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Abstract
This study aims at producing gluten-free bread (GFB) utilizing lentil flour (LF) that offers improved nutritional, textural, 
and sensory properties suitable for celiac patients. For this purpose, the control breads were modified by replacing starch 
with 10%, 20%, and 30% LF. The control group breads were produced by adding 4% xanthan to the mixture containing 
corn starch (70%) and gluten-free wheat starch (30%). The physicochemical properties, color, texture, bioactive properties, 
aroma composition, and sensory properties of the samples were examined. LF addition to the GFB formulation increased 
the specific volume and hardness of the samples, and the usage of 10% LF enhanced the chewiness of the bread (p < 0.05). 
The total amount of dietary fiber (TDL) in the bread samples ranged from 1.31 to 4.88 g/100 g. The total phenolic compound 
(TPC) content was measured as 0.33–0.75 mg GAE/100 g. The total antioxidant capacity (AA) varied from 0.05 to 2.91 µmol 
Trolox/100 g. Particularly, the bread samples with 30% LF demonstrated the highest values for these parameters. A total of 
30 aroma compounds were identified in the samples, with the predominant component found during the aroma analysis being 
alcohol. The sensory evaluation conducted by the panelists indicated that the GFB with 30% LF was the most favored sample 
deemed suitable for consumption. In conclusion, a functional, nutritious, and preferable GFB formulation has been developed.
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Introduction

Cereals and their associated products continue to hold a 
significant position in the world, despite changing dietary 
habits, and still play a crucial role in human nutrition [1]. 
However, the consumption of cereals, which are an essential 
component of a balanced diet, can lead to various disorders 
that can be classified into three main categories: celiac dis-
ease, wheat allergy, and non-celiac gluten intolerance among 
consumers [2]. Celiac disease, which is the most widely rec-
ognized condition among these disorders, is an autoimmune 
disease that occurs as a result of consuming prolamins pre-
sent in cereals, resulting in damage to the intestinal mucosa 
[3]. Celiac disease has a worldwide prevalence of 1–2% and 
is a chronic intestinal disease associated with malabsorption 

due to gluten intolerance in certain individuals [3]. The most 
common symptoms of celiac disease include stomach pain, 
diarrhea, weight loss, gas and bloating, anemia, edema, and 
bone or joint pain [4]. Currently, the only known treatment 
method for celiac disease is lifelong adherence to a 'gluten-
free diet' to observe clinical and histologic improvement in 
patients [5]. The growing prevalence of gluten-free diets 
as a treatment approach has resulted in increased interest 
in gluten-free products [6, 7]. Among the various products 
available for celiac disease patients following a gluten-free 
diet, GFB holds a prominent position. Bread prepared using 
gluten-free mixtures is often described to have a crumbly 
texture, pale crust color, poor flavor profıle, shorter shelf 
life, higher carbohydrate content, and lower levels of vita-
mins, minerals, lipids, dietary fiber, and bioactive compo-
nents [8, 9]. To enhance the nutritional, textural, and sensory 
qualities of gluten-free mixtures and improve their overall 
consumability, the utilization of various ingredients such 
as starches from different sources, legume flours, pseu-
docereals, hydrocolloids, surfactants, prebiotics, enzymes. 
And their combinations are gaining widespread popularity 
[10, 11]. Moreover, incorporating legume flours into GFB 
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formulations makes a significant contribution to enrich the 
final product with protein, dietary fiber, vitamins, minerals, 
complex carbohydrates, and bioactive components [12, 13]. 
In addition, legume flours reduce the starch content in the 
composition of GFB, thus contributing to the structure, tex-
tural, and sensory properties of the dough through functional 
effects such as water binding capacity and solubility [14]. 
Among legume flours, lentils stand out as they are globally 
produced and offer a rich nutritional composition. Lentils 
are excellent sources of macronutrients containing approxi-
mately 21–31% protein, 62–69% carbohydrates, 7–18% 
dietary fiber, and 1.57–3.5% fat as well as micronutrients 
such as vitamins (B9/Folate, thiamine, niacin) and minerals 
(calcium, potassium, magnesium) [15]. Lentils also contain 
bioactive components (polyphenols, flavonoids, phytoster-
ols) which are known as secondary metabolites with vari-
ous functional effects [16]. In recent years, there has been a 
growing trend among consumers to include lentils in their 
diets due to their unique nutritional composition, gluten-free 
nature, and particularly, their role in reducing the risk of 
chronic diseases (obesity, diabetes, cancer, and cardiovascu-
lar diseases) [17]. Considering these factors, LF should be 
preferred as a promising ingredient to improve the quality 
of GFB due to its rich nutritional composition, technologi-
cal, and functional properties. A literature survey revealed 
that lentil flour is generally ground and used in product for-
mulations without undergoing any pre-cooking processes 
[18–21]. Applying cooking processes (boiling, microwave, 
roasting) to lentils improves the texture, shelf life, aroma 
components, and nutritional values of GFB by gelatinization 
of starch, denaturation of proteins, and inactivation of other 
enzyme inhibitors [22]. The literature survey indicated that 
only a limited number of studies examined the incorporation 
of pretreated LF in the formulation of GFB. In our study, 
we investigated the impact of incorporating LF at different 
concentrations (10%, 20%, 30%) on the physicochemical 
properties, aroma composition, texture, and sensory char-
acteristics of GFB. This study aimed to develop a product 
for the consumption of celiac patients.

Material and methods

Material

As ingredients, corn starch (Sunar Ins.-Adana, Turkey), glu-
ten-free wheat starch (Demeter Chemical and Food Industry- 
Izmir, Turkey), xanthan gum (Ashland-Belgium), red lentil 
(Oncu Pulses-Istanbul, Turkey) were used. Additionally, 
salt, milk powder, sugar, yeast, and sunflower oil purchased 
from local markets were also used. Chemical materials were 
obtained from Sigma-Aldrich.

To produce lentil flour (LF) using the boiling method, 
the following procedure was followed: Firstly, the samples 
were soaked in distilled water at 22 °C ± 2 for 12 h (1/10 g/
ml). After soaking, the lentils were cooked in a covered steel 
pot for 30 min. Then, the samples were dried in an oven at 
105 °C for 8 h and ground in an herbal product mill (3500 
W, 28.000 rpm, 15 s). Finally, the samples were sieved at 
215 μm and stored in polyethylene packages at 4 °C [23].

