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Abstract

This study investigated the impact of sprouted oats (SO) on dough properties and biscuit features. Unsprouted oats (USO)
and SO (for 48 h and 72 h) were studied in wheat dough at 10, 20, and 30%, and gluten aggregation, mixing, and extensional
properties were evaluated. USO caused a weakening in gluten aggregation capacity, an increase in water uptake, develop-
ment time and dough rigidity, and a decrease in extensibility. Dough enriched in SO showed mixing profiles similar to
wheat, but using SO strongly affected dough extensional properties, indicating gluten weakening. Changes in rheological
properties suggested the use of SO at 20% level in biscuit production. Using oats did not affect either biscuit size or volume,
but decreased both the hardness and the toughness of the product, with 72 h-SO having the greatest impact, especially on
hardness. Further study will address consumer acceptability and nutritional features of the developed baked product.
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Introduction

Oats (Avena sativa L.) are known to present a balanced
nutritional composition, serving as a good source of carbo-
hydrates (up to 70 g/100 g), fiber (up to 15% g/100 g), and
protein (up to 16%; Alemayehu et al., 2023) with a more
complete amino acid profile than other cereals (Alemayehu
et al., 2023). Additionally, oats contain bioactive compounds,
including phenolics, carotenoids, phytic acid, and sterols, and
a variety of micronutrients, including vitamins and minerals
(e.g., Vitamin E, potassium, and phosphorus, as reviewed,
among others, by Gangopadhyay et al. (2015). One of the
major components of interest in oats is B-glucans, i.e. up to
6 g/100 g (Miller et al., 1993), the consumption of which is
positively associated with several health benefits, including
reduction in cholesterol and control of diabetes and weight
(Wang & Ellis, 2014; Daou & Zhang, 2012). In this regard,
the European Food Safety Authority (EFSA) has indicated
that it will allow claiming “regular consumption of p-glucans
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contributes to the maintenance of normal blood cholesterol
concentrations” (EFSA Panel on Dietetic Products, Nutrition
and Allergies (NDA), 2009). Specifically, in order to bear
the claim, foods should provide at least 3 g/d of beta-glucans
(EFSA Panel on Dietetic Products, Nutrition and Allergies
(NDA), 2009).

Given the nutritional characteristics, oats inclusion
in food products is of great benefit to consumers. How-
ever, oats have long been utilized mainly for animal
feed thanks to the high protein content, until being more
recently replaced by soybean (Webster, 2016). This has
led to a decline in world oat cultivation in recent years,
with a decrease in the share relating to animal feed and an
increase in the share relating to industrial and food uses
(FAO, 2021). Specifically, the use of oats in the food sec-
tor has been mainly involved in the production of breakfast
products, cereal bars, and plant-based drinks (Menon et al.,
2016; Rasane et al., 2015; Yang et al., 2023). Currently, the
oat ingredients frequently found in the literature are flakes
(also called oatmeal or rolled oats), flour, bran, and puri-
fied p-glucan, and several reviews have been reported on
this topic (Leszczyriska et al., 2023; Mao et al., 2022).
More recently, interest is growing in the baked good sector
although some issues still need to be solved: (i) the high
lipid content (on average 8%; Biel et al., 2009) that makes
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oats susceptible to lipid oxidation, especially during prod-
uct storage (Heinio et al., 2002), thus negatively affecting
the sensory profile of oats and related products; (ii) the
absence of gluten-forming protein that makes the inclusion
of oats in widely consumed baked goods difficult; (iii) the
high fiber content, which interferes with gluten formation;
(iv) the sensory profile which is generally characterized
by bitterness and rancidity (Heinio et al., 2001, 2002). All
these aspects account for the limited consumer accept-
ability towards oat-based products. In this context, vari-
ous processes have been proposed to enhance the sensory
properties of oats. Thermal processing (including kilning
and extrusion) is typically applied to oats to inactivate
endogenous enzymes, especially lipase, to prevent rancid-
ity and extend shelf life. Drawbacks of thermal treatments
include an increase in the glycemic index to varied degrees
and the decomposition of other active compounds, such as
B-glucans (Zhang et al., 2021). More recently, bioprocess-
ing techniques (including fermentation, sprouting, and
enzymatic treatments) are drawing more and more inter-
est to oat products, since they can enhance the nutritional
value and functional characteristics of oats (Zhang et al.,
2021). Among bioprocessing, sprouting (or germination)
was effective in decreasing both the bitterness and rancidity
of oats during storage (Heinio et al., 2002). In addition to
positively impact on sensory attributes and improving some
nutritional traits (e.g., increase in minerals and phenolic
compounds; decrease in antinutritional factors (Hiibner
& Arendt, 2013; Lemmens et al., 2019)), sprouting was
effective in improving bread-making performance (e.g.,
increased volume and crumb softness also during stor-
age) of formulations enriched in alternative crops, such as
sorghum and quinoa (Marchini et al., 2023; Cardone et al.,
2021; Suarez-Estrella et al., 2020). Such changes depend
on the botanical origin of the raw material, the variety,
the sprouting conditions, and the final formulation. As
regards oats, sprouted oats have primarily been employed
in applications such as bread (Cao et al., 2023; He et al.,
2023), with a notable absence of literature examining the
effects of incorporating sprouted oats into other baked
products, such as biscuits. While numerous researchers
have explored the impacts of sprouting on the chemical
composition and on nutritional and sensory aspects of
oats, as far as our knowledge extends, the relation between
sprouting conditions and the characteristics of doughs and
baked goods enriched with sprouted oats remains unexam-
ined, with only limited instances of such investigations in
the context of bread. Hence, the objectives of this study
were to elucidate the modifications occurring in wheat
doughs enriched in sprouted oat through various rheologi-
cal approaches and to investigate the physical and textural
attributes of cookies enriched in sprouted oat.

