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Abstract: The purpose of this paper is to evaluate the nutritional, phytochemical, rheological, techno-
logical, and sensory properties of wheat flour dough and bread under a replacement of lupin flour at
level 10, 20, and 30%. In this sense, the proximate composition, fatty acids profile, the content in total
polyphenols content (TPC), antioxidant activity (AA), and flavonoids content (TFC) of lupin; wheat
and flour composites; and the bread obtained from them were determined. The rheological properties
of the dough using the Mixolab system were also evaluated. The results showed an improvement in
the nutritional properties of bread with addition of lupin in the composite flour, especially in terms
of proteins, lipids, and mineral substances and a significant increases of functional attributes, such as
TPC, TFC, and AA, which recorded the highest values in the bread with 30% lupin flour (76.50 mg
GAE/100 g, 8.54 mg QE/100 g, 54.98%). The decrease of lupin bread volume compared to wheat
bread ranged between 0.69-7.37%, porosity between 6.92-35.26%, elasticity between 63-70%, and
H/D between 3.17-19.05%. The rheological profile of the dough obtained with lupin flours indicates
a moderate stability and proper kneading behavior. The sensory analysis was also performed in order
to identify the consumer’s acceptability regarding this type of bread. According to a 5-point hedonic
scale, the most highly appreciated was the bread with 10% lupin flour, which obtained mean scores
of 4.73 for general acceptability as compared with control bread (4.43).

Keywords: lupin flour; wheat-lupin bread; sensory score; antioxidant activity; fatty acids;
flavonoids; Mixolab

1. Introduction

Lupin (Lupinus spp.) is a legume used as a raw material in food and feed production.
Its many nutritional and health-promoting benefits have increased its popularity and
consumption in recent years [1,2].
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Lupin is cultivated in the North American and South American continents as well
as in the European and African areas of the Mediterranean basin as a food or as an orna-
mental plant. The top three lupin-producing countries in 2020 in the world were Australia
(474.6 metric kilotons), Poland (261.5 metric kilotons), and Russia (103.8 metric kilotons) [3].
For comparison, global wheat production in the same year was 760 million tons (top
producers China, India, and Russia) [4].

Of the more than 200 species, in addition to all wild varieties, there are species culti-
vated for human consumption, others as ornamental plants, and most as animal feed. The
progress of genetics in the twentieth century has contributed to the complete domestication
of lupin species by hybridizing those with weak alkaloids and those with soft seeds, giving
rise to new varieties that are sweet and more suitable for human consumption [5].

Certain varieties of lupin (Lupinus albus, white lupin; Lupinus luteus, yellow lupin;
Lupinus angustifolius, blue lupin) are used in food, especially in the Mediterranean area.
Over the last 20 years, researchers have looked to use lupin as a substitute for soybeans in
vegetable production, with Australia (globally) and Germany (EU level) being in first place.
In these countries, lupin and soybeans are grown alternately [3].

With the consolidation of the gluten-free and vegan market segment in healthy eating,
sweet lupin grains have begun to replace soy in food (pasta, flour, tofu). In terms of
nutritional benefits, lupin seeds are an alternative to soy, as they are non-genetically
modified organisms. Especially in this second direction of exploitation, namely in healthy
food, sweet lupin can be a solution to increase income for owners of small areas that are
dedicated to organic farming [6].

The proximate composition of raw lupin depends by genetic and agronomical factors,
and the composition of lupin can be affected by water stress; e.g., lipid content was reduced
by half in conditions of water stress [7]. The lipid fraction ranges from 5.5 g/100 g dw in
L. luteus to 18.9 g/100 g dw in L. mutabilis. Lupin is rich in in protein (up to 39%), with a
protein content four times higher than in wheat grains. It also has one of the highest fiber
concentrations (32%) and contains a very small content of starch. Lupin does not contain
cholesterol [8] or gluten and gastric irritants (unlike soy, which has a fairly high amount of
saponins). Corresponding to its low starch content, it has a very low glycemic index (GI)
and is indicated for people with diabetes or who want to lose weight [8]. Lupin is probiotic,
helping to grow good bacteria in the body, and contains an appreciable amount of essential
amino acids. Lupin contains substantial amounts of polyphenols, carotenoids, phytosterols,
tocopherols, and peptides. The plant is also known for its therapeutic properties due to its
antioxidant, antimicrobial, anticarcinogenic, and anti-inflammatory activities [9,10].

Lupin is processed into various forms, as it is included in bread (which gives it a very
pleasant taste) and various pastries but also in meat, sausages, and drinks, and its use is
expected to increase significantly in the coming years as resources become more limited.
Lupin berries contain proteins that can be used to produce meat and dairy substitutes, as
they are suitable for all requirements for use by vegetarians and more.

Lupin flour might be integrated in bread formula in different forms: dehulled or hulled
flour, hydrolysates or protein isolates, germinated or fermented flour, and as single- or
multi-pulses blends [11]. The addition of lupin in flour composites has positive nutritional,
chemical, physical, and functional impact. In addition, pulses flours are recognized for
their high water-holding capacity, solubility, foaming, gelling, and emulsifying properties
that influence the rheological behavior of the dough [12].

Although the literature [13] suggests that lupin grain has a partial allergy risk, the
requests of such products are increasing in specialty stores. Sales of these products indicate
that only a very small percentage of consumers are affected by potential allergens. In articles
published recently, lupin flour addition ranged from 5-20% [14] and from 0-30% [15]. The
aim of this paper is to obtain lupin/wheat flour composites and three lupin/wheat breads,
which were characterized from a nutritional, phytochemical, technological, textural and
sensory point of view in order to use these food products as a sustainable and functional
food in a healthy diet.
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2. Materials and Methods
2.1. Preparation of Flour Composites

Lupin organic flour (LF) produced by Dried Fruits Suppliers was purchased from
VitaMix40 shop in Timisoara, Romania, and was obtained from the sweet lupin seeds
variety Lupinus albus. Wheat flour (WF) type 550 was purchased from Auchan supermarket
in Timisoara, Romania. Based on the literature studies [7] and our own experience on
obtaining flour composites [16-19], three types of flour composites were obtained: WFL10
(10% lupin flour and 90% wheat flour); WFL20 (20% lupin flour and 80% wheat flour); and
WEFL30 (30% lupin flour and 70% wheat flour).

2.2. Determination of Proximate Composition of Flours Mixes

The proximate composition was determined in accordance with guideline of the
Association of Official Analytical Chemists (AOAC 2000) standard method [20]. The total
carbohydrate content (%) was determined as the difference between 100 and the sum of the
following fractions: proteins, lipids, ash, and moisture.

Carbohydrates (%) = 100 — (lipids + proteins + water) x 100 1

By summing up the caloric intake produced by the individual nutrients (lipids, car-
bohydrates, and proteins), the energy value of the products was determined taking into
account the following correlations: 1 g lipids = 9 kcal, 1 g carbohydrates =4 kcal,and 1 g
proteins = 4 kcal.

Energy value (kcal /100 g) = (lipids x 9) + (carbohydrates x 4) + (proteins x 4) )

2.3. Phytochemical Profile of Lupin Flour Composites and Bread
2.3.1. Preparation of the Alcoholic Extract

From each sample, 1 g was weighed and placed in containers lids over which 10 mL
of 70% ethanol (SC CHIMREACTIV SRL, Bucharest, Romania) was added. The con-
tainers were closed and shaken for 30 min using the hot plate shaker (IDL, Freising,
Germany). After stirring, the extracts were filtered through a Whatman filter paper
(Whatman, Maidstone, UK).

2.3.2. Assessment of Total Phenolic Content (TPC)

The total phenolic content (TPC) of flour composites and breads with different percent-
ages of lupin flour was analyzed according to the modified Folin-Ciocélteu method [21].
The results were expressed in mg gallic acid equivalent (GAE) per 100 g of samples. The
calibration curve was established in the range of concentrations of 2.5-250 ug/mL. All
determinations were made in triplicate.

2.3.3. Determination of Total Flavonoids Content (TFC)

The method presented by [22] was used for total flavonoids content (TPC). The results
were expressed as mg quercetin (QE) per 100 g of samples, and all determinations were
performed in triplicate. The calibration curve was obtained with quercetin (concentration
range: 0.5-50 pg/mL).

2.3.4. Antioxidant Capacity Determined by DPPH (1,1-diphenyl-2- picrylhydrazyl) Radical
Scavenging Activity

In order to determine the antioxidant activity of flour composites and bread, the
method described by Ciulca et al. (2021) [23] was used. Each sample was analyzed
in triplicate. The antioxidant activity (AA) was calculated as a percentage of radical
scavenging capacity according to the following equation:

AA (%) = [(Acontrol — Asample)/ Acontrot] x 100 3)
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where A ontrol and Agample are the absorbance values of the control and the tested sam-
ples, respectively.