Production of GFB

In GFB production, for each formulation 70% of the water 
(Table 1) was put into the kneading bowl of the mixer 
(Kitchen Aid, USA), and after the salt and sugar were dis-
solved in water, compressed yeast was added and mixed 
for 30 s. Subsequently, the other solid components were 
taken into the kneading bowl and the remain of the water 
was added, and the mixing process was continued for 5 min 
after obtaining a homogeneous mixture in the 3rd cycle. 
Doughs prepared and poured into 165 g molds (inner part; 
14.3 × 7.9 cm, bottom part; 12.9 × 6.4 cm and inner depth; 
5.7 cm) were fermented for 70 min at approximately 30 °C 
in the fermentation cabinet set. Afterwards, the doughs were 
baked in the oven at 210 °C for 30 min. After the breads 
were cooled on wire racks at 25 °C, they were stored in poly-
ethylene bags until analysis were performed. The analyses 
were carried out 6 h after baking [24]. The produced GFB 
samples are shown in Fig. 1.

GFB analyses

Physicochemical analyses of GFB

In our study, moisture (AACC 44–01), protein (AACC 
46–12), fat (AACC 30–25.01), ash (AACC 08–01.01), total 
dietary fiber (AACC 32–05.01) contents and specific volume 
(AACC 10–05) of the GFB samples were calculated with 

Table 1   The ingredients and production formulations of GFB

LF lentil flour

Ingredients (g) Control 10% LF 20% LF 30% LF

Corn starch 525 472.5 420 367.5
Gluten-free wheat starch 225 202.5 180 157.5
Lentil flour 0 75 150 225
Xanthan 30 30 30 30
Sugar 30 30 30 30
Sunflower oil 37.5 37.5 37.5 37.5
Salt 11.25 11.25 11.25 11.25
Compressed yeast 30 30 30 30
Powder milk 30 30 30 30
Water 1000 1000 1000 1000
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reference to the specified procedures [25]. The results were 
presented in terms of dry matter and percentage (%).

The total phenolic compounds of the GFB samples was 
performed with modifications to the method described by 
Singleton and Rossi [26]. Firstly, the extraction of total 
phenolic compounds followed the procedure developed by 
Bourekoua et al. [27]. Accordingly, 5 g of dried and pow-
dered GFB samples were taken and extracted in 50 mL 
solvent (methanol/water, 8/2, v/v) at room temperature 
for 30 min. The obtained extracts were then centrifuged at 
4500 g for 15 min. Prepared sample extracts and Folin–Cio-
calteau reagent were used. 0.2 mL of extract was mixed with 
1.5 mL of Folin-Ciocalteu reagent (reagent: water mixture 
1:10 v/v), respectively, and kept in the dark for 5 min. Then, 
1.5 mL of saturated sodium carbonate solution and 4 mL of 
distilled water were added, and the mixture was kept in the 
dark for about 90 min at room conditions and its absorbance 
was measured at 765 nm in a UV–VIS spectrophotometer 
(UV-1601, Rayleigh, BFRL, China) and the results were 
given as mg GAE/100 g.

Antioxidant activities of GFB samples were determined 
by DPPH and ABTS methods. In the determination of anti-
oxidant activity, the method used in the determination of 
total phenolic compounds in the extract was applied [26]. 
DPPH method was performed according to the Krupa-Kozak 
et al. [29]. Briefly, 3.9 mL of DPPH (2,2-Diphenyl-1-picryl-
hydrazyl) solution (2.36 mg/100 mL methanol) was added to 
100 μL of extract and then kept in the dark for 30 min. Then, 
the absorbance was determined with a UV–VIS spectro-
photometer (UV-1601, Rayleigh, BFRL, China) at 515 nm. 
Results were as µmol trolox/100 g.

ABTS method was performed according to the Saafi 
et al. [30]. Briefly, ABTS was obtained by reaction of 7 mM 
ABTS (2,2ʹ-Azino-bis 3-ethylbenzothiazoline-6-sulfonic 
acid) and 2.45 mmol/L potassium persulfate (stand in the 
dark at room temperature for 16 h). The ABTS stock solu-
tion was diluted sodium acetate (pH 4.5) in order to obtain 
an absorbance of 0.700 ± 0.02 at 734 nm with a UV–VIS 
spectrophotometer (UV-1601, Rayleigh, BFRL, China). 
Then, 0.02 mL of sample extract was added to 2.98 mL of 
ABTS and stored in a dark room for 10 min. The absorb-
ance was measured at 734 nm. Results were given as µmol 
trolox/100 g.

The mineral content analysis of GFB samples was per-
formed using a modified version of the method developed 
by Spivey [31]. The concentrations of Ca, Fe, Mg, and K 
were determined using an atomic absorption spectrophotom-
eter (AAS, Perkin Elmer PinAAcle 900T). For the analysis, 
400 mg of the sample was transferred into Teflon tubes, fol-
lowed by the addition of 5 mL of sulfuric acid. The mixture 
was subjected to a digestion process using a microwave oven 
(Berghof Speedwave MWS-2, Germany). After digestion, 
the samples were filtered through filter paper and diluted 
to 50  cm3 with deionized water. The mineral content of 
the samples (Ca, Fe, Mg, and K) was measured at wave-
lengths of 422.6 nm, 248.33 nm, 285.21 nm, and 766.49 nm, 
respectively.

After baking, the GFB samples were kept at room tem-
perature for 4 h. Color measurements were then performed 
using a Chroma Meter (Minolta, model CR400, Minolta 
Camera Company, Osaka, Japan) with the CIE Lab color 
scale. Color was expressed in terms of L* (darkness-light-
ness), a* (greenness-redness), and b* (blueness-yellowness) 
color parameters [28]. The color values of the samples were 
determined by averaging the measurements made from 5 
different points on both crust and crumb of the bread [32].

