour (SWF) enrichment affect dough rheology

SWF improved the dough development and gas production during leavening
The best bread performance was obtained with 50% SWF

100 % SWF increased the slowly digestible starch fraction