Materials and Methods
Materials and Sprouting Conditions

Commercial dehulled oats were sprouted in a climate
chamber (Memmert GmbH Co. KG, Schwabach, Ger-
many). Specifically, the seeds were sprouted in three
batches of 1.5 kg for each sprouting time and after process-
ing the batches were combined. The seeds were soaked in
distilled water (1:2) for 8 h at 22 °C and then after draining
the excess water, they were sprouted for 48 and 72 h. After
sprouting, the seeds were dried at 50 °C for 16 h (Self
Cooking Center, Rational International AG, Landsberg am
Lech, Germany). Unsprouted oats were used as control. All
samples were ground with a laboratory mill M20 Universal
Mill (IKA, Werke Staufen, Germany) and sieved to obtain
a flour with a particle size less than 250 um. A commercial
wheat flour (W=155x107*1J, protein content=11 g /100 g
of flour) was used as the base for oat substitution at 10, 20,
and 30% levels.

Pasting Properties of Oat Flours

Pasting properties of oat flours were measured using a
Micro-Visco-Amylograph device (MVAG, Brabender GmbH
& Co. KG, Duisburg, Germany) as reported by Suarez et al.
(2020). An aliquot of sample (12 g) was dispersed in 100 mL
of distilled water or 1 mM silver nitrate solution and stirred
at 250 rpm. The following temperature profile was applied:
heating from 30 to 95 °C at a rate of 3 °C/min, holding at
95 °C for 20 min, cooling from 95 to 30 °C at a cooling rate
of 3 °C/min, and holding at 30 °C for 1 min.

Gluten Aggregation Properties of Oat-Wheat Blends

Gluten aggregation properties of composite flours were
measured using the GlutoPeak device (Brabender GmbH
& Co. KG, Duisburg, Germany). The test was conducted by
dispersing 8.5 g of sample in 9.5 g of a 0.4 M solution of
CaCl, using a speed of 1900 rpm.

Mixing Properties and Extensibility Properties
of Oat-Wheat Blends

The mixing properties of composite flours were performed
by means of the Farinograph-E (Brabender GmbH & Co.
KG, Duisburg, Germany) equipped with a 50 g mixing bowl,
following the ICC method n. 115/1. Three-dimensional
extension properties of oat-wheat mixtures were measured
using the Alveograph (Chopin Technologies, Villeneuve
La Garenne Cedex, France) according to the ICC method
n. 121.
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Biscuit Production

Based on rheological properties, sprouted oats were used
at a replacement level of 20% for the production of the bis-
cuits. The recipe used was as follows: flour (200 g), distilled
water (75 g), sugar (60 g), sunflower oil (30 g), leavening
agent (4 g; Paneangeli, Cameo spa, Desenzano del Garda,
BS, Italy), and salt (0.4 g).