2.4. Assessment of Macro and Microelements Composition

The assay of macro and microelements content both for flour composites and bread
was carried out by atomic absorption spectroscopy (AAS) using Varian 220 FAA equipment
after calcination of the samples. Briefly, 3 g of each sample were burned using calcination
furnace (Nabertherm GmbH, Lilienthal, Germany), at a temperature of 650 °C. The white
ash obtained was dissolved in HCI 20% and further used to determine macro- and microele-
ments. For calibration curve, a mix standard solution (ICP Multi Element Standard solution
IV CertiPUR) was used. The minimum detection limits (MDL) for analyzed elements were
0.02 ppm for Mg and K; 0.06 ppm for Fe, Cu, Zn, and Mn; and 0.03 ppm for Ca. The results
were expressed in ppm. All determinations were made in triplicate [24].

2.5. Assessment of Fatty Acid Composition

Fatty acid profile was determined after derivatization as fatty acid methyl esters
(FAME) according the method described by Posta et al. (2022) [24].

Fatty acids were identified based on the NIST 05 spectrum library using peak area
normalization method by relating the peak area corresponding to a given compound to the
total area of all peaks. All the analyses were conducted in three replicates. Saturated fatty
acids (SFA) were calculated based on the sum of C4:0-C24:0, monounsaturated fatty acids
(MUFA) were calculated as sum of C16:1-C22:1, and polyunsaturated fatty acids (PUFA)
were calculated as sum of C18:2, C18:3, and C20:4. Unsaturated fatty acids (UFA) were
calculated as sum of MUFA and PUFA.

Calculation of Atherogenic Index (Al) and Thrombogenic Index (TT)

On the basis of the identified fatty acids, the atherogenic index (AlI) and the thrombo-
genic index (TT) were calculated using the following equations [8]:

AI=[CI121:0 + (4 x C14:0) + C16:0]/[(n-6PUFA) + (n-3PUFA) + MUFA] @)

TI = (C12:0 + C16:0 + C18:0)/[(0.5 x MUFA) + (0.5 x n-PUFA) )
+ (3 x n-3PUFA) + [(n-3PUFA)/(n-6PUFA)]

2.6. The Technological Process to Obtain Lupin Bread

Figure 1 shows the technological chart-flow for obtaining bread, the technological
phases, and working parameters for each stage. The technological process was performed
according to the method described by Alexa E. (2008) [25]. The bread with lupin composite
flour was obtained in 4 experimental variants, namely WBL10 (lupin/wheat bread 10%),
WBL20 (lupin/wheat bread 20%), WBL30 (lupin/wheat bread 30%), and WB (wheat bread)
(Figure 2), according to the manufacturing recipe presented in Table 1. In order to highlight
the advantages and/or disadvantages of fortifying classical bread with lupin flour, a control
sample (WB) made exclusively from wheat flour was also included in the study, following
the same protocol in the manufacturing process.

Table 1. Recipes for composite lupin bread.

Samples Ingredients
Lupin Flour =~ Wheat Flour "
() Type 550 (g) Yeast (g) Salt (g) Water * (mL)
WB - 300 3 4.5 167.4
WBL10 30 270 3 45 180
WBL20 60 240 3 4.5 193.5
WBL30 90 210 3 4.5 186.6

* Calculated based on water absorption capacity from Mixolab profile (Supplementary Materials).
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Figure 2. Final products. WB, wheat bread; WBL10, lupin/wheat bread 10%; WBL20, lupin/wheat
bread 20%; WBL30, lupin/wheat bread 30%.

2.7. Physical-Chemical Properties of Lupin Bread

The quality parameters such as moisture content, acidity, volume, porosity, springiness
(elasticity of core), and the height/diameter ratio were determined according with SR 91:2007 [26].
The results are expressed as the arithmetic mean of the two parallel determinations.

2.8. Rheological Properties

Rheological and sensory properties are of major importance in the acceptability of a
novel food product by consumers. The rheological properties of wheat and lupin flours and
also of flour mixes flours were analyzed using Chopin Mixolab test (Chopin Technologies,
Paris, France) using the “Chopin+" protocol [27].

A quantity of 50 g of sample was placed into the Mixolab bowl and mixed. After
mixing the solid part, the necessary water was added by the equipment to obtain an optimal
consistency. During the tests, the running parameters of the Mixolab equipment are:

- 80 rpm mixing rate;
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- First plateau: time 8 min, temperature 30 °C, gradient 4 °C/min;
- Second plateau: 7 min, temperature 90 °C, gradient 4 °C/min;
- Third plateau 50 °C, 5 min [28].

The parameters evaluated from the Mixolab profile were: water absorption; dough
development time; stability (mixing resistance of dough); maximum torque during mixing
(C1); weakening of the protein (C2), which appears due to mechanical stress as the temper-
ature rises; rate of starch gelatinization (C3); minimum torque during the heating period
(C4); and torque after cooling at 50 °C (C5). Other parameters determined by Mixolab were
protein-weakening speed under heating effect (alpha slope); starch-gelatinization speed
(beta slope); enzyme-degradation speed (gamma slope); cooking stability (C4/C3); and
starch retrogradation at cooling stage (C5-C4), which represents the shelf-life of the final
products [29].

2.9. Sensorial Analysis of Bread

Bread samples WBL10, WBL20, and WBL30 were evaluated by a panel consisting
in 44 untrained assessors (20 males and 24 females) between the ages of 19 and 52, non-
smokers, ad without known cases of food allergies. The slices of bread, with the crust, were
presented (1 cm thick) on cardboard plates, encoded in double-digit characters, and served
in random order under normal lighting conditions and at room temperature. To evaluate
the consumer’s acceptance, a five-point hedonic scale was used [30], with the following
rates: 1 = extremely dislike; 2 = slightly dislike; 3 = neither like nor dislike; 4 = slightly like;
and 5 = extremely like.

Panelists were asked to evaluate the sensory attributes of the samples, including
appearance, color, texture, flavor, taste, and general acceptability based on their liking
degree. The ranges of score and acceptability level were as follows: 1.00-1.49 = not
acceptable (NA); 1.50-2.49 = slightly acceptable (SA); 2.50-3.49 = moderately acceptable
(MA); 3.50-4.49 = acceptable (A); and 4.50-5.00 = highly acceptable (HA) [30].

2.10. Statistical Analysis

All determinations were made twice or in triplicate depending on the method, as is
presented in each subchapter of materials and methods, and the results are reported as
mean values =+ standard deviation (SD). Differences between means were analyzed with a
one-way ANOVA, followed by multiple comparison analysis using the f-test (two-sample
assuming equal variances) using Microsoft Excel 365. Differences were considered signifi-
cant when p-values < 0.05.

3. Results and Discussion
3.1. The Proximate Composition of Lupin Flour Composites and Bread

The results presented in Table 2 illustrate the proximate composition of lupin flour
composites, lupin, and breads.

It is observed that there are significant differences in the protein, lipid, and mineral
content of lupin flour (LF) and wheat flour (WF) that are reflected in the proximate compo-
sition of mixed flours (WFL). LF, like other legumes, is characterized by a significant protein
intake (30.95%) compared to WF (12%), lipid content (12.42% LF and 0.32% WF), and macro-
and microelements intake (3.67% LF compared to 0.66% WEF), which recommends LF as
a functional matrix in baking. The moisture level of the samples falls within the same
range of values, without significant differences recorded for the flour composites. The
carbohydrate content was lower in the LF sample (45.7988%) compared to WF (80.105%),
contributing to the decrease of the carbohydrate content of flour composites even with a
minimal addition of LF in WE.

The increase in protein fraction by addition of LF in WF varies between 14.67-52.92% in
flour composites and between 13.10-58.75% in composite breads, respectively. In the same
way, the lipid content increased between 418.75-1156.25% in flour composites reported
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with the initial content in WF and between 170.59-185.29% in bread composites compared
with white wheat bread.

Table 2. Proximate composition of lupin flour composites and bread.

