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ABSTRACT: Wheat flour (WF), pea flour (PF) and whole wheat flour (WWF) were mixed in different ratios by applying a simplex-centroid
mixture design, in order to evaluate the impact of these combinations on the physical and sensorial properties of muffins. The interaction
between WF and WWF produced muffins with brighter crusts and muffins prepared with higher ration of PF were harder. The ranking test
was performed with the objective of identifying the most preferred muffin experiments according to the flavor attribute. The experiments with
the lowest ranking scores were selected and submitted to the acceptance test. In the acceptance test, the attributes of color, taste, texture and
overall acceptance were evaluated, where muffins obtained scores higher than 7 (“moderately liked”), indicating good acceptance of all
experiments. The experiment (a) (80% of WF, 10% of PF and 10% of WWF) was chosen for presenting the highest set of scores.

Key words: bakery products, mixture design, texture, color analysis.

Desenvolvimento de muffins com farinha de ervilha verde: sua avaliacdo fisica,
sensorial e teor de aminoacidos essenciais

RESUMO: 4 farinha de trigo especial (FT), farinha de ervilha (FE) e farinha de trigo integral (FTI) foram misturadas em diferentes proporgaoes,
mediante a aplicagdo de um delineamento de misturas simplex-centroide, com a finalidade de avaliar o impacto dessas combinagées nas
propriedades fisicas e sensoriais dos muffins. A interacdo entre FT e FTI produziu muffins com maior luminosidade na crosta e os muffins
preparados com maior propor¢do de FE foram mais duros. O teste de ordenagdo foi realizado com objetivo de os julgadores ordenarem os
experimentos de muffins mais preferidos de acordo com o atributo sabor. Os experimentos com as menores somas de ordem foram selecionados
e submetidos ao teste de aceitagdo. No teste de aceitagdo foram avaliados os atributos de cor, sabor, textura e aparéncia global, em que os
muffins obtiveram notas maiores que sete (“‘gostei moderadamente”), indicando uma boa aceitag¢do de todos os experimentos. O experimento
(a) (80% de FT, 10% de FE e 10% de FTI) foi escolhido por apresentar o maior conjunto de notas.

Palavras-chave: produtos de panificacdo, delineamento de misturas, textura, andlise de cor.

INTRODUCTION of essential amino acids such as histidine, lysine,

phenylalanine and threonine (MILLAR et al., 2019a).

The cultivation of legume seeds has gained
interest due to its nutritional profile. Among legumes,
green pea (Pisum sativum L.) is one of the oldest and
widely used food crops in the world. In 2018, global pea
production reached 21.22 million tonnes (ZHOU et al.,
2019; VATANSEVER et al., 2020; FAO, 2020). Peas
are an excellent source of protein and dietary energy for
humans and cattle. The content of carbohydrates, dietary
fiber and proteins (on a dry basis) vary between 55-
56%, 12-14% and 22-25%, respectively (COLLAR
et al, 2014; YILDIZ et al., 2021). The protein present
in peas has high quality, as it is an important source
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Recently, pea derivatives, such as flour, starch,
protein isolate and pea fiber, appears as ingredientes
of high added value in the composition of many food
products (KEHLET et al., 2017; BECK et al., 2018; LU
et al., 2018; PIETRASIK et al., 2020). The flour retains
much of the nutritional properties of the raw pea and has
functional characteristics that favor its use in foods such
as pasta, bakery and confectionery, meat products and
snacks (CARMO et al., 2019; REN et al., 2021).

In bread, the replacement of part of the
wheat flour with pea flour significantly increased the
protein content, providing a well-balanced amino acid
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profile (MILLAR et al, 2019b). This procedure, in
addition to diluting wheat protein, can provide consumers
with healthy and easily digestible products. The use of
pea flour in biscuits provided good functional and
sensory properties (ZHAO et al., 2019).

Muffins are bakery products, popularly
eaten during breakfast and afternoon snacks, with high
consumer acceptance. The spongy texture of muffins is
due to the porous structure and high volume, which are
obtained through many small air bubbles incorporated
in the dough. On the other hand, usually high in sugar
and fat (SCIAMMARO et al., 2018; STRUCK et al.,
2016). In this sense, the incorporation of ingredients
with high nutritional value can enrich the product.

