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Abstract Eggplant (Solanum melongena L.) is the third
solanaceous of horticultural importance in the world, after
potato and tomato. In the agricultural production of this
vegetable, there are post-harvest losses and waste genera-
tion. Reduction of these inconveniences can be avoided by
obtaining ingredients with high nutritional value for food
processing, as breadmaking. Changes in wheat dough and
bread quality due to the incorporation of eggplant flour
were studied. Different levels (5, 7.5, 10%) of replacement
with flour from Large eggplant were analysed. The opti-
mum level of eggplant flour (7.5%) was used for compar-
ison technological performance of eggplant—wheat breads
elaborated with flour from eggplants of different size: small
size eggplant (Baby, BE) and large size eggplant (Large,
LE). Dough was characterized through farinographic (wa-
ter absorption, development time, stability, softening
degree) and fermentation parameters (maximum volume of
fermented dough, fermentation time). Technological qual-
ity (specific volume, hardness, elasticity, number of crumb
alveolus, colour of crust and crumb) and sensory analysis
of breads were evaluated. Proximal composition and
antioxidant activity of flour and breads were studied. Water
absorption, development time and softening degree
increased, while bread volume, elasticity and the area
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occupied by alveoli decreased with the presence of egg-
plant flour. Breads also became darker. Breads with 7.5%
of BE, presented a harder crumb with lower luminosity
than those with LE. Both type of breads were well accepted
by consumers; nevertheless, BE was the bread that contains
higher amount of compounds with antioxidant activity and
therefore it is recommended for formulation of functional
breads.

Keywords Eggplant - Dough optimization - Eggplant—
wheat - Bread quality - Bread composition

Introduction

Eggplant (Solanum melongena L.) is the third horticultural
crop of importance in the world within solanaceous after
potato and tomato (Se¢kara et al. 2007) and is one of the
fruits of main production in our region (La Plata, Argen-
tina) according to the National Agricultural Census (2002).
In addition, the production rate of eggplant in this area is
high; for this reason, there is a special interest in finding
uses of the waste derived from their agricultural produc-
tion, to avoid environmental contamination. Other target is
the reduction of post-harvest losses and also obtaining from
them ingredients with high nutritional value. The inclusion
of bioactive components through the incorporation of this
fruit in the form of flour to wheat bread is a way to increase
the consumption of vegetables and also to add value to
commodities of our agricultural production.

In the last years eggplant became more important due to
its nutritional characteristics, mainly for being a source of
fibre (Jenkins et al. 2003; Makrogianni et al. 2017) and
antioxidant compounds (Scalzo et al. 2016). Consumption
of dietary fibre was associated to a lower risk of several
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diseases such as cardiovascular, diabetes, hypertension,
obesity and gastrointestinal disorder (Anderson et al.
2009). Ingestion of phenolic compounds is also related to
benefits for health due to anti-inflammatory, antiviral and
anti-mutagenic properties (Yao et al. 2004). Eggplant is
harvested according to their length or size and usually
when they achieved the 80% of their final size, to maxi-
mize quality and yield, and before the complete develop-
ment of seeds (Gajewski and Arasimowicz 2004;
Mohammed and Brecht 2002). Although eggplants can be
consumed in all stages of growth or size, fruits of small
size or Baby have begun to be commercialized generating
an added value product, which in turn has a higher content
of antioxidants compared to larger fruits (Zaro et al. 2014).
The development of functional foods through the incor-
poration of bioactive compounds of natural origin has been
increasing in recent years. Given that the current con-
sumption of vegetables is below the recommended intake
and the increasingly high incidence of deaths due to non-
transmissible diseases (WHO 2003), a possible promotion
for increasing their consumption could be the incorporation
of vegetables to another food matrix (Oliviero and
Fogliano 2016). Being bread a basic product of massive
consumption and highly accepted by consumers of all ages,
it could be a highly convenient matrix for the incorporation
of vegetables into the diet.