Textural analyses of GFB

After the baked GFB samples were cooled to room tem-
perature, they were stored in polyethylene bags. The textural 
properties of the bread samples were determined at 24 h 
using a TA. XT-plus Texture Analyzer (Stable Micro Sys-
tems, UK). GFB samples were cut in dimensions of approxi-
mately 5 cm × 5 cm × 2.5 cm (with a thickness of 2.5 cm) 
without crust parts. The texture analyzer was equipped with 
a 5 kg load cell and a 36 mm cylindrical probe. To perform 
the test, a slice was taken from the center of the samples 
and placed under the prob. The test parameters were set as 
follows: trigger force of 5 g, pre-test speed of 2.0 mm/s, test 
speed of 2.0 mm/s, post-test speed of 2.0 mm/s, and 40% 
compression. Through texture profile analysis, the textural 
properties of the samples, such as hardness, cohesiveness, 
elasticity, and chewiness were determined. The method was 
based on the procedure recommended by Marston et al. [23] 
with some modifications.

Fig. 1   Produced GFB samples. LF Lentil flour
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Aroma compound analysis of GFB

Sample preparation  GFB samples, baked at 210  ℃ for 
30  min according to the method described by Ruiz et  al. 
[33] for aroma compound analysis, were left to cool at room 
temperature for 25 min. After the allotted time, 2 cm slices 
were cut from the center of the bread and frozen with liq-
uid nitrogen. The frozen slices were ground into a powder 
using a herbal product grinder (3500W, 28.000 rpm, 20 s) 
and stored in a packaging material that prevents air exposure 
at – 18 ℃ until analysis.

SPME analysis of  aroma compounds  Quantification of 
aroma compounds was carried out using the Solid-Phase 
Microextraction (SPME) method. For this purpose, 3.0 g 
of powdered samples and 40 µg of 2-methyl-3-heptanone 
internal standard were added to a 20 mL vial. The vial was 
then kept at 60  °C for 15 min. A solvent-free technique 
was used for the extraction of volatile compounds. Extrac-
tion was carried out using an 85  µm Carboxen/Polydi-
methylsiloxane (CAR/PDMS) fiber (Supelco, Bellefonte, 
PA, USA). The fiber was allowed to remain in the head-
space for 30 min at 40 °C, allowing the aroma compounds 
to diffuse into the fiber structure. The aroma compounds 
were separated on DB-Wax column from J&W (60  m 
length × 0.25 mm i.d × 0.25 μm, thickness, Folsom, CA). 
Further, 3 μL of extract was injected. The carrier gas was 
helium at a flow rate of 1.5 mL/min. The GC oven tem-
perature program was first increased from 40 to 130 °C at 
a rate of 4 °C/min and then increased to 240 °C at 5 °C/
min with a final hold at 250 °C for 5 min [33]. The quan-
tity and identification of aroma compounds in the samples 
were performed on a instrument (Agilent 7890B GC and 
7010B-Network MS, Agilent Technologies, Wilmington, 
DE). The same oven temperature (250 °C) program were 
used for MS detector. The flow rate helium as carrier gas 
was carrier gas 1.5 mL/min. The mass detector was oper-
ated at an ionization energy of 70 eV, ion source tempera-
ture of 250 °C and scan rate of 1.0 scans/s). The volatile 
compounds were identified through gas chromatogra-
phy-mass spectrometry (GC–MS) in combination with a 
library-based search. After separating and detecting the 
compounds, their mass spectra were compared with those 
in established databases, including Wiley 10L, NIST-14L, 
and Flavor.2L. The comparison involved matching the 
mass spectrum of each compound with database entries 
and evaluating the match quality using a similarity score. 
Compounds with scores above a predefined threshold 
(e.g., ≥ 50%) were considered tentatively identified based 
on the closest match. To enhance the accuracy of identi-
fication, retention indices (LRI) were also compared with 
values reported in the literature. For quantification, the 
internal standard method was used, where the peak areas 

of the compounds of interest were normalized against the 
peak area of an internal standard [34, 35].

Sensory evaluation

The sensory evaluation of GFB was conducted using a 
5-point hedonic scale, where 1 represented "very dissatis-
fied" and 5 represented "very satisfied. The samples were 
evaluated by 15 panelists in the Sensory Analysis Laboratory 
of Cukurova University, Department of Food Engineering. 
Before the evaluation, informative training was given to the 
panelists and they were provided with written and verbal 
instructions about the sensory evaluation criteria about GFB. 
The assessment was carried out under LED lighting and at 
ambient temperature. Mineral water was provided to the 
panelists as a palate cleanser between samples. The GFB 
samples were coded with random numbers and presented to 
the panelists in both whole and sliced forms. The panelists 
evaluated the samples based on various parameters, includ-
ing crust color, crumb color, taste and aroma, odor, chewi-
ness, pore structure, and overall acceptability [36].

Statistical evaluation

The findings obtained from the analysis results (means and 
standard deviations) were evaluated statistically using SPSS 
20 (SPSS Inc, USA) statistics program. In order to determine 
which statistical methods will be used in the study, normality 
test was applied to the results. The normality test of the data 
was performed by considering the skewness and kurtosis and 
the mean, median and peak. When the data showed a normal 
distribution, one-way analysis of variance (ANOVA) and 
Duncan's multiple comparison test were applied. Kruskal 
Wallis analysis was applied for non-parametric results. Sta-
tistical significance was considered at p < 0.05.

