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Introduction. After the process of the starch extraction
from pinhao seeds, the generated residues are discarded. The
aim of this study was to add these by-products as a potential
substitute for wheat flour in a cookie formulation.

Materials and methods. Pinhdo seed were purchased
from local businesses in Ponta Grossa-PR (Brazil), and after
the aqueous extraction of starch, the residues retained in the
sieve were milled to produce a flour. The cookies were
elaborated from a simplex-centroid experimental planning
using wheat flour, whole pinh&o flour and residual flour after
the extraction of the pinh&o.

Results and discussion. The flours produced with both
pinhao and the bagasse obtained after the extraction of starch
had high fibre content, and consequently, this was also seen
in the cookies produced with the addition of these flours.
Wheat flour had a higher protein (13.59+0.38%) and lipid
(2.00+0.02%) content than pinhdo and bagasse flours.
Formulations using wheat flour and bagasse; or pinhdo and
bagasse had high lipid content (18.44+0.32% and 18.82+
0.09%, respectively). After cooking, the added bagasse
biscuits showed a decrease in apparent and specific volume.
The addition of pinhao flour to the biscuits provided greater
softness, unlike the addition of bagasse. Differences were
observed in the colour of the flours, especially in the
luminosity and chromaticity a*. The wheat flour showed
lower brightness possibly due to its higher ash content,
impacting directly on the low brightness of biscuits produced
with its addition. Besides making it difficult to grow the
dough, the bagasse flour from starch extraction also made the
cookies harder. The addition of the three flours, in equal
proportion, showed interesting results for application in
biscuits.

Conclusions. Both pinh&o flour and bagasse obtained
after starch extraction are potential sources of replacement
for wheat flour, allowing adding value to this raw material
considered endangered, as well as to the elaborated product.
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Introduction

The trees of the so-called "Parana pine" (Araucaria angustifolia or Araucaria
brasiliensis, Araucariaceae family, order Coniferales) grow in mixed forests of southern
Latin America: mainly in Brazil (south), Paraguay, Chile and Argentina. These trees can
reach up to 35-60 m in height and up to 2 m in diameter and their wood has great value [1,
2]. The seeds of these trees are called pinh&o. They have a high caloric value and can be
consumed cooked or roasted by humans and domestic animals. Naturally they are eaten by
birds and rodents [3].

In addition to proteins, lipids, fibres, complex carbohydrates, minerals and phenolic
compounds, pinhdo seeds contain about 68—72% starch [2, 4], which can be used in its native
form or after modifications for industries such as pharmaceutical, food, cosmetic and textile
[5,6,7,9]

During the extraction of the amylaceous fraction, a fibrous by-product called bagasse is
generated, which can still have a high content of starch and proteins [7]. This residue could
be used in the formulation of some foods such as flour, in order to enrich the nutrition or
replace wheat flour.

Thus, the objective of this study was to evaluate the effect of the addition of pinh&o
flour and bagasse generated after starch extraction on the formulation of cookies using the
centroid-simplex design for experiments. Proximal analysis, colorimetry (L, a* and b*),
analysis of physical properties and hardness were performed to characterise the biscuits.

Obijectives of research:

— Produce a pinhao seed flour;

— Extract the starch and recover the bagasse;

— Formulate biscuits with whole wheat, pinhao flour and starch extraction bagasse;
— Analyse the proximal composition of biscuits;

— Determine the physical properties, colour and hardness of raw and baked cookie.

Materials and methods

Raw materials

Parana pine seeds, whole wheat flour (F. Venturelli, F18), salt (L 317826), refined sugar,
hydrogenated vegetable fat (Delicia Supreme, with salt, L 317826) and yeast (Royal, L.CC
32717 35 3) were acquired in the local commerce of Ponta Grossa (Parand, Brazil).

Pinh&o seeds were acquired in June (2018), and the skin and embryo were removed.
The almonds were then kept at -18 °C in plastic bags for four months. After this period, the
seeds were thawed (22 °C).

