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Abstract

The aim of this work was to determine and compare the mineral composition and physico-chemical parameters of formulations
of cookies developed by hand based on Lablab purpureus (L.) Sweet (mangalo—BFM), Vigna unguiculata (L.) Walp. (cowpea
beans—BFC) and Cajanus cajan (L.) Huth (pigeon pea—BFP) flours. The results indicate that the cookies have a high content
of essential minerals (mainly K, P and Ca). Moisture (4.48-8.44%) was below the maximum value established by Brazilian
legislation, and lipids (6.35-6.56%) and ash (3.33-3.96%) were like products found in the market and literature. High levels
of protein (8.37-9.28%), fibre (3.88-6.39%) and carbohydrates (66.28-71.19%) give the product high nutritional potential.
No oxidation products were detected. Water activity and acidity remained satisfactory for good food preservation for 45 days.
Sensory evaluation indicates a satisfactory acceptability for the BEM and BFC (overall quality above 7). The desirability data
indicated that the BFC obtained the best performance for the chosen parameters. Therefore, the elaborated cookies have high
nutritional quality and the pulse flour has potential for the enrichment of food products.

Keywords: pulses; essential elements; desirability function; ICP OES.

Practical Application: The developed and evaluated cookies made from legumes have a high nutritional content.

1 Introduction

Pulses are an important source of nutrients, and their
daily consumption is recommended for a balanced diet
(Bessada etal., 2019). The presence of many bioactive substances,
essential minerals and other compounds confers their nutritional
importance (Shahidi & Ambigaipalan, 2015; Afshin etal., 2014),
that has stimulated the development of food made with this
unconventional component to make them more nutritious
(Wrigley et al., 2016).

In this context, nutritious, low-cost and easily prepared
cookies made from cowpea, mangalo and pigeon pea flour
were developed and compared in this study. These pulses are
traditionally grown and consumed in the state of Bahia, Brazil,
and their use in the development of food products represents
not only the appreciation of local culture but also an opportunity
to encourage family farming.

Many bakery and confectionery products are used as a
means for the incorporation of nutrients. Among these, cookies
stand out for the technological facilities that allow them to
have a wide variety of ingredients as well as long shelf life,
good acceptability, low manufacturing cost, ability to be eaten
anywhere and serving as a valuable source of instant nutrition
(Davidson, 2018; Park et al., 2015).

This work aims to evaluate the mineral and physico-chemical
quality as well as the sensory aspects of three formulations of
cookies made with pulse flours produced from Vigna unguiculata

(L.) Walp (cowpea), Cajanus cajan (L.) Huth (pigeon pea) and
Lablab purpureus (L.) Sweet (mangalo).

2 Materials and methods

2.1 Instrumentation

An analytical balance Radwag AS 220/C/2 (Radom, Poland)
was used for weighing, and a biomedical freezer Panasonic
MDEF-U5312 (Kadoma, Japan) was used to store the samples
before milling. A microwave oven CEM MARS One Touch
(Matthews, USA) was used for sample digestion to determine
mineral composition.

To determine the proximate composition, an air circulation
oven Fanem 520 (Sdo Paulo, Brazil), fat determinator Tecnal
TE-044-8/50 (Piracicaba, Brazil), block digester with temperature
controller Tecnal TE-007MP (Piracicaba, Brazil) and nitrogen
distiller Tecnal TE-0363 (Piracicaba, Brazil) were used. The moisture
was determined in a halogen moisture analyser Mettler Toledo
HE53 (Columbus, USA).

For elemental analysis, a Perkin Elmer Optima 7300DV (Waltham,
USA) was used, applying the following experimental conditions:
measuring power 1,300 W; integration time of signal 1 s; plasma
gas flow 15 L min™'; auxiliary gas flow 1.5 L min™'; nebulisation gas
flow 0.70 L min''; pumping rate of sample 0.70 mL min™.
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A colourimeter Konica Minolta CR-400 (Chiyoda City,
Japan) was used to determine colour parameters. The analysis
of texture was carried out using a Brookfield CT3 Texture
Analyser (Brookfield Engineering, Middleboro, USA) operated
under the following conditions: pre-test speed 2 mm s’; test
speed 0.5 mm s'; probe TA39 and repair TA-BT-KI. The Water
Activity Meter Labmaster Novasina (Lachen, Switzerland) was
used to determine the water activity (A ) at 25 °C.

