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Abstract: The main objective of this study was to develop a healthy rice-based gluten-free bread by
using raw, roasted, or dehulled chickpea flours. All breads containing chickpea flours showed a
darker crust and were characterized by an alveolar (porosity 41.5-51.4%) and soft crumb (hardness
5.5-14.1 N). Roasted chickpea flour bread exhibited the highest specific volume, the softest crumb, and
the slowest staling rate. Enriching rice-based breads with the chickpea flours resulted in increased
protein (from 9.72 to 12.03-13.21 g/100 g dm), ash (from 2.01 to 2.45-2.78 g/100 g dm), fat (from 1.61
to 4.58-5.86 g/100 g), and total phenolic contents (from 49.36 up to 80.52 mg GAE/100 g dm), and in
reduced (~10-14% and 13.7-17%, respectively) available starch levels and rapidly digestible starch
compared to rice bread. Breads with roasted chickpea flour also showed the highest in vitro protein
digestibility. The results of this study indicated that the enrichment of rice-based gluten-free breads
with chickpea flours improved the technological and nutritional quality of the breads differently
according to the processed chickpea flour used, also allowing recovery of a waste product.

Keywords: gluten-free bread; chickpea; crumb texture; staling; nutritional properties

1. Introduction

The market for gluten-free (GF) products is continuously expanding due to the increas-
ing number of people who have dietary restrictions caused by celiac disease and non-celiac
gluten sensitivity. Nutrient deficiencies are a problem in the GF diet, arising from the lack
of protein, dietary fiber, vitamins, and minerals [1-3]. This might be attributed to the large
use of refined flours and starches, especially in GF baked goods and pasta products [4].
Since bread can be considered a staple food for consumers, its fortification could consider-
ably affect the nutrient intake of people suffering from gluten-related disorders. To this
end, fortifying bread formulations with legumes could be a promising way to enhance
the nutritional value of GF bread due to their high protein, mineral, and dietary fiber
content [5].

According to legume production statistics for 2018, soybeans, beans, and chickpeas
are the most cultivated legumes in the world [6]. India, Australia, Turkey, and the Russian
Federation are the top four chickpea producers [6]. Chickpea flour is considered a good
nutrient source, containing 22.39% protein, 57.82% carbohydrate, 10.80% total dietary fiber,
and 6.69% fat (rich in polyunsaturated fatty acids), in addition to B complex vitamins and
minerals according to the USDA nutrient database [7].

Chickpeas can be consumed in many different ways, boiled, roasted, pressure-cooked,
or used as an ingredient in many food formulations after milling. The heat processing of
chickpeas may cause some alterations in the structure, functional properties, and macronu-
trient bioavailability [8-10]. Additionally, as a result of roasting and milling, the hulls of
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the chickpea might be partially and/or completely lost. The removal of the hulls causes
some reductions in the levels of mineral and dietary fiber. However, enhanced bioavail-
ability of other nutrients can be observed due to the removal of phytic acid and tannins,
which are the anti-nutritional factors mainly present in the hulls [11]. In our earlier pub-
lication [12], the positive effect of the addition of roasted, dehulled, and raw chickpea
flour to GF dough was demonstrated in terms of enhanced viscoelastic properties and
slower retrogradation tendency of the dough. Furthermore, the advantages of adding
chickpea flour [13-17] and roasted chickpea flour [18] in breadmaking have been discussed
in literature for gluten-containing bread.

To date, studies related to the development of yeast-leavened GF bread containing
chickpea flour are limited [19-21], and few efforts on the use of untreated and treated (e.g.,
thermally treated) chickpea flours have been discussed [22,23].

This study investigates the effect of the addition of flours obtained from differently
processed chickpea to a rice-based bread in terms of technological and nutritional quality.
Untreated (i.e., raw), thermally treated (i.e., roasted), and refined (i.e., dehulled) chickpeas
were used. The thermally treated chickpea flour used in this research represents a waste
product of leblebi, a chickpea snack widely consumed in Turkey and nearby countries,
manufacturing [16,17].

2. Materials and Methods
2.1. Materials

Rice flour (RF; Remyflo R7-200) and dehulled chickpea flour (DCF; Homecraft Pulse
4101) were provided by Beneo-Remy NV (Leuven-Wijgmaal, Leuven, Belgium) and Ingre-
dion GmbH (Hamburg, Germany), respectively. Raw chickpeas (Yayla, Ankara, Turkey)
and leblebi, or roasted chickpeas, (Tugba, Aydin, Turkey) (same chickpea variety as DCF)
were obtained from a local Turkish market and milled by a laboratory mill (Ytiksel Kaya
Makina, Ankara, Turkey) to obtain chickpea flour (CF) and roasted chickpea flour (RCF),
with >95% of particles below 500 um (measured by an analytical sieve shaker, Octagon
Digital, Endecotts Ltd., London, UK), as reported in Kahraman et al. [12]. The roasted
chickpeas were obtained after three tempering (preheating and resting) steps, followed by
moistening, resting, and roasting steps, as described in [24].

A structuring and a thickening agent commonly used in GF bread production, hydrox-
ypropylmethylcellulose (HPMC, Benecel F4M, Ashland, Covington, KY, USA), was used
in the bread formulations. Instant yeast (Pakmaya, Istanbul, Turkey), sugar (Bal Kiipti,
Aksaray, Turkey), salt (Billur, {zmir, Turkey), and sunflower oil (Yudum, Balikesir, Turkey)
were the other ingredients used in the GF bread formulations.

2.2. Methods
2.2.1. Flour Characterization

Protein, fat, and ash contents of RF and chickpea flours have already been reported
in our previous study [12], while total starch was determined using the “Total Starch
Assay Kit” (Megazyme International Ireland Ltd., Bray Business Park, Bray, Co. Wicklow,
Ireland). All determinations were performed in triplicate. Since the dietary fiber assay is
time-consuming and commercial flours were used, fiber contents were extrapolated directly
from the sample data sheet in order to complete the proximate composition of RF and
chickpea flours.

Furthermore, the flour phenolic compounds were evaluated as reported in Section 2.2.4.

2.2.2. Bread Preparation

Ten bread loaves for four different GF bread formulations were prepared. For the
GF reference bread (RF bread), the formulation contained only commercial rice flour. For
the supplemented chickpea breads, 25% of the rice flour was replaced with RCF, CF, or
DCF. In addition, the bread dough formulation included HPMC (1.7 g/100 g), sugar
(2.0 g/100 g), salt (1.5 g/100 g), instant yeast (2.5 g/100 g), sunflower oil (5.3 g/100 g), and
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water (amounts required to reach 125 & 5 Brabender units (BU) as reported by Kahraman
et al. [12]). All these percentages were based on flour (RF or RF combined with differently
processed chickpea flour) weight.

Dry ingredients were blended in a Hobart N-50 mixer (Hobart Corporation, Troy,
OH, USA) equipped with a flat beater for 1 min at 281 rpm. Then, water and oil were
added and mixed for 2 min at 281 rpm and 3 min at 580 rpm. The obtained dough (150 g)
was placed in baking pans and proofed in a proofing cabinet (HC0020, Haereus Votsch,
Frommern, Germany) at 32 °C and 85% relative humidity (RH) for 30 min. The proofed
loaves were placed in a preheated oven (Lotus P4, Treviso, Italy) and baked for 45 min at
225 °C (top) and 205 °C (bottom). The loaves were removed from the pans and cooled at
room temperature for 2 h. The bread samples were stored in polyethylene bags at 20 °C
and 60% RH for 23, 47, 71, and 95 h after baking.

2.2.3. Technological Properties of GF Bread

Fresh bread was characterized in terms of bake loss (%), moisture (g/100 g; gravimet-
rically by drying the sample at 105 °C to constant weight), water activity (CX-2, AquaLab,
Pullman, WA, USA), volume (cm3 ) determined by the rapeseed displacement method, and
specific volume (cm?/g) calculated as the ratio between bread volume and weight. The
height (cm) of each loaf was measured using a caliper. Moisture content and water activity
were also analyzed at 23, 47, 71, and 95 h of storage.

