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Abstract The pro-health action of germinated lentils could

be useful to be added with wheat flour in the production of

box bread. In this work, we spectroscopically evaluate the

germinated and non-germinated lentils, and use them at the

concentrations of 5 and 10% for the production of box

bread. The chemical and physical tests of the bread and its

determination of phenolic acids and flavonoids (by HPLC)

were also performed. As well as the evaluation of the

quality of flour and dough used to produce the bread and

the acceptance of the germinated lentil bread with a pop-

ulation of 20 people with diabetes or with diabetic relatives

It is shown that: (1) The amplitude of photoacoustic signal

obtained by photoacoustic spectroscopy is modified as a

function of the percentage of germinated lentil (GL) flour

(0, 5 or 10%) add to the bread; being higher the photoa-

coustic amplitude to higher concentration of GL in the

absorption band of 300–425 nm, which is related to higher

content of phenols and flavonoids. (2) The contents of

phenolic acids (Sinapinic, b- resorcylic, Chlorogenic and

Ferulic) and flavonoids (Quercetin and Isorhamnetin) ten-

ded to increase in the germinated lentil bread with 10%

concentration of germinated lentil flour with respect to the

control bread (0% GL). (3) The addition of germinated

lentils flour to 5 and 10% into wheat flour to produce bread

with higher hardness and less cohesiveness than bread

based on wheat flour only. The Falling number indicate

that there is no significant difference between the control

sample and the 5% GL flour, while in the 10% GL flour

there was a reduction of 21 s, with respect to the control.

The effect of the germinated lentil flour percentage on the

pasting properties of the flours was significant between the

control and 10% GL flour. In general, the quality of the

dough and flour are modified due to the addition of ger-

minates lentils, and this affectation increases with the

increase in the concentration of GL. (4) The bread added

with germinated lentil has sensory acceptance with a group

of people with diabetes and/or diabetic relatives in their

attributes in general. The obtained results thus support the

production of wheat bread with mixed germinated lentils

flour, as a nutraceutical option for human consumption.

Keywords Bread � Lentil sprout � Wheat flour � Secondary
metabolites

Introducción

Lentils (Lens culinaris) are leguminous with high nutri-

tional value, bioactive components, antioxidants, and other

phytochemicals that render pro-health properties, Srivas-

tava and Vasishtha (2012). The consumption of this pop-

ular legume has been increasing around the world, due to

the emerging interest on functional food with nutraceutical

value, Jahreis et al. (2016). Lentils are a rich and cheap
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source of proteins, Ladjal-Ettoumi et al. (2016) that are

often used as a meat substitute, Jallinoja et al. (2016) and

they can complement the intake of cereal proteins with

several essential aminoacids, Migliozzi et al. (2015). The

regular consumption of lentils is thus able to enrich the

human nutrition as well as prevent and reduce the devel-

opment of chronic diseases, such as cardio-vascular mal-

adies, cancers, overweight and obesity, syndrome

metabolic, and diabetes, Bouchenak and Lamri-Senhadji

(2013). Lentils are therefore vital to improve the nutrition

of people in developing countries specially, however their

consumption is sometimes limited by the presence of some

anti-nutritional constituents, such as saponins, which are

natural compounds present in pulses having surface active

properties, Ayet et al. (1997). High levels of saponins

reduce the micronutrient bioavailability, but also have

some beneficial effects on the human health, as reported in

the literature, Liener (1994). In order to boost the lentils as

a human food, the removal of their antinutrients are thus

necessary, Ayet et al. (1997), which can be done by

cooking, soaking, and sprouting, Ruiz et al. (1996). In fact,

the sprout of lentils is an old method applied to improve

and expand their nutritional and nutraceutical quality,

López-Amorós et al. (2006) and could hence be used

nowadays to increase their acceptance and consumption.

The pro-health action of lentil sprouts and other plants is

determined by their secondary metabolite content, includ-

ing phenols, which are a group of compounds with

antioxidant, anti-tumour, and anti-inflammatory capabili-

ties, Haminiuk et al. (2012).

The incorporation of lentil sprouts into basic food, such

as bread has the potential to provide functional, nutritional,

and nutraceutical benefits in the diet of millions of people

around the world, Devani et al. (2016). Wheat bread, as one

of the most popular types of bread, Cauvain (2015), is an

excellent source of energy and abundant in carbohydrates,

but it usually contains a low quantity and quality of pro-

teins, vitamins, minerals, and dietary fiber, Devani et al.

(2016), Jezewska-Zychowicz (2016), as well as a high

glycemic index, (Roberts 2000). Taking into account that

the basic ingredients of bread are wheat flour, water, yeast

and salt, Martin et al. (2004); the mixture of wheat flour

with germinated lentils, D’Appolonia (1977) could thus

improve the nutritional value of bread with a higher content

of proteins and the amino acid lysine present in lentils,

Savage (1991).

The goal of this work is to perform the optical charac-

terization of germinated and non-germinated lentils along

with the bread made with them. This is done by means of

the photoacoustic spectroscopy (PAS) technique, which is

a spectroscopic and non-destructive method, Bicanic

(2011) that has been applied to study several foodstuffs,

such as grains, fruits, vegetables, liquids, semiliquids,

condiments, tortillas, flours, and legumes, (Hernández-

Aguilar et al. 2019; Bicanic et al. 2010).