Result and discussion

Physcochemical and bioactive properties of GFB

The analysis results for physicochemical and bioactive com-
pounds in the GFB samples enriched with LF are given in 
Table 2. In our study, it was determined that the specific 
volume values of the samples increased in parallel with the 
LF concentration in the formulation (p < 0.05). This result 
is associated with the high protein content of LF. Studies in 
the literature suggest that the use of different protein sources, 
such as insect protein and sunflower protein concentrate, in 
gluten-free bread formulations also increases the specific 
volume. This effect is attributed to the interaction between 
proteins and starch, which enhances the gas-holding capac-
ity of the dough [37, 38].Moisture content of GFB samples 
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decreased by the increment of LF. One of the most impor-
tant quality defects encountered in GFB is early staling, and 
moisture content is taken into account when assessing the 
freshness (staling) level of breads [39]. As seen in Table 2, 
the moisture content of the samples decreased by the 
increase of LF (p < 0.05) and formulations with longer shelf 
life were developed compared to the control group. Addi-
tionally, it was determined that the protein, fat and ash lev-
els of the samples varied between 1.7–3.68%, 1.28–1.58%, 
1.04–1.52%, respectively, and the highest value was found 
in those enriched with 30% LF. This situation is thought 
to be related to the chemical composition of lentils. In our 
study, in particular starch-based GFB with poor nutritional 
composition turned into a formulation with high nutritional 
value by adding LF which provides the upper protein level 
[13]. Furthermore, it was observed that substituting starches 
with LF in the GFB formulation significantly increased the 
dietary fiber level of the final product (p < 0.05). It was noted 
that this increase was approximately a threefold compared to 
the control group. This can also be explained by the addition 
of LF, which is a rich source of dietary fiber, into the prod-
uct formulation. Moreover, LF-added GFB exhibited simi-
lar properties to wheat bread due to its high levels of polar 
lipids (which can stabilize CO2 gas during the production 
of dough) and highly soluble dietary fiber (which increases 
dough viscosity) [40]. The total phenolic content of GFB 

was determined between 0.33  mg GAE/100  g-0.75  mg 
GAE/100 g (Table 2). The results revealed that the samples 
with 30% LF had the highest total phenolic content and LF 
provided bioactive properties to the bread. The observed 
increase in phenolic content of the LF-enriched bread can 
be attributed to the presence of phenolic compounds in the 
seed coat of lentils (gallic acid, 3,4-dihydroxybenzoic acid, 
and catechin) [41]. Another possible factor contributing to 
the increase in TPC may be the conversion of polymer poly-
phenols attached to polysaccharides with ester bonds to free 
polyphenols as a result of the heat treatment during bread 
baking [42]. DPPH and ABTS are used to determine the free 
radical scavenging activity of natural compounds in foods 
[43]. In our study, antioxidant capacities of GFB samples 
were evaluated with both DPPH and ABTS. The results; 
0.05 µmol TE/100 g − 2.53 µmol TE/100 g and 0.06 µmol 
TE/100 g − 2.91 µmol TE/100 g were determined on the 
GFB samples with 30% LF which had the highest value like 
TPC value outcomes. Consistent with our results, Pasqualone 
et al. [44] reported the antioxidant capacity values of gluten-
free pizza without LF (control group produced using corn 
starch) and with 10% LF as 1.07 μmol TE/g and 1.42 μmol 
TE/g, respectively. The observed increase in total phenolic 
substance and antioxidant capacity values compared to the 
control group can be attributed to the rich bioactive con-
tent of LF. In addition, Atasoy and Hendek [45] determined 

Table 2   Physicochemical and 
bioactive compounds of GFB 
samples

LF lentil flour
a −dIndicates that there is a significant difference between different letters on the same row (p < 0.05)

Control 10% LF 20% LF 30% LF

Specific volume (g/cm3) 3.08 ± 0.10c 3.11 ± 0.14b 3.12 ± 0.11b 4.39 ± 0.11a

Moisture(%) 48.37 ± 0.63a 47.56 ± 0.45b 44.12 ± 0.51c 40.75 ± 0.38d

Protein (%) 1.17 ± 0.01d 1.93 ± 0.03c 2.56 ± 0.02b 3.65 ± 0.05a

Fat (%) 1.28 ± 0.03c 1.34 ± 0.01b 1.55 ± 0.01a 1.58 ± 0.03a

Ash(%) 1.04 ± 0.10c 1.45 ± 0.03b 1.49 ± 0.09b 1.52 ± 0.15a

TDL (mg/kg) 1.31 ± 0.15d 2.53 ± 0.21c 3.43 ± 0.25b 4.88 ± 0.19a

TPC (mg GAE/100 g) 0.33 ± 0.02d 0.47 ± 0.01c 0.68 ± 0.12b 0.75 ± 0.41a

AA with DPPH (µmol TE/ 100 g) 0.05 ± 0.01d 0.61 ± 0.13c 1.34 ± 0.08b 2.53 ± 0.11a

AA with ABTS (µmol TE/ 100 g) 0.06 ± 0.02d 0.73 ± 0.12c 1.89 ± 0.03b 2.91 ± 0.13a