Studies have been carried out to investigate
the interaction between flours on the nutritional,
technological and sensory properties of the final
product. To analyze the effects of flours and their
interactions on the evaluated attributes, the mixture
design methodology is used (SILVA et al., 2015;
YILMAZ et al., 2015; IKEDA et al., 2018).

In this context, the aim of this study was to
verify the effect of partial substitution of wheat flour in
muffins formulation with pea and whole wheat flour,
in order to evaluate the effect of these combinations
on technological, sensorial characteristics and
essential amino acids content of the final product.

MATERIALS AND METHODS

Material and flour preparation
Pea (Pisum sativum L.) Mikado variety
(batch 11/06) samples were supplied by EMBRAPA,

which is located in Brasilia-FD. All samples were
sent in 2015 and are from sun exposed crops. After
being selected, the peas were sanitized with a sodium
hypochlorite solution (150 mg /L) for 15 min and then
washed in running water. Water and dried in an oven
with air circulation (40 °C for 24 h). After drying,
the grains were ground in a knife mill until they
approached the particle size of the wheat flour. Other
raw materials were purchased at local commerce in
the city of Curitiba - PR.

Experimental  design, formulation and muffins
preparation

Muffins were prepared using one basic
formulation: 100 g flour, 80 g sugar, 80 g eggs,
65 g milk, 50 g butter and 5 g sodium bicarbonate.
The proportions of the ingredients were based on
JAUHARAH etal. (2014). Two-stage experiments were
performed for the evaluation of partial substitution of
wheat flour with whole wheat flour and pea flour. In
step 1, a preliminary test was carried out with the basic
formulation of a muffin to establish the maximum level
of substitution for pea flour and whole wheat flour. In
step 2, a simplex centroid design with three components
and 7 experiments (Table 1) was utilized to determine
the effects of each type of flour (ternary mixtures)
on the muffin’s physical characteristics (BOX et
al., 2005). A maximum limit of 30% and minimum of
10% for the whole wheat and pea flour was employed.
Moreover, it was set for the wheat flour a maximum
limit of 80% and minimum of 60%. Two replicates
were introduced in experiment 7 (experiments § and
9) to calculate the experimental error.

Table 1 - Experimental design of the mixtures of flours used to make the muffins.

Experiment Flour’s proportion in the ternary mixture
Ratios Pseudocomponents----------------------

WF PF WWF WF PF WWF
(a) 0.80 0.10 0.10 1 0 0
(b) 0.60 0.30 0.10 0 1 0
(c) 0.60 0.10 0.30 0 0 1
(d) 0.70 0.20 0.10 0.5 0.5 0
(e) 0.70 0.10 0.20 0.5 0 0.5
® 0.60 0.20 0.20 0 0.5 0.5
(g) 0.66 0.17 0.17 0.33 0.33 0.33
(h) 0.66 0.17 0.17 0.33 0.33 0.33
@) 0.66 0.17 0.17 0.33 0.33 0.33

Note: WF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.

WF + PF + WWF =1 or 100%.
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The preparation method was based on
JAUHARAH et al. (2014), with some adaptations.
Eggs were beaten with sugar and butter at 80% of
maximum speed during 5 minutes in a planetary mixer
(KitchenAid). Thereafter, flour (Table 1) and milk
were added to obtain the dough, which was beaten
for 3 minutes at 60% of maximum speed. Finally,
the sodium bicarbonate was added and the dough
was homogenized for 1 minute at 40% of maximum
speed. Dough aliquots of 60 g were transferred to
paper forms (4 cm x 5 cm height /diameter), obtaining
6 muffins that were baked in Fisher electric oven for
25 minutes at 180 °C.

Color analysis

For the color analysis of muffins (crust
and crumb), it was used the MiniScan XE 45/0-L
Plus reflectance spectrophotometer (Hunter Inc),
which consists in the determination of three color
components: (L") luminosity, which varies from 0
(black) to 100 (white), (a"), ranging from green (negative)
to red (positive), (b"), ranging from blue (negative)
to yellow (positive). The observer angle employed
was 10°, the illuminant D65 and the equipment were
calibrated using color standards supplied by the
manufacturer MACDOUGALL, 2000).

Volume analysis

Specific volume was calculated by the
relation between the apparent volume of baked
muffins and its weight. Three muffins were weighted
on semi-analytical balance (Mettler Toledo and model
PB 8001-S) and their average calculated to determine
this parameter. Furthermore, the apparent volume
was obtained by the millet seed displacement method
(Method 10-05, AACC, 2000).