The dough was prepared in an automatic mixer (Kitch-
enAid SKSM125EER, Whirlpool, St. Paul, USA) equipped
with a dough hook. After the first minute of premixing all
dry ingredients, water, and oil were added and mixed for
5 min. Thereafter, the dough was rolled for three times
through the KitchenAid sheeter obtaining a sheet of 2 mm
thickness. The cookie was formed with a metal template with
the dimensions of 7x 3 cm. Baking took place in a static
oven at 180 °C for 13 min, turning them halfway through
baking. Two batches were produced for each sample.

Biscuit Characterization

All analyses were conducted two hours after biscuit produc-
tion. Using a ruler and a thickness gauge, the three dimensions
(height, width, and thickness) were measured. The volume
was measured in duplicate on five biscuits using the sesame
seed displacement method (AACC 10-05.01, AACC, 2001).

Determination of biscuit texture was performed based
on the study of Agrahar-Murugkar et al. (2015), by means
of the Texture Analyzer TA.XTplus (Stable Micro Systems
Ltd., Godalming, UK), equipped with a 100 N load cell and
the probe HDP/3 PB. A three-point bending test was con-
ducted using a 3-point bending rig (A/3 PB, Stable Micro
Systems, UK). The following settings were used for the
test: pre-test speed, 1.0 mm/s; test speed, 1 mm/s; post-test
speed, 10.0 mm/s; distance, 10 mm to contact the biscuit.
The downward movement continued until the biscuit broke.
The maximum force was recorded as the “hardness” of the
biscuit, whereas the area under the curve was expressed as
“toughness.”

Statistical Analysis

Pasting and mixing properties were carried out in duplicate,
whereas the gluten aggregation properties were evaluated in
triplicate. From the Alveograph test, five subsamples were
considered. For each batch of biscuits, geometric indices and
texture analysis were performed on ten biscuits, whereas five
biscuits were used for the analysis of volume.

All data underwent one-way analysis of variance
(ANOVA) with a significance level of 0.05, conducted using
Statgraphics Plus 5.1 (StatPoint Inc., Warrenton, VA, USA).
Significantly different factors were further assessed using
the Tukey HSD test.
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Results and Discussion
Pasting Properties of Oat Flours

Changes in viscosity during heating and cooling of oats
before and after sprouting were reported in Fig. 1. This
approach allows to indirectly evaluate the effect of sprouting
on starch gelatinization and retrogradation properties. Such
properties are strategic in determining the product structure
during its baking and cooling.

The test was performed both in distilled water (data not
shown) and in AgNO; (Fig. 1). The latter is known to inac-
tivate a-amylases that otherwise would be able to hydrolyze
starch granules during the test. Indeed, when the test was
performed in water, no viscosity was registered (data not
shown), likely due to the intense starch hydrolysis in free
sugars that do not impair viscosity to the system. On the
other hand, using AgNOj; provides information on starch
modifications promoted by the sprouting process.

Sprouting caused a significant increase in pasting tem-
perature and a decrease in peak viscosity, breakdown, final
viscosity, and setback (Table 1). Such changes depend on the
sprouting time: as the sprouting time increased from 48 to
72 h, all the parameters, but pasting temperature, decreased.
Overall the observed changes in viscosity profile are expres-
sions of a decrease in the ability of starch granules to gelati-
nize (i.e., pasting temperature decreased), swell (i.e., peak
viscosity decreased), and retrograde (setback and final vis-
cosity decreased) after sprouting, but a greater stability to
thermal and mechanical stresses (i.e., breakdown decreased).
According to the effect on viscosity, sprouted grains can be
exploited in food formulations to contain/control the viscos-
ity (for example in batter production) or in baked products
to decrease staling.

1000 100

Viscosity (BU)
Temperature (°C)

0 20 40 60

Time (min)

Fig.1 Pasting profile of flours from unsprouted and sprouted
oats at different times (48 h and 72 h) by using AgNO; as solvent.
Unsprouted oat: black line; sprouted oat for 48 h: dark gray line;
sprouted oat for 72 h: light gray line
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Table 1 Pasting properties of
unsprouted and sprouted oats

Unsprouted oat

48 h-sprouted oat 72 h-sprouted oat

for 48 hand 72 h Pasting temperature (°C)

Peak viscosity (BU)
Breakdown (BU)
Final viscosity (BU)
Setback (BU)