K(mg/100 g) 5206.8 ± 2.13d 9184.4 ± 3.45c 13,041.5 ± 8.41b 16,225.4 ± 9.52a

Mg(mg/100 g) 74.74 ± 0.87d 1290.3 ± 2.78c 1422.0 ± 3.55b 1675.5 ± 4.68a

Ca(mg/100 g) 556..0 ± 1.72d 6132.8 ± 2.15c 6420.9 ± 2.65b 7052.3 ± 3.87a

Fe (mg/100 g) 33.4 ± 0.45d 66.9 ± 0.68c 145.1 ± 0.34b 197.3 ± 0.82a

Crust color
 L* 78.17 ± 0.88a 71.23 ± 1.12b 68.56 ± 0.45c 66.66 ± 0.75d

 a* 5.94 ± 0.18d 6.27 ± 0.15c 8.05 ± 0.23b 8.44 ± 0.19a

 b* 26.18 ± 0.17d 27.59 ± 0.32c 28.64 ± 0.44b 31.12 ± 0.21a

Crumb color
 L* 81.34 ± 1.18a 74.26 ± 1.21b 72.83 ± 1.08 c 70.98 ± 1.23d

 a* -1.58 ± 0.01d -1.76 ± 0.0.03c -1.77 ± 0.01ab -1.78 ± 0.02a

 b* 1.55 ± 0.21d 7.48 ± 0.53c 12.18 ± 0.19b 13.69 ± 0.69a
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the DPPH inhibition of gluten-free tarhana enriched with 
lentil flour as 33.97%. It has also been reported that phe-
nolic compounds are released in tarhana with the increase in 
acidity during fermentation, and that the bioactive peptides 
formed by the activated protease enzyme also increase the 
antioxidant activity. According to [46] FAO 2021, lentils 
are especially rich in potassium, magnesium and iron, and 
their average amounts are 1004 mg/100 g, 85 mg/100 g and 
5.87 mg/100 g, respectively. In the current study, it was 
determined that GFB samples significantly increased the 
K, Mg, Ca, Fe amounts compared to the LF control group. 
The mineral content of 30% LF GFB samples was found to 
be 16,225.4, 1675.5, 7052.3, and 197.3 mg/100 g, respec-
tively. Similarly, Ahmed et al. [47] investigated the mineral 
content (potassium, magnesium, iron and calcium) of GFB 
samples with 15%, 35%, 55% LF. Their results showed that 
the GFB samples had a potassium content ranging from 141 
to 256 mg/100 g, magnesium content 35–74.6 mg/100 g, 
iron content 2.7–3 mg/100 g, and calcium content rang-
ing from 7 to 12 mg/100 g. Furthermore, some researchers 
have attributed the increase in mineral content in GFB to 
the chemical composition of LF and determined the min-
eral contents of LF as potassium (955 mg/100 g) > mag-
nesium (122 mg/100 g) > calcium (56 mg/100 g) > iron 
(7.5 mg/100 g) [48]. When the literature studies are exam-
ined, it is suggested that, in order to increase the mineral 
content and bioavailability of products developed for celiac 
patients, the use of legume flour should be preferred over 
the use of gluten-free flours (rice flour, corn flour) and/or 
refined starches (corn starch, potato starch). This prefer-
ence is based on the higher protein, fiber, and micronutri-
ent content of legume flours, which can contribute to better 
nutritional benefit and improve the overall quality of gluten-
free products for celiac patients [49, 50].Color is an impor-
tant quality parameter in bakery products and contributes 
to the preferability of the product by the consumers [51]. 
Crust and crumb color values (L*, a*, b*) of the GFB were 
given in Table 2. As the concentration of LF in the samples 
increased, both the crust and crumb of the L* values sig-
nificantly decreased (p < 0.05) resulting in a darker color. 
During the baking of bread, the Maillard reaction occurs due 
to the high temperature on the bread surface. Melanoidins, 
which appear in the last stage of the Maillard reaction and 

are responsible from the formation of brown color pigments, 
cause darkening of the crust [52]. It was determined that 
a* (redness) and b* (yellowness) values were in the range 
of 5.94–8.44 and 26.18–32.12 and increased gradually as 
LF was used (p < 0.05). This increase can be attributed to 
the changes in the color pigments in the structure of lentils 
under the thermal process [53]. When the GFB crumb color 
was examined, it has been determined that the L* value is 
74.26–81.34, a* value was between 1.58–1.78 and b* was 
between 1.55–13.69 and similar changes in crust color were 
observed. However, due to the lower temperatures in the 
inner structure of the bread during baking compared to the 
crust, the Maillard reaction and caramelization processes 
do not occur. Therefore, it was determined that GFB crumb 
color was more affected by the color of the protein source 
added to the formulation with the darkest bread crumb color 
observed in the samples containing 30% LF [13]. Accord-
ing to the literature, the use of LF increases the a* and b* 
values of the GFB samples crumb color. And these color 
changes can be attributed to the color pigmentation of the 
lentils [37, 54].

Textural properties of GFB

The textural analysis results of the GFB samples are given in 
Table 3. Accordingly, no statistical difference was observed 
in the elasticity and cohesiveness parameters of the samples 
(p > 0.05). Furthermore, hardness decreased as the amount 
of LF in the formulation increased (10, 20, 30%) (p < 0.05). 
The observed decrease in hardness was associated with the 
formation of a more porous and therefore, softer GFB tex-
ture due to the higher protein content in LF [37]. Similarly, 
Pateras [55] and Crockett et al. [56] reported that LF reduces 
the temperature of the starch and retrogradation rate by pre-
venting from complete gelatinization of the starch during 
cooking. Based on this information, they reported that the 
amount of protein is the main factor that affects the hard-
ening and staling speed of GFB. In terms of chewability, 
the softer solid food would require less energy for chewing 
which indicates a positive relationship between chewability 
and hardness [57]. In our study, the chewiness value was 
found to be between 378.18 and 562.53. As the hardness of 

Table 3   Textural properties of 
GFB samples

a–d Indicates that there is a significant difference between different letters on the same row (p < 0.05)
LF lentil flour

Control 10% LF 20% LF 30% LF

Hardness(N) 507.27 ± 3.87d 1007.58 ± 9.21a 940.57 ± 7.90b 810.60 ± 6.37c

Chewiness 526.81 ± 4.58b 562.53 ± 3.34a 524.15 ± 4.27c 378.18 ± 2.32d

Elasticity 0.98 ± 0.09a 0.98 ± 0.05a 0.99 ± 0.05a 1.00 ± 0.04a

Cohesiveness 0.51 ± 0.01a 0.52 ± 0.02a 0.52 ± 0.01a 0.53 ± 0.03a
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the samples decreased, the chewiness also decreased result-
ing in softer products.

Aroma composition of GFB

The aroma compounds of GFB samples are given in Table 4. 
According to the findings, a total of 30 volatile compounds 
(4 alcohols, 9 aldehydes, 3 pyrazines, 7 carboxylic acids, 4 
ketones, and 3 furans) were detected in GFB samples, with 
total amounts of 301.34 μg/kg, 358.20 μg/kg, 418.53 μg/
kg, and 529.43 μg/kg in control, 10% LF, 20% LF and 30% 
LF, respectively (Fig. 2). Among the volatile compounds, 
alcohols were the dominant group in the control, while alde-
hydes were the dominant group in the 10% LF, 20% LF, and 
30% LF GFB samples.