Texture analysis

Texture profile was determined using a
Texturometer (CT3, Brookfield, Middleboro, MA,
USA). Samples were cut into 2.5 c¢cm cubes and
submitted to the double compression test. The test was
performed at a height of 1.25 cm (50% compression)
using a cylindrical acrylic probe, of 50.8 mm
diameter, at a speed of 1 mm s and range of 5 s
between the two cycles. Parameters obtained were:
hardness, elasticity and resilience (MARTINEZ-
CERVERA et al., 2014).

Flour's mixture particle size

The granulometric distribution of the
mixed flours were determined using the Rotachoc
Chopin equipment and a set of five rounded sieves,

with openings of 30, 40, 60 and 100 mesh (Method
965-22, AOAC, 2011).

Sensory analysis

In all sessions, where the sensory analysis
was performed, each judge received 30 g of muffin,
mineral water at room temperature for cleaning the
papillae, and a sheet to signal the perceived sensation.
Samples were served 24 hours after preparation, in
a monadic sequential presentation scheme, using
the balanced complete blocks design for all judges.
The rank numbers received by each experiment were
summed. The experiments that presented the lowest
sums were chosen to evaluate in the acceptance test
(MEILGAARD et al., 2007). The judges were asked
to order the muffin experiments according to their flavor
preference, the most preferred receiving the score 1,
following, score 2, and so on. This test was performed
in two sessions for all 7 experiments (MEILGAARD
et al., 2007). The evaluation sheet was in accordance
to ISO 8587 (2006). The experiments that presented the
lowest total sum were evaluated for acceptance test
by at least 60 consumers, randomly selected, and
should be habitual consumers of baked goods (IAL,
2008; ANZALDUA-MORALES, 1994; TEIXEIRA,
2009). A structured hedonic scale of nine points was
used, varying from “extremely liked” (9) to “extremely
disliked” (1), as described by ISO 11136 (2013).

Raw  material and  muffin
characterization

Physico-chemical characterization was
carried out on the muffins with higher sensorial
acceptance. Moisture, protein, lipids, ashes and dietary
fiber were determined through protocols 925.10,
960.52, 920.39C, 923.03, 962.0E, respectively from
AOAC (2011). Carbohydrates were determined by
difference (FAO, 2002).

physico-chemical

Amino acids profile

Amino acids were determined by reversed-
phase liquid chromatography (RP-HPLC) using the
HPLC system (Thermo Fisher Scienctific Inc, MA
USA) coupled to a UV detector at 254 nm (UV
SPECTRA SYSTEM UV 2000) and using LUNA
C18 column, 100A, 5u, 250 x 4.6 mm. Amino
acid quantification was performed according to
the method described by WHITE et al. (1986) and
HAGEN et al. (1989).

Statistical analysis

Physico-chemical, color, texture and
volume analysis were performed in triplicate.
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The results were evaluated by univariate analysis
(ANOVA) and Tukey's tests on software Statistica
10.0 (StatSoft, Inc., Tulsa, OK, USA).

The results obtained in physical analysis
(volume, texture and color) of the sampled muffins
were submitted to an analysis of variance (ANOVA).
The following linear multiple regression was used
based on the response surface methodology (RSM)
to generate mathematical equations, which may
explain the effects of each flour on the responses of
their characterization. The amount of each of flour
was expressed as pseudo-components (Table 1). Eq
(1) shows the generalized model of equation used to
model the experimental data:

Y= BIX1+ B2X2+ B3X3+ B12X1X2+ B13X1X3+ B23X2X3+
BleXzXa (M

Where Y is the response studied, BI,
B2, B3, B12, P13, P23 and 123 are the regression
coefficients and X1, X2 and X3 are the independent
variables (flour types).

The model was evaluated by the regression
coefficient (R?) and the adjusted coefficient of
determination (RQaj). Triangular graphs were used to
demonstrate the results for each dependent variable,
based on the adjusted models by Statistica 10.0
software (STATSOFT, 2010).

RESULTS AND DISCUSSION

Color

From the experimental color data, it was
obtained mathematical regression models to express
the relation between the pseudo-components and the
chromaticity coordinates.