2.2 Reagents, reference materials and standard solutions

The solutions were prepared with analytical grade reagents
and ultrapure water with a specific resistivity of 18.2 MQ cm
produced by the Merck Millipore Direct Q 3-UV Water Purification
System (Bedford, USA). The glass and plastic materials were
decontaminated in a neutral detergent bath at 5% v v for 24 h,
washed with distilled water, and then placed ina 20% vv"' HNO,
bath for 24 h, rinsed with ultrapure water and air-dried.

The multi-elemental patterns of Al, Ba, Ca, Cu, Fe, Mg, Mn,
Ni, P, K and Zn were prepared from the dilution of standard
solutions of 1,000 mg L™ in acid.

2.3 Sample collection and preparation

The pulses came from Cruz das Almas, Bahia, Brazil, from
family farming, and were stored frozen (-14°C) until utilisation.
The other ingredients (sugar crystal, rice flour, flaked oatmeal,
egg, margarine, vanilla extract, chemical yeast and salt) were
purchased on the local market.

To produce the flours, the pulses were heat-treated for
enzymatic inactivation; they were soaked in 100 °C water for five
minutes, and then immersed in 5 °C water for the same period.
Subsequently, they were placed in a baking dish and heated
in a conventional oven (preheated) to 180 °C. At intervals of
approximately 30 minutes, the pulses were ground in a domestic
blender. The milling and heating process were repeated four
times until a dry, homogeneous and low grain flour (< 500 pum)
was obtained.

The development of the three formulations was performed by
using a basic cookie formulation and replacing gluten-containing
flours with approximately 26% of cowpea flour (BFC), mangalo
flour (BFM) or pigeon pea flour (BFP), which differ in the type
of pulses only. The percentage of pulse flour adopted (26%) was
the result of omitted preliminary studies based on acceptance.
The ingredients were mixed and processed manually using
fouet until a batter with characteristic consistency was obtained.
The batter was divided into small portions of spherical shapes and
taken to a conventional oven preheated to 180 °C for 30 minutes.
The cookies were stored at ambient temperature (28-30 °C).

2.4 Procedure

Proximate composition and physical chemical stability

The ash, proteins, crude fibre and lipids were determined
according to the Association of Official Agricultural Chemists
(2005). The moisture was determined by a halogen moisture
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analyser. Carbohydrates were estimated by difference. The caloric
value was estimated considering the Atwater conversion factors
of 4 kcal g for protein, 4 kcal g for carbohydrate and 9 kcal g!
for lipids. The acidity, peroxide value and A  were determined
zero (T0) and 45 (T45) days after preparation of the cookies
by neutralisation titration (Instituto Adolfo Lutz, 2008), the
method Cd 8-53 of the American Oil Chemists’ Society (2017)
and a water activity meter, respectively

Sensory evaluation

The sensory evaluation was approved by the Ethics Committee
of the Federal Institute of Bahia, opinion number 1.145.758
and process number 46587315.5.1001.5031. For this study,
60 randomly selected test-takers received a consent form and
an acceptance form for the evaluation of six sensory aspects:
appearance, aroma, colour, flavour, texture and overall quality,
numbered from 1 (‘extremely disliked’) to 9 (‘extremely liked’).
The cookies were arranged in the trays in a randomly numbered
and coded form.

Colour and instrumental texture

The colour evaluation was performed instrumentally using
a colourimeter for the following parameters established by the
Commission Internationale de LEclairage (CIE): L*a*b* and
L*C*h, where L* is luminosity, a* is the range of colour from
red to green, b* is the range of colour from yellow to blue, C* is
saturation and h (Hue®) is pitch angle formed between a* and b*.
The texture analyses were done with a texturometer for hardness.

Mineral composition

A mass of approximately 0.5000 + 0.0001 g of the samples
was weighed in a Teflon tube. To each tube, 1.6 mL of HC1 37%
ww'and 1.7 mL of HNO, 65% w w™' were added, and the tubes
could stand for 30 minutes. Soon after, 1.7% of H,0, 30% v v
was added to the system. All purchased from Merck (Darmstadt,
Germany). The digestion proceeded with heating in a microwave
in two stages: 1st a temperature ramp was used up to 170 °C for
20 minutes; 2nd the temperature was maintained at 170 °C
for 15 minutes. The power ranged from 290 to 1,800 W. At the
end of the program, the vials could cool to room temperature,
the solution was transferred to 25.0 mL conical tubes, and filled
with ultrapure water. The concentration of the elements was
determined by the ICP OES (Inductively Coupled Plasma Optical
Emission Spectrometry), with conditions described in item 2.1.