Alcohols The total alcohol content of GFB samples were 
found to be 110.39 µg/kg (control), 113.94 µg/kg (10% 
LF), 145.53 µg/kg (20% LF), and 173.65 µg/kg (30% LF). 
As seen in Table 2, a total of 4 alcohol compounds were 
found and the most dominant was phenylethanol alcohol. 
Phenylethanol, a high-alcohol compound, is formed by the 
degradation of the phenylalanine amino acid in the Ehrlich 
pathway in the yeast cell during fermentation. According 
to the literature, it is associated with fermentation in bread 
and is characterized as a major aroma compound [58–60]. 
Similar to our study, Pico et al. [61] reported that the most 
dominant alcohol compound in the study they examined the 
aroma composition of corn starch-based GFB was 2-pheny-
lethanol, and that 2-phenylethanol was formed by fermenta-
tion and Maillard reaction (Strecker compounds). It was also 
reported that furfuryl alcohol, which is the second major 
alcohol compound in our samples, is formed through Mail-
lard reactions that occur at high temperatures applied dur-
ing baking and leads to an increase in the concentration of 
the compound [61]. The significant increase in the amount 
of aroma compounds compared to the control group was 
associated with the presence of high protein in the chemi-
cal composition of LF. It was determined that the amount 
of volatile compounds, mostly arising by fermentation, 
increased further with the addition of vegetable protein [62]. 
This increase can be attributed to the interaction between 
sugars added in the GFB formulation and proteins that pos-
sess polar properties [61, 63]. Previous studies support these 
results. Drakula et al. [64] identified 10 alcohol compounds 
in GFB enriched with thermally processed pea flour and 
reported phenylethanol as the most dominant. Similarly, 
Aguilar et al. [65] detected a total of 65 aroma compounds 
in GFB made with corn starch and chickpea flour, with alco-
hols being the dominant group among them.

Aldehydes The total aldehyde content of GFB was 
96.13 µg/kg (control), 123.67 µg/kg (10% LF), 150.01 µg/
kg (20% LF) and 178.95 µg/kg (30% LF). As seen in Table 2, 
a total of 9 aldehyde compounds were found and the most 

dominant was benzaldehyde. Aguilar et al. [65] emphasized 
that they detected 9 aldehyde compounds in their study that 
enriched corn starch-based GFB with chickpea flour and the 
dominant aroma compounds were pentanal, hexanal, octanal 
and heptanal. The researchers stated that the mentioned alde-
hyde compounds were formed as a result of lipid oxidation 
with the effect of lipoxygenase enzyme in the bread crumb. 
Benzaldehyde is noted an important flavor component in 
bread due to its characteristic almond and caramel-like 
odor [60]. Pico et al. [61] reported that the most important 
enzymes in starch (corn, potato, rice) sources that are fre-
quently used in GFB composition are amylase, glucoamylase 
and phosphorylase [66], but lipoxygenase is not included in 
starch sources. It has been reported that there is lipoxygenase 
enzyme especially in pseudocereals and legume flours and 
that lipid oxidation, which occurs depending on the activ-
ity of the enzyme, affects the flavor composition (aldehyde, 
ketone, alcohol, ester) of the final product. Drakula et al. 
[64] also identified benzaldehyde in GFB enriched with pea 
flour, they explained that this compound is produced in yeast 
cells from degradation of amino acids found in legume flour, 
specifically via the Ehrlich pathway.

Pyrazines The total amounts of pyrazine in the GFB 
samples were found to be 10.47 µg/kg (control), 13.24 µg/
kg (10% LF), 27.37 µg/kg (20% LF), and 36.66 µg/kg (30% 
LF). As seen in Table 2, a total of 3 pyrazine compounds 
were found and the most dominant was 2-ethyl-pyrazine. 
These compounds were formed as a result of the Maillard 
reaction [60]. The formation of pyrazine compounds is also 
affected by parameters such as the chemical composition 
of the flour used in the formulation, fermentation condi-
tions and kneading speed-temperature [60, 67]. Pacynski 
et al. [68] reported that corn starch-gluten-free wheat starch-
based GFB had higher concentrations of 2-methyl-pyrazine 
compared to the control group (wheat bread). They reported 
that the inclusion of amino acids and sugar sources, such as 
glucose, milk powder, and eggs, in the product formulation 
promotes the Maillard reaction, leading to an increased con-
centration of 2-methyl-pyrazine. Based on this principle, it 
can be argued that due to Maillard reaction, the addition of 
LF, which is characterized by high protein content, signifi-
cantly increased the amount of pyrazine compound in GFB 
compared to the control group (p < 0.05). Perri et al. [69] 
reported that 2-ethyl-pyrazine was the dominant pyrazine 
compound in bread with LF, and the researchers reported 
that this compound, which mainly occurs during baking, is 
responsible for the aroma of the bread crust (roasted odor). 
In our study, as the amount of LF increased, the crust color 
and aroma of the final product were enhanced due to the 
effect of pyrazines.

Carboxylic acids The total amounts of carboxylic acid 
in GFB samples were found to be 51.07 µg/kg (control), 
64.23 µg/kg (10% LF), 72.76 µg/kg (20% LF) and 81.55 µg/
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Table 4   Volatile compounds of GFB samples

a LRI Linear retention index calculated on DB-WAX capillary column, bConcentration Mean of 3 different injection results as μg/kg, cIdentifica-
tion Methods of identification; L (Linear retention index), S:Internal standard, M: tentatively identified by MS, N:Not found
a–d Indicates that there is a significant difference between different letters on the same row (p < 0.05)

LRIa Aroma compounds Concentrationb (µg/kg)

Control 10% LF 20% LF 30% LF Identificationc

Alcohols
1 769 Pentanol 15.64 ± 1.18a 2.31 ± 0.55d 3.52 ± 0.28c 4.11 ± 0.13b L,M,S
2 1491 2-ethyl hexanol 4.73 ± 0.43a,b 3.34 ± 0.17c 4.45 ± 0.30b 5.65 ± 0.11a L,M,S
3 1665 Furfuryl alcohol 19.43 ± 0.72d 22.85 ± 0.19c 37.73 ± 1.05b 48.45 ± 1.34a L,M,S
4 1913 Phenylethylanol 70.59 ± 0.39d 85.44 ± 1.09c 99.83 ± 1.75b 115.44 ± 1.28a L,M,S