Production of pinh&o flour and aqueous starch extraction

For the production of pinhdo flour, the seeds were initially submitted to aqueous
grinding (1:1. m / v) in a mixer (Siemsen, model SL-08) and the product obtained was dried
at 40 °C for 18 h.

Starch extraction was performed by the aqueous method, starting with the aqueous
grinding of the pinh&o seeds as previously described, and passing the ground material through
a sieve (150 mesh). The material retained in the mesh (bagasse) was resuspended in water
and homogenized again with a blender to improve the extraction yield. After the second
washing, the bagasse was recovered and dried in an oven at 40 °C for 24 h, and the permeate
was centrifuged to separate the starch.
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After drying, the pinh&o flour and the starch extraction bagasse were ground in a knife
mill (Ika Werke M20 - 620 W) for 5 minutes and sieved (42 mesh) to homogenise the size of
the particles.

Cookie formulation
The basic formulation of cookies is presented in Table 1.

Table 1

Basic formulation for standard integral cookies

Ingredients Standard | % (m/m)!
Refined salt (g) 0.9 0.5
Yeast (g) 2.2 1.2
Refined sugar (g) 44.0 24.8
Hydrogenated vegetable fat (g) 30.0 16.9
Flour (9) 100.0 56.5
Distilled water (ml) gsp? -
Imass %;

2disregarding the volume of water;
Zamount sufficient to reach the mass point

Centroide-simplex design for experiments was used to define the formulations, using 3
main components: (a) wheat flour, (b) pinh&o nut flour, and (c) bagasse flour obtained after
starch extraction (Figure 1).

F1=100% A |+

F7=33.3%A+33.3%B +33.3% C

F5=50% A +50% C

F4 =50% A + 50% B

F2=100%B |(+— Y —*|F3=100% C

F6 =50% B + 50% C

Fig. 1. Preview formulation after experimental planning:
F1 — wheat flour (A); F2 — pinhao flour (B); F3 — bagasse flour (C)
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Thus, 7 assays were tested with different proportions of ingredients as shown in Table

Table 2
Experimental planning for three compounds recipe

Ratio of flour in ternary mixture
Formulation

Pseudo-compounds Real concentration (g)
A (X1) | B (X2)|C (X3)|A(C1) |B(C2)|C(C3)

1 1.00 | 0.00 0.0 100 0 0
2 0.00 | 1.00 | 0.00 0 100 0
3 0.00 0.00 1.00 0 0 100
4 050 | 0.50 | 0.00 50 50 0
5 050 | 0.00 | 0.50 50 0 50
6 0.00 0.50 0.50 0 50 50
7 033 | 033 | 033 | 333 | 333 | 333

(A) wheat flour, (B) pinh&o flour and (C) bagasse flour obtained after starch extraction

All the ingredients were weighed, and the dough was mixed by hand. Water was added
to obtain a uniform mixture. Then, the dough with a height of approximately 0.7 cm was cut
with an aluminium baking sheet (4 x 4 cm) and kept in an industrial oven for 20 min at 180
°C.

Centesimal composition

A centesimal composition of 3 flours and 7 formulations was performed. The protein
content was performed by Kjeldahl and Soxlet [8].

The crude fibre content was performed by the sachet method (AOAC BA 6A-05). All
determinations were performed in triplicate. The moisture and ash content were determined
by thermogravimetry (TG) using the TGA-50 equipment (Shimadzu) under the following
conditions: sample mass of approximately 7.0 mg; air atmosphere at a flow rate of 150 mL
mint; heating ratio of 10 °C.min, from 30 °C to 650 °C [3, 19]. The mass losses were
calculated using the TA-60 software.