Statistical analysis

The data obtained were analysed using analysis of variance
(ANOVA), adopting a level of significance of 5%, and the
contrast between the means was evaluated using the Tukey
test, all performed using OriginPro 8 (Miami, USA) software.
The comparison of optimum characteristics of these food
products requires simultaneous evaluation of several parameters
to attain the best condition (i.e., maximum levels of fibre,
proteins, ash and minerals and minimum lipids and moisture
content). To overcome simultaneous optimisation of several
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response parameters, Derringer & Suich’s (1980) multiresponse
optimisation strategy was adopted.

The individual desirability function, d _ _ (Equation 1)
ord_ (Equation 2), of each response varable was calculated,
considering whether optimisation requires maximising or
minimising its value.

s :[—y’o'g'y’""" j n
I'Z'ymax _0'8'ymin

or

y=12- Ymax
—] (2

d . =—
" (]'Z'ymax _0-8'ymin

The individual desirability function simply consists of
converting each variable to a zero to one scale. For response
maximisation, 1.0 is assigned to a value 20% above the maximum
and 0.0 is assigned to a value 20% below the minimum. On the
other hand, to minimise the response, 0.0 is assigned to a value
20% above the maximum, and 1.0 is assigned to a value 20% below
the minimum. The overall desirability function was obtained
using geometry mean of individual desirabilities (Equation 3).

D=1ld,-d,..d, 3)

Statistical comparisons of Derringer & Suich’s functions
(1980) for different food products were carried out using ANOVA
and Student’s t-test for independent samples with Bonferroni’s
adjustment. Statistica 12.5 package (Statsoft, Tulsa, USA) was
used for statistics calculation.

3 Results and discussion

3.1 Proximate composition and physico-chemical stability

The results of the proximate composition, acidity and water
activity (A ) are presented in Table 1.

The moisture contents are below the maximum value
established by the Brazilian legislation for biscuits, equal to 14.0%
w w! (Brasil, 1978). Due to the low moisture content, BFC are
less susceptible to microbial or chemical activity. Besides food
preservation, moisture is an important parameter for product
sensory properties (Cauvain & Young, 2008), and in this case,
low values are desirable.

The ash contents are similar to those obtained by Marques et al.
(2015) for cookies made with whey protein (25.9 g whey protein
concentrate/100 g). The BFC and BFP showed higher ash
contents and differed significantly (p < 0.05) from the BFM.
The higher ash content obtained implies that they contain
relatively higher mineral content (Cecchi, 2015).

The protein contents in the cookies were higher than those
presented by Cheng & Bhat (2016) for all their formulations of
cookies, except the one with 100% jering seed flour. The results
were satisfactory since the ingestion of protein increases muscle
mass and strength (Carbone & Pasiakos, 2019).

The lipid contents were lower and the fibre contents were
higher than those found in studies by Kaur et al. (2017) for
cookies made with a mixture of flaxseed flour and wheat flour.
A low lipid content has become nutritionally appealing since
low-fat diets help weight loss and prevent diseases, including heart
disease, high cholesterol and diabetes (Aggarwal et al., 2018).

The high-fibre values are desirable since scientific evidence
demonstrates a correlation between a fibre-rich diet and health
benefits, including better digestive health and cancer prevention
(Prasad & Bondy, 2019). The BFP showed the highest value of

Table 1. Proximate Composition (g 100 g'; fresh matter; n=3), Caloric value (kcal 100 g'), Acidity index (%; n=3) and Aw (dimensionless; n=3)

of cookies made from legume flours.

Cookies
PARAMETERS Period
BFC BFP BFM

Moisture 4.48 +0.05° 8.44 +0.05° 7.73 £0.11¢
Ash 3.95+0.02° 3.96 £0.02* 3.33+£0.02°
Lipids 6.35+0.07° 6.56 £ 0.20° 6.35 = 0.06*
Proteins 9.19 £0.07¢ 8.37£0.28" 9.28 £0.23*
Crude fibre 4.84 +0.96® 6.39 +0.85" 3.88 £ 0.65*
Carbohydrates’ 71.19 66.28 69.43
Caloric value 378.67 357.64 371.99

TO 2.28 £ 0.05* 2.57 £ 0.25* 2.40 £0.23**
Acidity index

T45 2.31+0.22* 3.67 £ 0.08"® 2.71 £0.16*
A TO 0.327 £ 0.010* 0.518 £ 0.001%* 0.472 £ 0.003<4

w
T45 0.333 £ 0.015* 0.527 + 0.003%8 0.485 + 0.007*

*Calculated by difference; means followed by equal lowercase letters in the rows and uppercase letters in the columns do not differ by Tukey test, at a significance level of 5%; values

represent means + standard deviation.
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fibre and differed significantly (p < 0.05) from the BFM. It is
claimed that the BFP is “high in fibre” as it contains at least 6 g
of fibre per 100 g according to the European Union (2006).