Sample Chemical Parameters
Moisture (%) Protein (%) CoI;(;;:::g to Lipids (%) C()I:\C;:f:g to Ash (%) Carl(ogo/lizg;tes ¥ E?ﬁiga{’/‘{g}]uge)**
the WF (%) the WF (%)
Flour Composites
LF 6.91 +0.052 30.95+0.942 - 1242 £0.522 - 3.67 £0.09° 45.79 418.75
WE 6.76 £0.06*  12.00 & 0.55° - 0.32 £0.02° - 0.66 = 0.02° 80.10 371.30
WEFL10 6.80 +0.06 2 13.76 £ 0.58 © 14.67 1.66 + 0.05 ¢ 418.75 1.32 +£0.05¢ 76.30 375.17
WEFL20 6.83 £0.052 16.04 + 0.66 4 33.67 2.71 +0.074 746.875 1.00 +0.05 4 73.25 381.56
WEFL30 6.90 + 0.06 2 18.35 £ 0.68 © 52.92 4.024+0.09¢ 1156.25 1.33 £ 0.06 © 69.23 386.49
Flour Composites
WB 37.92 4+ 098" 7.71£0.092 - 0.34+0.032 - 0.73 £0.04% 52.34 243.23
WBL10 3634+ 1.71° 8.72 +041° 13.10 0.92 +0.01° 170.59 0.77 £0.022 52.21 251.99
WBL20 3464 +1.08° 1041 +047°¢ 35.02 0.94 £ 0.03° 176.47 1.15 £ 0.05° 51.73 257.05
WBL30  32.86+1.1302 1224 +0.354d 58.75 0.97 +0.05° 185.29 1.34 +0.06 © 51.44 263.44

a-d A f-test was used to compare the mean differences registered among samples; data within the same column shar-
ing different superscripts are significantly different (p < 0.05); * were calculated according to Equations (1) and (2)
using the mean values of equation terms.

The bread composites variants (WLB) are distinguished by a protein, lipid, and mineral
content superior to the control bread, and these hardly increased with the proportion of
LF added to the WF. Significant differences in protein content are noted in the case of
the addition of 10 to 30% LF in bread composition. The lipid content is tripled by the
substitution of WF with 10-30% LF, but there are no significant differences in the case of
composite bread variants (WFL10-WFL30 and WBL10). The mineral substances in the
bread obtained with flour composites increase with the addition of LF, with significant
differences compared to the control bread being registered in the case of the addition of
20 and 30% LF. However, the carbohydrate content is significantly lower in the case of
bread with flour composites.

Lupin flour is widely used in various foods in bakery and confectionery products,
protein concentrates, and other industrial products due to its nutritional quality and its high
functional properties [31,32]. The functional properties of flours obtained from different
lupin species, and its applications in foods have been previously reported [2,33,34]. Kefale
B. and Yetenayet B. (2020) [35] reported for LF a content of 7% moisture, 4.2% mineral
substances, 35.08% protein, and 7.65% lipids. Moreover, LF has been reported to contain
large amounts of soluble and insoluble dietary fiber fractions [36].

Our study aimed to obtain three prototypes of functional bread with the addition
of 10%, 20%, and 30% lupin flour. The comparative analysis was carried out to explain
the impact of different proportions of LP added to the WF on the proximate composition
of breads.

The bread samples studied had humidity content between 32.86% and 37.92%. Similar
results were reported by Wandersleben et al. (2018) [11] for lupin bread, which reported
a moisture content of 35.00% compared to the moisture content of the control sample
of 37.00%.

Vegetable proteins are increasingly sought after lately due to their content in essential
amino acids, which are especially important for a balanced diet. Since WF is low in
protein [37], LF supplementation is beneficial for increasing the nutritional value of the
products to which it is added. Bread with the addition of LF comes with a significant intake
of high-quality protein, showing increases from 7.71% in the case of WB, to 8.72% in WBL20,
10.41% for WBL20, and 12.24% for WBL30. Similar results for bread with the addition of
15% of LF were reported by Wandersleben et al. (2018) [11], namely a percentage of 11.1%.
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Increases in protein content were also reported by Serventi et al. (2018) [38] for chickpea
bread and Previtali et al. (2014) [39] for bread with lentils. Kefale B. and Yetenayet B. [35]
studied bread with different proportions of LF and reported a proportional increase in
protein content with the added concentration of LE

In addition to a significant increase in protein content, bread with the addition of LF
provides a significant intake of lipids. There was an increase from 0.34% in the case of the
WB samples: 0.92% for WB1, 0.94% for WB2, and 0.97% for WB3.

A trend of increasing lipid content for bread with the addition of LF was also reported
by Previtali et al. (2014) [39] and similar lipid content for lupin bread (1.1%) obtained by
Wandersleben et al. (2018) [11].

Our results show that the ash content in the samples of lupin flour bread slightly
increased from 0.74% for WB to 0.77% for WB1, 1.15% for WB2, and 1.34% for WB3. This
increase is due to the relatively high content of mineral substances in lupin flour (3.67%).
Similar results were mentioned by Wandersleben et al. (2018) [11], who reported a content
of 1.50% ash for lupin bread. Significant increases in ash and lipid content in bread with
the addition of lupin flour were also reported by Alomari et al. (2013) [7].

The carbohydrate content recorded was 52.34% for WB, the values decreasing with the
increase in the proportion of lupin flour as follows: 52.21% for WBL10, 51.73% for WBL20,
and 51.44% for WBL30. A lower carbohydrate content in lupin bread was also reported by
Wandersleben et al. (2018) [11] in their study, namely 43.60% compared to 51.00% in wheat
flour bread.

Another advantage of adding LF to bread is to increase the energy value from
243.23 kcal /100 g for WB to 251.99 kcal /100 g for WBL10, 250.13 kcal /100 g for WBL20,
and 242.48 kcal /100 g for WBL30 without increasing the carbohydrate content. The same
trend was reported in the case of fortification of bread with hemp flour [16].

3.2. Phytochemical Profile of Lupin Flour Composites and Bread

Phytochemical profiles of lupin flour composites and bread (TPC, TFC, and AA) are
presented in the Table 3.

Table 3. Phytochemical profile of lupin flour composites and bread.

Sample Phytochemical Parameters
Total -
Total Polyphenols Increase Flavonoids Increase Antioxidant Increase
Content (TPC) Compared to Content (TFC) Compared to Activity Compared to
(mg GAE/lOO g) the WF ( /o) (mg QE/lOO g) the WF ( /o) (AA) ( /o) the WF ( /o)
Flour Composites

LF 128.65 + 0.66 2 - 12.36 £0.112 - 93.37 £1.532 -

WF 53.72 £0.38° - 4.65 +0.07° - 52.98 4 0.24° -
WEFL10 56.72 £0.20 ¢ 5.58 537 £0.04¢ 15.48 7040+ 042°¢ 32.88
WEFL20 73.03 +0.33 4 35.95 5.67 +0.02 4 21.94 76.03 + 0.90 4 43.51
WEFL30 85.41 +1.94°¢ 58.99 7.30 £ 0.03 ¢ 56.99 8237 £1.17°¢ 55.47

Composite Bread Variants

WB 31.79 £0.58 2 - 3.21£0.062 - 3071 £3.822 -
WBL10 4319 +0.33P 35.86 427 +0.03° 33.02 35.50 £0.50 2 15.60
WBL20 60.82 £ 1.37 ¢ 91.32 6.85+£0.13¢ 113.40 43.64 +0.67° 42.10
WBL30 76.50 + 0.70 4 140.64 8.54 +0.19 4 166.04 5498 £1.21°¢ 79.03

a-d A t-test was used to compare the mean differences registered among samples; data within the same column
sharing different superscripts are significantly different (p < 0.05).

The obtained results shown that the content of total polyphenols (TPC) increased with
the level of LF added in the composite samples. The TPC content is more than double in
LF compared to WEF, with significant differences regarding this parameter being recorded
between the flour composites and breads.
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The recorded increases in flour composites compared to the WF varied between
5.58-58.99% for TPC, between 15.48-56.99% for TFC, and between 32.88-55.47% for AA.
The same pattern was highlighted when wheat bread was fortified with LE. The increases
of functional parameters in the bread composites compared with WB were 35.86-140.64%
for TPC, 33.02-166.04% for TFC, and 15.60-79.03% for AA.

It is also worth noting that the TPC content in bread samples is lower than the TPC
content in flour composites. Thus, in the case of flour samples, it can be seen that the highest
TPC content was found in WFL30 (85.41 & 1.94 mg GAE/100 g sample), while the lowest value
was recorded for the WF control sample (53.72 £ 0.38 mg GAE/100 g). In the case of bread
samples, the highest TPC content was found in WBL30 (76.50 = 0.70 mg GAE/100 g sample),
while the lowest value was recorded for the WB control sample (31.79 & 0.58 mg GAE/100 g).