Physical properties

The length, width, thickness of the cookies were measured with a pachymeter. This
analysis was performed on six randomly chosen biscuits before and after roasting. The ratio
between the length and thickness of the biscuits after roasting results in the expansion factor.
The mass of the raw and baked biscuits was determined with the aid of an analytical balance.
The apparent volume (cm3) of the baked biscuit was obtained by means of the method of
displacement of birdseeds and the specific volume was calculated, dividing the apparent
volume by the mass of the baked biscuit (cm3 g1).
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Colorimetric analysis

The MiniScan (Hunter) reflectance spectrophotometer was used to determine the colour
parameters of the flours and raw and baked biscuits of the formulations. The equipment used
was the portable colorimeter (Miniscan XE Plus, model 45/0-L, Hunter Associates
Laboratory Inc., Reston, VA, USA) with CIE L*a*b* system [18]. Calibration was
performed in accordance with the colour standards provided by the manufacturer. The biscuit
was placed inside an opaque support in order to exclude the interference of external light in
the sample. Colour measurements were initiated in six positions, totalling six colour readings
of each biscuit.

Cookie hardness

The texturometer (TA.XT Plus Texture Analyser) and Texture Exponent Lite software
was used to evaluate the hardness of the samples.

Seven days after baking, six biscuits were randomly selected and the experiment was
performed in the 'Measure force in compression' mode (Ref BIS2/KB), under the following
conditions: probe Knife Edge (HDP/BS) in base (HDP/90), velocities: pre-test of 1.5 mm s
L test of 2.0 mm s and post-test of 10.0 mm s, trigger force of 25g, distance of 5 mm,
restarting in original position.

Statistical analysis

The results of the analyses were expressed as mean followed by standard deviation.
Analysis of variance (ANOVA) and Tukey's test were used to compare the means between
the samples with 95% confidence (p < 0.05).

Results and discussion

Centesimal composition

Flour is the product obtained from edible parts of one or more species of cereals, pulses,
fruits, seeds, tubers and rhizomes by grinding and/or other technological processes
considered safe for food production. The product is called "flour" followed by the name of
the plant [10].

Pinh&o flour can be produced from its edible parts, aiming at better utilization of its
nutrients, adding value and as an alternative to the replacement of wheat flour, since it does
not present gluten [11].

In the literature it is possible to find the production of pinh&o flour from drying the
endosperm at a temperature of 70 °C for 4 h, in order to apply it to bread and biscuits [11,
12].

The centesimal composition of the wheat flour, pinhdo and bagasse are presented in
Table 3.

Pinh&o flour (B) and flour obtained from starch extraction bagasse (C) can be classified
as "rich" or with high fibre content in accordance with current national legislation [13],
because they have a content greater than 6 g of fibre per 100 g of product. From the increase
in fibre concentration, the flour (C) retained a greater amount of water, consequently,
presenting higher moisture content.

Pinh&o flour has higher carbohydrate content than wheat flour, while the amount of
lipids, proteins and ashes is lower. The lipid content of flour (B) was similar to the values
found in the literature [4, 14].
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Table 3
Centesimal composition of (A) wheat flour, (B) pinhao flour and (C) bagasse flour obtained
after starch extraction (% m/m)

Sample | Moisture | Carbohydrate! | Protein Lipid Total fibre Ash
A 8.00£0.11° | 67.71+0.33° | 13.59+0.38% | 2.00+0.02% | 4.74+0.01° | 8.70+0.11°
B 6.32+0.12° | 82.05+0.16° | 6.04+0.27° | 1.33+0.09" | 6.35+0.54% | 4.27+0.16°
C 8.64+0.03* | 79.87+0.03° | 4.53+0.03° | 1.47+0.04° | 8.49+0.06% | 5.50+0.02"
p-value | <0.001 <0.001 <0.001 0.002747 | 0.029319 <0.001

aeDifferent letters in the same column represent signific ant differences according to Tukey's Test
(p<0.05).

The extraction of pinh&o starch confers a reduction in the protein content and higher
concentration of lipids, ashes and fibres in the bagasse.

These differences between the flours influenced the centesimal composition of the
elaborated cookies, as shown in Table 4.