L*, a* and b" of muffin’s crusts (Figure
1) and crumb (Figure 2). Thus, the regression
model, lack-of-fit (p), the level of significance (p),
the coefficient of determination (R?) and adjusted
determination coefficient (R”) for L', a’ and b" of
crusts and crumbs were set out in table 2. Only the
lightness model for crusts (L") and chroma a " was
significant (P < 0.05) and didn’t show lack-of-fit (p
> 0.05). For crust lightness (L") only the effect of the
interaction between WF and PF was not significant.
Regarding the chroma a” of crumb all effects were
significant, expect for the interaction between PF
and WWF. The data contained in table 3 and table 4
were modeled using the RSM methodology and are
presented in table 2.

As expected, the lightness values (L") was
higher in the crumb. The same tendency was observed
in the crust and crumbs of breads prepared with pea
flour (MILLAR etal., 2019b). From the contour lines

Figure 1 - Muffins’ crusts prepared in each experiment. (a): 80 % of WEF; 10 % of PF and 10 % of WWE; (b): 60 % of WF; 30 % de
PF and 10 % of WWE; (¢): 60 % of WF; 10 % of PF and 30 % of WWF; (d): 70 % of WF; 20 % of PF and 10 % of WWF;
(e): 70 % of WF; 10 % of PF and 20 % of WWF; (f): 60 % of WF; 20 % of PF and 20 % of WWF; (g): 66 % of WF; 17
% of PF and 17 % of WWF; (h): 66 % of WF; 17 % of PF and 17 % of WWF; (i): 66 % of WF; 17 % of PF and 17 % of
WWFEF. WF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.

Ciéncia Rural, v.52, n.7, 2022.
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Figure 2 - Muffins’ crumbs prepared in each experiment. (a): 80 % of WF; 10 % of PF and 10 % of WWFEF; (b): 60 % of WF; 30 %
de PF and 10 % of WWFEF; (c): 60 % of WF; 10 % of PF and 30 % of WWE; (d): 70 % of WF; 20 % of PF and 10 % of
WWFE; (e): 70 % of WF; 10 % of PF and 20 % of WWF; (f): 60 % of WF; 20 % of PF and 20 % of WWF; (g): 66 % of
WF; 17 % of PF and 17 % of WWF; (h): 66 % of WF; 17 % of PF and 17 % of WWF; (i): 66 % of WF; 17 % of PF and
17 % of WWF. WF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.

graphs (Figure 3A), it was observed higher L values
for the crust in the WF and WWF interaction. In the
other hand, lower L* values were related to higher
amounts of WWEF. The crust color develops under

high temperatures, during the cooking period, where
the caramelization of the sugars in the flours (WF,
PF, WWF) favors these reactions (such as Maillard’s
reaction) (SHEVKANI & SINGH, 2014).

Table 2 - Regression coefficients obtained by the response surface methodology to model the effects of WF, WWF and PF on physical

properties of muffins.

Properties Regression coefficient Standard error P value
Crust's L*

(A) WE 47.8644 0.43730 <0.001

(B) PF 47.2444 0.43730 <0.001

(C) WWFE 44.1533 0.47903 <0.001

AC 19.3911 2.31395 <0.001

BC 10.5911 2.31395 <0.001

ABC -41.3166 11.23722 0.001

R? 0.8319

R? (adjusted) 0.7919

P value (model) <0.001 P value (lack of fit) 0.6486
Crumb’s chroma a”

(A) WE 1.91667 0.084543 <0.001

(B) PF 0.42111 0.077176 <0.001

(C) WWFE 3.16111 0.077176 <0.001

AB -1.22222 0.408379 0.006934

AC 1.05778 0.408379 0.017079

ABC 12.09917 1.994331 <0.001

R? 0.9757

R? (adjusted) 0.9699

P value (model) <0.001 P value (lack of it) 0.827959

Note: WF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.
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Table 3 - Muffin's crust chromaticity coordinates L ", a *, and b ".

Experiment Chromaticity coordinates
L a" b’

a 96=+0. .81+0. 61£2.