Materials and methods

Biological material

Lentil seeds (Lens culinaris Medik) were acquired in a

local supermarket of the state of Mexico and their weight

was of 5 g per 100 seeds. The seeds were washed using

purified water and then left for 24 h inside a glass bottle

with distilled water and covered with a cotton cloth. After

this hydration and imbibition process, the seeds were

washed again and the excess water was left to drain from

the seeds during 10 min. Next, the germinated lentils were

allowed to develop, washing them every 24 h for 5 days.

The germinated lentils (GL) were then placed in kraft paper

bags and dried in a forced air oven at 40 �C during 72 h.

The dried GL were afterwards milled to powder by means

of a T-Fal blender (550 W) for 3 min, to be used later in

bread making. In the same way, Non-GL were also milled

to powder and both, the Non-GL and GL were character-

ized through PAS.

PAS Experimental setup

The experimental setup of PAS consists of a Xenon lamp

used as the light excitation source, a monochromator

applied to obtain a monochromatic light beam, and a

mechanical chopper employed to modulate the light beam

at the fixed frequency f = 17 Hz, as shown in Fig. 1a. The

modulated beam was focused onto an optical fiber to guide

it to the photoacoustic (PA) cell, whose signal was then

detected by an electret microphone (photoacoustic sensor)

connected to the cell through a fine channel (1 mm diam-

eter). The PA signal was amplified by means of a lock-in

amplifier (EG&G, Mod. 5210) before being recorded in a

personal computer, as a function of beam wavelength.

Experiments were performed for wavelengths between 250

to 700 nm and by placing the samples (GL and Non-GL

powders) into the PA cell with a diameter of 6 mm. Three

samples of bread (Fig. 1b) were prepared with the form of

circular slides with a diameter of 5 mm, such that they do

not obstruct the microphone sensor. In addition, an analysis

of the first derivative of the photoacoustic signal was

realized.

Phytochemical screening on germinated and non-

germinated lentils

The extraction of secondary metabolites was carried out

from the germinated and non-germinated lentils that were
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dried and milled. The plant material was weighed and

completely submerged into 10 ml of three different sol-

vents (hexane, methanol, dichloromethane), during 72 h.

The filtering and separation of water and solvent from the

plant material was then carried out by means of a rotary

evaporator. The identification of secondary metabolites in

germinated and non-germinated lentils was made through

the qualitative test proposed by Bhandary et al. (2012) and

using these solvents to observe the presence or absence of

different compounds. Each crude extracts obtained with

hexane, methanol, dichloromethane was tested to recognize

the presence of tannins, alkaloids, flavonoids, saponins and

phenols.

Elaboration of bread

Three types of bread with 0% (B1), 5% (B2) and 10% (B3)

of germinated lentils were elaborated with common

ingredients of egg (one), salt (1.25 g), honey (5 ml), olive

oil (75 ml), and yeast (11 g). The ingredients were mixed

for 5 min, in a blender with a spiral hook. After its fer-

mentation in warm water (30 �C), the yeast was incorpo-

rated into the mixture, which was then kneaded for 10 min

and placed in a mold covered with a soaked cloth during

25 min. Next, the dough was again kneaded for 10 min and

put in a greased mold for bread, where increased its volume

during 20 min. Afterwards, each type of the three doughs

was placed in different molds and simultaneously baked in

a pre-heated electric oven (Black Decker) at 180 �C, for
45 min. After baking, the bread was allowed to cool down

to room temperature during 24 h and subsequently cut it

into slices (1.27 cm thick) through an electric knife

(Hamilton beach type EK08, 121 V, 11 Hz).

Bread quality

Bread chemical analysis Chemical analysis was deter-

mined for germinated lentils flour and bread samples.

Moisture content, ash, protein (N 9 5.85), fat and fiber

were evaluated according to AACC methods 44–15, 08–01,

46–13, 30–25 and 32–07, respectively (AACC 2000).

Water activity (aw) was evaluated by an electronic

hygrometer (Acqua Lab, MB45).

Bread physical analysis The specific volume of the

bread was determined as bread volume divided by bread

weight. Bread volume was determined by AACC rapeseed

displacement method, 10–05 (AACC 2000), which was

modified using linseed. After mechanically compacting the

bread to exclude all empty spaces. Weights were measured

using a 2-decimal precision scale. Bread porosity was

evaluating by equation:

Porosity ¼ Realdensity� Apparentdensity

Deardensity

� �
� 100

where apparent density was obtained as inverse of specific

volumen and real density is solid density without empty

spaces.

Color Bread crumbs were measured using a Minolta

CR-300 colorimeter (Minolta, Osaka, Japan). The color

parameters CIELAB (L*, a, and b, where L* = luminosity

(100 = white, to 0 = black), the a = greenish-reddish, and

the b* = yellowish–bluish.

Texture profile analysis and statistic analysis Bread

texture analysis was performed using a Texture Analyzer

Brookfield Model CT3 25 K USA. Bread samples were cut

into cubes of 3 9 3 9 3 and it were kept in a polyethylene

bag for 15 min, and then the texture profile analysis (TPA)

of the bread was performed. The samples were measured to

a 33% compression cycle using a TA General Probe Kit

with a TA25/1000 test probe cylinder 50.8 mm diameter

and 20 mm length at a speed of 1 mm/s. Two compression

Fig. 1 a Scheme of the PAS experimental setup used in our experiments and b bread made with 0, 5 and 10% of germinated lentils flour
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cycles were measured. Hence, it was possible to measure

hardness, elasticity, cohesiveness and chewiness. Three

replications were conducted at 24 ± 1 �C. The variance of
the obtained data was analyzed with a generalized linear

model (GLM) and the software SAS (2008 version). A

comparison of the mean values of the low significant dif-

ferences (LSD) was also done.