Table 4
Centesimal biscuit composition (% m/m)

Sample | Moisture | Carbohydrate!| Protein Lipid Total fibre Ash
1 8.00+0.11% | 59.70+0.38° | 8.38+0.30% | 15.23+0.00 | 5.95+0.86% | 8.70+0.11°
2 5.74+0.05° | 68.58+0.69° | 3.65+0.13° | 14.88+0.77° | 7.26+1.78% | 7.15+0.12°
3 6,39+0.06° | 72.25+0.27% | 3.05+0.24° | 14.95+0.04° | 8.04+0.61% | 3.36+0.03"
4 6.33+0,06° | 67.99+0.25" | 5.77+0.15° | 15.36+0.21% | 5.36+0.36% | 4.55+0.05°
5 4.33x0.23¢| 63.08+0.14¢ 5.67+0.11° | 18.44+0.322 | 7.52+1.87% | 8.49+0.24°
6 8.05+0.05% | 60.00+0.16° | 3.32+0.04% | 18.82+0.09% | 4.48+0.31° | 9.81+0.14°
7 5.50+0.04° | 66.64+0.25° | 4.93+0.13° | 16.40+0.18° | 5.79+0.65%| 6.53+0.05¢

p-value | <0.001 <0.001 <0.001 <0.001 0.01 <0.001

ICalculated by difference
acDjfferent letters in the same column represent significant differences according to Tukey's Test
(p<0.05).

According to the Brazilian legislation, biscuits are the products obtained by the mixture
of flour(s) and/or starch(es) with other ingredients, submitted to kneading and cooking
processes, fermented or not. They may have different coverage, filling, shape and texture
[13]. The biscuits made with bagasse had a higher content of carbohydrates, differing
significantly from the other formulations. The protein content was higher in the formulation
made only with wheat flour. The combination of wheat flour and bagasse flour, as well as
bagasse flour and pinh&o flour provided the highest lipid content in the cookies.
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Higher ash content was obtained with the combination of pinhdo flour and bagasse. The

lowest content was found for the formulation with bagasse only.

The assay with the use of the three flours in equal proportion gave an interesting result
for proximal composition, with a good content of fibres, proteins and lipids.

Physical properties

Regarding the evaluation of physical properties of the samples before and after cooking,
the results are presented in Table 5.

Table 5
Evaluation of the physical properties of cookies before and after cooking
Raw cookie 1 2 3 4 5 6 7 p-
value
Length (cm) 3.8 3.8 3.9 4.0 3.9 4.0 4.0 | <0.001
#0.1° | £0.1°¢ | £0.1a" | +0.1* | £0.1%° | +0.0% | +0.1%
Width (cm) 3.8 3.9 4.1 3.9 3.9 3.8 3.9 | <0.001
+0.1° | £0.1% | +0.1* | #0.2% | +0.1® | +0.1° | +0.1°
Thickness (cm) | 0.7 0.6 0.8 0.8 0.8 0.8 0.8 | <0.001
+0.0° | +0.1¢ | #0.0° | #0.1%® | +0.0® | +0.1®® | +0.0?
Mass (g) 115 10.7 13.7 14.0 141 14.7 13.6 | <0.001
+0.4° | +0.8° | +1.0® | +0.4* | #0.5% | +0.5% | +0.92
Baked cookie 1 2 3 4 5 6 7 p-
value
Length (cm) 3.9 4.5 4.0 4.4 4.0 4.2 4.1 | <0.001
+0.1° | #0.28 | +0.1%° | +0.22 | +0.1° | +0.1° | +0.1%°
Width (cm) 4.0 4.4 4.0 4.5 4.1 4.1 4.1 | <0.001
+0.1° | +0.1* | #0.1° | +0.12 | #0.1° | +0.2° | +0.1°
Thickness (cm) 1.0 11 0.9 1.2 1.2 11 1.2 | <0.001
+0.1° | +0.1%° | +0.1¢ | +0.0* | +0.0® | +£0.1% | +0.1%
Expansion 4.0 4.3 4.3 3.6 3.3 4.0 3.6 | <0.001
factor +0.4% | £05% | +0.2% | £0.1%¢ | +0.1° | +0.4% | +0.4%°
Mass (g) 9.2 8.7 11.2 12.0 11.6 124 | 12.4 | <0.001
+0.2° | #0.6° | #0.7° | +0.5% | +0.3% | +0.4% | +0.92
Apparent 15.0 | 15.0 10.2 20.0 15.0 21.3 | 16.0 | <0.001
volume (cmd) +0.0° | +0.0° | +0.1° | #0.0* | +0.0° | +1.0% | +0.0°
Specific 1.6 1.7 0.9 1.7 1.3 1.7 1.3 0.44
volume(cm®g?) | #0.0° | +0.1* | #0.1° | +0.1* | #0.0° | #0.0* | #0.1°