The high carbohydrate levels give the product a high caloric
value. The cookies presented high-density energy, defined as the
amount of energy in a given weight of food (Ledikwe et al., 2006).
This feature is desirable for athletes and highly exercise-trained
individuals as it helps to provide enough energy to fuel health,
activities of daily living and exercise workouts (Howe et al., 2014).

These results were compared with cookies from three
conventional brands that are widely established in the Brazilian
market, with two of them from the fitness segment, and the
lowest protein content (5.66-6.66%) and comparable fibre values
(3.66-8.99%) were found in two of them.

The BFC showed the lowest A which evaluate the amount
of water available in the sample as a medium conducive to
enzymatic reactions and proliferation of microorganisms.
None of the cookies presented the minimum value for the
propitious multiplication of microorganisms (Rifna et al., 2019).
The A parameter also affects the physical properties of foods
and is an important parameter for evaluating product sensory
quality (Katz & Labuza, 1981), especially of cookies that require
a characteristic texture.

During the monitored period, no oxidation products were
detected, as determined by the peroxide value, that quantify the
oxidative deterioration of foods, responsible for the decrease of
the sensory quality and reduction of the shelflife of the products
(Cecchi, 2015).

3.2 Sensory evaluation

. The BFM presented the best performance, with a score
of approximately 7 (‘moderately liked’). The BEP presented the
lowest acceptability, indicated by scores between 5 and 6 in all
aspects (Dutcosky, 2019). However, an overall acceptability that
is greater than 5 indicates good quality, which can be improved
by adding components to increase palatability. Figure 1 shows
the results of the cookie acceptance survey.

3.3 Colour and instrumental texture

The results of colour and instrumental texture are presented
in Table 2.

The colour analysis was performed only to characterise the
elaborated cookies. The values of a* and b* indicate a yellow hue;
L* indicates a light colour; c* and Hue® indicate a grayish-yellow

hue (except for BEM, that presents the highest values, indicating
an intense colour). The ANOVA indicated a similarity in the
tone of these cookies. These results show a correlation between
the colour of the pulse flours and the cookies after preparation.

The BFC and BEM showed the highest hardness values, in
agreement with the moisture results. Hardness is an important
texture parameter for cookies and is directly associated with
food acceptability and quality as consumers anticipate crunchy
and hard products.

3.4 Mineral composition

In general, all formulations presented expressive levels of
essential metals for the organism, such as Ca, P, K and Mg,
which are metals that play important roles in body metabolism
(Gropper et al., 2017). The ANOVA indicates no difference in
means (p > 0.05) between the formulations (except for Cu and
Mn), indicating that, in general, they have a similar mineral
profile. Figure 2 presents the results of the mineral composition
of the cookies.

The contents of P, Mg, K, Fe and Ca in the three formulations
are higher than those obtained by Rao et al. (2018) for cookies
prepared from sorghum cultivars. The Al and Ba concentrations
are below the detection limits (3 and 0.04 ng g™, respectively)
and have been removed from the graph. These metals have no
known biological role (Kravchenko et al., 2014; Exley, 2013).

Overall Quality —a— Mangalo
;'; —e— Pigeon Pea
70, —a— Cowpea
Texture /‘g’.g Appearance
Flavor Aroma

Color

Figure 1. Overall result of the sensory analysis (n=60) of cookies made
from legume flours.

Table 2. Results of colourimetric determination (dimensionless; n=3) and hardness (g; n=6).

Colour Texture
Cookie
L* a* C* Huee Hardness
BFC 56.98 + 1.84° 3.26 +0.32° 22.49 + 0.80° 22.73 +0.75° 81.74 + 1.08° 3,479 + 600°
BFP 53.62 + 1.79° 1.13 £ 0.21°¢ 23.67 +1.74° 23.70 + 1.72° 87.23 + 0.66° 2,314 + 244
BFM 65.76 + 1.40° -0.31 £ 0.06* 30.07 £ 1.87* 30.07 £ 1.872 90.62 + 0.05* 3,134 £ 659°

Means followed by equal letters in the columns do not differ by Tukey test, at a significance level of 5%; values represent means + standard deviation.
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Figure 2. The bar graph of the concentration of the (a) macro (mg 100 g'; n=3) and (b) microelements (g 100 g'; n=3) in cookies made with

legume flours and the respective values of recommended daily intake (RDI) (mg/per day) for comparison.