Total 110.39 ± 2.72d 113.94 ± 2.00c 145.53 ± 3.38b 173.65 ± 2.86a

Aldehydes
5 699 Pentanal 1.89 ± 0.17a 0.99 ± 0.01d 1.07 ± 0.03c 1.69 ± 0.12b L,M,S
6 709 Acetaldehyde 1.63 ± 0.21b 1.21 ± 0.62d 1.28 ± 0.07c 3.98 ± 0.22a L,M,S
7 1076 Hexanal 15.88 ± 0.7d 23.55 ± 1.03c 28.43 ± 0.56b 31.13 ± 0.55a L,M,S
8 1180 Heptanal 3.69 ± 0.33d 4.36 ± 0.09c 4.78 ± 0.39b 6.29 ± 0.14a L,M,S
9 1285 Octanal 5.43 ± 1.10d 6.11 ± 0.43c 7.87 ± 0.36b 8.48 ± 0.18a L,M,S
10 1389 Nonanal 40.09 ± 2.47d 40.04 ± 0.51c 42.09 ± 0.92b 48.05 ± 0.34a L,M,S
11 1494 Decanal 2.47 ± 0.29b 5.90 ± 0.37a 5.78 ± 0.18a 5.69 ± 0.24a L,M,S
12 1509 Benzaldehyde 15.59 ± 1.01d 24.03 ± 1.08c 30.55 ± 0.44b 42.55 ± 1.75a L,M,S
13 1802 E,E,2,4 Decandienal 8.46 ± 0.09d 17.49 ± 0.14c 29.16 ± 0.38b 31.09 ± 0.46a L,M,S

Total 95.13 ± 6.37d 123.67 ± 4.28c 150.01 ± 3.29b 178.95 ± 4.00a

Pyrazines
14 1258 2,3- Dimethyl pyrazine 1.23 ± 0.1c 1.55 ± 0.03c 5.74 ± 0.37b 6.55 ± 0.46a L,M,S
15 1326 2-Ethyl-pyrazine 8.28 ± 0.15d 10.60 ± 0.51c 16.97 ± 0.16b 23.74 ± 0.11a L,M,S
16 1385 2-Ethyl-6-methyl pyrazine 0.96 ± 0.01c 1.09 ± 0.05c 4.66 ± 0.21b 6.44 ± 0.14a L,M,S

Total 10.47 ± 0.26d 13.24 ± 0.59c 27.37 ± 0.74b 36.66 ± 0.71a

Carboxylic acids
17 1461 Acetic acid 16.52 ± 1.38d 15.11 ± 0.22c 18.61 ± 0.21b 22.33 ± 0.87a L,M,S
18 1562 Isobutyric acid 2.23 ± 0.39d 3.50 ± 0.16c 3.53 ± 0.30b 3.83 ± 0.09a L,M,S
19 1576 Propanoic acid 2.90 ± 0.62d 4.32 ± 0.16c 5.06 ± 0.19b 6.94 ± 0.01a L,M,S
20 1750 Pentanoic acid 13.73 ± 0.94d 15.19 ± 0.22c 15.94 ± 0.38b 16.93 ± 0.75a L,M,S
21 1854 Hexanoic acid 6.83 ± 0.59d 13.98 ± 0.27c 16.21 ± 0.54b 16.92 ± 0.79a L,M,S
22 2062 Octanoic acid 3.85 ± 0.69d 5.66 ± 0.45c 5.77 ± 0.04b 6.04 ± 0.11a L,M,S
23 2173 Nonanoic acid 5.01 ± 0.48d 6.47 ± 0.33c 7.71 ± 0.07b 8.56 ± 0.06a L,M,S

Total 51.07 ± 5.09d 64.23 ± 1.81c 72.76 ± 1.73b 81.55 ± 2.68a

Ketones
24 685 2-Pentanone 2.27 ± 0.06d 2.32 ± 0.12c 2.56 ± 0.93b 4.68 ± 0.03a L,M,S
25 1057 2,3- Octanedione 2.44 ± 0.06d 2.14 ± 0.12c 2.37 ± 0.14b 3.57 ± 0.04a L,M,S
26 1177 2- Heptanone 1.02 ± 0.08d 1.99 ± 0.05c 2.46 ± 0.07b 2.94 ± 0.05a L,M,S
27 1334 6- Methyl-5-heptene-2-one 2.06 ± 0.06c 2.12 ± 0.08c 2.79 ± 0.19b 5.06 ± 0.04a L,M,S

Total 7.79 ± 0.26d 8.57 ± 0.37c 10.18 ± 1.33b 16.25 ± 0.16a

Furans
28 896 2- Pentyl furan 6.73 ± 0.38d 7.69 ± 0.54c 7.86 ± 0.05b 10.97 ± 0.99a L,M,S
29 1420 Furfural 15.10 ± 0.33d 17.92 ± 0.25c 18.02 ± 0.26b 20.47 ± 0.50a L,M,S
30 1498 Acetyl furan 4.66 ± 0.48d 8.94 ± 0.82c 10.26 ± 0.58b 10.93 ± 0.37a L,M,S

Total 26.49 ± 1.19d 34.55 ± 1.61c 36.14 ± 0.89b 42.37 ± 1.86a

General total 301.34 ± 15.89d 358.20 ± 10.66c 418.53 ± 11.36b 529.43 ± 12.27a
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kg (30% LF). As seen in Table 2, a total of 7 carboxylic 
acids compounds were found and the most dominant was 
acetic acid. Acetic acid is formed as a result of fermenta-
tion and Maillard reaction, and yeast activity is more active 
during fermentation because the cooking temperature can-
not reach the required temperature for the Maillard reaction. 
Therefore, carboxylic acid compounds increase during the 
fermentation process [60]. In our study, the increase in the 
concentration of carboxylic acid, in particular acetic acid 
(15.11–22.33 µg/kg), improves the aroma of bread and pre-
vents the formation of mold and stickiness [60].

Ketones The total amounts of keton in GFB samples 
were found to be 7.79 µg/kg (control), 8.57 µg/kg (10% 
LF), 10.18 µg/kg (20% LF) and 16.25 µg/kg (30% LF). As 
seen in Table 2, a total of 4 ketones compounds were found 
and the most dominant was 6-metil-5-hepten-2-on. It was 
observed that ketone concentration increased depending on 
the amount of LF in the GFB formulation. This situation 
is thought to be related to lipid oxidation and further reac-
tions with amino acids [64]. Perri et al. [69] determined 
3-Hydroxy-2-butanone (acetoin) and 2-nonanone in GFB 
with LF additives, suggesting that the type and aromatic 
composition of the legume flour used plays a significant 
role in the finding of different compounds. In previous 
studies, 6-methyl-5-hepten-2-one, 2,3-butanone, 2-hep-
tanone, and 2-octanone were indicated as major ketone 
compounds in GFB samples [61, 66, 70]. Researchers have 

stated that these compounds possess herbaceous, caramel, 
and fruity odor characteristics, contributing to the overall 
aroma quality of the bread [60].

