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The brewing industry annually produces nearly 200 billion litres, generating more than 15 million tons of malt
residue. Most of this residue is used to generate energy for the industries' operation. However, a still significant
part, estimated at more than 1.5 million tons, coming mainly from small and medium breweries, does not have
a good destination. Given this context, this research aimed to develop a bio compound to replace conventional
wood agglomerates made from brewing malt residue with pre-gelatinised corn and PVA glue. Bio compound
with brewer's residue was made by following steps: pre-gelatinised corn was initially driven by extrusion in an
IMBRA RX50, single screw extruder (INBRAMAQ, Ribeirdo Preto, SP). Soon after extrusion, extruded was
ground in a hammer mill with a smaller than 0.7 mm particle size. The pre-gelatinised was mixed with the
brewer's residue, PVA glue, and water in proportions established in the experimental design and pressed in a
hydraulic press at 40 kg/cm?. Each sample was dried in an oven with air circulation at 70 °C for 24 hours. After
the oven, the material was placed in a desiccator until the analysis. All treatments established in the
experimental design were subjected to characterisation analyses: Mechanical resistance by Texture Analyzer
TAXT2 Plus (Stable Micro Systems, England), density, moisture by AOAC methods, and Colour by Minolta
Chroma Meter CR-400 colourimeter. With the analysis of the results, it was possible to identify that the material
formed with the proportion 65:35 (residue / pre-gelatinised corn) plus 10 % of PVA presented better results in
terms of mechanical resistance. The analysis of Colour and appearance of the material does not show significant
variation in the results, and it was impossible to establish a better treatment for these characteristics. The data
presented could conclude that the bio compound developed could be a good destination for this waste since it
showed physical characteristics like conventional agglomerates, with the additional advantages of low cost and
lower environmental impact due to no use of chemical components in its composition.

1. Introduction

Most particle boards are composed of recycled wood and urea-formaldehyde. It is currently used on a large
scale for different applications in the market, such as furniture, construction materials and others. However, the
emission of formaldehyde presents itself as a health risk and can lead to respiratory infections, irritation in the
eyes and even cancer (Mirindi et al., 2021).

From problems such as these, there was a growing need to study new methods of material developments that
would maintain the quality of what is commonly used, in an economically beneficial way, linked to the constant
concern to reduce impacts on nature and society.

A new possibility that has been highlighted today is agro-industrial residues, mainly cereals. In addition to
meeting different demands, this process was seen as valuing that by-product (Donner et al., 2020) that would
be dropped.

Beer is popularly known and consumed in large quantities in the most diverse countries, presenting itself as the
fifth most consumed beverage globally (Rachwal et al., 2020). In 2020, its world production reached
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approximately 1.82 hillion hectoliters, where China, the United States, and Brazil stood out among the leading
brewing countries (STATISTA, 2021). However, this high demand increased the generation of industrial waste.
The brewing process goes through malting, grinding, mashing, boiling, cooling, and fermentation (Kao, 2018).
For every 100 litres of beer, about 20 kg of by-products are produced, in which malt bagasse stands out,
equivalent to 85 % (Rachwal et al., 2020) of all solid waste generated during production, thus the primary residue
of the brewing industry.

Most of this waste is currently used to generate energy for the industries' operation or animal feed (Amoriello
and Ciccoritti, 2021). However, a significant part of by-products such as draff, yeast sediment, pot ale, and spent
hops (NetRegs UK, 2019), coming mainly from small and medium-sized breweries, does not have a good
destination, resulting in a tremendous environmental impact.

A small brewery can generate up to 453.5 kg of grain spent in its production process; this amount is enough to
fill up to 20 barrels. In this context, according to Rachwal et al., 2020, the brewery industry generates enormous
amounts of waste, the management of which is economically troublesome. However, their accumulation in the
environment is an ecological issue as well. The increasing public concerns about environmental pollution have
prompted the search for ways to reduce the production of industrial waste.

This problem instigated the development of reasonable solutions such as replacing conventional materials with
bio compounds to collaborate with the environment through the reuse and recovery of industrial waste. The bio
compound developed in its composition, binding agents that considered the environmental appeal through the
pressing process. This method is recurrently used by industries and consists of filing the mass/powder
homogeneously in a given mould, which then undergoes compaction through pressure, resulting in a part ready
for extraction (Amords, 2000).

Many studies on materials use binding agents that are harmful to nature or, when beneficial, at a high price. For
example, polyvinyl acetate (PVA), with the formula C4H60z, is used in various fields, whether for artisanal or
industrial purposes. Its versatility, resistance quality, odourless ness and low environmental or health impact are
factors that contribute to its high applicability. This binder provides high performance with an excellent cost-
benefit and improves the material's properties, either in terms of aesthetics or increased water resistance
(Kaboorani et al., 2015).