Crust and crumb color parameters were measured by a colorimeter (Chroma Meter
II Reflectance, Minolta, Osaka, Japan) in CIE-Lab color space where L* (Lightness ranged
from 0 = black to 100 = white), a* (+a, red; —a, green), and b* (+b, yellow; —b, blue). The
illumination system consisted of a high-power pulsed xenon arc lamp, using C illuminant.
Before measurements, the colorimeter was calibrated using the standard white reflector
plate (Y = 87.7; x = 0.308; y = 0.315). For each bread formulation, the color of 10 loaves
was evaluated by applying the head of the colorimeter (8 mm in diameter) directly to the
sample surface and taking three measurements per loaf (n = 30) for both crust and crumb.

Crumb microstructure was analyzed with environmental scanning electron microscopy
(ESEM; Quanta 250 FEG, FEI, Hillsboro, OR, USA). Samples were cut and attached to
double-sided carbon tapes without any pretreatment. Images were captured at a voltage of
10 kV and a pressure of 400 Pa.

Crumb porosity was evaluated according to Cappa et al. [25]. Two slices for each
bread formulation were scanned at 600 dpi using a flatbed scanner (HP SCANJET 8300,
Hewlett-Packard, CA, USA), selecting a crop area of 80% of the total slice area. Based on
the crumb pore size (0.1< x <0.2 mm?,0.2 < x<0.5mm?, 05 < x<1mm?, 1< x<5mm?,
5<x <10 mm?, and x > 10 mmz), the pores were classified into 6 groups. For each group,
the number and area of the crumb pores were given as the percentage of the total number
and crop area, respectively. The crumb porosity (%; expressed as the total alveolate area of
the crop divided by the total surface) was determined.

The crumb texture of the bread was evaluated by texture profile analysis (TPA) with
TA-HDplus (Stable Micro Systems, Surrey, UK) after 2 (fresh bread), 23, 47, 71, and 95 h
from baking. The texture analyzer was equipped with a 50 kg load cell and a 25 mm
cylinder probe. Bread slices of 25 mm thick were compressed in the center to 40% of their
original height with a test speed of 1 mm/s. Hardness, cohesiveness, and springiness were
calculated using software (Exponent software 6.1.9, Stable Micro Systems, Surrey, UK).
Hardness (N) was the maximum peak force obtained in the first compression (Supplemental
Figure S1). Springiness was calculated as the ratio of time for second compression (time 4-5)
to first compression (time 1-2). Cohesiveness is the property regarding the disintegration
of the tested food under mechanical action, and it is defined as the ratio of the positive
force area during the second compression (area 4-6) to that during the first compression
(area 1-3). At least six slices for each formulation were analyzed. The rate of staling
([Hardnessgs;, — Hardnessyy,]/Hardness,y,) was also calculated [26].
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2.2.4. Nutritional Properties of GF Bread

The total nitrogen content of bread samples was determined according to the Offi-
cial Standard Method AOAC 920.87 [27] by using a block digestion system (Kjeldatherm,
Gerhardt, Konigswinter, Germany) and a distillation system (Vapodest 50s, Gerhardt,
Konigswinter, Germany). To estimate the protein contents of rice and chickpea-containing
breads, conversion factors of 5.95 and 6.25 were used, respectively. Fat content was mea-
sured by an automatic extraction system (Soxtherm, Gerhardt, Kénigswinter, Germany) on
a 4 g sample with hexane. The ash content was analyzed according to AACC [28] using a
mutffle furnace (Protherm, Ankara, Turkey).

The phenolic compounds were extracted from flour and bread according to Alves
et al. [29] with some modifications. Samples (1 g) were mixed with acetone (10 mL, 70%, v/v)
(24201, Riedel-de Haén, Seelze, Germany), shaken (Reax 2, Heidolph, Schwabach, Germany)
for 1 h at 400 rpm in the dark, and centrifuged (Universal 320R, Hettich, Germany) at
2860x g, at 20 °C for 5 min, and then the supernatant was transferred to another tube; this
procedure was repeated 3 times, then all the supernatants were combined. Extractions were
performed in duplicate. The total phenolic content (TPC) of the acetone/water extracts was
determined according to Singleton et al. [30] and Saka¢ et al. [31] with some modifications.
The extract (0.5 mL) was mixed with distilled water (7.5 mL) and Folin-Ciocalteu’s reagent
(0.5 mL) (109001, Merck, Darmstadt, Germany). After 5 min, 1.5 mL of sodium carbonate
(13418, Sigma-Aldrich, St. Louis, MO, USA) solution (20%, w/v) was added. The tubes were
vortexed, put in a shaker (KS 130 Basic, IKA, Staufen, Germany) in a dark place, and shaken
at 480 rpm for 120 min at room temperature. The absorbance values were recorded at
760 nm with a spectrophotometer (UV-1601, Shimadzu, Tokyo, Japan). The standard curve
was prepared by using gallic acid (G7384, Sigma, St. Louis, MO, USA), and the results were
expressed as gallic acid equivalent (GAE) (mg GAE/100 g sample, dry weight).

The slowly digestible starch (SDS) and rapidly digestible starch (RDS) of bread samples
were assessed according to the method described by Englyst et al. [32]. RDS and SDS
fractions are likely to become available for rapid or slow absorption from the small intestine,
thus modulating glycemic response. Fresh bread samples were minced by using a manual
meat mincer (particle size less than 0.9 cm), and aliquots containing an estimated amount
(500-600 mg) of carbohydrates were treated with pepsin from porcine gastric mucosa
(>250 units/mg solid, P7000, Sigma, St. Louis, MO, USA). Then the material was incubated
with a mixture of pancreatin from porcine pancreas (8 x USP, P7545, Sigma, St. Louis,
MO, USA), amyloglucosidase from Aspergillus niger (A7095, Sigma, St. Louis, MO, USA)
and invertase (14504, Sigma, St. Louis, MO, USA) under controlled conditions of pH,
temperature (37 °C), viscosity (by adding guar gum) and mechanical mixing (160 rpm) [32].
Rapidly (RDS) and slowly (SDS) digestible starch fractions were calculated from the glucose
released at 20 min and between 20 and 120 min of incubation with the mixture of hydrolytic
enzymes, respectively. Glucose was detected by HPLC Anion Exchange Chromatography
with Pulsed Amperometric Detection (HPAEC-PAD) as reported by Englyst et al. [32]. The
glucose contents were measured by High-Performance Liquid Chromatography (HPLC)
(Series 200, Perkin Elmer, Norwalk, CT, USA) equipped with 4 x 250 mm CarboPac™ PA1
column (Dionex, Sunnyvale, CA, USA) and PAD detector (ED50, Dionex, Sunnyvale, CA,
USA). The sample (20 uL) was injected into the column at room temperature using NaOH
(160 mM) as the mobile phase at a flow rate of 1 mL/min. RDS and SDS fractions were
expressed as the percentage of available starch (AVST = RDS + SDS).

The in vitro protein digestibility (IVPD) of bread samples was determined according
to Hsu et al. [33] with some modifications. Oven-dried bread samples were ground with
a mortar and sieved (<1 mm) before the analysis. Samples were mixed with water to
obtain 6.25 mg crude protein/mL and rehydrated at 4 °C for 1 h. The pH of the sample
mix was adjusted to 8.0, and the temperature was set as 37 & 0.3 °C. Na-p-Tosyl-L-arginine
methyl ester hydrochloride (TAME) (T4626, Sigma-Aldrich, St. Louis, MO, USA) was used
as substrate. The trypsin activity of pancreatin (P7545, Sigma, St. Louis, MO, USA) was
measured as 7.53 TAME units/mg according to the method described by Minekus et al. [34].
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A proper amount of pancreatin (P7545, Sigma, St. Louis, MO, USA) was dissolved in
1 mM HCl in order to obtain 13,766 BAEE units/mg protein (1 TAME unit = 57.5 BAEE
(N-benzoyl-L-arginine ethyl ester) units), and pH was adjusted to 8.0. The enzyme solution
(5 mL) was added to the sample solution (50 mL), and the pH drop was recorded for 10 min.
The pH of the solution immediately after 10 min of digestion with enzyme solution (x) was
used to calculate the percentage of in vitro protein digestibility (Y) by using the equation:
Y =210.46 — 18.10x [33].