(a) 47.96+0.46" 19.81+0.11* 37.61+2.08>¢
(b) 47.34+1.89" 19.25+0.07° 34.95+0.66%
© 15+0. .66 0. .34+0.
(©) 44.15+0.76° 19.66+0.15® 34.34+0.48°
(d) 47.37+0.45° 19.36+0.20° 41.06£0.99*
® .86=0. .95+0. 77£0.
(e) 50.8620.67* 18.95+0.66° 40.77+0.28%
6] 48.35+0.32° 19.51+0.22% 37.83+0.55%¢
(2) 48.67+0.98™ 19.77+0.19® 37.55+1.37%
(h) 48.44+0.22° 20.38+0.36" 39.50+0.43%
@) 47.59+0.19° 19.81£0.41™ 40.33£1.72"
P value (ANOVA) <0.001 <0.001 <0.001

Note: (a): 80 % of WF; 10 % of PF and 10 % of WWF; (b): 60 % of WF; 30 % de PF and 10 % of WWF; (c): 60 % of WF; 10 % of PF
and 30 % of WWF; (d): 70 % of WF; 20 % of PF and 10 % of WWF; (e): 70 % of WF; 10 % of PF and 20 % of WWF; (f): 60 % of WF;
20 % of PF and 20 % of WWEF; (g): 66 % of WF; 17 % of PF and 17 % of WWF; (h): 66 % of WF; 17 % of PF and 17 % of WWF; (i):

66 % of WF; 17 % of PF and 17 % of WWF.

WFEF: Wheat Flour; PF: Pea Flour; WWEF: Whole Wheat Flour.

™ P value (ANOVA): Values obtained through analysis of variance.

From the curve graph (Figure 3B) it can
be seen that the chroma a® increases as the proportion
of WWF increases, and decreases when increasing
the proportion of PF. This was expected since higher
values of this parameter indicates a greater presence
of green components.

The crumbs lightness (L*), crust’s chroma
a" and chroma b" of both, crust and crumb did not
generate models, but a significant difference was
observed between some samples of muffins, as can
be seen in tables 2 and 3.

The crust’s chroma a* was significantly
higher in the interaction between the three flours
(66% WE, 17% PF and 17% WWF), however, it was
significantly lower in the experiments (b) (60% of
WEF; 30% of PF and 10% of WWF), (d) (70% of WF,
20% of PF and 10% of WWF) and (e) (70% WF, 10%
PF and 20% WWEF). Furthermore, for crust’s chroma
b" it was significantly higher in the experiment (d)
(70% WF, 20% PF and 10% WWF), where there was
higher proportion of PF. However, it was significantly
lower with the higher proportion of WWF in the
experiment (c¢) (60% WF, 10% PF and 30% WWF).
For crumb’s chroma b*, the experiment (b) (60% WF,
30% PF and 10% WWF), with higher PF ration was
significantly higher, which justifies the presence of
the yellow component.

The crumb’s lightness (L*) presented
significantly higher value for experiment (a) (80%

WE, 10% PF and 10% WWF), with higher WF
ratios, as expected. Higher proportion of WF with
lower level of substitution with PF and WWF should
result in an increase in lightness (L*). GONZALEZ
et al. (2020) detected in pea flour values of 77.09 +
2.11 and 27.40 + 1.87 for lightness and chroma b *,
respectively, values close to those found for muffins
with 30% substitution for pea flour (lightness L * -
73.44 +0.25, chroma b * - 31.51 = 0.05).

Specific volume

Muffins were prepared with different
concentrations of pea flour, according to the
information proposed in table 1. The data obtained
were modeled using the RSM methodology, but did
not generate a significant model, consequently, not
generating a response surface. The specific volume
obtained for experiments (a), (b), (d), (e), (g) was
0.37 mL.g"! and for experiments (c), (f), (h), (i) was
0.36 mL.g". There was no significant difference at
5% level of significance, therefore the variation in the
flour ratio did not significantly alter this characteristic.

Texture analysis

Mulffins based on pea flour were obtained
from different experiments. The data contained in
table 5 were modeled using the RSM methodology.
All texture parameters that were analyzed did not
generate models, not generating a response surface.
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Figure 3 - Muffin’s response surface for physical and texture parameters of the muffins. (A) Crust’s
Lightness (L") (B) Crumb’s Chroma a’. WF: Wheat Flour; PF: Pea Flour; WWF: Whole

Wheat Flour.
The results did not show significant using millet and the results of resilience agreed with
differences between the muffins produced with those obtained in the present study.
different types of flour in terms of elasticity and For hardness it is possible to observe
resilience. GOSWAMI et al. (2015) made muffins significant difference between muffin experiments

Ciéncia Rural, v.52, n.7, 2022.
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Table 4 - Muffin's crumb chromaticity coordinates L *,a ", and b ".