The total flavonoid content (TFC) showed the same pattern as the TPC profile. Hence,
the TFC was maximal in the LF and minimal in the WFE. Furthermore, the TFC recorded
in the bread samples was lower than the TFC recorded in the flour samples. Thus, in the
case of flour composites, the TFC was within the limits of 4.65 + 0.07 mg QE/100 g and
12.36 £ 0.11 mg QE/100 g, with the highest value being found in LF, while the lowest value
was recorded for the WF control sample. In the case of flour mixtures, the TFC content
increased in a statistically significant way with addition of the LF content due to the high
content of flavonoids in lupin flour.

In the case of bread samples, the TFC content varied within 3.21 & 0.06 in WB and
8.54 & 0.19 mg QE/100 g in WBL30. Similar with the TPC profile, the TFC decreased in
the case of bread samples compared to the flour samples from which they were prepared.
Statistically significant differences were recorded within the TFC content of bread samples
with a different percentage of lupin.

The same trend measured for TPC and TFC was maintained in the antioxidant activity
(AA) profile. In the case of flour samples, the AA values were within 52.98 £ 0.24%
and 93.37 £+ 1.53%. The highest value was recorded for LF (93.37 £ 1.53%) and the
lowest value for WF (52.98 £ 0.24%). In the case of flour composites, the AA increased
with the percentage of LF added and is correlated with the high AA of LF (data not
shown). Statistically significant differences were detected within all composite and non-
flour composites.

In the case of bread samples, the AA was within the limits of 30.71 £ 3.82 and
54.98 £ 1.21%, the highest value being measured for WBL and the lowest value for the WB
control sample. As TPC and TFC profiles, the AA decreased in bread samples compared to
the flour samples from which they were prepared.

Lupin flour is a good source of polyphenols, and this is due to the high content of
polyphenols reported in lupin seeds [9]. Several studies have highlighted the phytochemical
value of lupin seeds and flour [40—-47].

Dalaram (2017) [40] reported that in dry matter of lupin seeds, the TPC varies between
367.36 mg GAE/100 g and 696.21 mg GAE/100 g depending on the variety, while Liezhou
Zhong (2021) [41] found lower values (36.11 £ 0.31 mg GAE/100 g). Karamac¢ et al.
(2018) [42] reported a total polyphenolic content of lupin seeds between 4.36 to 7.24 mg
GAE/g dry matter (d.m.). Vollmannova et al. (2021) [43] studied the TPC in several
varieties of lupins and found a content between 4260-5663 mg GAE/kg. Other authors
reported 14.23 + 1.38 ug GAE/g [44], 313.9-744.7 ug GAE/g [45], and 1294 ug GAE/g [46],
respectively. The values obtained are varied and depend on the source of lupin seeds,
cultivation, or processing conditions.

The TPC content of analyzed breads with different levels of LF varies between 43.19 and
76.49 mg GAE/100 g. The study regarding the improvement of functional cake formulation
with fermented lupin powders highlighted that the TPC decreased by addition of LF and
varies between 220-264 mg GAE /100 g in cakes depending on the content of LE. The same
author reported a TPC content in fermented lupin powder of 298 mg GAE/100 g [47]. The
higher values reported in this study are probably due to the fermentation of LF, which
leads to a better bioavailability of the active principles.
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The TFC varies in flour composites between 46.50-73.03 ug/g and between 42.70-8541 ug/g
in composite breads. Results in the same range of values were reported by other authors:
12.40-16.60 ng/g [44] and 108.8-376.1 ug/g [45], respectively. The antioxidant activity
of LF (93.375%) corresponds with the data from the specialized literature: 93.79% [44] or
83.6% [48].

The processing of lupin seeds influences the phytochemical profile. During debittering,
the content of tocopherols and bound flavonoids slightly increased, while free phenolics
and bound phenolic acids decreased by 76.2% and 50.1%, respectively. The extrusion of
lupin seeds slightly increased TPC, but the spray-drying process diminished TPC [49].

3.3. Macro and Microelements Profile of Lupin Flour Composites and Bread

In Table 4 the macro- and microelements content of lupin flour composites and breads
are presented.

Magnesium (Mg) is the most abundant macroelement in the analyzed samples and
varies between 124.67 & 5.66 mg/kg in WB and 783.33 + 14.14 mg/kg in LF. Statistically
significant differences were found both in terms of Mg content in lupin, wheat, and flour
composites but also in the bread obtained.

Magnesium is a mineral that plays an essential role in the optimal functioning of the
body. More than 600 enzymatic reactions depend on it, including energy metabolism and
protein synthesis. Magnesium is needed for calcium and potassium ion transport, muscle
contraction and relaxation, neurotransmitter release, protein biosynthesis, cellular energy
production, mitochondrial function, cell membrane stabilization, transmembrane ion flow,
genome stability, bone development, and glucose homeostasis. The National Institutes of
Health recommends that the daily magnesium intake of the healthy population be over
400 mg for men and over 310 mg for women depending on age.

Our results show that the addition of LF (Mg content 78.3 mg/100 g) in the flour
composites and breads leads to the enhancing of Mg content, with the maximal content of
Mg being recorded in the WFL30 and WBL30 samples. Similar results were reported by other
authors regarding the content of Mg in LF: 33.93 mg/100 g [50], 82.61 mg/100 g [47], and
34.49 mg/100 g in the bread with 20% lupin and 22.41 mg/100 g in the cake with 30% LF.

The calcium content (Ca) in the WFL10 (226.00 &+ 6.36 mg/kg) and WFL20
(244.64 £ 5.65 mg/kg) composite flour samples did not show significant differences from
WF (225.33 & 6.60 mg/kg). The LF recorded the highest Ca content (290.00 £ 7.07 mg/kg)
without significant differences related to WFL30 sample (287.67 + 6.48 mg/kg). WB
content was 129.00 £+ 4.24 mg/kg, lower than the WBL that recorded values between
262.00 £ 5.66 mg/kg (WBL10) and 533.00 £ 10.61 mg/kg (WBL30).

Calcium plays an essential role in the human body, ensuring the normal functioning
of the osteoarticular system, bone density, and the functioning of muscle and nerve cells. A
vital macro-element for humans, calcium is found in many foods, but its fixation in bones
also depends on the presence of other vitamins and minerals.

Our results regarding the Ca content in flour composites and breads are in agreement
with previous studies that reported 37.69 and 38.15 mg Ca/100 g lupin flour depending
on the flour type [51]. Additionally, in bread obtained with ultrasonicated LF, the level
of Ca varied between 29.24—44.42 mg/100 g depending of the percentage of LF added in
the bread formula and the method used for debittering of LF [50]. Other study reported
99.04 mg/100 g Ca in cakes fortified with LF [47].

Potassium content (K) in flour composites varied in the range 70.32 &= 1.41 mg/kg and
165.33 + 5.66 mg/kg and increased with LF addition. Significant differences were observed
between WB (162.33 £ 4.24 mg/kg) and composite breads, but no significant statistical
differences were recorded between WBL10/WBL30.
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Table 4. Macro and microelements content of lupin flour composites and breads.

Sample Macro- and Microelements Content (mg/kg)
Ca K Mg Fe Zn Cu Cr Ni Mn
Flour Composites
LF 290.00 + 7.07 2 167.67 £5.652 78333 +14.142 220041412 23.35 + 0.50 3.46 + 0.092 0.002 +0.00012  0.02 +0.001 2 136.74 4+ 4.99 2
WF 22533 + 6.60 P 50.23 £ 5.64 2 310.00 + 6.65 P 5.05+0.01b 12.79 £ 0.18 2 nd 0.04 &+ 0.001° nd 2.53 +0.001°
WFL10 226.00 + 6.36 P 70.32 £1.41° 340.67 £ 7.07 5.64+0.14°¢ 21.45 +0.62° 231+ 0.07b 0.034+0.001® 0002 +00001>  52374255¢
WFL20 244.63 £ 5.64P 110.67 £2.83°¢  481.00 £ 12169 1158 £0.58¢ 15.41 + 044 ¢ 2.77 +0.147" 0.01 £0.0002¢  0.003 +0.0001® 9436 +3.724
WFL30 287.66 + 6.47 2 16533 +£5.662  615.80 £ 12.73¢ 1823 +£0.5752 13.125 4+ 0.422 321+0212 0.003 4 0.00012  0.004 & 0.0002°  103.67 & 4.02®
Composite Breads
WB 129.00 4 4.24 2 162.33 +4.242 124.67 + 5.66 2 11.48 +£0.582 592 +0.262 0.60 +0.012 0.002 £0.00012  0.001 & 0.0001 2 295+ 0.152
WBL10 262.00 £ 5.66°  166.67 +3.82P  195.00 £ 6.79 P 11.96 £ 0.422 842 +0.30b 0.64 +0.012 0.004 fCO'OOOZ 0.004 £ 0.0002°  46.76 +2.93P
WBL20 46833 +£11.31¢  167.00 £5.66°  252.00 + 6.08 ¢ 13.34 4 0.043 P 10.01 £ 0.34¢ 1.56 + 0.06 P 0.01 & 0.0003 <  0.01 + 0.0004 € 92.21 +4.03¢
WBL30 533.00 £+ 10614  167.67 £561P  403.00 £ 10324  14.88 +047P 14.15 + 0304 1.67 + 0.06 P 0.01 + 0.0004 4 0.02 4+ 0.001 d 117.37 + 6.55 4