Mass and flour quality

Falling number El Falling number se realizó a las muestras

de harina y se empleó una máquina de Falling number

(Perten Falling number FN1310, Perten Instruments,

Suiza). The method approved by AACC 56–81.03, AACC

International (2010) was used. 7 g of sample were weighed

and placed in the viscometer tube, which was mixed with

25 mL of distilled water. The sample was stirred with the

viscometric tube until a homogeneous suspension was

obtained. The tube is placed in a water bath and the device

is activated and after 5 s the agitation begins automatically

and after another 55 s the agitator is automatically released

in its upper position and begins the descent due to its

weight. The total time in seconds, elapsed from the

moment the appliance activates until the agitator descends

a certain distance is the Falling number.

Pasting properties The starch pasting profiles of nine

water suspensions samples were analyzed using Anton Paar

MCR 102 Rheometer, equipped with a starch cell using the

methodology proposed by, Rincón-Londoño et al. (2016).

The starch samples (3 g) were suspended in 18 mL of

water. The suspension was heated over 5 min from 50 to

90 �C. Next, suspension was maintained at constant tem-

perature of 90 �C for 5 min and finally the samples were

cooled down to 50 �C for 5 min. The rotation speed of the

system was 194 rpm.

Alveograph testing Viscoelastic behavior of dough was

studied by the alveograph test, using an Alveolab

Graph 2017 equipment (Chopin, France), following stan-

dard method, AACC (2000). The following alveograph

parameters were automatically recorded by a computer

software program: tenacity (P), dough extensibility (L),

curve configuration ratio (P/L ratio), swelling index (G),

elastisity index (I.e) and the strain work (W).

Rheological parameters Rheological parameters of the

masa were measured by running oscillatory tests in a TA

Instruments Rheometer, model RT 20 Haake, New Castle

(USA) with a rough plate of 2.5 mm. A strain sweep test

was performed to determine the linear viscoelastic region

(LVR) in a range of 20 to 150 Pa at 25 �C. Frequency
sweep, which increased from 0.1 to 30 Hz were evaluated

to determine storage (elastic) modulus (G0) and loss (or

viscous) modulus (G00) using the accompanying software.

Analysis of phenolic acids and flavonoids by HPLC

Extracts were obtained with 50 mg of dry and pulverized

material in 1 mL of methanol of HPLC grade (Sigma-

Aldrich number 36860) at 80%, incubated for 20 min in an

ultrasound bath (BRANSON at Smithkline company

50/60 Hz, model B-220, USA), Meneses-Reyes et al.

(2008). The crude extracts were centrifuged at 731 g

(Centrifuge 5804 eppendorf, model 5804) for 10 min,

Irakli et al. (2018). Supernatants were filtered with 25 mm

diameter acrodiscs with nylon membrane and 0.45 mm

pore size (Titan). These extracts were injected immediately

for the analysis by HPLC of phenolic acids and flavonoids.

The samples were analyzed in a Hewlett Packard� chro-

matograph mod. 1100 provided with diode array detector

and an Agilent Technologies automatic injector model

1200. The column was a Hypersil ODS HP column of

125 mm length and 4 mm internal diameter, 5 lm particle

size was used. The mobile phase was distilled water

adjusted to pH 2.5 with trifluoroacetic acid (A) and ace-

tonitrile (B), Bilia et al. (2001). The analysis was by gra-

dient: T1 0.10 min (85% A) (15% B); T2 20 min (65% A)

(35% B) and T3 25 min (65% A), (35% B), k = 254, 280,

330 and 365 nm, Column temperature 30 �C and flow of

1 mL min-1. Calibration curves were performed for stan-

dards: the sinapinic acid, b- resorcylic acid, chlorogenic

acid, ferulic acid, rosmarinic acid, protocatechuic acid,

quercetin and Isorhamnetin (Sigma-Aldrich�).

The interpolations of all the extracts were calculated

with ChemStation software � Agilent Technologies, Inc.

2004.

Sensory acceptability

Mexican consumers (20) who regularly consumed bread,

were selected to participate in this study. Consumers par-

ticipating mostly reside in the city and state of Mexico and

between 25 and 70 years old. The test was conducted in the

experimental classroom of the ‘‘ESIME, Zacatenco’’. This

classroom had lights illumination natural and fluorescent

tube lamps. Each consumer was given an evaluation

instrument (questionnaire) and received a set of three

complete pieces of bread placed inside a plastic bag (low

density polyethylene) hermetically sealed 1 h before car-

rying out the test. The bread was made 7 h before being

placed in the bags. The questionnaire applied was divided

into three parts: the first consisted of general data of each

consumer, the second corresponded to the list of 11 attri-

butes (color, porosity, sponginess, hardness, cohesiveness,

aroma, stickiness, chewiness, flavor and healthy prefer-

ences and attributes in general; chosen to evaluate each of

the breads using a hedonic scale, Laureati et al. (2012). The

third section was about of asked direct questions related to
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their purchase decision on the proposed breads and their

healthy preferences, as well as their health status of them

and/or relatives mainly. Before the application of the

questionnaire, the participants were informed about the

purpose of the test, as well as the general indications about

it for a better evaluation of each of the attributes of each

bread. Additionally, the participants were provided with a

bowl of water and other of coffee grains to be employed

during the test.