Furans The total amount of furans in GFB samples 
were found to be 26.47 µg/kg (control), 34.55 µg/kg (10% 
LF), 36.14 µg/kg (20% LF) and 42.37 µg/kg (30% LF). 
As seen in Table 2, a total of 3 furan compounds were 
found and the most dominant was furfural. The high con-
centration of furfural is associated with the interaction of 
carbohydrates and proteins in LF at high temperatures, 
giving the bread a roasted, caramelized aroma and color 
[71]. Krause et al. [72] also reported that furfural, one 
of the furan compounds, is the most dominant compo-
nent in chickpea, lentil and pea flour-added cakes, and the 
compound is formed at high temperatures by carameli-
zation and Maillard reaction, from pentoses or glucose 
by 1,2-enolization [73, 74]. When the literature studies 
were examined, it was stated that among the furan com-
pounds in bread, furfural, 2-pentyl-furan, 2-methyl-furan 
and acetyl furan were the dominant compounds and were 
formed as a result of fermentation, Maillard reaction and 
lipid oxidation [67, 75]. Birch et al. [67] stated that the 
most dominant compound among the mentioned com-
pounds was 2-pentylfuran, which has a fruity odor, and 
they determined that the compound was formed from (E)-
2-nonenal, which is the lipid oxidation product of linoleic 
acid, during the baking process [76].

Fig. 2   The GC–MS chromatograms of GFB samples, LF: Lentil flour 
(1: 2-pentanone, 2: pentanal, 3: acetaldehyde, 4: pentanol, 5: 2-pen-
tyl furan, 6: 2,3-octanedione, 7: hexanal, 8: 2-heptanone, 9: hepta-
nal, 10: 2,3-dimethyl pyrazine, 11: octanal, 12: 2-ethyl-pyrazine, 13: 
6-methyl-5-heptene-2-one, 14: 2-ethyl-6-methyl-pyrazine, 15: nona-

nal, 16: furfural, 17: acetic acid, 18: 2 ethyl-hexanol, 19: decanal, 
20: acetyl furan, 21: benzaldehyde, 22: ısobutyric acid, 23: propanoic 
acid, 24: furfuryl alcohol, 25: pentanoic acid, 26: E,E,2,4 decandi-
enal, 27: hexanoic acid, 28: phenylethylanol, 29: octanoic acid, 30: 
nonanoic acid)
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Sensory evaluation of GFB

Sensory analysis evaluations of the GFB samples are given 
in Table 5. According to the panelists, the samples with 
30% LF had the highest scores for all parameters. No sta-
tistically significant difference was found in the results, 
except for crust color and overall acceptability (p < 0.05). 
Compared to the control group, the samples enriched with 
LF received higher scores from the panelists in both crust 
color (3.36–4.03) and bread crumb color (3.77–4.00). 
In this case, although the Maillard reactions that occur 
in the oven during baking are effective for crust color, 
bread crumb color is mainly affected by the unique color 
of the additives in the product formulation [77]. The 
taste–aroma, odor, chewiness and pore structure param-
eters of the samples were scored highest at 30% LF. These 
properties contribute significantly to consumer preference. 
They are affected by the physicochemical properties of the 
dough and the baking conditions of the GFB [78]. GFB 
have low quality, undesirable taste–aroma and poor tex-
tural properties. LF was used in different gluten-free prod-
ucts (pizza, biscuit, cake) in previous studies and increased 
the acceptability of the samples [79–81]. Furthermore, 
the evaluation of the samples in terms of overall accept-
ability indicated that the bread samples received scores 
between 3.36 and 4.35 with the highest score observed for 
30% LF. Based on the results obtained, it can be argued 
that the panelists generally considered LF suitable for 
consumption. Consistent with our results, Ahmed et al. 
[47] reported that LF improved the organoleptic proper-
ties of GFB and exhibited similar quality characteristics 
to the bread produced with wheat flour. Similar results 
were observed by Atudorei et al. [82] for breads enriched 
with LF. The results showed that the appearance, color, 
aroma, taste, texture, and overall acceptability parameters 
of LF were scored higher by the panelists compared to the 
control sample and that LF could be a good alternative in 
bread production.

Conclusion

In this study, LF was successfully used to enrich GFB 
improving its nutritional, phytochemical, aroma, and sen-
sory properties compared to a control group (0% LF). As 
LF concentration increased, key nutritional components 
such as protein, fat, ash, mineral content, TPC, AA and 
TDL also increased, contributing to superior GFB quality. 
Textural improvements were observed, particularly in the 
sample with 30% LF, which showed significantly reduced 
hardness. The aroma profile revealed similar volatile com-
ponents in both LF-enriched and control GFB, with an 
increase in the concentration of these components in LF-
enriched samples. Sensory qualities remained unaffected, 
making 30% LF the recommended optimal concentration 
for GFB formulations.
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Table 5   Sensory properties of GFB

LF Lentil flour
p-values for Kruskal–Wallis Test
a −cIndicates that there is a significant difference between different letters on the same column (p < 0.05)

Sample no Crust color Crumb color Taste and aroma Odor Chewiness Pore structure Overall acceptability

Control 3.36 ± 0.50b 3.77 ± 0.46 3.72 ± 0.78 3.90 ± 0.68 4.17 ± 0.47 3.88 ± 0.75 3.36 ± 0.51c

10% LF 3.90 ± 0.53a 4.00 ± 0.44 3.88 ± 0.77 3.90 ± 0.30 4.18 ± 0.40 3.90 ± 0.67 3.80 ± 0.51b

20% LF 3.90 ± 0.54a 4.00 ± 0.63 3.88 ± 0.65 3.90 ± 0.52 4.18 ± 0.60 3.90 ± 0.54 3.81 ± 0.40b

30% LF 4.03 ± 0.54a 4.00 ± 0.63 3.89 ± 0.65 3.94 ± 0.52 4.19 ± 0.60 3.90 ± 0.54 4.35 ± 0.40a

p-value 0.021 0.090 0.059 0.090 0.218 0.154 0.021
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