There are some research works in which bread were
enriched with different functional components such as
soluble fibres like inulin extracted from artichoke or chic-
ory (Blanco Canalis et al. 2017; Linlaud et al. 2009; Salinas
and Puppo 2013; Sirbu and Arghire 2017). The effect of
replacement of wheat flour with flour from other cereals in
the hydration and rheological properties of dough were also
studied (Bigne 2016; Doxastakis et al. 2002). In the area of
fruit and vegetables there are works where fruits were
incorporated into bread, such as grapes, grapefruit and
papaya (Peng et al. 2010; Reshmi et al. 2017; dos Santos
et al. 2018); while not many studies on vegetables—wheat
bread properties were found, some studies focuses mainly
on the acceptance of the product. Hobbs et al. (2014)
evaluated the acceptance of breads with added tomato, beet
and pepper in the form of puree and cubes with the aim of
increasing the consumption of vegetables and achieve a
widely accepted product; but they did not evaluate the
optimization process variables, as well as the nutritional
quality of the obtained product. Ranawana et al. (2016)
studied the antioxidant potential, storage life, shelf stabil-
ity, textural changes and macronutrient oxidation of breads
fortified with carrot, tomato, beetroot and broccoli, but they
did not study the variables for process optimization. Con-
sidering that no studies were previously performed on the
characterization of quality of wheat breads with eggplant
flour, the first objective of the present work was to
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determine the optimum level of replacement of wheat flour
with eggplant flour for obtaining breads of high techno-
logical quality. After that, with the optimum level of
eggplant flour previously defined, the second objective was
to determine chemical composition, quality and sensory
acceptability of eggplant—wheat breads formulated with
flour obtained from Baby and Large-size eggplant fruits.

Materials and methods
Materials

Wheat flour for bread making was used (type 0000, Molino
Campodoénico Ltda., Argentina). Purple eggplants (Sola-
num melongena L.) cv. Monarca were harvested in La
Plata, Argentina, in two lengths or size (distance from calix
to bottom of the fruit) and classified as Baby eggplant or
BE (length: 0.09 m) and Large eggplant or LE (length:
0.17 m), and frozen in liquid nitrogen till use. The eggplant
was cut, freeze-dried (RIFICOR, Argentina) and subse-
quent milled in a domestic mill used for coffee (Peabody,
PE-MC9100, China) for obtaining the flour. The flour was
sieved in a 500 pm mesh in which larger particles con-
taining skin were retained. Finally, the fine fraction of the
eggplant flour presented approximately 10% skin and a
granulometry less or equal than 500 pm.

Methods

Effect of the level of eggplant flour The first part of this
study was performed employing flour obtained from large-
size eggplants. The wheat flour was partially replaced at
three levels: 5%, 7.5% and 10% (kg eggplant flour/100 kg
wet total flour basis, w.t.f.b.); and parameters for opti-
mization the bread dough (farinographic and fermentation
assays) determined. Quality sensory properties of egg-
plant—-wheat breads were also analysed.

Effect of the eggplant size In this second part of the
study the effect of the eggplant size, Baby (length: 0.09 m)
and Large (length: 0.17 m), on different dough properties
were evaluated; also quality, sensory attributes, proximal
composition and antioxidant capacity of wheat—eggplant
breads, were determined. For both size of eggplant, flour
from Baby (BE) and Large (LE) fruits, the optimum con-
centration of replacement selected was 7.5%.

Bread—-dough optimization parameters

Farinographic assays Aptitude of flour blend for dough
development was followed by farinographic assays.
A Brabender farinograph (0.3 kg capacity) (Brabender,
Duigsburg, Germany) was utilized for measuring water
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absorption, development time, stability and softening
degree of dough AACC 54-21.02 method (AACC 2000).
Flour blend consisted of mixing wheat flour, NaCl (2 kg/
100 kg w.t.f.b.) and eggplant flour at levels of 5, 7.5 and
10% (kg flour/100 kg w.t.f.b.) for the level selection assay.
For the second assay, the level of 7.5% of Baby and Large
eggplant (kg flour/100 kg w.t.f.b.) flour was selected.
Assays were performed by duplicate.