Experiment Chromaticity coordinates
L a’ b

(a) 76.23+0.26" 1.92+0.14° 29.710.05*¢
(b) 73.44+0.25 0.41+0.09¢ 31.5140.05°
(©) 69.52+0.24° 3.15+0.04* 27.46+0.06°
(d) 74.91+0.18% 0.86+0.07" 29.35+0.05¢
(e) 72.86+0.72° 2.80+0.12° 27.34+0.55°
® 71.26+1.27¢ 1.81£0.07° 30.17+0.05™
(g 72.87+0.16° 2.51+0.14° 29.49+0.18¢
(h) 73.09+0.59° 2.06£0.02% 30.27+0.13°
@) 73.21+0.22° 2.22+0.05¢ 29.63+0.15%
°P value (ANOVA) <0.001 <0.001 <0.001

Note: (a): 80 % of WF; 10 % of PF and 10 % of WWEF; (b): 60 % of WF; 30 % de PF and 10 % of WWF; (c): 60 % of WF; 10 % of PF
and 30 % of WWEF; (d): 70 % of WF; 20 % of PF and 10 % of WWF; (e): 70 % of WF; 10 % of PF and 20 % of WWF; (f): 60 % of WF;
20 % of PF and 20 % of WWEF; (g): 66 % of WF; 17 % of PF and 17 % of WWF; (h): 66 % of WF; 17 % of PF and 17 % of WWF; (i):

66 % of WF; 17 % of PF and 17 % of WWF.
WF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.

P value (ANOVA): Values obtained through analysis of variance.

(Table 5). Significantly lower values were found
in the interaction between the three flours (66% of
WEF, 17% of PF and 17% of WWF). However, it
was significantly higher in experiments (b) (60% of

WEF; 30% of PF and 10% of WWF) and (d) (70%
of WF; 20% of PF and 10% of WWF) where higher
proportions of PF were used. Lower availability of
water in the presence of protein can be attributed

Table 5 - Texture properties of muffins prepared with partial replacement of wheat flour with pea flour and whole wheat flour.

Experiment Hardness (N) Elasticity Resilience
(a) 1.90£0.16° 0.27 +£0.12° 0.19 + 0.02°
(b) 2.63+0.23 0.40 + 0.00° 0.17 + 0.00°
(c) 1.94+0.15° 0.37 +0.06° 0.18+0.01°
(d 2.63+0.22° 0.37 + 0.06" 0.18 + 0.00°
(e) 2.20+0.09% 0.33 +0.06° 0.17 0.00°
® 1.93+£0.13° 0.37 + 0.06* 0.16 + 0.02
) 1.78+ 0.06° 0.30 + 0.00° 0.17 +0.01?
(h) 1.78+0.17° 0.30 + 0.00* 0.16 +0.01*
) 1.80+ 0.10° 0.40 + 0.00* 0.18+0.01*
*P value (ANOVA) <0.001 <0.001 <0.001

Note: (a): 80 % of WF; 10 % of PF and 10 % of WWF; (b): 60 % of WF; 30 % de PF and 10 % of WWF; (c): 60 % of WF; 10 % of PF
and 30 % of WWF; (d): 70 % of WF; 20 % of PF and 10 % of WWE; (e): 70 % of WF; 10 % of PF and 20 % of WWEF; (f): 60 % of WEF;
20 % of PF and 20 % of WWF; (g): 66 % of WF; 17 % of PF and 17 % of WWF; (h): 66 % of WF; 17 % of PF and 17 % of WWF; (i):
66 % of WF; 17 % of PF and 17 % of WWEF.

‘WEF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.

“P value (ANOVA): Values obtained through analysis of variance.
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to higher muffins’ hardness values. According to
PREICHARDT et al. (2011) there is a negative
correlation between moisture and hardness. However,
the decrease in hardness may have occurred due to the
dilution of gluten by pea flour, since the development
of gluten is a determinant of hardness (SCHAMNE
etal., 2010).

Flour's mixture particle size

The amount of flour that was retained in
the 60 mesh sieve in each mixture ranged from 3.97 g
/100 gt0 9.43 g/ 100 g.