61.8+1.22 85.5+0.1° 86.3+0°
432.5+3.5° 244.5+3.5° 199 +2.8°
180.5+2.1¢ 80+2.8" 655+2.1°
686+7.1° 360.5+2.1° 280.5+2.1°
437+7.1° 201+1.4° 149.5+0.1%

Different letters in the same row indicate significant differences among samples
(one-way ANOVA; Tukey HSD test; p<0.05)

Similar changes in pasting properties were observed for
other grains, including quinoa (Suérez-Estrella et al., 2020),
sorghum (Marchini et al., 2021), rice, corn, wheat, and oats
(Kaur & Gill, 2020). It is generally recognized that the link-
ages of the starch molecules were destroyed by enzymes
activated during sprouting, resulting in a lower gelatiniza-
tion tendency (Olaerts et al., 2016; Simsek et al., 2014). As
an effect of the decrease in gelatinization properties, the
retrogradation tendency also decreased. However, the extent
of such changes could be related to both botanical origin
and degree of sprouting, which depends on the processing
conditions (i.e., temperature, time, and relative humidity
adopted during the sprouting phase).

Gluten Aggregation Properties of Oat-Wheat Blends

Gluten aggregation properties of wheat flour, alone or in com-
bination with oats, are shown in Fig. 2. This approach would
provide information on the impact of oats on gluten protein
interactions and would predict gluten formation during mixing.

The indices reported in Fig. 2 (i.e., maximum torque,
peak maximum time, and energy) have been extrapolated by
the curve that reports changes in torque upon mixing time.
As the gluten is formed, the device registers an increase in
torque, until a maximum which corresponds to the maximum
gluten formation. After this point, the torque decreases due
to the gluten breakage because of the effect of the high shear
stress. A decrease in torque, peak maximum time, and/or
energy (i.e., the area under the curve) suggests gluten weak-
ening (Gii¢cbilmez et al., 2019; Marti et al., 2015).

The presence of oats affected the gluten aggregation kinet-
ics of wheat flour, especially in regard to maximum torque
(Fig. 2a) and energy (Fig. 2c). These parameters decreased as
the enrichment level increased, likely due to both a decrease in
the amount of gluten (i.e., dilution effect) and an interference
of oat proteins and fiber with the gluten network. Indeed, a
positive correlation between gluten content and its strength/
tenacity and maximum torque and energy has been observed
by Rakita et al. (2018). Overall, a decrease in maximum torque
and energy and an increase in peak maximum time are gener-
ally associated with gluten weakening (Gii¢cbilmez et al., 2019;
Rakita et al., 2018).

Although an increase in peak maximum time as the oat
enrichment level increased is expected, no significant dif-
ferences in such index were observed between wheat and
unsprouted oat-wheat blends (Fig. 2b), suggesting an effect
on the strength of the gluten but not on the time required for
its aggregation.

The effect of sprouting and its duration on the increase
in peak maximum time and on the decrease in both maxi-
mum torque and energy was significant only at the highest
enrichment level (30_TQ > 30 48 h>30_72), suggesting an
overall gluten weakening. It is likely that sprouting promoted
protein structural changes (e.g., increase in soluble proteins
(Hiibner et al., 2010); Klose & Arendt, 2012; Hiibner &
Arendt, 2010) or interactions (e.g., tannin-protein hydro-
phobic interactions (Rosa Perez-Gregorio & Simal-Gandara,
2017)) so that wheat-oat protein interaction could have been
delayed/negatively affected. However, further studies on the
effect of limited sprouting (up to 72 h) on protein structural
characteristics are needed to confirm this phenomenon.

Mixing Properties of Oat-Wheat Blends

The mixing properties of wheat flour (WF) with the addition
of unsprouted oats and sprouted oats at different replacement
levels are shown in Fig. 3. In addition to the information pro-
vided by the GlutoPeak test (Fig. 2), it is important to inves-
tigate the impact of sprouted oats on the Farinograph profile,
because this test is carried out on a dough system and aims
to mimic the mixing stage of the process of a baked product.

Wheat dough showed a short dough development time (about
1.5 min) and short stability (less than 3 min) with an absorption
of about 55.4%, which is a common characteristic for medium-
weak flours, suitable for chemical-leavened products.