Fermentation curves Each bread dough consisted of
wheat flour, NaCl (2 kg/100 kg w.t.f.b.), dry yeast (2.5 kg/
100 kg w.t.f.b.), malt extract (2 kg/100 kg w.t.f.b.), mar-
garine (8 kg/100 kg w.t.f.b.), and eggplant flour at level of
5%, 7.5% and 10% (kg eggplant flour/100 kg w.t.f.b.) for
the level selection assay; and 7.5% of Baby and Large
eggplant (kg flour/100 kg w.tf.b.) for the second assay.
The amount of water added was selected from the farino-
graphic assay. Bread dough (0.050 kg, n = 3) was placed
in a 500 mL graduated cylinder with a mobile plunger and
inserted in a fermentation cabinet (Brito Hnos, Argentina)
at 30 °C for 4 h. Dough volume (mL) was registered in a
graduated glass test tube every 5 min for the first hour and
every 20 min for the ulterior 3 h. Measurements were
performed in duplicate for each dough. The increase in
volume was registered as a function of time and curves
were adjusted by the Chapman model (Eq. 1) using the
Origin 9 program: where V is the volume increment, t is
the time and V.« correspond to the maximum volume
increment achieved; b and ¢ are constants. Fermentation
time (t;) is the time required for achieving 3/4 of V..,
because during the beginning of the baking process the
fermentation continues until the structure is established.

V = Viax[l — exp(=b1)]° (1)

Bread and dough preparation

The flour/s and salt were premixed for 1 min, then the dry
yeast, malt extract, margarine and water were added and
mixed for 1 min more and finally the dough was mixed at
90 rpm for the remaining development time in planetary
kneader (Kenwood, Treviso, Italy). The amount of water
and development time were determined by farinographic
assay. The dough obtained was separated in pieces
(0.05 kg), allowed to rest for 15 min at room temperature
and covered with a polyethylene film to prevent dehydra-
tion. Then, the buns were manually formed and put in a
fermentation cabinet (Brito Hnos., Los Polvorines,
Argentina) at 30 °C during the optimal fermentation time
for each formulation. After fermentation process, the
leavened dough was baked for 20 min at 200 °C in an oven
(White-Westinghouse W-CG18), obtaining fully baked
breads.

Bread quality

Specific volume The volume of breads was determined
according to Sciammaro et al. (2018) with the rapeseed
displacement method, using a graduated cylinder to record
the change in volume. The measure was performed in
triplicate using 10 breads for each determination. The
breads were weighed in a digital balance (Kern 572,
Argentina). The specific volume was calculated as the ratio
of the volume and mass in cm’/g.

Texture profile analysis (TPA) Texture Profile Analysis
was performed on bread according to Sciammaro et al.
(2018) using a TA.XT2i Texture Analyzer (STABLE
MICRO SYSTEMS, Surrey, U.K.) with a load cell of
25 kg. Centre pieces (3 cm of diameter and 2 cm of
thickness) of ten breads were assayed for each formulation.
Breads underwent a cycle of double compression that
reproduces in an empiric form a two-bite texture profile.
Samples were compressed up to 40% of deformation
according to the original height of the bread with a cylin-
drical probe of 75 mm diameter (SMSP/75) at a crosshead
speed of 0.5 mm/s. A curve of compression force vs time
was obtained. Hardness was calculated as the force of the
first peak and elasticity was calculated as the d2/d1 ratio,
being d2 the distance between the beginning and the
maximum of the second compression peak and d1 is the
same distance for the first peak.

Crust and crumb colour Crust and crumb colour mea-
surements were performed on 10 bread for each formula-
tion using a colorimeter Minolta CR-400 (Minolta, Osaka,
Japan). Measurements were performed in triplicate.
Parameter L* of the CIELAB colour space was determined.