aeDjfferent letters in the same line represent significant differences according to Tukey's Test (p<0.05).

The raw biscuits showed slight differences in their measurements during their
modelling. Bagasse flour seems to interfere with the weighing of biscuits when compared to
wheat and pinhdo flours.

After baking the biscuits, a more significant increase was observed in the length, width
and thickness of the biscuits for the formulation with pinhdo flour. The balanced mixture
between wheat and pinh&o was influenced by the characteristics of pinh&o flour, leaving it
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lighter, and with width, length and thickness similar to formulation 2. So, pinh&o flour made
the dough lighter than wheat flour. Perez and Germani [15] also found lower weight for
biscuits formulated with eggplant flour before and after roasting. Bagasse flour, which
already had a higher dough in the raw cookie, seems to have resulted in a denser dough,
hindering the growth of the dough, since its parameters were practically maintained after
baking the biscuits.

The expansion factor is related to the quality of dough, evaluating the ability of the
ingredients to absorb water, especially flour. Thus, biscuits formulated with higher fibre
content are associated with higher water retention. With this, the expansion factor generally
decreases. This was not observed in this study, as reported by other authors [16] with
elaboration of cookies using pumpkin seed flour. These authors suggested that due to the
high amount of insoluble fibres in pumpkin seeds this may not interfere with water
absorption. Thus, the presence of fibres may favour a greater availability of water in the mass,
allowing the gelatinisation of starch, and consequently, cause an increase in the expansion of
the elaborate biscuits.

A reduction in apparent and specific volume was observed after the addition of bagasse.
On the other hand, the mixture between wheat and pinh&o, as well as pinhdo and bagasse
showed higher apparent volume.

As the biscuits with added bagasse flour showed higher mass after roasting, this affected
their specific volume, being the lowest value found.

Colorimetric analysis
The results for the flours' colour parameters are presented in Table 6.
Table 6

Colour parameters of (A) wheat flour, (B) pinhao flour and (C) bagasse flour obtained
after starch extraction

Flours L ax b*

A 77.88+0.74° | 2.85+0.26% | 11.08+0.40%

B 83.38+0.06° | 2.30+0.01" | 10.70+0.04

C 85.95+0.067 | 0.79+0.02¢ | 10.21+0.06°

p-value | <0.001 <0.001 <0.001

abeDjfferent letters in the same column represent significant
differences according to Tukey's Test (p<0.05).

Wheat flour showed higher ash content in the proximal analysis, and this reflected in
lower luminosity. The chromaticity a* that evaluates the trend from green (-) to red (+) was
lower for bagasse flour, thus a lower trend to red, unlike wheat flour. This may be related to
the leaching of pigments during starch extraction. And for the chromaticity b* that evaluates
the trend from green (-) to yellow (+), there was no significant difference between wheat
flour and pinh&o flour, with a greater tendency to yellow.

Tables 7 and 8 present the colour parameters for the raw and baked cookies,
respectively.
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Colour parameters of raw cookies

Formulation L a* b*
1 47.94+0.559 | 9.46+0.35% | 22.49+0.542
2 67.61+0.07 | 4.68+0.03° | 17.24+0.12¢
3 64.9+0.56° | 6.34+0.19¢ | 17.69+0.46%
4 57.28+0.85% | 7.00+0.30° | 19.2+0.57¢
5 55.12+0.59" | 7.68+0.16° | 20.24+0.51°
6 61.8+0.13° | 6.83+0.04° | 20.25+0.12°
7 60.58+0.07¢ | 6.37+0.09¢ | 18.39+0.89¢
p-value <0.001 <0.001 <0.001

aeDifferent letters in the same column represent significant
differences according to Tukey's Test (p<0.05).