2.2.5. Statistical Analysis

The results were given as mean + SD. If not differently specified, measurements
were done in duplicate on two bread loaves (n = 4). Statistical evaluation of the data was
performed with MINITAB 16 (Minitab Inc., State College, PA, USA). Data were tested by
analysis of variance (ANOVA) at p < 0.05, and means were compared by Tukey’s test at a
95% confidence interval.

3. Results and Discussion
3.1. Flour Properties

Total starch ranged from 40.53 £ 0.86 g/100 g dm (CF) to 46.63 & 0.94 g/100 g dm
(RCF) and 48.51 + 1.0 g/100 g dm (DCF) for chickpea flours, while it was significantly
(p < 0.05) higher (82.25 &= 1.48 g/100 g dm) in RF. On the other hand, as reported in our
previous study [12], chickpea flours showed higher protein (21-23.5 g/100 g dm), fat
(5.7-7.6 g/100 g dm), and ash (2.3-3.1 g/100 g dm) contents than RF (8.29 g/100 g dm,
1.3 g/100 g dm, and 0.7 g/100 g dm, respectively). Furthermore, according to the product
datasheet, RF had a very low fiber content as it was obtained by polished rice, while CF,
RCEF, and DCF had a fiber content of 23, 17-20, and 10 g/100 g, respectively, confirming
that roasting and dehulling processes partially remove chickpea hulls.

3.2. Technological Properties of Bread

Bake loss, height, specific volume, and color of fresh bread are reported in Table 1.
RCF, CF, and DCF containing bread formulations had slightly higher bake loss values
(p > 0.05). Regarding the specific volume, as attended, the RF+CF bread showed a lower
volume than RF bread, presumably due to the presence of fibers (Section 3.1) that somehow
interfered with the protein networking. Accordingly, bread containing RCF that was
thermally treated and processed by partially removing hulls [12] exhibited significantly
(p < 0.05) higher volumes compared to RF+CF bread; this can also be attributed to the
significantly (p < 0.05) higher gas retention coefficient of RF+RCF dough (98.60 & 0.5%)
compared to RF+CF dough (97.70 £ 0.3%) as evaluated with a Chopin Rheofermentometer
F3 (Chopin, Villeneuve-La-Garenne, Cedex, France) in our previous study [12]. This result
is also in accordance with the findings of Ouazib et al. [22], where breads made with 100%
toasted chickpea flours had higher specific loaf volume than breads prepared with raw,
germinated, and cooked chickpea flours. Contrary, BureSova et al. [20] found that there was
no significant difference between the specific volumes of rice and chickpea breads, while
Aguilar et al. [19] observed only a slight increase in specific volume upon the addition of
7.8% chickpea flour to cornstarch-based GF bread formulation. Mifiarro et al. [21] showed
that chickpea flour added to cornstarch-based GF bread resulted in an enhanced specific
volume that was attributed to the high foam stabilizing capacity of chickpea protein. These
contradictory findings reported in literature are mainly due to the different amounts of
chickpea flour added into the formulations and the type of flours in the blend.
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Table 1. Technological properties of fresh gluten-free breads.

Sample Bake Loss Height Specific Volume Moisture Crumb Color Crust Color
(%) Max (cm) (cm3/g) (g/100 g) L* a* b* L* a* b*
RF 19.62 £ 0472 4.69 4+ 0.23 2P 2.6340.112 4292 +0962 7507+0.05% —221£0.19°% 7.75 +0.07 4 7248 £1.082  —050+0.179 2455+ 0.35P
RF + CF 20.44 +0.182 4.3440.03° 251 +0.11° 43.01+0483 754740393 —313+021° 16474+022° 52904039 8.58 +0.08 ® 32.86 +0.532
RF + RCF 2043 £0.74° 5.00 £0.072 2.89 £0.032 4297 +£0.09% 7056 +1.16P> —2.02+0.042 2059 +1.002 56.0240.53P 714 £0.20°¢ 3349 £0.17°2
RF + DCF 20.77 £0.57 2 4.66 =+ 0.04 2P 2.75 4 0.04 2P 401540052  75.09+£0.022 27140222 1342+£0.09¢ 4896+ 1.14°¢ 9.80 £ 0.032 31.30 +1.08 2

REF, rice flour; CF, raw chickpea flour; RCF, roasted chickpea flour; DCF, dehulled chickpea flour. Mean values having different letters in the same column are significantly different
(p < 0.05). Values are mean =+ SD.
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The moisture content of fresh bread samples were 42.92 & 0.96%, 42.97 £+ 0.09%,
43.01 £ 0.48% and 40.15 £ 0.05% for RE, RF+RCF, RF+CF and RF+DCF, respectively
(Table 1). Only RF+DCF had significantly lower moisture content than all the other samples
(p <0.05). At the end of the storage time of 95 h, low moisture loss values were obtained
as the moisture content values were 41.90 £ 0.06%, 42.11 4+ 0.76%, 41.62 + 0.44%, and
38.57 &+ 0.43% for RE, RF+RCEF, RF+CF, and RF+DCEF, respectively (Supplemental Table S1).
Moreover, the water activity values of the fresh crumb samples were not significantly af-
fected (p > 0.05) by flour types (0.994 £ 0.006, 0.989 £ 0.006, 0.992 £ 0.007 and 0.993 £ 0.007
for RF, RE+RCF, RF+CF, and RF+DCEF, respectively). No significant differences were ob-
served within each sample during storage and between the samples at 23, 47, 71, and 95 h
of storage (p > 0.05) (Supplemental Table S1), suggesting the flours and HPMC used were
able to bind water and the polyethylene bags used to store bread samples helped to prevent
water loss.

As attended, according to the flours used in the formulation, different crumb lightness,
redness, and yellowness indices were found (Table 1). In particular, RF+RCF showed L*
values significantly (p < 0.05) lower than the other breads. This result was expected since
RCF had the darkest color among flours used [35]. The dark color can be attributed to the
roasting process to which the chickpea was subjected. As regards the a* values, RF+CF had
a significantly (p < 0.05) lower a* value than RF and RF+RCF. The index that discriminates
most of the bread crumb color according to the flour used was b*. All formulations had
significantly different b* values (p < 0.05): RF had the lowest one, RF+RCF had the highest,
and RF+DCF had the lowest yellowness value among chickpea-containing breads. The
crust lightness values were significantly different for RF+RCF, RF+CF, and RF+DCF when
compared with RF (p < 0.05). Both the formulation and the process (baking condition) could
affect the crust color. However, since the baking condition was standardized among the
four samples, the differences evidenced among the four bread samples can be reasonably
attributed to the flour used. In fact, due to the white color of rice flour, RF had the
lightest crust. All the chickpea-containing breads showed an increase in crust darkness.
Furthermore, the addition of chickpea flour, which is rich in protein, certainly contributed
to the Maillard reactions that took place on the crust during baking. The crust redness was
significantly different for all samples (p < 0.05): lowest for RF and highest for RF+DCF.
The addition of chickpea flours increases the yellowness value regardless of the type of
chickpea flours used (p < 0.05).

Cross-sections of gluten-free bread slices and crumb microstructure are reported in
Figure 1. RF+CF and RF+DCF bread samples exhibited high amounts of round-shaped
intact starch granules (shown in Figure 1 with white arrow) with large sizes. This indicates
that the starch granules were partially gelatinized during baking. The average starch
granule sizes of rice flour (10 pm), raw (22 pm), roasted (19 um), and dehulled (19 pm)
chickpea flours was observed in our previous study [12]. Intact starch granules were
also previously observed in buckwheat, quinoa, sorghum, teff, and wheat breads [36].
The partial gelatinization of starch granules was attributed to the limited and decreasing
water levels during bread baking [37] and to the absence of thermal treatment of the flour
since CF and DCF were only mechanically processed. On the contrary, RF+RCF bread
showed more “fuse” and continuous structure where intact starch granules are less defined
(suggesting a stronger gelatinization of the granules occurred); this is coherent with the
subsequent tempering, moistening, resting, and roasting steps applied during leblebi
production [12-24].
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Figure 1. Crumb microstructure (Magnification x2000) and cross-section of gluten-free bread (RF,
rice flour; RCF, roasted chickpea flour; CF, raw chickpea flour; DCEF, dehulled chickpea flour). The
starch granules are shown with a white arrow.