Area of alevoli Slices from the middle part of breads
were scanned (Epson Stylus Tx115) (Figure S1a), and each
image was converted to a grey scale (Figure S1b), alveolus
areas stained as the resulting region of interest mask
(Figure S1c) and then converted to binary (Figure S1d) and
the area occupied by alveoli was measurement according to
Sciammaro et al. (2018) using the ImageJ 1.37q software
(National Institutes of Health, Bethesda, USA). For these
measurements, a lower limit was fixed for alveolus size
(0.1 mm®). At least 10 bread slices were analysed for each
formulation.

Sensory analysis
For the second assay, a panel with consumers (non-trained
people) between 25 and 60 years old (80 people) was used

to evaluate the acceptability of breads added with 7.5% of
Baby and Large eggplant. Each panellist received two
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samples of bread codified and sorted randomly. They were
asked to indicate the level of satisfaction using hedonic
scales of 9 points (1 = dislikes much, 9 = likes much) for
the following parameters: taste, texture, crumb colour and
global acceptability. They were also asked if they would
buy this bread.

Proximal composition

Proximal composition of flour and breads was performed
according to AOAC (1998). Moisture of samples was
determined by triplicate after drying in oven at 105 °C until
constant weight. Protein content was determined according
to Kjeldahl method; the factor utilized for conversion
nitrogen to protein was 6.25. Lipid content was determined
using Soxhlet method; samples were extracted during 3 h
with petroleum ether (35-60 °C fraction). The ash content
was determined using the direct method according to
AACC 08-01.01. Carbohydrate content was determined by
difference. Total dietary fibre (TDF) and insoluble dietary
fibre (IDF) were assayed by enzymatic hydrolysis (Mega-
zyme kit, K-TDRF, Megazyme, Wicklow, Ireland)
according to the official AOAC method. Soluble dietary
fibre (SDF) was calculated by difference between total and
insoluble fibre. Assays were performed by duplicate.

Antioxidant capacity

Samples of flour (0.5 g of wheat flour and 0.1 g of eggplant
flour) and breads (2 g of eggplant—-wheat bread) were
extracted with 5 mL of 70% methanol and sonicated for
20 min. The suspension was centrifuged at 13,000x g for
15 min at 3 °C (Thermo Scientific Sorval ST 16R). The
supernatant was collected and the pellet re-extracted in
similar conditions. The extractions were performed in
duplicate. The antioxidant capacity was determined by
ABTS and FRAP methods.

ABTS assay The antioxidant capacity was estimated in
terms of radical scavenging activity according to Arnao
et al. (2001). Fifty microlitres of extracts were added to
1 mL of ABTS™ working solution (absorbance of
0.700 £ 0.03 at 734 nm), incubated for 6 min and the
absorbance at 734 nm was measured. A Trolox solution
was used as standard. Samples were measured in triplicate.
Results were expressed as Trolox Equivalent Antioxidant
Capacity (TEAC) in mg/kg of dry sample.

FRAP assay The ferric reducing ability was determined
according to Benzie and Strain (1996). Freshly prepared
FRAP reagent (0.9 mL) was mixed with 0.1 mL of the
extract. After 6 min, the sample absorbance was measured
at 593 nm. A Trolox solution was used as standard. Sam-
ples were measured in triplicate. Results were expressed as
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Ferric Reducing Capacity Equivalent to Trolox (TEFRC)
in mg of Trolox/kg of dry sample.

Statistical analysis

The experiments were carried out in a completely ran-
domized design. Results were subjected to analysis by
ANOVA and means were compared by a Fisher test at
P < 0.05 performed in InfoStat software (Di Rienzo et al.
2008).

Results and discussion

Effect of the eggplant flour level on dough and bread
quality

The incorporation of eggplant flour to wheat bread dough
produce changes in the proportion and type of components
that would alter the physicochemical properties of dough
and therefore those of the final product, the bread. Due to
these variations, the optimization of bread dough is nec-
essary to find the optimum level of eggplant flour that
ensures a bread of high quality. In this sense, optimization
of parameters of quality of wheat dough like development
and fermentation times and water absorption must be pre-
viously determined.