Table 3. Derringer & Suich individual and overall desirabilities functions (D).

D-
Ca K Mg Fe Zn Cu Mn Ni Fibre Protein Moisture Lipid Ash  micros- mI:c;os
macros
0.647 0401 0400 0.660 0.779  0.310 0.538 0289 0480 0561 0.852 0.556 0.601  0.519  0.598
BFC 0.550 0306 0308 0.542 0.782 0.250 0453 0.181 0414 0565 0.867 0.556 0.610  0.450  0.586
0.452  0.211 0217 0424 0.785 0.18 0367 0073 0.165 0539 0.857 0.595 0.625 0.345 0.490
0223 0256 0.674 0493 0351 0.526 0.743 0538 0317 0525 0353 0.585 0.318 0426 0405
BFM 0236 0253 0.689 0.626 0470 0.535 0.741 0315 0.121 0579 0387 0.547 0.327 0.403  0.345
0.229 0.236  0.620 0.559 0.357 0479 0643 0536 0121 0.618 0372 0.576 0.313 0.394  0.347
0.685 0.677 0219 0260 0.166 0.678 0.163 0550 0463 0422 0270 0437 0.615 0.383 0427
BFP 0.667  0.625 0219 0.260 0.072  0.655 0.136  0.549  0.650  0.422 0255 0.569 0.610 0.365  0.4756
0.664 0.692 0.237 0.260 0.074 0.707 0.156 0.785 0.752 0324  0.266  0.495 0.625 0.381  0.457

Table 4. One-way ANOVA and Student’s t-test for independent samples with Bonferroni’s adjustment based on overall desirabilities functions
(D) obtained including macroconstituents and microconstituents and only macroconstituents.

Macroconstituents and Microconstituents

Only Macroconstituents

Sum of

Degree of

Sum of

Degree of

Source squares Mean square freedom p value squares Mean square freedom p value

Between

sample 0.00571 0.00285 2 0.401 0.055706 0.027853 2 0.00407

types

Within

sample 0.0160 0.00267 6 - 0.0106 0.00176 6 -

type

Total 0.0217 - 8 - 0.0663 - 8 -

Mean Group Mean Group Bonferroni's ~ Mean Mean Bonferroni’s
t-value p-value N t-value p-value N
1 2 a Group 1 Group 2

BFC x

BEM 0.438 0.408 0.589 0.588 0.0169 0.558 0.365 4.867 0.00823* 0.0169

BFC x

BEP 0.438 0.376 1.213 0.291 0.0169 0.558 0.453 2.830 0.0473 0.0169

BEM x

BEP 0.408 0.376 2.848 0.0464 0.0169 0.365 0.453 3.596 0.0228 0.0169

*Significant value.
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Figure 2 also shows the recommended daily intake (RDI) values
for some elements reported by Brasil (2005). When comparing
the RDI with the levels of minerals present in cookies, was
verified that they present a high nutritional capacity for an adult,
contributing mainly with Ca and P.

3.5 Desirability data analysis

Calculated desirabilities functions of evaluated parameters,
according to Derringer & Suich (1980), are summarised in Table 3.
Statistical comparison carried out by ANOVA and Student’s
t-test (Table 4), using overall desirabilities functions obtained
revealed non-significant differences between desirabilities of
the BFC, BFM and BFP at 95% confidence level.

On the other hand, statistical comparison carried out by
ANOVA and Student’s t-test (Table 4), using overall desirabilities
functions based only on macroconstituents, revealed significant
differences between BFC, BFM and BFP. Further analysis with
Student’s t-test for independent samples with Bonferroni’s
adjustment showed specific significant difference between
macroconstituents of the BFC and BFM at 95% confidence level.

In summary, significant differences were identified between
the optimal characteristics of the BFEC and BFM samples when
considering only the macroconstituents (fibre, proteins, lipids,
moisture and ash). In this way, the BFC cookie can be considered
as superior in relation to the desirable characteristics for the
investigated quality parameters.

4 Conclusions

It can be concluded that pulse flours can be a good alternative
for the formulation of cookies, since the results indicate that the
prepared cookies are a good source of protein, fibre, carbohydrates
and essential minerals (mainly K, Ca and P), improving the
nutritional quality of the final product. The desirability data
demonstrated better performance of the BFP type cookie
compared with the other two formulations (BFP and BFM),
which, associated with satisfactory acceptability, shows a high
commercial potential.
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