Results and discussion

The amplitude values of the photoacoustic signal (PA) of

germinated and non-germinated lentils are reported in

Table 1 (section A), for the wavelengths of 480, 500, 550,

600 and 650 nm. Note that the amplitude of Non-GL is

lower than the one of GL, in the range of 300–410 nm

(Fig. 2a), such that the difference of both amplitudes take

its maximum values within the interval of 300–350 nm.

For the wavelength range of 410–700 nm, on the other

hand, the amplitude of non-GL is higher than that of GL,

such as their difference is maximum at 650 nm. At this

latter wavelength, the amplitudes of the non-GL and GL

were of 0.49 and 0.2, respectively, which represents a

variation of 59%. Significant statistical differences were

also found for the wavelengths of 480, 500, 550, 600 and

700 nm.

According to Fig. 2a1, the germinated lentils show a

maximum absorption peak at 310 nm, while the non-ger-

minated ones exhibit two peaks at 275 and 325 nm. This

could be due to the increased content of secondary

metabolites (i.e. phenols) that constitute the GL, Bartolomé

et al. (1997) and typically generate spectral peaks for

wavelengths between 250 and 265 nm and 280–300 nm,

Amarowicz et al. (2003). This fact is confirmed by the

phytochemical evaluation summarized in Table 2, which

shows that the phenols had a minimal presence (?) in non-

GL and a moderate one (??) in GL, when methanol was

used as solvent. On the other hand, taking into account the

presence of tryptophan usually shows up for wavelengths

around 277 nm, Amarowicz et al. (2009). The PA signal in

Fig. 2a1 indicates that the GL contains a bigger quantity of

the essential amino acid than the non-GL. These results are

consistent with previous works based on PAS, Dóka et al.

(2017), Bergevin et al. (1995), Dóka et al. (2004) which

reported absorbance peaks at the wavelengths of 275 and

278 nm for buckwheat and strawberries, respectively.

The significant variations in the second (430–544 nm)

and third (650–700 nm) absorption bands can be associated

to the changes in the contents of saponins, Du et al. (2018)

and green pigments, respectively. According to Table 2,

the GL contain less saponins and more phenols and fla-

vonoids than the non-GL.

The differences among the spectra of germinated and

non-germinated lentils can be enhanced through the first

Table 1 Comparison of the mean amplitude of the photoacoustic signal generated by A) non-germinated and germinated lentils as well as B)

bread, for various wavelengths

Material k300 k350 k400 k450 k480 k500 k550 k600 k650 k700

(A) Non-germinated and germinated lentils

(a) Non-GL 1.03a 0.89a 0.76a 0.67a 0.59a 0.54a 0.47a 0.46a 0.49a 0.40a

(b) GL 1.2a 0.93a 0.71a 0.51a 0.36b 0.31b 0.24b 0.22b 0.2b 0.16a

LSD (0.05%) 2.68 0.90 0.94 0.74 0.07 0.02 0.01 0.03 0.15 0.25

Mean 1.12 0.91 0.74 0.59 0.47 0.42 0.35 0.34 0.36 0.28

Significance 0.5 ns 0.63 ns 0.6 ns 0.22 ns 0.01 0.006 0.002 0.007 0.02 0.05

C.V. (%) 18.81 7.79 10 9.91 1.27 0.52 0.26 0.81 3.36 7.07

R2 0.43 0.81 0.66 0.89 0.99 0.99 0.99 0.99 0.99 0.99

(B) Bread

(c) Control 0.171b 0.104c 0.05a 0.03a 0.03a 0.03a 0.03a 0.03a 0.03a 0.02a

(d) 5% 0.193b 0.13b 0.08b 0.04a 0.04a 0.04a 0.04a 0.04a 0.03a 0.02a

(e) 10% 0.229a 0.21a 0.10c 0.07a 0.06a 0.05a 0.05a 0.05a 0.04a 0.04a

LSD (0.05%) 0.03 0.03 00 0.07 0.03 0.03 0.07 0.03 0.01 0.06

Mean 0.19 0.14 0.08 0.05 0.04 0.04 0.04 0.04 0.03 0.02

Significance 0.03 0.0001 0.0001 0.31 ns 0.2 ns 0.18 ns 0.59 ns 0.43 ns 0.57 ns 0.62 ns

C.V. (%) 4.11 0 0 31.1 17.48 18.35 38.65 20.20 11.89 53.8

R2 0.98 1 1 0.93 0.98 0.98 0.92 0.98 0.99 0.84

Means with the same letter (a, b, c) in a column are statistically equal (LSD (Lows significant differences, p� 0:05))
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Fig. 2 Spectra of non-germinated and germinated lentils (a) and wheat bread with 0,5 and 10% of germinated lentils flour (b): a1 Photoacoustic

signal a2 Estimation of data density, b1 Photoacoustic signal and b2 Analysis of the PA signal by Kernel

Table 2 Identification of

presence of secondary

metabolites of germinated and

non-germinated lentils

Secondary metabolites Hexane extract Methanol extract Dichloromethane Extract

Non-germinated lentils

Tannins - - -

Alkaloids - - -

Flavonoids - ? ?

Saponins - ?? ?

Phenols ? ? ?

Germinated Lentils

Tannins - - -

Alkaloids - - -

Flavonoids - ?? ?

Saponins - ? -

Phenols ? ?? ?