Approximately 96 g/100 g of experiment
(a) (80% WF; 10% PF and 10% WWF) passed through
the 60 mesh sieve, thus, the maximum concentration
of WF and minimum concentration of PF and WWF
follows the Normative Instruction No. 8, of June 2,
2005 (BRASIL, 2005), which determines that 95
2/100 g of the product must pass through a sieve with
a 250 pm mesh opening (60 mesh). However, with
the increase of the concentration of other flours (PF
and WWF) this percentage was reduced and there
was an increase in particle retention in sieves with an
opening smaller than 60 mesh

The granulometric characteristic of the
raw material interferes with the properties of baked
good. The uniformity of the flour particles impact
in the quality of the final products, impacting
water absorption, sensory characteristics (such as
appearance, taste and texture) and mixing time. Flours
with finer and uniform particles promote greater
incorporation into the dough, resulting in a more
cohesive dough with low extensibility (TORBICA
et al., 2012; BORGES et al., 2006; GAINES, 1990).
Even with some mixtures showing residuals in the
60 mesh sieve, there was no significant difference in
specific volume, resilience, elasticity and only crust
lightness and a * chroma presented a response surface.
Therefore, the mixture between the flours had little
effect on the evaluated physical parameters.

Sensory analysis

Before conducting the ranking and
acceptance tests, a questionnaire was applied to
determine the consumer’s profile. Both tests totaled
143 untrained judges, 62.94% were women and
37.06% were men. The predominant age group was
between 18 and 25 years (42.66%), followed by
the range between 26 and 35 years (39.86%), 36
and 45 years (6.99%), 46 and 55 years (6,29%) and
over 56 years (4.20%). Regarding education level,
most of the interviewees (37.06%) had incomplete
postgraduation degrees, while the others had

incomplete higher education (31.47%), complete
higher education (20.28%), complete postgraduation
(7.69%), complete secondary level (2.80%) and
incomplete secondary level (0.70%).

Virtually 100% of the interviewed judges
(99.30%) ingest legumes of different types, with
74.13% of them being pea consumers. The frequency
of consumption of legumes presented by the judges
was distributed in: once a day (39.16%), two to five
times a week (34.97%), twice a day (12.59%), once
a week (11.19%), once a month (0.70%) and no
consumption (0.70%).

The ranking test was performed with 39
judges. The experiments were performed in two
sessions, the experiments that demonstrated the
lowest sum in relation to flavor were (a = 94), (c =94)
and (g =67). These experiments were submitted to the
acceptance test, where 112 judges attended. BARROS
et al. (2018) used the ranking and acceptance tests
to evaluate muffins partially replaced by bean flour.
VENTURINI et al. (2011) evaluated fresh chicken
sausage formulations using a ranking and acceptance
test. In the present work, the ranking test was used to
order the muffin experiments. Those with the lowest
score were the most preferred and therefore the ones
selected to participate in the acceptance test. A large
number of samples in the acceptance test could make
it difficult for judges to choose the most preferred
muffin experiment. According to MEILGAARD et al.
(2007); AMERINE et al. (1965) and ISO 8587 (2006)
ranking test can be applied as a sample pre-selection,
as discriminatory criteria or hedonic preference.

The averages of scores attributed by the
judges in the acceptance test are shown in table 6.
Statistical analysis showed that the muffins did not
differ significantly in taste, however, they differed
in relation to texture. Regarding color and overall
acceptance, the experiment (a) presented significantly
higher mean scores.

Although all muffins experiments were
well accepted, it was observed that experiment (a)
(80% WEF, 10% WWF and 10% PF) stood out from
the others in all evaluated attributes.

Physico-chemical analysis

The muffins experiments selected for
sensory acceptance analysis underwent physico-
chemical characterization (Table 7). The experiment
(a) had significantly higher protein content in relation
to other samples. Protein contents were suitted to
recommended range. The experiment was chosen
due to the sensory result, longing to an enhanced
probability of commercialization. Authough the
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Table 6 - Average score of the sensory attributes of the acceptance test for the three selected samples (n = 112).

Experiment Color
(a) 7.86*
(c) 7.39°
@ 7.57°

Note: (a): 80% de WF, 10% de WWF e 10% de PF.

(c): 60% of WF, 30% of WWF and 10% of PF.

(g) 66% of WF, 17% of WWF and 17% de PF.

‘WF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.

highter protein content explored in other experiments,
their samples were not as well accepted as the samples
evaluated in the present study.

Experiment (c) presented significantly
higher dietary fiber content due to the higher
concentration of WWEF, which has a high dietary
fiber content, as observed in table 7. Humidity was
significantly lower for experiment (c), because the
higher concentration of WWE, significantly increased
the dietary fiber content, causing greater retention
of moisture in the mass. The lipid content was
significantly higher for the experiment (g), because
the higher content of PF and WWF incorporated
lipids to the mass.