The differences evidenced by ESEM were also reflected at the macroscopic level. In
fact, different crumb porosity and pore distribution (Figure 1 and Table 2, respectively)
were evidenced through image analysis. All breads exhibited high porosity values (above
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40% vs. 22-26% of published GF bread data [25]); in particular, RF+RCF had the highest
porosity and RF+CF and RF+DCF the lowest. High porosity values of RE+RCF possibly
improved the specific volume (Table 1) and hardness (Figure 2) of this GF bread sample.
Furthermore, according to pore size distribution, RF presented the highest amount of pores
belonging to the 5-10 mm? class, while chickpea flour addition led to the formation of a
higher amount of small size pores. In fact, in chickpea flour containing breads, about 45%
of pores had a dimension lower than 0.5 mm?; this can be attributed to the well-known
foaming capacity of chickpea flours in respect to RF [12].

Table 2. Crumb porosity (%) and cell size distribution (%) of gluten-free bread crumbs.

Cell Dimension

Crumb
Sample e o
Porosity (%)  0,1-0.2 (mm?)  0.2-0.5 (mm?)  0.5-1 (mm?) 1-5 (mm?) 5-10 (mm?)  >10 (mm?)
RF 4536 +2.872P  18.03 +£0.44b 18.84 23902 1537 +1528 33.80+2632 82141342 544+146°
RF + CF 4149 +£0.11° 23.02+0.212 21.69+0912 171741178 27.92+0.67° 476+ 0.05P 543+1.152
RF + RCF 51.41 +£2302 23.16 +0.07 2 222341422 1670+0.612 2581 +0.11° 533+020b 677 +1.662
RF + DCF 41.84 +1.25P 21.99 +0.412 23.04+1.042 1721+0422 29.07+0.153% 529+0.01b 340+0342
RE, rice flour; CF, raw chickpea flour; RCF, roasted chickpea flour; DCF, dehulled chickpea flour. Mean values
having different letters in the same column are significantly different (p < 0.05). Values are mean =+ SD.
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Figure 2. Evolution of crumb texture ((a) hardness (N); (b) cohesiveness; (c) springiness) during
storage. RF (), RF + CF (¢), RF+RCF (A) and RF + DCF (s); RF, rice flour; CF, raw chickpea flour;
RCE roasted chickpea flour; DCFE, dehulled chickpea flour.

According to crumb microstructure and porosity, different texture properties are ex-
pected. Since quick staling of GF bread is one of the main problems still to be solved, bread
crumb was subjected to a TPA after 2 hours from baking (fresh bread) and at different
storage times up to 95 h in order to evaluate the staling process (Figure 2). RF+CF and
RF+DCEF fresh breads presented significantly (p < 0.05) higher hardness (13.37 = 0.87 N and
14.05 £ 0.57 N, respectively) compared to RF (8.42 & 1.38 N) and RF+RCF (5.49 £ 0.58 N)
samples. In particular, bread containing RCF presented a softer crumb even if the mois-
ture content of this bread (42.97 £+ 0.09%) was not significantly different from that of
RF (42.92 £+ 0.96%) and RF+CF (43.01 £ 0.48%). This behavior could be related to the
higher bread crumb porosity of this sample. Also, for the other samples, higher porosity
corresponds to lower hardness values; RF+CF and RF+DCF had similar porosity and
hardness values, although dehulled chickpea flour had lower fiber content. During the
first 23 h of storage, the rate of increase in firmness was rapid for all samples. However,
the hardening of RF+RCF was significantly lower than other breads. After 95 h, hardness
values of the breads resulted as the corresponding values, i.e., RF+RCF, 11.22 £ 0.34 N;
RF+DCEF, 28.42 + 0.08 N; RF, 28.45 &+ 0.73 N; RF+CF, 34.53 =+ 0.74 N. Thus, RF+RCF was
1.5 times softer than RF after 2 hours of baking and 2.5 times at the end of the storage
period. According to Ouazib et al. [22], a relatively softer crumb was obtained for toasted
(at 180 °C for 20 min on a stove) chickpea flour bread (167 N) compared to raw chickpea
bread (251 N). In comparison with RF+RCF, which contained roasted chickpea flour, the
toasted chickpea bread prepared in [22] exhibited 15 times higher hardness. The differences
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in the composition of the flour used (100% chickpea), and the intensity of the heat treatment
applied to chickpea may account for the differences in the hardness values. In fact, in
Ouazib et al. [22], heat was applied to chickpeas only once (180 °C, 20 min) during roasting.
On the contrary, in our study, the roasted chickpea grains were obtained after at least
three tempering and one roasting steps that were interspersed by resting and moistening
processes as explained in Coskuner and Karababa [24]. The rate of staling was the high-
est for RF (2.38) and lowest for RF+DCEF (1.02) and RF+RCF (1.04), while RF+CF had a
moderate staling rate (1.58). Bread staling is a complex phenomenon that involves mainly
the migration of water from crumb to crust and starch retrogradation [38,39]. Apart from
starch, other bread components have been thought to affect bread staling as they interact
with water. For instance, the presence of protein (i.e., gluten) was found to contribute to the
softness of the crumb by increasing the amount of water that plasticizes [40]. In some of the
studies, the effect of gluten on staling was linked with the dilution effect on starch [41]. On
the other hand, the importance of the interactions between starch-gluten and starch-starch
rather than their presence or absence was suggested as the most important point [42,43].
Consequently, in our study, the lower staling rate of chickpea flour-containing GF breads
vs. RF bread could be attributed to the higher (24-36%) protein content of these breads
(Table 3). Moreover, the lower amount of starch and the higher fiber content of chickpea
flours (in particular DCF and RCF) in comparison with RF (Section 3.1) may also positively
affect the staling rate of the breads [44].

Cohesiveness is an indicator of the internal resistance of bread to a double compression.
A high level of cohesiveness is desirable in order to obtain a less crumbly bread structure, a
typical defect of gluten-free bread. In fact, during mastication, less cohesive bread starts to
fractionate in the mouth [45]. As seen in Figure 2b, the fresh breads containing chickpea
flours showed significant (p < 0.05) lower cohesiveness values (0.54-0.56) in comparison
to rice bread (0.66 £ 0.01). Sharp decreases in the cohesiveness values of all crumbs were
observed during storage, particularly in the first 23 h. During storage, cohesiveness values
progressively decreased down to 0.21 =+ 0.01 for RF, 0.14 £ 0.0.01 for RF+RCF, 0.15 £ 0.00 for
RF+CEF, and 0.14 £ 0.01 for RF+DCF after 95 h. In comparison to the cohesiveness of breads
containing toasted chickpea flours [22], the cohesiveness values of our samples were higher.
Similarly to our results, BureSova et al. [20] reported that rice bread exhibited a higher
cohesiveness value (0.76) compared to chickpea bread (0.58), highlighting the negative
effect of chickpea flour addition on cohesiveness. Moreover, decreasing cohesiveness values
were also observed when high pea protein powder (almost 20%, flour-based) was added in
the buckwheat—flaxseed based GF bread formulations [46]. Accordingly, the replacement of
25% of RF with the chickpea flours having higher protein content (Section 3.1) determined
a decrease of the bread cohesiveness (Figure 2), presumably due to more rigidity of the
starch—protein network.

Crumb springiness is considered an indicator of the elasticity of the bread crumb.
When compared to RF, presence of chickpea flours (RCF, CF and DCF) in bread formulations
caused a slight but statistically significant decrease in springiness from 0.93 £ 0.01 (RF) to
0.89 £ 0.01 (RF+RCF), 0.87 & 0.01 (RF+CF), and 0.88 £ 0.02 (RF+DCF). Ouazib et al. [22]
reported similar-to-lower springiness values for fresh bread containing raw (0.85) and
toasted (0.70) chickpea flour. On the contrary, increased springiness values were observed
in GF rice muffins containing protein isolate [47]. After 95 h of storage, springiness values
of breads decreased to 0.74 & 0.02 for RF, 0.56 £ 0.0.01 for RF+RCEF, 0.62 & 0.01 for RF+CF,
and 0.63 + 0.03 for RF+DCF.
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Table 3. Nutritional properties of gluten-free breads.