The colour of the cookies before being submitted to the oven, reflected the colour of the
flours, with a higher luminosity, or tendency to white for pinhdo flour and bagasse, and a
higher tendency to red and yellow for wheat flour. Thus, the presence of wheat in the
formulations decreased the luminosity of the samples and the chromaticity a* and b*.

Table 8
Colour parameters of baked cookies
Formulation L a* b*
1 59.16+0,177 | 8.56+0.10% | 23.26+0.18¢
2 68.17+0,16° | 8.31+0.08" | 26.16+0.26°
3 71.93+0,09? | 6.23+0.06" | 20.48+0.08°
4 64.96+0,41° | 8.24+0.04" | 24.79+0.11°
5 66.40+0,13¢ | 7.02+0.07¢ | 22.79+0.07¢
6 69.97+0,56° | 6.77+0.119 | 23.20+0.35¢
7 69.03+0,34° | 6.51+0.13¢ | 21.98+0.15¢
p-value <0.001 <0.001 <0.001

abepifferent letters in the same column represent significant
differences according to Tukey's Test (p<0.05).
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Corroborating with the colorimetric analysis of the flours, after baking, the biscuits
formulated with wheat presented darker and with greater tendency to red, approaching these
results the biscuit with pinion flour, which presented greater tendency to yellow. This may
be related to the occurrence of non-enzymatic reactions such as the caramelization reaction
of sugar present in the mixture and also to the Maillard reaction, since the mixture presents a
high amount of carbohydrates and a significant amount of proteins [17].

Cookie hardness

The hardness corresponds to the force over a maximum distance of a compression cycle
and is plotted as the maximum peak height of this cycle during the test. The hardness values
varied from 6.68 to 25.68 kg as shown in Table 9.

Table 9
Cookie hardness

Formulation | Hardness (kg)
1 18.80+1.29°
2 8.30+0.97¢
3 25.68+3.142
4 6.72+1.15¢
5 7.03+0.49¢
6 11.41+1.39°¢
7 6.68+0.80¢
p-value <0.001

acDifferent letters in the same column represent significant
differences according to Tukey's Test (p<0.05).

The greatest hardness was found for the formulation of biscuit produced only with the
bagasse flour obtained after the starch extraction from pinhao seeds (3) possibly due to lower
starch content, followed by the sample with whole wheat flour (1). The lowest values were
observed for formulations with added pinh&o flour.

The gluten protein network, present in wheat flour, is one of the factors responsible for
the hardness of the biscuits. Pinh@o does not present gluten in its composition, and the starch
present in the flours, as well as its higher fibre content, collaborates in the absorption of water
and consequent reduction of the hardness values.

Thus, the pinhao flour gave less hardness to the biscuits, bringing an interesting sensory
characteristic to the formulation defined as the central point of the experimental design. This
allows adding value to the by-product of starch extraction and taking advantage of the
nutritional value of both wheat flour and pinh&o flour.

Conclusions
Bagasse flour from the extraction of pinh&o starch is a good alternative as a substitute
for wheat flour, presenting a rich nutritional value, especially as a source of fibre. The

production of flour allows extending the useful life of the pinh&o, expanding its industrial
applications and breaking the barrier of its seasonality.
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In addition, the biscuit made with the mixture of the three flours stands out, with a good
nutritional balance, colour and less hardness.

The bagasse flour together with the wheat flour also presented interesting values except
for the higher lipid content of the biscuit.

Thus, the effect of replacing whole wheat flour by pinhdo flour and by-product of starch
extraction in the preparation of biscuits proved promising and other applications can be
explored in future work.
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