??? Abundant presence, ?? moderate presence, ? minimum presence and - absence
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and second derivatives of the PA signal. The intersections

of the first derivative with the horizontal axis correspond to

the absorption peaks, which are different for the GL (300,

565, 585, 625, 635, and 671 nm) and non-GL (285, 325,

561, 585, 600, 632 and 675 nm). On the other hand, the

negative peaks at 310 and 370 nm of the second derivative

are related to the absorption band (shoulder) of the PA

signal. Figure 2a2 shows that the peak at 0.12 mV of the

data density for the non-GL is shifted to 0.09 mV after

germination. This indicates that, on average, the GL tends

to generate a photoacoustic signal of less intensity. In

addition, the probability density functions estimated by

‘‘Kernels’’ present a multimodal behavior, which points out

that the data set of the PA signals come from different

populations because of the complex and inhomogeneous

nature of non-GL and GL with different components evi-

denced in the different absorbent bands. For non-GL, we

have two bands and one shoulder, which correspond to

phenols, flavonoids and saponins. On the other hand, for

GL, there is two bands and two shoulders due to phenols,

flavonoids, saponins and green pigment.

Other results in this research are related to the bread

made with germinated lentils. Photoacoustic spectrum

(Fig. 2b1) and the Kernel estimator (Fig. 2b2) of the wheat

bread elaborated with 0 (B1), 5 (B2) and 10% (B3) of

germinated lentils is shown in Fig. 2b. It is possible to

observe how the level of the photoacoustic signal is mod-

ified as a function of the concentration of GL flour (0, 5 or

10%) and the wavelength. There is a maximum absorption

band (at the beginning of the spectrum of each one of the

photoacoustic signals of each bread), which tends to

decrease with the increase of the wavelength (Fig. 2b1).

Being higher the photoacoustic signal to higher concen-

tration of GL; this increase is accentuated in the absorption

band of 300–425 nm. Table 1 shows significant statistical

differences in this absorption band, when is compared in

300, 350 and 400 nm. It is observed the comparison of

mean amplitude of the photoacoustic signal at various

wavelengths of the photoacoustic spectrum of bread (Sec-

tion B), where means with different letter in a column are

statistically different (LSD Lows significant differences,

p� 0:05).

Figure 2b1, shows maximum peak at 310 nm, where the

photoacoustic signal of wheat bread added with GL is

increased by 34% with respect to the signal obtained from

wheat bread (0% GL). Bread spectra made with germinated

lentils (Fig. 2b1) do not show the absorption band corre-

sponding to green pigment that was observed in non-ger-

minated lentil and germinated lentils spectra (Fig. 2a1). In

the Fig. 2b2 is shown that in the case of the wheat bread

there is a maximum in the region close to the value of

0.031 mV corresponding to the photoacoustic signal

intensity, which indicates in this region the values occur

with higher frequency. In the case of germinated lentils

bread at 5 and 10%, it is possible to observe that the

maximum occurs for a value of 0.026 and 0.035, respec-

tively. In the density function of the PA signal a population

is clearly distinguished, unlike of the density function of

germinated and non-germinated lentils. This may be due to

the bread baking process. So, in the elaboration of wheat

bread with added germinated lentil, the bread components

are modified.

The absorbent bands found, according to these results

with significant statistical differences are basically in the

band corresponding to phenols and flavonoids. It could be

said that the elaboration of bread, with added germinated

lentils (GL), improves its nutraceutical characteristics.

Chemical and physical analysis

Table 3 shows the parameters obtained from the chemical

and physical analysis i.e. moisture (%), water activity,

protein, fat, fiber, ashes, specific volume, porosity, color

(L, a, b) and texture profile analysis (TPA). The results of

the chemical analysis of the germinated lentil flour in

percentage were, protein (23.51 ± 0.21), fat (3.40 ± 0.04),

ashes (2.61 ± 0.16) and fiber (8.11 ± 0.22), which show a

high value of protein and fiber content. Regarding the

chemical analysis of bread, it is possible to see in Table 3,

that the amount of protein in bread B3 increases with

respect to B1 by 20% and the amount of fat and fiber

decreases 30 and 34%, respectively. On the contrary, the

ashes increase as the amount of germinated lentil added to

the bread increases. Lentils are a rich source of proteins,

Ladjal-Ettoumi et al. (2016) and they can complement the

intake of cereal proteins, Migliozzi et al. (2015). In this

case, it complements wheat for bread making. Bread being

a food of daily consumption by most people, the population

could enrich their diet by eating bread added with germi-

nated lentil flour. Which, as noted, improves nutritional

quality and also, by increasing fiber and decreasing fat, it is

beneficial when the persons have health problems or in

preventive stages of several sicks, Bouchenak and Lamri-

Senhadji (2013).

The specific volume data are similar to those reported by

Lim et al. (2011) who studied bread with turmeric,

obtaining values of 5.2 to 4.0 mL/g. The lowest specific

volume value was for bread with 10% (B3) germinated

lentils because during the germination period the activity of

proteases is limited (Marti et al. 2017) possibly due to the

high activity of a-amylase that it could affect the gluten

network. In relation to the porosity of the bread, it was

found higher in the wheat bread added with 10% GL (B3),

increasing with respect to the wheat bread (0% GL) of

almost 14%.
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On the other hand, the color of the breadcrumbs showed

significant difference that were affected by the addition of

germinated lentil flour. The value of L decreases signifi-

cantly, the value of ‘‘a’’ increases and in ‘‘b’’ there is no

significant difference. The changes may also be associated

with an increase in Maillard reactions (Marti et al. 2018).