Bread Protein Fat Ash TPC RDS SDS Total Available Starch ( g/lOO/;X]?:ilable (/100 f;SA?riilable IVPD
(g/100 gdm)  (g/100gdm) (g/100gdm) (mg GAE/100gdm) (g/100 gdm) (g/100 g dm) (g/100 g dm) Starch) Starch) (%)
RF 9.72 +0.08 P 1.614+0.38°  2.01 £0.03P 49.36 +2.47 ¢ 81.04 £0312 590 + 0.62bc 86.94 +0.60 2 9324072 6.8+07°¢ 83.07 + 0.64 b
RF+CF  13.02+0.142 478+0.10P 2.784+0.092 65.29 +£2.25b 68.81+ 096> 698+ 0.49° 75.79 £+ 0.90 © 90.8+0.7b 92+0.7P 84.25 + 0.04 2P
RF+RCF  13.2140.03% 458+ 0.07° 245+0.01% 80.52 +5.132 69.87 £ 0.61° 5334 0.60° 75.20 £+ 0.59 © 92.9 4+ 0.8 2P 71+08¢ 85.57 + 0.522
RF+DCF 1203+0712 58640162 26340212 71.87 4 2.05 2 6729 +1.63% 1114 +0432 7843 +1.29P 858 +0.7¢ 142 +072 83.58 +0.29 P

REF, rice flour; CF, raw chickpea flour; RCF, roasted chickpea flour; DCF, dehulled chickpea flour; TPC, total phenolic content; RDS, rapidly digestible starch; SDS, slowly digestible starch;
total available starch (RDS+SDS); IVPD, in vitro protein digestibility; dm, dry matter. Means having different letters at the same column are significantly different (p < 0.05). Values are

mean =+ SD.



Foods 2022, 11,199

12 of 16

3.3. Nutritional Properties of Bread

The composition of breads is shown in Table 3 together with the results of rapidly
(RDS) and slowly (SDS) digestible starch fractions. The substitution of 25% of rice flour
with differently processed chickpeas flours increased the protein content by 33.9% (CF),
35.9% (RCF), and 23.7% (DCF). Moreover, a significant (p < 0.05) increase in the amount of
fat and phenolic compounds was noticed in chickpea breads when compared to rice flour
bread.

The TPC of flour samples were 44.55 + 4.94 mg GAE/100 g dm for rice flour,
119.63 £ 0.85, 118.32 + 3.56, and 115.98 + 4.52 mg GAE/100 g dm for roasted, raw,
and dehulled chickpea flour, respectively. These results were close to the values in
literature where TPC contents of commercial raw chickpea samples were reported as
141 + 8 mg GAE/100 g [48] and 157 £ 6-147 & 7 mg GAE /100 g dm [49]. In comparison
to rice flour, chickpea flours had significantly higher (p < 0.05) TPC values regardless of
the type of processing applied. However, no significant change (p > 0.05) was observed
among the raw, roasted, and dehulled chickpea flours. Unlike our findings, Fares and
Menga [50] reported a significant increase in TPC after toasting chickpea flour, which
was attributed to the compounds such as Amadori and Heyns products formed during
toasting. Toasting also increased the TPC of buckwheat grains [51]. The TPC values
of RF+RCF, RF+CF, and RF+DCF breads were significantly different (p < 0.05) than RF
(Table 3): RF had the lowest TPC (49.36 + 2.47 mg GAE/100 g dm), followed by RF+CF
(65.29 £ 2.25 mg GAE/100 g dm), RF+DCF (71.87 £ 2.05 mg GAE/100 g dm) and RF+RCF
(80.52 = 5.13 mg GAE/100 g dm). When the TPC contents of chickpea flour-containing
breads were compared, the TPC content of RF+RCF bread was significantly (p < 0.05) higher
than RF+CF bread.

The total available starch levels were significantly higher for RF (86.94 + 0.60 g/100 g dm)
when compared to chickpea flour-containing breads (p < 0.05). Among the chickpea con-
taining breads, RF+CF (75.79 & 0.90 g/100 g dm) and RF+RCF (75.20 £ 0.59 g/100 g dm)
had significantly lower available starch contents than RF+DCF (78.43 £ 1.29 g/100 g dm)
(p < 0.05). These values were in accordance with Gularte et al. [52].

RDS and SDS are indicative of high and low glycemic responses, and so as high and
low glycemic index, respectively [53]. The Glycemic index (GI) term is used to evaluate
the blood glucose response of foods. According to GI values, foods are classified as low
(<55), medium (55-69), or high (>70) GI foods [54]. The nature of starch, monosaccharide
components, food processing, heat treatment/cooking, and food components such as fat
and protein play an important role in the GI [55]. In our study, significant differences in
digestible starch fractions were observed between bread samples. In particular, all the
differently treated chickpea containing bread samples (RF+CF, RF+RCF, and RF+DCF)
had significantly (p < 0.05) lower RDS fractions than those determined in RE. The possible
explanation for this might be the presence of dietary fiber in chickpea flours and the
higher amylose content of chickpea starches (30-35% on average) [56-58] compared to
rice flour (26.2 g/100 g dm) [44]. Interestingly, when compared to RF, only RF+DCF had
a significantly (p < 0.05) higher SDS fraction; this feature may be of interest from the
nutritional point of view since it could reduce the glycemic potential [59] of the bread.
Wolter et al. [60] reported a key role of factors such as the size of starch granules, degree
of gelatinization, starch composition, protein, and lipid content/interactions in affecting
the starch digestibility of bread. The relatively high SDS content in DCF containing bread
might be related to the presence of intact starch granules in breads (Figure 1). Indeed, the
glycemic response appears to be directly related to the amount of RDS, and the insulin
demand is inversely correlated to the SDS fraction [61]. In general, RDS represents the
prevailing fraction in GF products [52,62].

Figure 3 reports pH drop caused by the increase in H+ ions due to the breakdown
of peptide bonds and formation of free carboxyl groups of amino acids [63] during
in vitro protein digestion of breads. An improved digestibility for roasted chickpea bread
(85.57 & 0.52%; p < 0.05) in comparison with RF (83.07 &£ 0.64%) was observed, while only
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small changes resulted for RF+CF (84.25 £ 0.04%), and RF+DCF (83.58 £ 0.29%) (Table 3).
It was observed that bread prepared with cooked chickpea flour had significantly (p < 0.05)
higher in vitro protein digestibility values compared to raw, germinated, and toasted chick-
pea breads [22]; similar to our findings, no significant differences (p > 0.05) was observed
among breads made with raw, germinated, and toasted chickpea flours. The increased
digestibility of RF+RCF has been attributed to the protein denaturation that occurred
during the cooking process [22]. Protein digestibility is one of the useful measurements
for evaluating protein quality and availability. Low protein digestibility has been linked to
anti-nutritional factors, such as protease inhibitors, particularly present in legumes [64],
and the presence of tannins and phytic acids in the seed. The effect of heat treatment on the
reduction of enzyme inhibitors and lectins is well-recognized in the literature [65,66]. In a
review on protein digestibility of sorghum, processes such as dry heating, grain refinement,
and fermentation were suggested to increase protein digestibility [67]. On the other hand,
as the protein contents of the bread samples increased, in vitro protein digestibility values
were also increased (Table 3). In agreement with this observation, it was found that [68]
egg white protein and soy protein isolate addition improved the protein digestibility of
gluten-free pasta based on banana flour.

8.0 ——RF
e --RF+RCF
' k —~RF+CF
76 1N -#-RF+DCF
o
S 74 4
7.2
7.0
6.8
0

Time (min)

Figure 3. pH drop during in vitro protein digestion of breads (RF, rice flour; RCF, roasted chickpea
flour; CF, raw chickpea flour; DCF, dehulled chickpea flour).