Another binding agent that also stands out for sustainable materials is pre-gelatinised corn. Starch has received
significant attention due to its environmental benignity, easy fabrication, relative abundance, non-toxicity, and
biodegradability. It is also used in various applications, including food, polymer, paper, textile, and biofuel
productions (Amaraweera et al., 2021). Its primary raw material is corn, and this tends to grow significantly over
time due to the diversity of benefits it provides to society.

According to Monteiro et al. (2021), to obtain a material using starch, it is necessary to use techniques to destroy
the original semicrystalline structure of its granules, which can be done by a combination of mechanical energy
and thermal energy. The resulting material is biodegradable and fully decomposes into non-toxic waste
(Schlemmer et al., 2014). Thus, maise must undergo an extrusion process for its pre-gelatinisation and therefore
act as a binding agent in the material. Pregelatinized corn starch has properties that favour homogenisation and
thus its application.

From the analysis of the properties of the agglomerates, it is expected that the material developed present
similar results. According to ANSI A208.1 (2009), Moisture content reaches a maximum of 10 %, Density range
between 620-670 kg/m3, modulus of rupture (MOR) of 13.0 N/mm?, modulus of elasticity (MOE) of 2,000 N /mm?,
Internal bond of 0.40 N/mm?2, Screw holding in the face with 900 N and 800 N in core and length-width + 2.0
mm. Thickness swelling proves to be decisive for the dimensional stability of the material, in which the more
significant the application of adhesive (resin), the greater the values of the modulus of rupture (MOR) (Astari et
al., 2018).

In the studies by Monteiro et al. (2021), biomaterials were developed with brewer's residue; however, the main
limitation of the material was the mechanical resistance. In this context, this research aimed to create a
biocomposite to replace conventional wood agglomerates made from wood residues. Brewing malt, PVA glue,
and pre-gelatinised corn seek to obtain a material with good mechanical resistance while contributing to
sustainable development applied to the most varied fields of industry.

2. Material and methods
This chapter present the methodologies used for material development and physical characterisation.
2.1 Materials

For obtaining ground and standardised beer residue, the used malt residue was supplied by a small local
brewery (Maringa, PR, Brazil). After the mashing process of a pure malt lager, the resulting residue was dried
in an oven with air circulation at 70 °C with air circulation for 48 hours. The grinding was done in a mill and
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separated into three different granulometry (3.5-6, 6-14, 14-28) and later stored in polypropylene bags until the
moment of use.

To obtain the milled corn extrudate, corn grits provided by Nutrimilho (Maringa, PR, Brazil) was extruded
according to Nakagawa et al. (2021) using IMBRA RX50 single screw equipment (INBRAMAQ, Ribeirdo Preto,
SP, Brazil) - 50 mm diameter and 200 mm length. The die plate had two holes of 3 mm diameter, and extrusion
parameters were 20 A of motor amperage, the feed rate of 12 g/s and a screw speed of 90 rpm. Afterwards, the
extrudates were ground, and the 60-80 mesh fraction was separated and later stored in polypropylene bags
until use.

2.2 Bio compound production

The bio compound was made according to Monteiro et al. (2021), where beer residues, extruded ground corn,
PVA glue, water in the proportions and granulometric shown in 23 experimental design with three repetitions in
central point. Extruded corn, beer residues, water and PVA glue, were manually stirred until a homogeneous
mixture was obtained.

Subsequently, the mixed material added in a metallic cylinder with 15 cm in diameter and pressed by a hydraulic
press at 7 tons for 300 seconds results in a 40 kg/cm? pressure. The materials were then transferred to an oven
with air circulation at 70 °C for 24 hours. In the end, the samples were conditioned in a desiccator for 48 hours
before analysis.

2.2.1 Experimental Design

The proportions of components (extruded corn, beer residue, water, and PVA glue) and Particle size of residue
malt grounded were variated in eight treatments and a central point in triplicate. Table 1 shows the experimental
design of bio compound production.

Table 1. Experimental design of the bio compound production

Treatment  Maltwaste  Extruded PVA glue Water The particle size of
(9) maise (g) (9) (9) malt waste (mash)

T1 85 15 0 30 14-28

T2 85 15 0 30 35-6

T3 85 15 10 20 14-28

T4 85 15 10 20 35-6

T5 65 35 0 30 14-28

T6 65 35 0 30 35-6

T7 65 35 10 20 14-28

T8 65 35 10 20 35-6

CP 75 25 5 25 Mixed 14-28 /3.5 -6

2.3 Material characterisation
The sample was cut in specimens with 30 x 80 mm to material characterisation.
2.3.1 Density

Samples thickness was determined using a digital micrometre (0.001 mm resolution, Mitutoyo, Japan). Five
points of each sample area were evaluated, and the volume was calculated with the average thickness with
sample dimension. The mass of the sample was evaluated in an analytical balance.