As well as properly the color of the germinated lentil that is

added. Color is one of the relevant attributes for consumer

acceptance and deciding on its purchase (Herrera-Corredor

et al. 2007).

Regarding texture profile analysis (TPA) of the bread

made, it was found that the bread added with 10% ger-

minated lentils flour presented the highest values of

strength in the two compression cycles (Fig. 3a).

Table 3 shows the parameters obtained from the TPA

and it is observed that for the cohesiveness there was no

significant difference (p[ 0:05) between the different

types of bread. On the contrary, hardness, elasticity and

chewiness if they presented significant statistical difference

(p� 0:05), being the bread added with 10% of flour of

germinated lentils those that presented the highest values.

Schiraldi and Fessas (2000), reported that the hardness

of bread is attributed to the matrix formed between amy-

lose and amylopectin. However, Ghumman et al. (2016)

indicated that germination results in the decomposition of

high molecular weight proteins to low molecular weight

proteins that have a large number of polar groups, which

increases the water retention capacity, which can influence

the hardness values obtained and chewiness of breads

added with germinated lentils flour. Likewise, lentil sprouts

increase in fiber content and decrease in fat, Chung et al.

(2008). The addition of fiber in baked goods is a critical

ingredient because although it is used to prolong the

freshness of the bread given its water retention capacity, it

can modify its volume, smoothness and firmness, Sangnark

and Noomhorm (2004). The addition of excess fiber can

modify the gluten network due to the interaction between

gluten and fiber, Noort et al. (2010).

Table 3 Chemical, physical

and quality analysis of bread

and quality of dough and flour

used in its preparation

Test Control bread Lentil bread 5% Lentil bread 10%

Moisture (%) 36.80 ± 0.22a 36.92 ± 0.23a 35.95 ± 0.11b

Water activity 0.924 ± 0.001a 0.927 ± 0.002a 0.919 ± 0.002b

Protein (%) 10.51 ± 0.05b 11.76 ± 0.15a 12.59 ± 0.52a

Fat (%) 12.16 ± 0.52a 10.37 ± 0.94b 8.60 ± 0.15b

Fiber (%) 2.79 ± 0.10a 3.05 ± 0.15a 1.85 ± 0.12b

Ashes (%) 0.89 ± 0.02a 0.90 ± 0.06a 0.96 ± 0.02a

Specific volume (mL/g) 4.67 ± 0.19a 4.59 ± 0.17a 4.03 ± 0.11b

Porosity (%) 27.91 ± 1.05b 27.59 ± 0.21b 31.67 ± 0.36a

Color L 70.68 ± 1.75a 68.66 ± 0.70ab 62.21 ± 0.84b

a - 0.88 ± 0.03c - 0.65 ± 0.03b - 0.35 ± 0.04a

b 18.62 ± 0.88b 17.55 ± 0.08b 17.63 ± 0.18b

Hardness (N) 3.20 ± 0.61c 13.36 ± 1.03b 25.93 ± 4.96a

Elasticity (mm) 2.97 ± 0.23b 2.54 ± 0.07b 3.99 ± 0.45a

Cohesiveness 0.78 ± 0.07a 0.62 ± 0.02a 0.59 ± 0.09a

Chewiness (mJ) 7.33 ± 1.32c 21.27 ± 1.52b 57.17 ± 5.33a

FLOUR 0%GL 5% GL 10% GL

Falling number (s) 374 ± 15a 379 ± 10a 353 ± 12b

Viscosity maximun (mPa s) 4087 ± 125a 3965 ± 75a 3752.5 ± 89

Breakdown (mPa s) 2680.5 ± 35a 2501 ± 130b 2240 ± 87c

Final viscosity (mPa s) 4666.5 ± 101a 4439 ± 78b 4090 ± 86c

DOUGH (ALVEOGRAPH)

Tenacity (P) (mmH2O) 95 ± 3.5a 90 ± 4.3a 84 ± 5.4b

Extensibility (L) (mm) 98 ± 1.8a 86 ± 2.6b 68 ± 1.2c

Swelling Index (G) 22 ± 0.7a 20.6 ± 0.6b 18.3 ± 0.4c

Strain work (10-4J) 283.1 ± 7.1a 238 ± 2.5b 172.1 ± 5.4c

Elasticity index (%) 51.7 ± 3.5a 49.1 ± 5.7a 40.6 ± 4.3b

Ration P/L 0.970 ± 0.045a 1.05 ± 0.089b 1.24 ± 0.076c

Mean ± standard deviation values followed of different letter in each column, are significantly different

(q\ 0.05)
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The highest elasticity was of the bread added with 10%

germinated lentils flour, while between the bread (control)

and the bread added with germinated lentils flour to 5%

there was no significant difference.

According to what was reported by Hoseney (1994),

during baking there are interactions between the gela-

tinized starch and the wheat flour gluten. The bread

obtained with 10% of germinated lentils flour formed a

crumb with greater hardness and elasticity, possibly due to

the greater resistance of the swollen starch during the

cooking process. However, the cohesive value was the

lowest, probably originated by the dilution of the structure

of the gluten (interaction between gluten and fibers),

reducing the number of disulfide bonds that modify the

structure of the gluten completely, forming a little mass

structure cohesive.

The results indicate that adding germinated lentils flour

in the two percentages 5 and 10%, to the wheat flour

modifies the textural properties of the bread in comparison

with the bread elaborated only of wheat flour. Bread added

with germinated lentils is obtained with greater hardness

and for the case of bread with 10%, less cohesive. How-

ever, breads elaborated from sprouted seed flours contain

significant amounts of polyphenols, Caccialupi et al.