The amount of farinographic water absorption (W)
and development time (tg) increased with the presence of
eggplant flour (Table 1). Water absorption increased
approximately 6%, in other works, the incorporation of
chickpea, soybean, lupine and triticale flour also produced
the increase of W, and this parameter did not significantly
change with the level of the flour (Doxastakis et al. 2002;
Mohammed et al. 2012). Development time significantly
increased with eggplant flour up to a level of 7.5%,
therefore with 10% considerably decreased, achieving td a
half value of that observed for wheat flour (Table 1). Both,
Waps and ty are important parameters for reaching the
adequate hydration of flour components and the gluten
network development in dough (Weiser 2012).

Dough stability is related with the dough force, low
values of this parameter are related to more weak dough
with less tolerance to kneading. The stability of eggplant
bread dough decreased respect to the value observed for the
wheat dough, in a proportion between 24 and 37%; nev-
ertheless no significant changes were observed between the
different levels of eggplant flour utilized. On the other
hand, softening degree increased with eggplant, presenting
E-5% a maximum value (Table 1). Similar results were
obtained by Bigne (2016) with the replacement of wheat
flour with Prosopis alba flour, attributing the decrease in
dough stability to the gluten protein dilution; nevertheless,
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Table 1 Bread—dough

optimization and quality w E-5% E-7.5% E-10%

parameters for wheat flour Farinographic parameters

(W) and blend of wheat flour . b a a

with 5% (E-5%). 7.5% (E-7.5%)  Wabs (%) 577+ 03 61.0 = 0.0 61.7 + 0.1 61.7 + 0.1

and 10% (E-10%) eggplant flour tq (min) 9.0 £ 0.0° 104 +0.2° 145 £ 0.7% 5.5 4 0.0
Stability (min) 36.3 + 0.7° 8.8 £0.3° 13.3 + 0.4° 11.9 + 4.5°
Degree of softening (FU) 18.5 & 6.4° 105.0 + 0.0° 59.0 & 8.5" 47.0 + 8.5°
Fermentation parameters
Vinax (ML) 97.6 + 1.6 81.8 & 0.0° 59.5 & 2.1° 47.5 + 2.0°
t; (min) 52.0 £ 0.5° 113. 7 £ 9.4° 58.6 &+ 0.9° 63.7 + 1.4°
Quality parameters
V,p (cm’/g) 3.59 £+ 0.19° 240 + 0.03° 2.18 £ 0.21° 1.59 + 0.11¢
Hardness (N) 0.96 + 0.07¢ 4.26 + 0.43¢ 6.87 + 0.61° 8.12 & 0.53*
Elasticity 0.97 + 0.01° 0.87 £ 0.02° 0.77 + 0.03™ 0.75 & 0.03¢
Cohesiveness 0.69 + 0.01° 0.61 &+ 0.01° 0.53 + 0.02° 0.52 & 0.01°
Chewiness (N) 0.65 & 0.04¢ 2.24 £ 0.21° 2.81 + 0.26 3.15 &+ 0.25°
L* bread crust 65.65 + 3.16 63.09 + 1.70° 6145 + 2.15° 57.85 + 1.48¢
L* bread crumb 68.10 + 1.30° 55.82 + 1.50°  56.36 & 1.06 53.54 + 0.92°
Area of alveolus (%) 34.15 + 2.63° 3226 + 1.85° 2599 + 3.91° 25.61 + 1.20°

W.bs, Water absorption; tq, development time; V,,,x, maximum volume; t, fermentation time; V

volume

sp» SPecific

Different letters in the same row indicate significant differences at p < 0.05

at the highest level of this flour these authors observed
values similar to that of wheat dough.

The maximum volume of dough (V.x) during fer-
mentation decreased with the increase of the level of
eggplant flour, being for E-10% a 50% lower than the
volume of wheat dough (Table 1). For fermentation time
(tp) an increase of 100% was observed for E-5%, while no
significant differences were observed for E-7.5% and
E-10% respect to W. Although the incorporation of 5% of
eggplant flour considerably increased softening of dough, it
was able to maintain the volume of the dough during fer-
mentation with yeast, but at the expense of a long time
(114 min) for the development of the optimum mass.