4. Conclusions

The effects of the addition of raw, roasted, and dehulled chickpea flour on the tech-
nological and nutritional characteristics of rice-based gluten-free bread were evaluated.
Roasted chickpea flour addition resulted in breads with increased specific volume and dark-
ness of crumb and crust. Among all the chickpea-containing breads, the one with added
roasted chickpea flour showed a softer crumb and low staling rate during 95 h storage. Fur-
thermore, a significant increase in protein, ash, and fat contents of the breads and reduced
total available starch levels were achieved with the addition of chickpea flours to rice-based
bread. Additionally, the total phenolic content of the breads significantly increased after
chickpea flour addition, in particular in the bread containing roasted chickpea flour. In
raw, roasted, and dehulled chickpea flour-containing breads, RDS levels were significantly
(p < 0.05) lower than rice-based gluten-free bread and, consequently, SDS levels tended to
increase, suggesting a potential effect in reducing the potential glycemic response of these
breads. The protein digestibility was enhanced in roasted chickpea flour-containing bread.

In the light of this study, it was revealed that rice breads enriched with 25% chickpea
flours displayed varying and, in general, improved technological and nutritional properties.
Furthermore, the results of the study evidenced that a by-product of leblebi snack man-
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ufacturing (i.e., RCF) can be successfully valorized in GF bread formulations as a cheap,
sustainable, and nutritious ingredient.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article /10
.3390/foods11020199/s1, Figure S1: Representative force (g) versus time (s) curve of TPA; Table S1:
Changes in moisture content (g/100g) and water activity of breads during 95 hours of storage.

Author Contributions: Conceptualization, G.K., S H., M.C.C.,, M.L. and C.C.; Data curation, G.K,,
S.H., M.C.C,, M.L. and C.C.; Formal analysis, G.K., M.C.C. and C.C.; Investigation, G.K., M.C.C. and
C.C,; Project administration, S.H. and M.L.; Resources, S.H., M.L. and C.C.; Supervision, S.H.,, M.C.C.,
M.L. and C.C.; Writing—original draft, G.K., M.C.C. and C.C.; Writing—review & editing, G.K., S.H.,
M.C.C.,, M.L. and C.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated for this study are available on request to the
corresponding author.

Acknowledgments: The authors would like to thank the Izmir Institu te of Technology, Biotech-
nology, and Bioengineering Research and Application Center (BIOMER), and Center for Material
Research (CMR) for providing their facilities for raw material analysis and microscopic analysis,
respectively. The authors would like to thank Giovanni Fiorillo, Elisabetta La Gala and Agostina
Moles (Department of Food, Environmental and Nutritional Sciences, Universita degli Studi di
Milano) for their assistance during RDS, SDS and total starch determinations, and Universita degli
Studi di Milano, for partially covering the open-access APC (Article processing charge).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.

-

10.

11.

12.

13.

Hallert, C.; Grant, C.; Grehn, S.; Granno, C.; Hultén, S.; Midhagen, G.; Strém, M.; Svensson, H.; Valdimarsson, T. Evidence of poor
vitamin status in coeliac patients on a gluten-free diet for 10 years. Aliment. Pharmacol. Ther. 2002, 16, 1333-1339. [CrossRef]
[PubMed]

Mariani, P,; Viti, M.; Montuori, M.; La Vecchia, A.; Cipolletta, E.; Calvani, L.; Bonamico, M. The gluten-free diet: A nutritional risk
factor for adolescents with celiac disease? J. Pediatr. Gastroenterol. Nutr. 1998, 27, 519-523. [CrossRef]

Thompson, T. Folate, iron, and dietary fiber contents of the gluten-free diet. J. Am. Diet. Assoc. 2000, 100, 1389-1396. [CrossRef]
Saturni, L.; Ferretti, G.; Bacchetti, T. The Gluten-Free Diet: Safety and Nutritional Quality. Nutrients 2010, 2, 16-34. [CrossRef]
Foschia, M.; Horstmann, S.W.; Arendt, E.K.; Zannini, E. Legumes as functional ingredients in gluten-free bakery and pasta
products. Annu. Rev. Food Sci. Technol. 2017, 8, 75-96. [CrossRef]

FAOSTAT, Food and Agriculture Organization of the United Nations. Available online: http:/ /www.fao.org/faostat/ (accessed
on 1 June 2020).

National Nutrient Database for Standard Reference, USDA. Available online: https:/ /fdc.nal.usda.gov/ (accessed on 1 June
2020).

Alajaji, A.A.; El-Adawy, T.A. Nutritional composition of chickpea (Cicer arietinum L.) as affected by microwave cooking and other
traditional cooking methods. J. Food Compost. Anal. 2006, 19, 806-812. [CrossRef]

Koksel, H.; Sivri, D.; Scanlon, M.G.; Bushuk, W. Comparison of physical properties of raw and roasted chickpeas (leblebi). Food
Res. Int. 1998, 31, 659-665. [CrossRef]

Ma, Z.; Boye, J.I.; Simpson, B.K.; Prasher, S.0.; Monpetit, D.; Malcolmson, L. Thermal processing effects on the functional
properties and microstructure of lentil, chickpea, and pea flours. Food Res. Int. 2011, 44, 2534-2544. [CrossRef]

Ghavidel, R.A.; Prakash, J. The impact of germination and dehulling on nutrients, antinutrients, in vitro iron and calcium
bioavailability and in vitro starch and protein digestibility of some legume seeds. LWT—Food Sci. Technol. 2007, 40, 1292-1299.
[CrossRef]

Kahraman, G.; Harsa, S.; Lucisano, M.; Cappa, C. Physicochemical and rheological properties of rice-based gluten-free blends
containing differently treated chickpea flours. LWT—Food Sci. Technol. 2018, 98, 276-282. [CrossRef]

Mohammed, I.; Ahmed, A.R.; Senge, B. Dough rheology and bread quality of wheat—chickpea flour blends. Ind. Crop. Prod. 2012,
36, 196-202. [CrossRef]


https://www.mdpi.com/article/10.3390/foods11020199/s1
https://www.mdpi.com/article/10.3390/foods11020199/s1
http://doi.org/10.1046/j.1365-2036.2002.01283.x
http://www.ncbi.nlm.nih.gov/pubmed/12144584
http://doi.org/10.1097/00005176-199811000-00004
http://doi.org/10.1016/S0002-8223(00)00386-2
http://doi.org/10.3390/nu2010016
http://doi.org/10.1146/annurev-food-030216-030045
http://www.fao.org/faostat/
https://fdc.nal.usda.gov/
http://doi.org/10.1016/j.jfca.2006.03.015
http://doi.org/10.1016/S0963-9969(99)00042-3
http://doi.org/10.1016/j.foodres.2010.12.017
http://doi.org/10.1016/j.lwt.2006.08.002
http://doi.org/10.1016/j.lwt.2018.08.040
http://doi.org/10.1016/j.indcrop.2011.09.006

Foods 2022, 11, 199 15 of 16

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rizzello, C.G.; Calasso, M.; Campanella, D.; De Angelis, M.; Gobbetti, M. Use of sourdough fermentation and mixture of wheat,
chickpea, lentil and bean flours for enhancing the nutritional, texture and sensory characteristics of white bread. Int. J. Food
Microbiol. 2014, 180, 78-87. [CrossRef] [PubMed]

Utrilla-Coello, R.G.; Osorio-Diaz, P; Bello-Perez, L.A. Alternative use of chickpea flour in breadmaking: Chemical composition
and starch digestibility of bread. Food Sci. Technol. Int. 2007, 13, 323-327. [CrossRef]

Yamsaengsung, R.; Schoenlechner, R.; Berghofer, E. The effects of chickpea on the functional properties of white and whole wheat
bread. Int. ]. Food Sci. Technol. 2010, 45, 610-620. [CrossRef]

Zafar, T.A.; Al-Hassawi, F.; Al-Khulaifi, F.; Al-Rayyes, G.; Waslien, C.; Huffman, EG. Organoleptic and glycemic properties of
chickpea-wheat composite breads. J. Food Sci. Technol. 2015, 52, 2256-2263. [CrossRef] [PubMed]

Baik, B.-K.; Han, L.H. Cooking, roasting, and fermentation of chickpeas, lentils, peas, and soybeans for fortification of leavened
bread. Cereal Chem. 2012, 89, 269-275. [CrossRef]

Aguilar, N.; Albanell, E.; Mifiarro, B.; Capellas, M. Chickpea and tiger nut flours as alternatives to emulsifier and shortening in
gluten-free bread. LWT—Food Sci. Technol. 2015, 62, 225-232. [CrossRef]