(2010). Lentil and sprouted seeds are a good source of high

quality starches and proteins, as well as fiber and low fat

content. They have low glycemic index, slowly release the

glucose in the blood, which transmits and ensures a more

stable insulin response. For these reasons lentil sprouts are

desirable for a population with diabetes and overweight,

Chung et al. (2008).

Dough and flours quality

Falling number

The Falling number data shown in the Table 4 indicate that

there is no significant difference between the control

sample and the 5% GL flour, while in the 10% GL flour

there was a reduction of 21 s, with respect to the control.

This behavior is due to the mixture of GL flour that has a

Fig. 3 a Force versus time from TPA analysis for three types of bread, b Rheological properties of dough with sprouted lentil

Table 4 Concentration of

phenolic acids and flavonoids in

extracts of bread added with

different percentages of

germinated lentil (0, 5 and 10%)

Phenolic acid (lg/mL) B1 (Control) B2 5% B3 10% DMS R2 Media

Sinapinic acid 0.058a 0.117a 0.118a 0.197 0.42 0.098

b- resorcylic acid 0.096a 0.098a 0.183a 0.468 0.21 0.126

Chlorogenic acid* 0.009b 0.013a 0.011a 0.003 0.88 0.011

Ferulic acid* 0.049b 0.050a 0.051a 0.001 0.88 0.051

Rosmarinic acid* 0.094a 0.095a ND 0.002 0.88 0.095

Protocatechuic acid* 0.385a 0.386a 0.380a 0.012 0.62 0.384

Flavonoids(lg/mL)

Quercetin* ND ND 0.245a 0.005 1 0.245

Isorhamnetin* ND ND 0.211a 0.010 1 0.211

*There were significant differences between treatments according to the analysis of variance (p B 0.05).

The different letters indicate significant differences between the Tukey means test (a = 0.05, n = 9). ND:

Not detected
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higher activity of a-amylase, which acts on the amylase

breaking glucosidic bonds, causing changes in starch.

Pasting properties

The effect of the germinated lentil flour percentage on the

pasting properties of the flours was significant between the

control and 10% GL flour. Maximum viscosity values

decreased 8.5% between control flour and 10 GL %. The

maximum viscosity indicates the ability of the starches to

swell before physical decomposition (break down)

(Ghumman et al. 2016). This behavior is attributed to the

increase in germination that causes the degradation and de-

branching of starch to simpler units (Ingbian and Adegoke

2007). The decrease in the maximum viscosity of the

mixtures of wheat flour with lentil sprout flour could be

related to the higher amylose content of lentil starch (35%)

with respect to wheat starch, because it seems that starch

interactions and proteins are modulated by the amylose to

amylopectin ratio (Joshi et al. 2014). In the viscosity values

of the break down if there was a significant difference

between the three treatments. Between the control sample

and the 10% GL there was a higher decrease in viscosity of

16%. Singh et al. (2014), reported that the breakdown is a

measure of the ease with which swollen granules can

detach during continuous heating and shearing. In the final

viscosity, which is the ability for the material to form a

viscous paste, the control sample had the highest values

and the 10% GL flour decreased 12%. These data agree

with those obtained in Falling number in which the 10%

GL flour showed a higher drop and this is attributed to a

higher activity of a-amylase.

Rheological parameters

The elastic (G0) and viscous (G00) modules are shown in

Fig. 3b. In all cases the values of G0, predominates with the

values of G00. Then the mass is predominantly considered a

gel or solid; this behavior is considered a weak gel. Rubel

et al. (2015) mention that high values of G0 indicate a

higher character of a solid. The results show that the

control and 5% GL mass have no significant difference.

However, the 10% GL mass showed higher values of the

modules. The addition of a higher percentage of germi-

nated lentil flour alters the starch-gluten matrix, affecting

the viscoelastic behavior of the dough and limiting its

handling (Belghith et al. 2016).

Alveograph testing

The parameters evaluated in the alveograph showed sig-

nificant difference by increasing the percentage of ger-

minated flour. The dough strength or tenacity (P) It is

indicative of the ability of the dough to retain gas (Bel-

ghith et al. 2016). The results (Table 3) show that there is

no significant difference between the control and the 5%

GL sample. The extensibility of the mass (L) is related to

the handling of the mass. In this research, it is found that

the values of L of the mass 10% GL is 30% lower than

with the control sample. These parameters affect the P/L

ratio that for this study the highest value was for 10% GL

(1.24); which indicates that this mass has a higher

tenacity than extensibility. This result justifies the data

obtained in the elastic modules (Fig. 3b), because the

highest values was also for 10% GL, which represents a

mass of greater rigidity, which is not handling due to its

low extensibility value. Deformation work values (W),

swelling index and elasticity index decreased as the per-

centage of lentil sprouts increased. These results show us

that there is a weakness in the gluten network, mani-

festing itself to a higher extent in sample 10% GL. One of

the reasons is that germinated lentil proteins compete for

water, delaying gluten hydration or it could also be that

GL proteins interact with gluten proteins (Roccia et al.

2009).

Phenolic acids and flavonoids by HPLC

The phenolic acid most abundant in the bread control

(without GL) was the Protocatechuic acid (0.385 lg/mL)

followed by b- resorcylic acid (0.096 lg/mL) and Ros-

marinic acid (0.094 lg/m). In the case of bread with a

higher percentage of GL (10%), the most abundant were

Protocatechuic acid (0.380 lg/mL) followed by Sinapinic

acid (0.117 lg/mL) and b- resorcylic acid (0.098 lg/mL).