3¢ A t-test was used to compare the mean differences registered among samples; data within the same column sharing different superscripts are significantly different (p < 0.05).
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Potassium is an essential element for the balance of electrolytes and body fluids. It is
also the third most present mineral in the body and is needed for the functioning of many
organs, including the heart, kidneys, brain, and muscle tissue. The content of K in LF was
found by Aslan et al. (2019) [47] to be 53.65 mg/100 g and increased in cake sample at
179.35 mg/100 g when 30% LF was added in the recipe. The study of Yaver et al. (2021) [50]
reported 221.5 mg K/100 g LF and highlighted that the K content of bread fortified with
lupin flour decreased with the percentage of LE. The same pattern regarding K level was
observed by the authors with the pasta obtained with LF [51].

The debittering process influences the content of K in LF. Therefore, K in bitter LF
was found to be 980.55 mg/100 g, while in debittered LF, it was 23.15 and 27.82 mg/100 g
depending of the process type [51]. In bread, the maximum K content was 203.35 mg/100 g
corresponding to 30% LF added in the composition [50]. The LF used in our study was a
commercial, debittered LF with a low K content of 16.50 mg/100 g.

The first studies on the importance of the presence of zinc in the diet appeared after the
1960s, when, in 1961, the clinical deficiency of zinc was described for people with a poor diet
in products containing this mineral. An adult needs a maximum of 3 g of zinc daily. Over
60% of this amount is used to mineralize the bones that support the skeleton, 30% is used
for the bones in the joints, and the remaining 10% is used in the metabolism of the liver and
the structure of the epidermis. The Zn content in our samples was 1.78 mg/100 g for LF and
1.20 mg/100 g for WE. The addition of LF increased the content of Zn until 1.4 mg/100 g in
bread with 30% FL. Similar results were obtained by other authors: 0.94 mg/100 g in LF
and 1.16 mg /100 g in bread with 20%FL [50] and 1.29 mg/100 g in cake with 30% LF [47].

The copper (Cu) content determined in the analyzed flour samples was in the range of
3.21 £ 0.21 mg/kg and 3.46 £ 0.09 mg/kg and in the bread samples was in the range of
0.60 &= 0.01 mg/kg and 1.67 & 0.06 mg/kg.

Copper is an essential microelement for the body; along with iron, it plays an important
role in the formation of red blood cells and in maintaining the health of blood vessels,
nerves, bones, and the immune system. Literature studies reported 0.23-0.71 mg/100 g Cu
in LF [51], which is similar to the measurements obtained by us in LF (0.35 mg/100 g) and
in flour composites (0.23-0.32 mg/100 g). The addition of LF in WF increased the level of
Cu in bread obtained with flour composites.

The copper level in the LF was found to be 3.46 & 0.09 mg/kg but was not detectable
in WF. The supplementation of WF with LF increased the content of Cu both in flour
composites and breads.

Between analyzed microelements, manganese (Mn) recorded the highest level in LF
(136.74 £ 4.99 mg/kg), while WF content was only 0.25 & 0.001 mg/kg. The addition of LF
in composite flour increase the level of Mn in bread, reaching the highest level in WBL30
(117.37 £ 6.55 mg/kg) compared to 2.95 &+ 0.15 mg/kg in WB.

Manganese is a trace element that forms part of mitochondrial enzymes and also
activates many enzymes. Thus, manganese plays an essential role in lipid and carbohydrate
metabolism, bone tissue formation, and reproductive processes. A high content of Mn
was found in the sample of LF analyzed in our study (13.60 mg/100 g) and low content
in WF (0.25 mg/100 g). The addition of LF in bread enhanced the Mn content until the
11.70 mg/100 g level for the WBL30 sample. Further, 10.56 mg Mn/100 g was detected in
cake obtained with 30% LF [46] and 12.47 mg/100 g in bread with 30% LF [50], respectively.

The highest level of iron (Fe) was recorded in LF (22.00 £ 1.41 mg/kg) compared with WF
(0.51 £ 0.01 mg/kg). In composite bread, the level of Fe varied between 124.67 + 5.66 mg/kg
in WB and 403.00 £ 10.32 mg/kg in WBL30, with significant statistical differences be-
tween samples.

Iron is an essential mineral for the proper functioning of the body and for maintaining
long-term health. According to statistics, about 20% of women, 50% of pregnant women,
and 3% of men lack iron in the body, and deficiency leads to severe diseases, the most
common being anemia. The level of Fe in analyzed samples varies between 2.09 mg/100 g
in LF and 1.482 mg/100 g in WBL30. Similar values were reported in LF (6.12 mg/100 g),



Foods 2022, 11, 2067

13 of 22

in bread with 20% LF (2.65 mg/100 g) [46], between 174-2.09 mg/100 g in bread with
different percentage of LF [50], and between 4.35-6.15 mg /100 g in bitter LF and debittered
LF using different methods [51].

Zinc (Zn) is the element that was found in higher quantities in WF (23.35 £ 0.50 mg/kg)
compared with LF (12.79 £ 0.18 mg/kg).

Flour composites nickel (Ni) and chromium (Cr) is minor elements found in WF and LF,
and their changes in the flour composites and breads do not influence the mineral composition.

3.4. Fatty Acids Profile of Lupin Flour Composites and Bread

The fatty acid composition, SFA, and the UFA (monounsaturated MUFA plus PUFA)
content for composite lupin flours and breads are reported in Tables 5-7. With the technical
of GC-MS, 22 fatty acids were separated from the analyzed samples, of which 11 are satu-
rated fatty acids, 8 are monounsaturated fatty acids, and 3 are polyunsaturated fatty acids.

From the analysis of the data obtained, LF has a lower proportion of saturated fatty
acids (SFA), with a value of 32.92%, the predominance being palmitic acid (C16:0) (21.38%)
and stearic acid (C18:0) (5.50%). The higher content is found in monounsaturated fatty acids
(MUFA) (48.03%), predominantly being oleic acid C18:1n9 (40.58%), oleic (C18:1n7) (2.16%),
and eicosenoic acid (C20:1n9) (3.52%). As for the polyunsaturated fatty acids (PUFA), they
are found in a proportion of 18.95%, the most significant proportions belonging to linoleic
acid (C18:2n6) (18.64%). In contrast, for WB, a higher content of SFA was recorded at
36.68%, the most predominant also being palmitic acid C16:0 (22.44%) and stearic C18:0
(12.20%). The proportion of MUFA in WB was significantly lower at 19.44%, predominantly
being oleic acid C18:1n9 (17.14%) and eicosenoic acid (C20:1n9) (1.63%), but the proportion
of PUFA was much higher (42.50%), and for WB, the predominant proportion was that
of linoleic acid (C18:2n6) (40.92%). In terms of flour mixtures, the proportion of SFA is
inversely proportional to the LF content, at 39.08% for WFL10 and 37.01% for WFL30. In
contrast, the proportion of UFA is directly proportional to the LF content, namely 61.22%
for WFL10 and 62.08% for WFL30.

As regards the bread samples, it can be noted that the samples containing LF had a
lower content of saturated fatty acids compared to the control sample (64.40%), with this
content being inversely proportional to the proportion of added LF (37.07% for WBL10
and 36.20% for WBL30 versus 40.49% for WB). Regarding the content of unsaturated fatty
acids, their proportion increases with the increase in the content of added LF (62.92% for
WBL10 and 63.43% for WBL30 compared to 59.36% for WB). This is due to the low content
of SFA (32.95%) in lupin and the high content of MUFA (especially oleic acid C18:1 40.58%)
compared to WB, which recorded a SFA content of 38.68% and MUFA content of 19.44%.