Replacement of wheat with 10% unsprouted oats did
not significantly affect the water absorption of the dough
(Fig. 3a). On the other hand, at higher replacement levels
(20% and 30%), the water uptake significantly increased,
reaching the highest value (i.e., 57.3%) at the highest
replacement level. Dough development time significantly
increased three- to fourfold from 10 to 30% enrichment
level, while dough stability upon mixing increased about
twofold regardless of replacement level.
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Fig.2 Gluten aggregation
properties of wheat flour (WF)
and oat blends. a Maximum
torque. b Peak maximum time.
¢ Energy. Blends were prepared
replacing WF with 10, 20, and
30% of unsprouted oat (USO)
and sprouted oat for 48 h
(SO48) and 72 h (SO72). Dif-
ferent letters indicate significant
differences among samples
(one-way ANOVA; Tukey HSD
test; p <0.05). GPU, GlutoPeak
Units
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The increase in water absorption upon the addition of ~ 2010). At the same time, the presence of fiber in the dough
oats suggests that more water is needed for wheat pro-  is responsible for the longer mixing time (Fig. 3b) needed
tein hydration and gluten formation. This result might be  to form a fully developed dough (that in the case of the
related to the presence of oat fiber and its higher water ~ Farinograph test corresponds to 500 FU). The impact of
absorption capacity (Hemdane et al., 2016; Sivam et al.,  fiber on dough mixing properties has been reported by
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Fig.3 Mixing properties of
wheat flour (WF) and oat
blends. a Water absorption. b
Dough development time. ¢
Dough stability. Blends were
prepared replacing WF with 10,
20, and 30% of unsprouted oat
(USO) and sprouted oat for 48 h
(SO48) and 72 h (SO72). Dif-
ferent letters indicate significant
differences among samples
(one-way ANOVA; Tukey HSD
test; p<0.05)
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several studies, as recently reviewed by Foschia et al.
(2013). In relation to the role of B-glucans, this fiber frac-
tion is known to increase dough water absorption and
decrease dough stability (de Erive et al., 2020; Mohebbi
et al., 2018). However, the increase in dough resistance
to mixing (evaluated as “stability” by the device; Fig. 3c)

f
e
de | | od
10USO  20USO 30USO

10USO  20USO

10USO  20USO  30USO

cd bed

105048 205048 305048

be

108072 205072 305072

c
| a a 2

2 a
a +
AL : "
30USO 105048 205048 30S048 108072 20S072 305072
d
c
¢ +
T bc
ab
T a
a
§

105048 205048 305048 108072 205072 308072

should not be read as a strengthening of the protein net-
work but it could be indeed related to a kind of rigidity
of the dough given by the fiber. In addition, the presence
of fiber impacts on protein conformation, shifting from
p-spirals to more ordered p-sheets structures (Bock et al.,
2013).
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Sprouting affected water uptake only at high replacement
levels (20% and 30%) and for prolonged sprouting time (i.e.,
72 h), suggesting the need to use less water than both wheat
dough and unsprouted oat-enriched doughs to achieve the
target torque (i.e., 500 FU), considered optimal for dough
making (Fig. 3a). The molecular changes occurring during
sprouting (e.g., protein and fiber hydrolysis) might have
also affected their ability to absorb and hold water at room
temperature. This is supported by previous studies on other
sprouted grains, including sorghum (Cardone et al., 2021;
Lorenz et al., 1981). In the case of oats, the hydroxyl groups
of oat B-glucans can bind significant amounts of water
through hydrogen bonds (Londono et al., 2015). Likely, a
reduction in p-glucan content due to germination (Hiibner
et al., 2010) has led to a decreased water absorption, espe-
cially when using oats sprouted for 72 h.

Despite what was discussed for unsprouted oats, the par-
tial substitution of wheat with sprouted oats (both for 48 h
and 72 h) did not significantly affect the time requested for
dough formation (i.e., dough development time; Fig. 3b).
This result likely suggests sprouting (at least in the condi-
tions of the present study) mitigated the effect of oat addition
on gluten formation. Indeed, considering that previous stud-
ies have reported a decrease in total fiber upon oat sprout-
ing (Kaur & Gill, 2020), as well as sprouting might have
promoted a breakage in particle size of the bran fraction
(Cardone et al., 2020), protein-fiber interactions could have
been changed upon sprouting, favoring protein aggregation,
as also shown by the GlutoPeak energy values of unsprouted
oat dough compared with 48 h-sprouted oat dough (Fig. 2¢).