The contents of phenolic acids: Sinapinic and b- resor-
cylic in the bread B3, tended to increase more than 100 and

90%, respectively with respect to the control bread, without

significant statistical differences. In relation to the content

of Chlorogenic acid and Ferulic acid when comparing the

three types of bread (0, 5 and 10% of GL), significant

statistical differences were presented with an increase at 22

and 5%, respectively. Unlike phenolic acids of the type

Rosmarinic and Protocatechuic, tended to decrease when

compared with respect to the content found in the control

samples.

In the case of flavonoids: Quercetin and Isorhamnetin in

the control bread (without GL) were not found. They were

only detected in the bread with the highest percentage of

GL (B3), with the flavonoid most abundant Quercetin

(0.245 lg/mL) followed by Isorhamnetin (0.211 lg/mL).

Of this way, the obtained results support the production of

wheat bread with mixed germinated lentils flour; as a

nutraceutical option for human consumption due to its

content of phenolic acids and flavonoids (see Table 4).
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Bread sensory acceptability

The ANOVA results revealed significant (P\ 0.05) dif-

ferences among, the evaluations according to the hedonic

scale in 6 attributes of bread sensory acceptability

(Table 5): porosity, sponginess, hardness, cohesiveness,

healthy option and general attributes. It can be seen, based

on the attributes in general, the order of preference

according to the scores was first the wheat bread added

with 5% GL (B2), followed by the bread added 10% (B3)

and finally the control wheat bread (0% of GL-B1).

According to the information provided by the partici-

pants through the questionnaire; the majority have relatives

with diabetes or hypertension, so they look for generally

healthy foods; at least in this sample of participants in

which the study was conducted of the sensory acceptance.

In the score for the bread attribute that is considered

healthier, the sample of participants choose, with the score

most higher the wheat bread 10% GL, followed by the B2

bread (5% GL) and in the lowest score is the wheat bread

of control (0% GL). It should be noted that all consumers

(100%) surveyed replied that they would accept to con-

sume the types of bread made with germinated lentil flour

proposed in this research due to their nutritional properties,

to that could be of lower glycemic index (for the infor-

mation provided according to the literature scientific) and

also for not having conservatives. Another attribute of

interest to consumers surveyed in this study is the use of

preservatives in the food. All participants prefer to con-

sume bread without preservatives.

Sensory acceptability for porosity, hardness and cohe-

siveness attributes was evaluated in a higher score for

wheat bread without germinated lentil flour (B1), with a

score of 7.53, 7.06 and 7.09, for each one of these attri-

butes. The bread with the lowest sensory acceptability

according to these attributes is B3 (10% of GL) with a

score obtained of 6.26, 6.53 and 6.12. It is important to

point out that sensory acceptability decreased around 20%

in these sensory properties of bread when germinated lentil

flour is added in the elaboration of the bread. With respect

to the flavor attribute, the trend of sensory acceptance of

consumers, it is mostly for bread B2 (5% GL), since it

tends to have the highest score (7.06), compared to the

others, mainly control bread (0% GL-score 6.33). In this

way, consumers in the sensory acceptance analysis prefer

10% more to bread with 5% GL, compared to control bread

(0% GL). With respect to color of the bread, the consumers

tend to have higher acceptability for B1 bread (0% GL-

score 7.13) and the less acceptability for B3 bread (10%

GL-score 6.73; being 5%, preferred B1 with respect to B3.

It is possible to observe that consumers are looking for

more nutritious products and that these could have less

impact on the level of sugar in the blood. This is associated T
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by the cases of diabetes of them or their relatives,

according with the answers from of the questionnaire.

Conclusion

The addition of germinated and non-germinated lentils

flours to the wheat flour has spectroscopically been

evaluated and used for the production of box bread. It has

been shown that: (1) The level of photoacoustic signal

obtained by photoacoustic spectroscopy is modified as a

function of the concentration of germinated lentil (GL)

flour (0, 5 or 10%) in the bread; being higher the pho-

toacoustic amplitude to higher concentration of GL in the

absorption band of 300–425 nm, which is related to

higher content of phenols and flavonoids. (2) The addition

of germinated lentils flour with concentrations of 5 and

10% into wheat flour allows to produce bread with higher

hardness and less cohesiveness than bread based on wheat

flour only. (3) The contents of phenolic acids (Sinapinic,

b- resorcylic, Chlorogenic acid and Ferulic acid) and

flavonoids (Quercetin and Isorhamnetin) tended to

increase in the germinated lentil bread with 10% con-

centration of germinated lentil flour with respect to the

control bread (0% GL). (4) The addition of germinated

lentils flour with concentrations of 5 and 10% into wheat

flour to produce bread with higher hardness and less

cohesiveness than bread based on wheat flour only. (5)

The Falling number indicate that there is no significant

difference between the control sample and the 5% GL

flour, while in the 10% GL flour there was a reduction of

21 s, with respect to the control. The effect of the ger-

minated lentil flour percentage on the pasting properties

of the flours was significant between the control and 10%

GL flour. (6) In general, the quality of the dough and

flour are modified due to the addition of germinates len-

tils, and this affectation increases with the increase in the

concentration of GL. (7) The bread added with germi-

nated lentil has sensory acceptance with a group of people

with diabetes and/or diabetic relatives in their attributes in

general.
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