Lupin has an interesting unsaturated fatty acid (FA) profile mainly consisting of oleic
and linoleic acids and ratios between fatty acids, which confer upon it specific function-
alities. Unsaturated fatty acids (UFAs) are essential nutrients, and the n-3/n-6 polyunsat-
urated fatty acids (PUFA) ratio is considered very important with respect to human and
animal nutrition.
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Table 5. Saturated fatty acid (SFA) composition of sample expressed as % of total fatty acids.
Sample Saturated Fatty Acid Content (%)
C4:0 C6:0 C8:0 C10:0 C12:0 C14:0 C16:0 C18:0 C20.0 C22:0 C24:0
Flour Composites
LF 0.15+0.012 0.24 +0.012 0.31 +0.012 0.24 +0.012 0.30 +0.012 1.23 4+ 0.03 2 2138 £1.212 550 +0.212 1.67 4 0.042 1.40 4+ 0.032 0.53 +0.022
WF 0.68 = 0.03P 0.72 4 0.04 P 0.21 £ 0.01° 0.08 £ 0.002° 0.24 £ 0.01° 1.12 £0.02° 2244 +1.25P 12.20 £ 0.65° 0.51 +0.02° 0.15+£0.01° 0334+ 0.01°
WFL10 0.64 & 0.03° 0.56 +0.03 ¢ 0.23 +0.01° 0.10 + 0.005® 0.25+0.01° 1.15 + 0.02 be 2193 +1.20° 12.07 £ 0.62° 0.71 +£0.03 ¢ 1.07 +0.02 0.37 +0.02°
WFL20 0.4140.02¢ 0.414+0.024 0.26 +0.02 ¢ 0.13 £ 0.005 © 0.26 +0.01° 1.17 £0.02¢ 21.71 £ 1.172b 11.44 £0.58 0.79 £0.04 € 1.14 £ 0.03 © 0.38 +0.02°
WFL30 0.25+0.014 0.35 +0.02¢ 0.28 + 0.02°¢ 0.18 + 0.01 4 0.28 + 0.02 2P 1.21 4+ 0.022 21524 1.152 10.36 + 0.55 0.91 + 0.044 1.24 +0.04 4 0.43 + 0.02°¢
Composite Breads
WB 0.36 +0.022 0.30 +0.022 0.17 +0.012 0.05 + 0.001 2 0.27 +0.012 1.14 4 0.04 2252 +1.252 15.01 4+ 0.802 0.38 +0.022 0.11 + 0.005 2 0.18 +0.012
WBL10 0.35+0.012 0.2240.01° 0.19 + 0.01 2P 0.08 +0.002 2 0.27 +0.012 1.15+0.052 2214 +1.222 11.85+£0.75° 0.55 + 0.03° 0.16 £0.01° 0.31 4 0.02°
WBL20 0.32+£0.012 0.20 £ 0.01° 0.20 £ 0.01 2P 0.15 £ 0.005 0.234+0.012 1.18 +0.05 2 21.82 +1.07° 10.60 + 0.60 ° 1.10 £ 0.05°¢ 1.07 +0.012 0.33 4+ 0.02°
WBL30 0.25+0.01° 0.14 £0.01°¢ 022 +0.01° 023 +0.01¢ 0.19 £0.01° 1.21 £ 0.06° 21.75 + 1.06 ® 912+ 0.55¢ 1.41 4 0.06 4 1.1540.01° 0.49 +0.03 ¢
a-d A t-test was used to compare the mean differences registered among samples; data within the same column sharing different superscripts are significantly different (p < 0.05)
flour composites.
Table 6. Unsaturated fatty acid (UFA) composition of sample expressed as % of total fatty acids.
Sample Unsaturated Fatty Acid Content (%)
C16:1n9 C16:1n7 C18:1n11 C18:1n9 C18:1n7 C18:2n6 C18:3n3 C20:1n9 C20:1n7 C18.2n7 C22:1n9
Flour Composites
LF 0.13 +0.012 0.49 +0.022 0.74 +0.042 40.58 +2.542 216 +£0.122 18.64 + 1.44 2 0.03 + 0.001 2 35240222 0.16 £ 0.012 0.26 & 0.022 0.25+0.012
WF 0.67 & 0.03? nd nd 17.14 £1.34° nd 4092 4+ 247" 1.58 £ 0.07 b 1.63 +0.08° nd nd nd
WFL10 0.61 & 0.03° 0.05 + 0.002° 0.10 £ 0.005 ® 20.81 £1.58¢ 0.05 £ 0.002 b 36.49 & 2.05 ¢ 1.26 +0.06 1.77 + 0.07 be 0.01 £ 0.001° 0.03 + 0.001° 0.04 +0.002°
WFL20 0.52 +0.02¢ 0.11 + 0.005 © 0.36 £0.01° 25.05 + 1.98 4 0.22+0.01°¢ 32.49 + 1.68 <4 1.08 £ 0.05 ¢ 1.89 + 0.09 °d 0.05 + 0.002 0.07 4 0.002 be 0.10 + 0.005 ©
WFL30 0.44 +0.024 0.19 4+ 0.014 0.48 4+ 0.024 28.78 4+ 2.05 ¢ 0.53 +0.024 28.55 + 1.56 4 0.75 + 0.03 © 2.03 + 0.09 4 0.09 + 0.004 4 0.10 + 0.005 © 0.14 4+ 0.014
Composite Breads
WB 0.55 +0.03 2 nd nd 16.83 + 0.91 nd 39.60 +2.222 119 £ 0.042 1.19 + 0.04 2 nd nd nd
WBL10 0.52 +0.022 0.03 £ 0.0012 0.06 = 0.003 2 21.44 +1.15° 0.09 + 0.012 38.26 +2.06 a 1.02 +0.04 P 1.33 £ 0.05° 0.04 + 0002 a 0.07 £ 0.003 2 0.06 + 0.002 2
WBL20 0.40 + 0.02° 0.07 4 0.002 ® 0.32 +0.01° 25.76 4 1.54 ¢ 0.12 £0.01° 33.04 +1.86 P 0.98 + 0.03 P 1.58 & 0.07 ¢ 0.09 = 0.004 ® 0.08 + 0.004 2 0.10 £ 0.005®
WBL30 0.36 & 0.01¢ 0.20 £0.01°¢ 0.45 4+ 0.02 ¢ 29934+ 1624 0.15+0.01°¢ 29.46 + 1.64 ¢ 0.51 +£0.02°¢ 2.03 +0.10 4 0.10 + 0.005® 0.13 + 0.005° 0.11 + 0.005°

a-d A t-test was used to compare the mean differences registered among samples; data within the same column sharing different superscripts are significantly different (p < 0.05)
flour composites.
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Table 7. Fatty acid classes (% of total fatty acids) fatty acid ratio and quality indices, IA and IT.

SFAs MUFAs PUFAs UFAs UFA/SFA PUFA/SFA Al TI

Flour Composites

LF 32.95 48.03 18.93 66.96 2.03 0.57 040 0.84
WF 38.68 19.44 42.50 61.94 1.60 1.10 044 1.02
WFL10 39.08 23.44 37.78 61.22 1.57 0.97 044 1.04
WEFL20 38.10 28.30 33.64 61.94 1.63 0.88 043 1.02
WEFL30 37.01 32.68 29.40 62.08 1.68 0.79 043 1.01

Composite Breads

WB 40.49 18.57 40.79 59.36 1.47 1.01 046 1.18
WBL10 37.07 23.57 39.35 62.92 1.70 1.06 043 1.03
WBL20 37.16 28.44 34.10 62.54 1.68 0.92 0.43 1.00
WBL30 36.20 33.33 30.10 63.43 1.75 0.83 042 097

The similar composition of fatty acids in lupin flour with those detected in our study
was also reported by Uauy et al. (1995) [52], who identified a palmitic acid content of
11.00%, stearic 5.50%, oleic 30.80%, linoleic 18.70%, and behenic 2.80%. Andrzejewska et al.
(2016) [53] analyzed the fatty acid composition of white lupin and identified a palmitic
acid content of 8.57%, stearic 1.57%, oleic 54.30%, linoleic of 14.90%, and erucic of 1.59%; in
another study, Alamri (2012) [54] recorded a palmitic acid content of 7.71%, stearic 1.71%,
oleic 44.90%, and linoleic 26.20%. For wheat flour, Zengin et al. (2017) [55] studied the fatty
acid composition of seven wheat cultivars grown in Turkey and identified a similar content
recorded in this paper, namely palmitic acid (C16:0) between 24.10 and 35.83%, stearic
acid (C18:0) 1.64-5.16%, oleic (C18:1) 15.13-19.62%, and linoleic acid (C18:2) 29.52-39.58%.
Similar values for wheat flour also recorded by Nikolic et al. (2008) [56] in his study, in
which he recorded a content of 19.56% palmitic acid (C16:0), 1.37% stearic acid (C18:0),
20.28% oleic acid (C18:1), and 57.67% linoleic acid (C18:2%). A similar pattern was also
reported by Rusu et al. (2021) [16], who tracked the influence of the addition of hemp flour
in different proportions in white bread.