Buresova, I; Kra¢mar, S.; Dvorakova, P.; Stfeda, T. The relationship between rheological characteristics of gluten-free dough and
the quality of biologically leavened bread. J. Cereal Sci. 2014, 60, 271-275. [CrossRef]

Mifiarro, B.; Albanell, E.; Aguilar, N.; Guamis, B.; Capellas, M. Effect of legume flours on baking characteristics of gluten-free
bread. J. Cereal Sci. 2012, 56, 476-481. [CrossRef]

Ouazib, M.; Garzon, R.; Zaidi, F; Rosell, C.M. Germinated, toasted and cooked chickpea as ingredients for breadmaking. J. Food
Sci. Technol. 2016, 53, 2664-2672. [CrossRef] [PubMed]

Santos, F.G.; Aguiar, E.V,; Rosell, C.M.; Capriles, V.D. Potential of chickpea and psyllium in gluten-free breadmaking: Assessing
bread’s quality, sensory acceptability, and glycemic and satiety indexes. Food Hydrocoll. 2021, 113, 106487. [CrossRef]

Coskuner, Y.; Karababa, E. Leblebi: A roasted chickpea product as a traditional Turkish snack food. Food Rev. Int. 2004, 20,
257-274. [CrossRef]

Cappa, C.; Lucisano, M.; Mariotti, M. Influence of Psyllium, sugar beet fibre and water on gluten-free dough properties and bread
quality. Carbohydr. Polym. 2013, 98, 1657-1666. [CrossRef]

Hager, A.-S.; Wolter, A.; Czerny, M.; Bez, J.; Zannini, E.; Arendt, E.K.; Czerny, M. Investigation of product quality, sensory profile
and ultrastructure of breads made from a range of commercial gluten-free flours compared to their wheat counterparts. Eur. Food
Res. Technol. 2012, 235, 333-344. [CrossRef]

Association of Official Analytical Chemists (AOAC). Official Methods of Analysis, Protein (Total) in Flour; AOAC: Gaithersburg, MD,
USA, 1999.

American Association of Cereal Chemists (AACC) International. Approved Methods of Analysis, Ash-Basic Method, for Corn (Method
08-01.01), 11th ed.; AACC: St. Paul, MN, USA, 1999.

Alves, G.H.; Ferreira, C.D.; Vivian, P.G.; Monks, J.L.E,; Elias, M.C.; Vanier, N.L.; de Oliveira, M. The revisited levels of free and
bound phenolics in rice: Effects of the extraction procedure. Food Chem. 2016, 208, 116-123. [CrossRef]

Singleton, V.L.; Orthofer, R.; Lamuela-Raventos, R.M. Analysis of total phenols and other oxidation substrates and antioxidants
by means of Folin-Ciocalteu reagent. Methods Enzymol. 1999, 299, 152-178.

Saka¢, M.; Torbica, A.; Sedej, I.; Hadnadev, M. Influence of breadmaking on antioxidant capacity of gluten free breads based on
rice and buckwheat flours. Food Res. Int. 2011, 44, 2806-2813. [CrossRef]

Englyst, K.N.; Hudson, G.J.; Englyst, H.N. Starch analysis in food. In Encyclopedia of Analytical Chemistry; Meyers, R.A., Ed.; John
Wiley & Sons Ltd.: Chichester, UK, 2000; pp. 4246-4262.

Hsu, HW.; Vavak, D.L,; Satterlee, L.D.; Miller, G.A. A multienzyme technique for estimating protein digestibility. ]. Food Sci. 1977,
42,1269-1273. [CrossRef]

Minekus, M.; Alminger, M.; Alvito, P; Ballance, S.; Bohn, T.; Bourlieu, C.; Carriere, E; Boutrou, R.; Corredig, M.; Dupont, D.; et al.
A standardised static in vitro digestion method suitable for food—An international consensus. Food Funct. 2014, 5, 1113-1124.
[CrossRef] [PubMed]

Kahraman, G. Development of Gluten-Free Bread Formulations Based on Chickpea Flour: Optimization of Formulation,
Evaluation of Dough Properties and Bread Quality. Ph.D. Thesis, Izmir Institute of Technology, [zmir, Turkey, 2016.

Wolter, A.; Hager, A.-S.; Zannini, E.; Czerny, M.; Arendt, E.K. Influence of dextran-producing Weissella cibaria on baking properties
and sensory profile of gluten-free and wheat breads. Int. J. Food Microbiol. 2014, 172, 83-91. [CrossRef]

Schober, T.J. Manufacture of Gluten-Free Specialty Breads and Confectionery Products. In Gluten-Free Food Science and Technology;
Gallagher, E., Ed.; Wiley-Blackwell: Oxford, UK, 2009; pp. 130-180.

Gray, J.A.; Bemiller, J.N. Bread staling: Molecular basis and control. Compr. Rev. Food Sci. Food Saf. 2003, 2, 1-21. [CrossRef]
[PubMed]

Singh, N.; Singh, J.; Kaur, L.; Singh Sodhi, N.; Singh Gill, B. Morphological, thermal and rheological properties of starches from
different botanical sources. Food Chem. 2003, 81, 219-231. [CrossRef]

Curti, E.; Carini, E.; Tribuzio, G.; Vittadini, E. Bread staling: Effect of gluten on physico-chemical properties and molecular
mobility. LWT—Food Sci. Technol. 2014, 59, 418-425. [CrossRef]

Kim, S.K.; D’Appolonia, B.L. Bread staling studies. I. Effect of protein content on staling rate and bread crumb pasting properties.
Cereal Chem. 1977, 54, 207-215.


http://doi.org/10.1016/j.ijfoodmicro.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/24794619
http://doi.org/10.1177/1082013207082537
http://doi.org/10.1111/j.1365-2621.2009.02174.x
http://doi.org/10.1007/s13197-013-1192-7
http://www.ncbi.nlm.nih.gov/pubmed/25829607
http://doi.org/10.1094/CCHEM-04-12-0047-R
http://doi.org/10.1016/j.lwt.2014.12.045
http://doi.org/10.1016/j.jcs.2014.07.001
http://doi.org/10.1016/j.jcs.2012.04.012
http://doi.org/10.1007/s13197-016-2238-4
http://www.ncbi.nlm.nih.gov/pubmed/27478222
http://doi.org/10.1016/j.foodhyd.2020.106487
http://doi.org/10.1081/FRI-200029424
http://doi.org/10.1016/j.carbpol.2013.08.007
http://doi.org/10.1007/s00217-012-1763-2
http://doi.org/10.1016/j.foodchem.2016.03.107
http://doi.org/10.1016/j.foodres.2011.06.026
http://doi.org/10.1111/j.1365-2621.1977.tb14476.x
http://doi.org/10.1039/C3FO60702J
http://www.ncbi.nlm.nih.gov/pubmed/24803111
http://doi.org/10.1016/j.ijfoodmicro.2013.11.015
http://doi.org/10.1111/j.1541-4337.2003.tb00011.x
http://www.ncbi.nlm.nih.gov/pubmed/33451240
http://doi.org/10.1016/S0308-8146(02)00416-8
http://doi.org/10.1016/j.lwt.2014.04.057

Foods 2022, 11, 199 16 of 16

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Every, D.; Gerrard, J.A.; Gilpin, M.].; Ross, M.; Newberry, M.P. Staling in starch bread: The effect of gluten additions on specific
loaf volume and firming rate. Starch-Stirke 1998, 50, 443-446. [CrossRef]

Martin, M.L.; Zeleznak, K.J.; Hoseney, R.C. A mechanism of bread firming. I. Role of starch swelling. Cereal Chem. 1991, 68,
498-503.