Amino acids profile analysis

The total amino acid profile of pea flour is
shown in table 8.

Total amino acid analysis revealed that
lysine (22.91%) was the highest amino acid found,
followed by leucine (21.21%), phenylalanine

Taste

7.53*
7.42*
7.25°

Texture Global acceptance
7.74* 7.78
7.48% 7.46°
7.38° 7.38°

(14.79%). The other essential amino acids presented
in lower proportions. The amino acids profile of
yellow peas have shown lower values for most of the
amino acids, with predominance of leucine and lysine
among the essential amino acids (MA et al., 2017).
According to PHILIPP et al. (2017) peas contain a
protein profile that include amino acids like lysine,
which is often deficient in cereals. In this sense, the
use of pea flour in baked goods can contribute to the
improvement of the protein profile.

Essential amino acids present in pea
flour, in reference to the requirements of FAO /
WHO (2007) protein standard for adults (histidine,
isoleucine, leucine, lysine, methionine, cysteine,
phenylalanine + tyrosine, threonine, tryptophan and
valine), shows a high biological quality, although the
presence of tryptophan was not detected. However,
the other essential amino acids were present in greater
quantities than were necessary for daily consumption
(Table 8). This means that the minimum use of pea
flour (10%) in muffins experiment (a) that had the

Table 7 - Physico-chemical composition of the muffins selected by the acceptance test.

Components (a) (%) (c) (%) (g) (%) *P value (ANOVA)
Moisture 26.85+0.07° 26.64 + 0.02° 27.40 + 0,00° <0.001
Ashes 1.39+0.01° 1.60 + 0.00° 1.34+0,03° <0.001
Protein 8.56 + 0.06 7.54 +0.00° 7.60 + 0,00° <0.001
Lipids 14.50 + 0.00° 14.42 +0.01° 14.85 + 0,04° <0.001
Dietery Fiber 1.89+0.01° 2.76 £0.01° 1.65+0,01° <0.001
Carbohydrates 46.82 +0.12° 47.05 +0.02° 47.83 + 0,08 <0.001

Note: (a): 80% of WF, 10% of WWEF and 10% of PF.

(c): 60% of WF, 30% of WWF and 10% of PF.

(g): 66% of WF, 17% of WWF and 17% of PF.

‘WF: Wheat Flour; PF: Pea Flour; WWF: Whole Wheat Flour.

*P value (ANOVA): Values obtained through analysis of variance.
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Table 8 - Essencial amino acids composition in pea flour (PF).

Amino acids
Histidine
Isoleucine
Leucine
Lysine
Methionine
Cysteine
Phenylalanine
Tyrosine
Threonine
Tryptophan
Valine

Y Essential Amino Acids

Amino acids (mg/100g of sample

380
1080
1750
1890

110

80
1220

690

760
1020
8250

FAO/WHO (2007) (mg/100g of sample)

15
30
59
45
16
6
38%*

23
6
39
277

Note: FAO/WHO. Food and Agriculture Organization and World Health Organization (2007) protein and amino acid requirements in
human nutrition: report of a joint FAO/WHO/UNU expert consultation. WHO Technical Report series 935, Geneve.

"Phenylalanine + Tyrosine.

best accepted sensory provides more than the amount
of daily consumption needed in virtually all essential
amino acids. With 5 muffins (1.66 g of PF in each
mulffin) it is possible to meet the daily requirement of
essential amino acids in relation to the PF ingested.
More studies would be needed to consider the essential
amino acids present in WF and WWF. Therefore, the
incorporation of pea flour in the muffin’s formulation
can be a good alternative to increase the nutritional
value of the product developed.

CONCLUSION

Using mixture design methodologies has
reduced the number of experiments carried out to
identify a muffin with suitable characteristics.

From the physical and texture analysis it
was observed that the crust’s hardness and lightness
(L") generated regression models with the interaction
of the flours. The interaction between WF and
WWF produced muffins with brighter crusts. Higher
hardness was found in muffins with higher PF ratio.

The experiment (a) with 80% WF + 10%
WWF + 10% PF was selected by the acceptance
test due to higher scores attributed by the judges.
The use of pea flour can be a good alternative for
product enrichment since the minimum use of 5
muffins (1.66 g of PF each muffin) is enough for the
PF ingested to meet the daily requirement essential
amino acids.
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