Fatty acids composition plays an important role in control of cardiovascular diseases.
To evaluate the different effects of the fatty acids, two indices, atherogenic index (AI)
and thrombogenic index (TI), were developed in order to characterize the atherogenic
and thrombogenic potential of food based on total saturated fatty acids (SFA) or on the
polyunsaturated /saturated fatty acids ratio (PUFA /SFA) [57-59]. Lower values of Al and
TI are associated with low cardiovascular, atherogenic, and thrombogenic risk.

The Al and TI values presented in the Table 7 show that LF has lower values in terms
of two parameters (Al: 0.40, TI:0.84) compared with WF (Al: 0.44, TI:1.02), composite
bread flours (WBL), and wheat bread (WB), respectively. The Al index decreased with
the addition of LF in WBL, and the lower value was obtained for WBL30 (0.42) compared
with WB (0.46). The same pattern was recorded for the TI index (1.18 for WB and 0.97
for WBL30).

Similar values were reported by Chiofalo et al. (2012) [8] regarding different varieties
of lupin species cultivated in a Mediterranean environment.

3.5. Physical-Chemical Proprieties of Lupin Bread

After baking, the volume, porosity, elasticity, height/diameter ratio (H/D), acidity, and
humidity were determined for all samples according to SR 91:2007 [26]. The experimental
results obtained are shown in Table 8.
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Table 8. Bread quality indicators for control wheat bread (WB); WBL10 (10% lupin flour and 90%
wheat flour); WBL20 (20% lupin flour and 80% wheat flour); and WBL30 (30% lupin flour and 70%
wheat flour).

Indicator M.U WB WBL10 WBL20 WBL30
Volume em®/100 g 434 +1.732 431 £ 12¢ 428 4+ 1.73 b< 402 £14
Decrease compared to the WB (%) —0.69 —1.38 -7.37
Porosity % 65.62 + 1.352 61.08 + 1.32° 53.48 +1.182 4248 +1.08°
Decrease compared to the WB (%) —6.92 —18.50 —35.26
Elasticity % 71422 70 £ 2a¢ 68 & 1.73 34 63+2P
Decrease compared to the WB (%) —1.41 —4.23 —-11.27
Ratio betwee‘gl_}l“/%‘)and diameter - 063400022  0614+0001>  056+0002¢ 051+ 0.002¢
Decrease compared to the WB (%) -3.17 —11.11 —19.05

a-d A t-test was used to compare the mean differences registered among samples; data within the same column
sharing different superscripts are significantly different (p < 0.05).

Analyzing the data obtained, it can be pointed out that the volume, porosity, elasticity,
and H/D index were higher in the case of the control sample than composite bread sample
with different proportions of lupin flour; however, the products were not excessively
flattened (Table 8). The decrease of volume compared to WB ranged between 0.69-7.37%,
porosity between 6.92-35.26%, elasticity between 63-70%, and H/D between 3.17-19.05%.

The control sample (wheat flour, with no lupin addition) registered the highest values
in terms of volume (434 cm®/100 g) and H/D ratio (0.632) compared to the samples with
LF, which registered lower values regarding these parameters.

Bread with 10% lupin flour (WBL10) is well-leavened with a volume of 431 cm®/100 g,
with soft and flat pores (61.08 % porosity) and an elastic core, and when it is pressed, it
returns to it initial shape with 70% elasticity, and the H/D ratio is 0.613. Analyzing the
porosity, it was found that in the case of the addition of lupin flour in a proportion of 10%,
the appearance of the pores is maintained.

The data showed that by adding LF, the bread H/D ratio decreases, the control
sample shows a 0.632 ratio, and the samples with the three proportions of lupin flour
recorded an H/D ratio between 0.51 (WBL30) and 0.61 (WBL10) (Table 6). For values of
the H/D ratio between 0.4-0.6, it is considered that the volume and shape of the bread are
appropriate, over 0.50 when the bread is bulging, and a value of the H/D ratio below 0.40 is
an unsuitable, flattened product [26].

The data show that the volume and H/D ratio of all samples with the addition of LF
were lower than that of the control sample (WB), but the porosity was more pronounced
and uniform, the elasticity was better in the sample with 10% lupin flour (WFL10.), and
the crust showed a more developed coloration due to the Maillard compounds formed
during baking.

From the data presented in Table 8, it can be highlighted that the low volume of the
composite breads may be due to the reduced amount of gluten from lupin, which may
reduce its viscous—elastic properties and the dough’s capacity of gas retention during
baking [60]. This effect of reduced volume of bread samples with LF has been reported by
other researchers, too [61].

Figure 2 shows that the addition of lupin flour leads to defects in the bread: mainly shape
and core defects, which become more obvious as the percentage of lupin flour increases.

The compact layers in the core, also known as “bacon layers”, look like a hard, non-
porous, sticky mass. The layers appear in the form of horizontal stripes (WBL20) and can
have different sizes. Compact layers appear in the center of the core because some of the
water vapor formed in the peripheral areas suddenly enters the center due to the high
temperature of the oven.

Another defect that is observed in the case of bread with the addition of lupin flour is
the cracks in the crust and its irregular appearance (Figure 2).
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The cracks may be on the surface of the shell or appear laterally. In all cases, they are
formed due to the exit of fermentation gases from the dough, namely:

- When the flours come from sprouted grains or contain too little gluten; the bread crust
is less elastic; and the fermentation gases, not meeting sufficient resistance to pressure,
come out of the dough and form cracks on the surface of the bread;

- When the dough has an increased action of proteolytic enzymes, the resistance of
gluten decreases, and the fermentation gases form a large number of small cracks,
which greatly degrade the appearance of the bread [25].

3.6. Rheological Profile of Lupin Flour Composites

The primary parameters [27] of the mixtures with different proportions of LF are
presented in Table 9.

Table 9. The primary parameters of the lupin flour composites.

WA ST o B v
Samples o) mn 2 G G G /min) (am/min)  (am/min)
WE 55.8 952 119 054 2037 186 329  —0.07 031 ~0.05
WEFLI0  60.0 662 112 046 174 169 28  —006 030  —0.002
WFL20 645 568 112 041 156 152 249  —0.06 043 ~0.02
WFL30 622 547 118 041 127 142 230  —0.07 0.19 ~0.03

In Table 10 are presented the scores of the index defined by Mixolab profiler: water
absorption index (WAI), mixing index (MI), gluten+ index (GI), maximum viscosity during
heating expressed as viscosity index (VI), starch stability or amylolysis index (Al), and
starch retrogradation-retrogradation index (RI).

Table 10. Profiler Mixolab indices expressed on a scale from 0-9 (Mixolab Index).

Samples Absorption Mixing Gluten+ Viscosity Amylolysis Retrogradation
Index (WAI) Index (MI) Index (GI) Index (VI) Index (AI) Index (RI)
WE 2 6 4 7 8 8
WEFL10 7 2 5 4 7 7
WFL20 8 2 4 2 6 7
WEFL30 8 2 3 1 6 6

The results presented in Table 9 show that water absorption (WA) increased by the
addition of LF due to the lower humidity. WA increases from 54.80% in the case of WF
to 60% at the addition of 10% LF in the composite mixture and up to 62.20% in the case
of the variant with 30% LE. According to literature studies, the water absorption capacity
in wheat flour ranges between 50-55% [25] and in composite lupin flours ranges between
71.3-84.1% [15]. Instead, the stability of the dough decreased with the addition of LF in
the flour composites. Thus, if the dough obtained from WF has a stability of 9.52 min,
it decreases as the proportion of LF in the manufacturing recipe increases from 6.62 min
(WFL10) to 5.68 min (WFL20) and 5.47 min for WFL30. A similar pattern was observed
by Hruskova et al. (2009) [15], who reported that a shorter dough stability and dough
resistance compared with control were observed in composite flours. Doxastakis et al.
(2002) [14] observed lupin’s technologically positive features, such as reducing mixing time,
increasing water-holding capacity, and providing a distinctive flavor and yellow color of
final products. The difference between the maximum torque at 30 °C and the torque at the
end of the holding time at 30 °C (C1) is at a maximum in WF (1.189 Nm) and a minimum
(1.122 Nm) in WFL20.