Cappa, C.; Lucisano, M.; Mariotti, M. Rheological properties of gels obtained from gluten-free raw materials during a short term
aging. LWT—Food Sci. Technol. 2013, 53, 464—472. [CrossRef]

Onyango, C.; Mutungi, C.; Unbehend, G.; Lindhauer, M.G. Modification of gluten-free sorghum batter and bread using maize,
potato, cassava or rice starch. LWT—Food Sci. Technol. 2011, 44, 681-686. [CrossRef]

Wojcik, M.; Rézylo, R.; Schonlechner, R.; Berger, M.V. Physicochemical properties of an innovative gluten-free, low-carbohydrate
and high protein-bread enriched with pea protein powder. Sci. Rep. 2021, 11, 14498. [CrossRef] [PubMed]

Shevkani, K.; Kaur, A.; Kumar, S.; Singh, N. Cowpea protein isolates: Functional properties and application in gluten-free rice
muffins. LWT—Food Sci. Technol. 2015, 63, 927-933. [CrossRef]

Xu, B.J.; Chang, S.K.C. A comparative study on phenolic profiles and antioxidant activities of legumes as affected by extraction
solvents. J. Food Sci. 2007, 72, S159-5166. [CrossRef] [PubMed]

Padhi, EM.T;; Liu, R.; Hernandez, M.; Tsao, R.; Ramdath, D.D. Total polyphenol content, carotenoid, tocopherol and fatty acid
composition of commonly consumed Canadian pulses and their contribution to antioxidant activity. J. Funct. Foods 2016, 38 Pt B,
602-611. [CrossRef]

Fares, C.; Menga, V. Effects of toasting on the carbohydrate profile and antioxidant properties of chickpea (Cicer arietinum L.) flour
added to durum wheat pasta. Food Chem. 2012, 131, 1140-1148.

Szawara-Nowak, D.; Koutsidis, G.; Wiczkowski, W.; Zieliriski, H. Evaluation of the in vitro inhibitory effects of buckwheat
enhanced wheat bread extracts on the formation of advanced glycation end-products (AGEs). LWT—Food Sci. Technol. 2014, 58,
327-334. [CrossRef]

Gularte, M.A.; Gomez, M.; Rosell, C.M. Impact of legume flours on quality and in vitro digestibility of starch and protein from
gluten-free cakes. Food Bioprocess Technol. 2012, 5, 3142-3150. [CrossRef]

Hoover, R.; Hughes, T.; Chung, H.J.; Liu, Q. Composition, molecular structure, properties, and modification of pulse starches: A
review. Food Res. Int. 2010, 43, 399-413. [CrossRef]

Zhang, Z.; Tian, X.; Wang, P; Jiang, H.; Li, W. Compositional, morphological, and physicochemical properties of starches from red
adzuki bean, chickpea, faba bean, and baiyue bean grown in China. Food Sci. Nutr. 2019, 7, 2485-2494. [CrossRef]

Sandhu, K.S.; Lim, S.-T. Digestibility of legume starches as influenced by their physical and structural properties. Carbohydr.
Polym. 2008, 71, 245-252. [CrossRef]

Englyst, H.N.; Kingman, 5S.M.; Cummings, ].H. Classification and measurement of nutritionally important starch fractions. Eur. .
Clin. Nutr. 1992, 46 (Suppl. S2), S33-550.

Venn, B.J.; Green, T.J. Glycemic index and glycemic load: Measurement issues and their effect on diet-disease relationships. Eur. J.
Clin. Nutr. 2007, 61 (Suppl. S1), S122-S131. [CrossRef]

FAO, Food and Agriculture Organization of the United Nations. Carbohydrates in Human Nutrition, FAO Food and Nutrition
Paper 66. Available online: www.fao.org/docrep/w8079e/w8079e00.htm (accessed on 15 November 2016).

EFSA Panel on Dietetic Products; Nutrition and Allergies (NDA). Scientific Opinion on the substantiation of a health claim related
to “slowly digestible starch in starch-containing foods” and “reduction of post- prandial glycaemic responses” pursuant to Article
13(5) of Regulation (EC) No 1924/20061. EFSA J. 2011, 9, 2292.

Wolter, A.; Hager, A.-S.; Zannini, E.; Arendt, E.K. In vitro starch digestibility and predicted glycaemic indexes of buckwheat, oat,
quinoa, sorghum, teff and commercial gluten-free bread. . Cereal Sci. 2013, 58, 431-436. [CrossRef]

Garsetti, M.; Vinoy, S.; Lang, V.; Holt, S.; Loyer, S.; Brand-Miller, J.C. The glycemic and insulinemic index of plain sweet biscuits:
Relationships to in vitro starch digestibility. J. Am. Coll. Nutr. 2005, 24, 441-447. [CrossRef]

de La Hera, E.; Rosell, C.M.; Gomez, M. Effect of water content and flour particle size on gluten-free bread quality and digestibility.
Food Chem. 2014, 151, 526-531. [CrossRef]

Tavano, O.L.; Neves, V.A.; da Silva Junior, S.I. In vitro versus in vivo protein digestibility techniques for calculating PDCAAS
(protein digestibility-corrected amino acid score) applied to chickpea fractions. Food Res. Int. 2016, 89, 756-763. [CrossRef]
Coda, R.; Melama, L.; Rizzello, C. Effect of air classification and fermentation by Lactobacillus plantarum VTT E-133328 on faba
bean (Vicia faba L.) flour nutritional properties. Int. J. Food Microbiol. 2015, 193, 34—42. [CrossRef] [PubMed]

Machado, EP.P; Queiroz, ].H.; Oliveira, M.G.A.; Piovesan, N.D.; Peluzio, M.C.G.; Costa, N.M.B.; Moreira, M.A. Effects of heating
on protein quality of soybean flour devoid of Kunitz inhibitor and lectin. Food Chem. 2008, 107, 649-655. [CrossRef]

Shi, L.; Mu, K.; Arntfield, S.D.; Nickerson, M.T. Changes in levels of enzyme inhibitors during soaking and cooking for pulses
available in Canada. . Food Sci. Technol. 2017, 54, 1014-1022. [CrossRef] [PubMed]

Duodu, K.G; Taylor, J.R.N.; Belton, P.S.; Hamaker, B.R. Factors affecting sorghum protein digestibility. J. Cereal Sci. 2003, 38,
117-131. [CrossRef]

Rachman, A.; Brennan, M.A.; Morton, J.; Brennan, C.S. Effect of Egg White Protein and Soy Protein Isolate Addition on Nutritional
Properties and In-Vitro Digestibility of Gluten-Free Pasta Based on Banana Flour. Foods 2020, 9, 589. [CrossRef] [PubMed]


http://doi.org/10.1002/(SICI)1521-379X(199810)50:10&lt;443::AID-STAR443&gt;3.0.CO;2-3
http://doi.org/10.1016/j.lwt.2013.02.027
http://doi.org/10.1016/j.lwt.2010.09.006
http://doi.org/10.1038/s41598-021-93834-0
http://www.ncbi.nlm.nih.gov/pubmed/34262068
http://doi.org/10.1016/j.lwt.2015.04.058
http://doi.org/10.1111/j.1750-3841.2006.00260.x
http://www.ncbi.nlm.nih.gov/pubmed/17995858
http://doi.org/10.1016/j.jff.2016.11.006
http://doi.org/10.1016/j.lwt.2013.03.005
http://doi.org/10.1007/s11947-011-0642-3
http://doi.org/10.1016/j.foodres.2009.09.001
http://doi.org/10.1002/fsn3.865
http://doi.org/10.1016/j.carbpol.2007.05.036
http://doi.org/10.1038/sj.ejcn.1602942
www.fao.org/docrep/w8079e/w8079e00.htm
http://doi.org/10.1016/j.jcs.2013.09.003
http://doi.org/10.1080/07315724.2005.10719489
http://doi.org/10.1016/j.foodchem.2013.11.115
http://doi.org/10.1016/j.foodres.2016.10.005
http://doi.org/10.1016/j.ijfoodmicro.2014.10.012
http://www.ncbi.nlm.nih.gov/pubmed/25462921
http://doi.org/10.1016/j.foodchem.2007.08.061
http://doi.org/10.1007/s13197-017-2519-6
http://www.ncbi.nlm.nih.gov/pubmed/28303052
http://doi.org/10.1016/S0733-5210(03)00016-X
http://doi.org/10.3390/foods9050589
http://www.ncbi.nlm.nih.gov/pubmed/32384623

	Introduction 
	Materials and Methods 
	Materials 
	Methods 
	Flour Characterization 
	Bread Preparation 
	Technological Properties of GF Bread 
	Nutritional Properties of GF Bread 
	Statistical Analysis 


	Results and Discussion 
	Flour Properties 
	Technological Properties of Bread 
	Nutritional Properties of Bread 

	Conclusions 
	References