Bread with eggplant flour presented a different aspect to
that of the wheat bread, and differences in crust and crumb
were detected for the highest level of addition (Fig. 1).
These results were supported by parameters obtained from
different quality assays. The incorporation of eggplant flour
to wheat flour reduced almost to a half value the specific
volume (V) of bread, the E-10% bread were eight times
harder than wheat bread, lower elasticity and cohesiveness
and presented also the highest chewiness. In addition,
darker crust and crumb were obtained represented by a
significant decrease in L* value respect to W with lower
number of alveoli in the crumb structure (Table 1). In
conclusion, changes in quality parameters of bread
decreased in a progressive form with the increase in egg-
plant flour content (Table 1 and Fig. 1a). A ranking test of

sensory evaluation of bread formulated with the three
levels of eggplant (5, 7.5 and 10%) with 40 non-trained
persons was performed. No significant differences in sen-
sory acceptability between the three types of bread were
observed (data not shown). All levels affected the tech-
nological bread quality but in a lesser amount those of 5
and 7.5%. In addition, the replacement of wheat flour with
7.5% of eggplant flour contribute to fibre in a greater
proportion than the 5% level; therefore the 7.5% level was
selected to examine the effect of eggplant size in bread
making.

Effect of eggplant size on dough and bread quality

Baby eggplant (BE) is the same vegetable as the Large
fruit, but in a previous stage of growing; it was harvested
before the fruit reached the standard Large size (LE).
Diverse studies (Glew et al. 2003; Kulkarni and Aradhya
2005) proved that composition and nutritional value
depend on the state of fruit development, so that it is
necessary to perform their comparative characterization.

All farinographic parameters were affected in the same
manner as described in “Effect of the eggplant flour level
on dough and bread quality” section with the addition of
eggplant flour, and no significant differences were
observed between BE or LE sample (Table 2), with the
exception of W .
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a Effect of the eggplant flour level

b Effect of the eggplant size

w ES% E-7.5%

E-10 % W BE LE

Crust

Crumb

Fig. 1 Appearance of bread crust and bread crumb. a Bread with wheat (W) and 5% (E-5%), 7.5% (E-7.5%) and 10% (E-10%) Large eggplant
flour. b Breads with wheat (W) and 7.5% of Baby (BE) and Large (LE) eggplant flours

Table 2 Bread—dough

optimization and quality w BE LE

parameters for wheat flour Farinographic parameters

(W) and blend of wheat flour . a b

with 7.5% baby (BE) and Large Wabs (%) 577+ 03 62.6 + 0.1 615+ 04

(LE) eggplant flours tq (min) 9.0 £ 0.0° 13.7 £ 0.1* 14.5 £ 0.8%
Stability (min) 363 £0.7* 134 £02° 12.8 £ 04°
Degree of softening (FU) 18.5 + 6.4° 52.5 £ 3.5% 65.0 £ 7.1*
Fermentation parameters
Vinax (mL) 97.6 £ 1.6* 34.4 + 0.6° 59.5 &+ 2.1°
ty (min) 52.0 £ 0.5* 50.7 £ 7.5% 58.6 £ 0.9*
Quality parameters
V,p (cm’/g) 2.66 + 0.21* 1.80 + 0.16° 1.82 + 0.02°
Hardness (N) 1.77 £ 0.16° 11.11 £ 1.06* 9.30 & 0.99°
Elasticity 0.96 + 0.01° 0.77 & 0.03" 0.79 &+ 0.07°
Cohesiveness () 0.66 + 0.01* 0.53 £ 0.02° 0.52 £ 0.02°
Chewiness (N) 1.12 £ 0.11°¢ 4.41 £+ 0.58% 3.88 £ 0.43°
L* bread crust 67.44 + 2.01° 46.09 + 0.64° 52.82 + 0.82°
L* bread crumb 67.93 + 1.20° 42.39 + 0.92° 46.83 + 0.64°
Area of alveolus (%) 36.20 + 3.98° 25.56 + 1.61° 25.15 + 1.68°

W.bs, Water absorption; tq, development time; V,,,x, maximum volume; t;, fermentation time; V

volume

sp» SPecific

Different letters in the same row indicate significant differences at p < 0.05

For fermentation parameters, a significant decrease in
Viax Was also observed with the inclusion of eggplant
flour, being for BE significantly lower than for LE; while
no significant differences in fermentation times were
observed between both samples (Table 2).