Table 10 shows the Profiler Mixolab indices expressed on a scale from 0-9 (Mixolab
Index) for a complete characterization of the flour (water absorption, mixing behavior,
gluten protein / strength, hot viscosity, amylase activity, and relegation).

Water absorption index (WAI) depends on the quantity and quality of the flour
components (protein, starch, fiber). Higher index provides a higher water absorption
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capacity. The absorption index is 2 for WF, 7 for WFL10, and increases to 8 with the
addition of LF in the bread recipe. Similar values for wheat flour (WAI = 1) were reported
by Antanas et al. (2013) [62], who highlighted that the addition of other matrices in flour
composites increases the WAI index.

Mixing index (MI). This index gives information on the behavior of the flour when
it is kneaded at 30 °C and expresses the dough’s stability and softness. When this index
increases, the dough becomes more stable at kneading. Our results are in line with previous
study [62], namely that the maximum mixing behavior is obtained in the case of WF
(MI = 6) and the minimum for the composite lupin-wheat breads (MI = 2), indicating a
higher stability of the WF dough as WFL dough.

Gluten+ index (GI) measures the behavior of gluten during the heating of the dough.
The higher the index, the more resistant the gluten is to the conditions of the technological
process. Gluten resistance is maximum in WFL10 (5) and decreases with the addition of LF
in the flour composites. WF has a lower index than WFL10. Similar results were obtained
for flour composites from WF and triticale and rye flour [62].

Viscosity index (VI). The increase in viscosity during this phase is due to both the
amylase activity and the quality of the starch. The higher the index, the higher it is the
viscosity of the dough during the heat treatment. The viscosity of the dough is high for WF
and decreases with the addition of LF in all analyzed samples (until index 1 for WFL30),
which are values that give good dough-processing conditions. A previous study pointed
out that the addition of 20% triticale flour in wheat flour decrease the VI from 7 (WF) to 6 in
flour composites [62].

Amylolysis index (AmlI). This index depends on the resistance of the dough to di-
astatic activity. The higher the index, the lower is the amylase activity. Amylase activity is
maximal (8) in WF, while for WFL10, there is an index of 7, and for 20 and 30% LF in the
composite dough, the Al is 6. WFL30 is distinguished by an increased amylase activity
compared to other samples. The same value (7 for Aml) was reported for wheat flour, and
a decrease of this index in flour composites is based on rye and triticale flours [62].

Retrogradation index (RI). Downgrade is due to the behavior of starch during cooling
(crystallization of amylopectin). The higher the indeXx, the shorter the expiration dates. RI
for WF is 8 and decreases to 6 with the addition of LF in composite bread. This indicator
provides valuable information on the shelf life of lupin bread, which can be kept longer
without impairing physico-chemical indices, which gives it economic sustainability.

According to the Mixolab profile, five different stages regarding the dough torque
depending on the time are presented in the diagrams (Supplementary File). The initial
mixing period, when the temperature was constant, corresponds to the hydration of the
compounds and occurs together with the stretching and alignment of the proteins, bringing
about the formation of a three-dimensional viscoelastic structure [27].

The second stage of the Mixolab profile represents the first stage of heating and corre-
sponds to protein weakening. The combined effect of mechanical stress and temperature
induced a decrease in C2 torque, which is the minimum value of torque produced by
the passage of dough subjected to mechanical and thermal constraints [10]. Compared to
WE (C2 = 0.54), the flour composites with lupin are characterized by a lower C2 torque
(0.41-0.46). The addition of LF in different percentages in WF leads to a decrease in C2.

In the third stage, starch gelatinization occurs. Heating the dough induces the swelling
of the starch particles, and the viscosity of the dough increases. Cooking stage describes
starch behavior and is characterized by following parameters: (i) maximum torque pro-
duced during the heating stage (C3); (ii) C4 calculated as a ratio of the torque after the
holding time at 90 °C and the maximum torque during heating period; (iii) gelatinization
rate (3); and (iv) cooking stability rate (y) [27].

Torque point C3 expresses the viscosity of the dough on heating. The increase of this
parameter highlights the increase of the viscosity of the dough. C4 and {3 value indicate
the content of alpha-amylase in the flour, with the increase of this enzyme producing the
increase of the two mentioned parameters [27]. The obtained results show the decrease of
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C3 and C4 values by the addition of FL in the flour composites, with the maximum values
being registered in the case of WF (C3 =2.03; C4 = 1.86) and the lowest values in the case of
WEFL30 (C3 = 1.27; C4 = 1.42), which highlights the decrease in the viscosity of the dough
and the intake of alpha amylase by the addition of LF in WE

In the fourth stage of Mixolab profile, the temperature is constantly maintained.
During this phase, the dough suffers the double action of mixing and enzymatic attack,
observed by a decrease of consistency.

The dough cooling (the fifth stage) leads to starch retrogradation, and the stiffness of
the cooked dough increases. C5 represents the difference between the torque produced
after cooling at 50 °C and heating period. C5 varies between 3.29-2.30, which is at the
maximum in case of WF and minimum in WFL30.

3.7. Sensorial Analysis of Composite Lupin Bread

Evaluation of consumers’ acceptability of lupin bread samples was carried out using
sensory evaluation by a panel of 44 assessors (20 male and 24 women) with the help of
a five-point hedonic scale. Figure 3 indicates the mean scores for the sensory attributes
(appearance, color, texture, taste, flavor, and general acceptability) of the studied lupin
bread: WB (control wheat bread); WBL10 (10% lupin flour and 90% wheat flour); WBL20
(20% lupin flour and 80% wheat flour); and WBL30 (30% lupin flour and 70% wheat flour).

@WB WWFL10 & WFL20 wWFL30
6.00 -
b b
a a b b a a o b a,n a
= - 5) 455 e 468 45 a 450 4.73
500 {44848 a 432 435 450 455 7*-’9'1?_ .
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Figure 3. Global values of the sensory evaluation (consumer acceptance) of bread with lupin: WB
(control bread); WFL10 (10% lupin flour and 90% wheat flour); WFL20 (20% lupin flour and 80%
wheat flour); and WFL30 (30% lupin flour and 70% wheat flour) by using a 5-point hedonic scale
(n = 44). a,b,c—t-test has been used to compare the differences recorded between the samples for each
characteristic assessed; data within the same column sharing different superscripts are significantly
different (p < 0.05).

The most highly appreciated was the WBL10 sample with 10% lupin flour, which
obtained mean scores of 4.55 for taste and 4.52 for color and 4.73 for general acceptability,
(Figure 3), falling within the 4.5-5.00 score range, which indicates high acceptability (HA).
In terms of appearance, taste, and general acceptability, the panelists ranked the bread
samples in the following order: WBL10 > WB > WBL20 > WBL30 and in terms of flavor and
color: WFL20 > WFL10 > WB > WFL30. The WFL20 sample fell within the 3.5-4.49 level of
acceptance (acceptable—A) for appearance, taste, texture, and general acceptability and
within 4.5-5 (HA) level of acceptance for color and flavor (Figure 3).

The control sample (with wheat flour) was rated with scores similar to the WFL10
sample, scoring on a scale between 4.5 and 5, i.e., highly acceptable (HA), for taste and
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texture and between 3.5 and 4. 49, i.e., acceptable (A), for appearance, color, flavor, and
general acceptability. The lowest rates were obtained by WFL30 sample, with 30% lupin
substitution registering values between 2.50 and 3.49 (moderately acceptable) for taste
and acceptable (3.5 and 4.49) for all other attributes (Figure 3). The results regarding
sensory evaluation of lupin bread are in agreement with the data obtained by Kefale B. and
Yetenayet B. (2020) [35].

The addition of different proportions of lupin flour exhibited a substantial effect on the
sensory properties of bread samples. The sensory scores for the color of the bread increased
once with the incorporation of lupin flour (up to 20% lupin substitution). A light-yellow
color given by the natural pigments present in lupin flour was well-appreciated by the
evaluators compared to the whitish color of the control sample.

4. Conclusions

The global evaluation from the nutritional, phytochemical, sensory, and rheological
point of view of the flour composites fortified with lupin and the bread obtained showed
that lupin flour can represent a valid vegetal source in baking for a sustainable economy.
The nutritional and functional attributes of wheat bread were enhanced using 10-30% lupin
flour, but significant shortening of rheological properties, i.e., dough stability, may cause
technological issues. The consumers’ acceptability regarding this type of bread indicated
that the most highly appreciated was the bread with 10 % lupin flour, but the bread with
the addition of 20-30% lupin flour also obtained good scores on certain sensory parameters.

Our study aims to strengthen the attempt at widening the assorted range of vegetal
matrices for use in baking in order to find alternative solutions to cereal flour.
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