2.3.2 Moisture content

Moisture content determination of the samples was carried out by AOAC (2005) methodology, in triplicate, using
oven-dry at 105 °C.

2.3.3 Mechanical resistance

Tensile strength analysis was performed on Texture Analyzer TAXT2 Plus (Stable Micro Systems, England),
according to Covino et al. (2015), where the samples were arranged horizontally on the platform using the 12 x
7 cm Probe Warner Bratzler (HDP / BS), at 50 kg maximum load, which breaks the sample like a guillotine. Ten
repetitions were used with a pre-test and a test speed of 2.0 mm.s™ and a test speed of 1.0 mm.s™.
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2.3.4 Colour

The Colour was evaluated using a Minolta Chroma Meter CR-400 colourimeter with D65 illuminate as the
reference, with readings in three-point each sample for each treatment. The CIELAB system expressed results
with values of L *, a * and b * whose L * values. Values of L* vary from black (0) to white (100), values of a*
range from green (-60) to red (+60) and b* values, from blue (-60) to yellow (+60).

2.3.5. Statistical Analysis

All data were treated statistically from the analysis of variance (ANOVA) with subsequent analysis of the Tukey
tests' means at 5 % probability and correlation test. The statistical tests were made by software Sisvar 5.6
(Monteiro, 2021).

3. Results and discussion

The results obtained from the physical characteristics of the bio compounds developed are shown in Table 2.
There was no significant difference between all treatments in the moisture analysis, which was expected since
all were dried to constant weight in the process and later stored in the same conditions in a desiccator.

It was possible to observe that treatments with larger granulometry (T2, T4, T6, and T8) had a significantly
higher performance than samples with finer granulometry (T1, T3, T5, and T7) concerning mechanical strength.
Moreover, the central point treatment (CP) was in the middle. This behaviour was also observed concerning the
density of these samples. These results are in line with the results found by Monteiro et al. (2021), highlighting
that the resistance values in the PVA glue treatments were significantly higher. This is since larger fibres form
a more intertwined network, providing more excellent compaction and greater resistance to the set. Furthermore,
the PVA glue could increase the resistance of this net. The values found are compatible with Astari et al. (2018)
for clusters.

The use of PVA glue increased mechanical strength in samples with larger granulometry, not being identified
the same impact in samples with finer granulometry. This is mainly because the PVA glue helps join the long
fibres of the high-grained material.

Table 2. Physical properties of the bio compound

Treatment  Density Moisture Mechanical resistance
(kg/m3) * 106 (%) (N)
T1 0.85c 2.66a 57.31d
T2 0.93a 2.45a 204.76¢
T3 0.85c 2.51a 57.31d
T4 0.92a 3.14a 313.71bc
T5 0.86bc 2.51a 83.88d
T6 0.94a 2.8a 429.48ab
T7 0.79d 2.77a 56.31d
T8 0.93a 3.10a 549.69a
CP 0.91ab 2.62a 324.06b

Means with different letters in the same column are significantly different (P < 0.05).

Table 3 presents the results of the colour analysis of the biomaterials developed. It was possible to observe that
both the composition and granulometry difference did not significantly change the colour parameters of the
developed material.

Figure 1 shows photos of materials T1, T8, and CP made with fine, coarse and mixed granulometry, respectively.
No pictures of the other materials were presented since only the granulometry affected the visual aspect of the
samples.
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Table 3. Colour of bio compound

Treatment Heading 3
L a b

T1 47.58 (0.12) -0.82(0.03) 27.31 (0.56)
T2 48.01 (0.35) 0.04 (0.03) 26.73(0.47)
T3 48.35 (0.32) -0.72(0.12) 27.09 (0.57)
T4 49.25(0.16) 1.3(0.08)  26.89 (0.54)
T5 47.92 (0.43) 1.79(0.11) 26.9(0.87)
T6 50.67 (1.03) 0.9 (0.20)  27.16 (0.34)
T7 49.29 (0.27) -0.44 (0.06) 27.15 (0.09)
cP 49.01 (0.18) -0.51(0.02) 26.8(0.37)

Mean (standard deviation)

Given the colour results and the images of the materials obtained, as in Monteiro et al. (2019), it was impossible
to establish materials with a better appearance, so the mechanical strength factor can effectively be the
differential between them the treatments.

T1

Figure 1: Photos of the bio compounds

4. Conclusions

Given the results found, it was possible to conclude that the sample with the highest proportion of corn extrudate
and PVA glue showed better resistance. However, when comparing the treatment with the highest ratio of the
extrudate and without PVA glue, the one with the lowest proportion and with PVA glue achieved similar
performance.

In this context, it was possible to affirm that the treatment with 35 g of corn extrudate, 65 g of malt residue, and
10 g of PVA glue had the best performance. Still, future research should optimise these two factors that
presented a synergistic effect, aiming to obtain results even more expressive with the least amount of resources
possible.
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