The impact on dough resistance to prolonged mixing
(i.e., dough stability; Fig. 3c) of wheat dough resulted to
be significant only in the case of oats sprouted for 48 h.
Specifically, the index followed the order: unsprouted
oats > 48 h-sprouted oats > 72 h-sprouted oats = wheat. This
result confirmed what recently reported by Cao et al. (2023):
72 h-sprouted oats improved the weakening degree of wheat
dough, suggesting that properly sprouted oat flour may be
helpful to improve the bread-making performance of oat-
enriched dough. The decrease in stability upon sprouting
and sprouting time could be related to the protease activities
that might impact on gluten strength—by acting on wheat
proteins—during the test. Further studies are needed from
a molecular standpoint to evaluate the protein hydrolysis
during mixing.

Overall, our results partially agree with those recently
reported by Cao et al. (2023): an increase in water absorp-
tion and a decrease in dough development time and stability
were indeed observed upon sprouting time (from 24 to 120 h).
Differences in the results might be related to several factors,
including the sprouting conditions (in terms of relative humid-
ity and temperature), oats variety, as well as the wheat flour
used for preparing the doughs. For example, in our study, a
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medium-weak flour for biscuit production was used, while
Cao et al. (2023) used a strong flour for bread production.

Extensibility Properties of Oat-Wheat Blends

The three-dimensional extensional properties, that were
assessed by the Alveograph test, are shown in Fig. 4. The
test provides information on the ability of dough to with-
stand air pressure, which wants to mimic the pressure to
which the dough is subjected during leavening. As expected,
the wheat flour selected for cookie production was charac-
terized by low tenacity (Fig. 4a), extensibility (Fig. 4b), and
strength (Fig. 4c). Such characteristics are typical of weak
flours that are used in those applications (such as cookies)
where a strong gluten is not required.

Adding oats to dough promoted a significant decrease in
extensibility (Fig. 4b), suggesting the formation of a more
compact/rigid structure (thus less extensible) likely due to
the presence of fiber and its detrimental effect on the gluten
network. The decrease in extensibility of oat dough would
likely indicate a less resistance to extension since during the
alveograph test the air bubble burst earlier in oat-enriched
doughs than control (i.e., wheat dough). The weakening
effect of oat addition on gluten properties is clear not only
during mixing/dough formation (as discussed in the previous
section) but also when the dough is subjected to the stress of
air pressure. Dough weakening was also confirmed by the
decrease in alveograph W (i.e., the strength index; Fig. 4c).
Tenacity (P value; Fig. 4a) decreased at 10% oat enrich-
ment level, but no differences between wheat dough and oat
doughs were observed when oat was added at 20% and 30%.
Overall, rigidity (expressed as the ratio between tenacity and
extensibility; P/L) proportionally increased with the addition
of oats, going from 0.7 (wheat dough) to 0.9, 1.6, and 2.1
when oat was added at 10, 20, and 30%, respectively.

Also, in the study of Tamba-Berehoiu et al. (2019), it was
shown an increase in dough resistance (P) and a decrease
in mechanical work (W) and extensibility (L), that affected
the P/L value.

Using sprouted oats (48 h or 72 h) instead of unsprouted
oat did not further decrease the extensibility of the dough
(Fig. 4b). On the contrary, sprouting impacted more on
tenacity: as the sprouting time increased, dough tenacity
decreased, regardless of the oat level (Fig. 4a). Specifi-
cally, tenacity decreased by up to 25% for dough with oats
sprouted for 48 h and up to 40% when oats sprouted for
72 h was included in the formulation. Thus, also dough
strength decreased in the presence of sprouted oats: a 10%
enrichment level was enough to highly impact on dough
strength, with further weakening at 20% level; on the con-
trary, no further detrimental effect was observed by increas-
ing the level of oats from 20 to 30% (Fig. 4c). Compared
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Fig.4 Extensibility properties
of wheat flour (WF) and oat a
blends. a Tenacity. b Extensi-
bility. ¢ Strength. Blends were
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dough tenacity and strength that was observed in the case
of sprouted oats might be related to the protease activity
developed during sprouting that might have been acted on
gluten proteins during mixing and during the resting period
during the analysis. The lack of studies investigating the
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effect of sprouting on dough extensibility makes the dis-
cussion and comparison of the results difficult. In a previ-
ous study, Mékinen and Arendt (2012) investigated the role
of oat malt in bread-making. Although malt (coming from
5 days germination) cannot be compared to the sprouted oats
produced in the present study, a decrease in resistance to
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Table 2 Physical characteristics