The addition of BE and LE eggplant flour to wheat flour,
both at 7.5%, produced the same variation previously
observed in “Effect of the eggplant flour level on dough
and bread quality” section in bread quality respect to
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control sample (W): a decrease in V,, crumb elasticity and
cohesiveness, and alveolar density with significant increase
in hardness and in the chewiness (Table 2). It was observed
that Vg, elasticity, cohesiveness and area occupied by
alveoli did not present significant differences between BE
and LE, but hardness, chewiness and colour (crust and
crumb) differed; bread with BE were harder, more
chewiness and presented brownish crust and crumb
(Table 2, Fig. 1b). Considering that the amount of fibre in
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Baby and in Large eggplants was not significantly different
(see Table 3), this last difference could be due to the nature
of fibre present in each type of eggplant. Baby eggplant
presented higher bread hardness and a more intense
brownish colour (lower L*) in the crust and crumb, because
Baby present higher content of insoluble fibre, due to its
greater amount of skin surface (higher ratio skin area/vol-
ume) in the fruit, compared to the Large eggplant. The
insoluble fibre is in skin, while inside the fruit there is a
higher proportion of soluble fibre (Sagar et al. 2018). In
addition, the presence of higher amounts of dark skin due
to the presence of higher contents of coloured compounds
like polyphenols with antioxidant activity (see Table 3),
conduct to darker bread like those observed for BE sample.

Sensory analysis of eggplant bread

Figure 2 shows that consumers did not perceived signifi-
cant differences in sensory texture nor in crumb colour and
taste, in spite of BE bread were harder and darker than LE
bread. In addition, both products presented the same global
acceptability. For all parameters evaluated, the average
score was 6 points. In several works, a score of 5 is con-
sidered as an intermediate point (“neither liked nor dis-
liked”), where above this value the product is accepted
(Bower 2009). All attributes presented this score; therefore,
it can be supposed that bread with eggplant were well
accepted in each attributed evaluated.

Global Accep.

Texture Crumb Colour

Taste

Fig. 2 Scores obtained from the sensory analysis for bread with 7.5%
of Baby (-) and Large (- -) eggplant flour

Proximal composition and antioxidant capacity
of flour and bread

Eggplant flour presented, in comparison with wheat flour,
approximately more than 9 times of ash content, 80% less
content of carbohydrates different from fibre and a signif-
icantly higher proportion of total dietary fibre (TDF)
(Table 3a). While BE presented lower moisture and higher
content of proteins and non-fibre carbohydrates respect to
LE, the size of eggplant did not affect the amount of the
other components. On the other hand, bread with eggplant,
as it was expected, presented higher amounts of ash and

Table 3 Proximal composition (kg/100 kg of dry sample) and antioxidant capacity (mg/kg of dry sample) of flours (a) and breads (b) of the

wheat (W), Baby (BE) and Large (LE) eggplant samples

a-Flour b-Bread
w BE LE w BE LE
Moisture* (kg/ 13.61 + 0.13° 13.58 + 0.26° 16.70 £+ 0.65* 37.76 £+ 1.15% 37.25 + 2.98* 38.23 £+ 1.02%
100 kg)
Proteins (kg/ 13.20 £ 0.03% 12.99 £ 0.02° 11.01 £ 0.29° 14.17 £ 0.17% 14.36 £ 0.01% 14.36 £ 0.27¢
100 kg)
Lipids (kg/ 1.53 £ 0.06% 1.98 + 0.07% 1.79 £ 0.34% 5.51 £+ 0.09* 4.97 + 0.00° 479 + 0.28°
100 kg)
Ash (kg/100 kg) 0.84 £+ 0.03° 9.16 £ 0.46* 8.72 £ 0.47* 2.51 £ 0.04° 3.17 £ 0.10* 3.08 £ 0.21*
TDF (kg/100 kg) 6.13 £ 0.25° 47.56 £+ 2.67* 51.14 £+ 2.16* 5.63 + 0.09° 8.35 + 0.07¢ 8.40 4+ 0.07%
Carbohydrates 78.30 28.31 27.34 72.18 69.15 69.73

(non-fibre)**
(kg/100 kg)

TEAC (mg/kg)
TEFRC (mg/kg)

481.77 £ 44.25°

149 + 8§°

23,408.53 + 1138.41"
20,110 + 1108*

16,015.15 + 547.19°

11,905 + 430°

333.87 + 22.04°
162 £ 7°

806.38 + 53.63"

576 + 13*

537.32 + 34.40°
337 + 10°

TDF total dietary fibre, TEAC antioxidant capacity equivalent to Trolox, TEFRC ferric reducing capacity equivalent to Trolox

*kg/100 kg of wet sample

**Total Carbohydrates different from fibre = 100 — Proteins — Lipids — Ash — TDF

Different letters in the same row indicate significant differences at p < 0.05
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dietary fibre (Table 3b). In this case, it should be consid-
ered that variations in composition of bread from wheat—
eggplant blends were more tenuous than in pure flour, due
to bread were mainly composed by wheat flour. In addition,
in eggplant-wheat bread a lower content of lipids respect to
W was observed, behaviour that could be due to the dif-
ferent levels of components in bread.

Antioxidant capacity (AC), measured by capture of free
radicals (TEAC) and by reduction capacity of iron
(TEFRC), was significantly higher for flour and bread from
eggplants respect to W, presenting in both cases, BE a
double value than in LE (Table 3a, b). Zaro et al. (2014)
determined that AC of pulp of eggplant decreased with the
increase in the fruit size, at the same time, it is well known
that the major content of antioxidant polyphenols are
placed in the skin (Valerga et al. 2017). The higher AC
found in BE respect to LE in flour and in bread can be
explain with the fact that BE present a high amount of
antioxidant compounds in the pulp, is a smaller fruit and
therefore present a high surface-to-volume ratio, con-
tributing to a high proportion of the external tegument of
the fruit (skin) per unit of fruit. While differences in values
observed for TEAC and TEFRC in both flour and bread,
are due to the differences in the mechanism of reaction of
each assay, the observation of the same tendency in both
AC experiments suggest that AC responds to both reaction
mechanisms.

Therefore, flour and bread from eggplants presented a
higher nutritional quality than wheat bread, due to eggplant
contribute with minerals and fibre. From the bioactive point
of view, also contribute to diet with antioxidant compo-
nents and to lesser amount of available carbohydrates,
considering that eggplant do not contain starch, only sol-
uble sugars as glucose, fructose and mainly sucrose (Va-
lerga et al. 2019). On the other hand, wheat flour contains a
great proportion of non-fibre and available carbohydrates
as starch.

Conclusion

Wheat dough and bread significantly changed with the
addition of eggplant flour. Water absorption increased and
did not change with the level of eggplant flour, neverthe-
less, softening degree, dough development and fermenta-
tion times highly increased with 5% of this flour, and with
higher amounts (7.5 and 10%), these parameters consid-
erably decreased. Consequently, bread presented a lower
volume with a higher crumb hardness; tendency that was
intensified with the increase of eggplant flour proportion.
Hence, a crumb with low elasticity and with low amounts
of alveoli per area was obtained. The eggplant size did not
influence dough optimization parameters at a flour level of

@ Springer

7.5%. Bread with BE were smaller, hardener and presented
less luminosity than bread with LE; nevertheless, bread
with BE presented higher proportion of minerals and
compounds with antioxidant activity and in addition, sim-
ilar proportion of fibre and acceptance level by consumers
than bread with LE. These results suggest that the inclusion
of eggplant to wheat bread would contribute to the devel-
opment of functional breads enriched in bioactive
compounds.
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