N Length Width Thickness  Volume Hardness Toughness
of biscuits prepared from wheat
flour (WF) and oat blends. (cm) (em) (mm) (mL) ™) (g/em)
Blends were prepared replacing =y, 6.83+0.128  345+008°  54+03°  475+50° 238+39° 51.5+62°
WEF with 20% of unsprouted oat
(USO) and sprouted oat for 4§ h  20-80 USO 6.96+0.11"  336+0.10° 44+03*  450+4.1° 10.6+1.9° 305+57%
(SO48) and 72 h (SO72) 20-80 SO48h  6.93+0.23*® 332+0.1626 4.9+03° 50.0+82% 129+1.7° 33.4+58°

20-80 SO72h  6.94+0.09®  333+0.10° 47+04>  43.8+4.8 79+12° 26.9+5.4%

Different letters in the same column indicate significant differences among samples (one-way ANOVA;
Tukey HSD test; p <0.05). g;, gram-force

extension and an increase in extensibility was shown when
oat malt was added to 5%.

Biscuit Characteristics

Taking into consideration the rheological properties
described above, blends at 20% enrichment level were
selected for biscuit production. Indeed, most of the rheo-
logical indices (e.g., dough stability to mixing, extensibility)
did not further changed with the increase in oat level, pass-
ing from 20 to 30%. Thus, a 20% replacement level could
represent a good balance between the beneficial effects of
using oats and the detrimental effect of its addition on the
gluten matrix. The quality indices of biscuits are presented
in Table 2.

Although the statistical analysis highlighted significant
differences in the geometric indices (thickness, width,
and length) among the samples, such differences were of
about 1 mm, thus it is reasonable to state that they would
not impact on packaging and/or consumer perception. At
the same time, neither sprouting nor its duration affected
the product volume. In a previous study, it was shown that
replacing wheat flour with 50% of sprouted whole wheat
promoted a slight decrease in both width and spread, as an
effect of the enhancement in the hydration capacity of the
dough upon sprouting (Jribi et al., 2020).

Replacing wheat with either unsprouted or sprouted oats
significantly decreased both the hardness and the tough-
ness of biscuits. The greatest effect was measured when
72 h-sprouted oat was used in the formulation. The observed
reduction in hardness and toughness could be attributed to
the structural degradation of starch and protein that was
promoted by sprouting and that could have played a key
role in the formation of a less strong/cohesive matrix within
the biscuits (Chung et al., 2014). This structure could have
contributed to the formation of a softer texture which, for
biscuits, is usually associated with a better consumer accept-
ability (Laguna et al., 2013).

The impact of sprouted grain on biscuit texture might
depend on several factors, including the type of grains, the
sprouting conditions, and the formulation (e.g., the enrich-
ment level and/or the presence of other ingredients). Indeed,

@ Springer

contrasting results were found in literature. For example, no
changes in biscuit texture were observed when 48 h-sprouted
brown rice was used up to 50%, whereas a decrease in hard-
ness was found at 70% enrichment level (Chung et al., 2014).
Moreover, an increase in biscuit hardness was measured
when 48 h-sprouted wheat was added to 50% to wheat flour
(Jribi et al., 2020), whereas no changes were observed when
using 48 h-sprouted chenopodium (Jan et al., 2016).

Conclusion

The results of this study suggest that when reformulating
baked products with oats some changes in dough proper-
ties and biscuit texture are expected, despite the overall
enrichment in specific components. Such changes con-
cern the amount of water to be added to form a cohesive
dough and/or the mixing time, as well as dough resistance
to overmixing and air pressure. Some of these changes
depend on sprouting time, others on the enrichment level.
For example, adding sprouted oats instead of unsprouted
grains significantly decreased the dough development
time, mixing stability, dough tenacity, and strength but the
development time was not affected by the sprouting time
and only the enrichment level impacted on dough strength
and extensibility, with no differences between 20 and 30%.
Finally, using oats improved the texture of the biscuits,
especially when 72 h-sprouted grains were used. Further
studies will assess the effect of using sprouted oat on con-
sumer acceptability, as well as its impact on the quality
of other baked goods.
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