Pre prints.org

Article Not peer-reviewed version

Effect of Physical Separation with or
without Ultrasound Application on
Brewers’ Spent Grain to Obtain Powders
for Potential Application in Foodstuffs

Camila Ruiz , Heidi Schalchli, Priscilla Siqueira Melo , Carolina de Souza Moreira ,

Alan Giovanini de Oliveira Sartori, Severino Matias de Alencar i , Erick Scheuermann i

Posted Date: 24 July 2024
doi: 10.20944/preprints202407.1932.v1

Keywords: Brewers' spent grain; sonication; convective air-drying; sieving; flour

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3711531
https://sciprofiles.com/profile/1508330
https://sciprofiles.com/profile/667431
https://sciprofiles.com/profile/3711694
https://sciprofiles.com/profile/1982352
https://sciprofiles.com/profile/901007
https://sciprofiles.com/profile/3705544

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2024 d0i:10.20944/preprints202407.1932.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Effect of Physical Separation with or without
Ultrasound Application on Brewers’ Spent Grain to
Obtain Powders for Potential Application

in Foodstuffs

Camila Belén Ruiz Suarez ', Heidi Laura Schalchli Saez ?, Priscilla Siqueira Melo 3,
Carolina de Souza Moreira 3, Alan Giovanini de Oliveira Sartori ¢, Severino Matias de Alencar 3*
and Erick Sigisfredo Scheuermann Salinas 5*

1 Universidad de La Frontera, Undergraduate Program Chemical Civil Engineering, Faculty of Engineering
and Sciences, Temuco CP 4780000, Chile; c.ruizO6@ufromail.cl (C.R.)

2 Universidad de La Frontera, Biotechnological Research Center Applied to the Environment (CIBAMA-
BIOREN), Temuco CP 4780000, Chile; heidi.schalchli@ufrontera.cl (H.S.)

3 Universidade de Sao Paulo, Escola Superior de Agricultura Luiz Queiroz (ESALQ), Department of Food
Science and Technology, Piracicaba CEP 13418-900, Brazil; priscilla.esalq@gmail.com (P.S.M.);
moreirascl@usp.br (C.d.S.M.); smalencar@usp.br (S.M.d.A.)

¢ Universidade de Sao Paulo, Department of Pharmaceutical and Biochemical Technology (FBT), School of
Pharmaceutical Sciences (FCF), Sao Paulo CEP 05508-000, Brazil; alangosartori@usp.br (A.G.d.O.S.)

5 Universidad de La Frontera, Chemical Engineering Department, Center of Food Biotechnology and
Bioseparations (BIOREN) and Biotechnological Research Center Applied to the Environment (CIBAMA),
Temuco CP 4780000, Chile; ericks@ufrontera.cl (E.S.)

* Correspondence: smalencar@usp.br (5.M.d.A.); ericks@ufrontera.cl (E.S.S.S.)

Abstract: Brewers’ spent grain (BSG) is the major by-product of beer production (70-80% moisture)
and the feasibility of its application in foodstuffs depends primarily on its drying. Our objective was
to evaluate the effect of physical separation with or without ultrasound application on color, total
phenolic content (TPC), antioxidant activity, proximate composition, total dietary fibers, and
particles size distribution of BSG powders. From wet BSG (W), two processes, without (A) or with
(B) ultrasound, encompassing pressing, convective air-drying, sieving, fraction separation, and
milling were evaluated. Powders Al, A2, B1 and B2 were generated. The total color difference
compared with W increased throughout both processes, ranging from 1.1 (B1 x A1) to 5.7 (B1 x A2).
No significant difference was observed for TPC, while lower antioxidant activity (ABTS*) was
observed for process B powders, especially for B2, likely due to the release of antioxidant
compounds to the liquid during pressing after ultrasound application. Nevertheless, process B
powders showed higher content of total dietary fiber (p < 0.05). In conclusion, process B, with
ultrasound application, may be interesting for further extraction of soluble fibers. However, the
developed process A may be feasible for industrial and craft brewers, and further studies regarding
the effect of their application in foods should be encouraged.

Keywords: brewers’ spent grain; sonication; convective air-drying; sieving, flour

Introduction

Brewers’ spent grain (BSG) is an abundant by-product of beer production composed of husks of
barley malt grain. Still, its application in foods is limited due to its high susceptibility to microbial
spoilage [1]. The estimated global production of BSG is greater than 180 million tons per year,
corresponding to 85% of the breweries’ residues, and most of it is discarded or used as low-value
animal feed [2]. BSG has a high nutritional content on a dry basis, including dietary fiber (50 to 70%)
such as arabinoxylans along with cellulose, hemicellulose, and lignin, protein (15 to 25%), lipids (7 to
10%), starch (1 to 12%), vitamins and minerals [3]. BSG is also a source of phenolic compounds, such

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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as phenolic acids, flavonoids, tannins, proanthocyanidins, and aminophenolic compounds [4]. BSG
contains 70% to 80% moisture and therefore requires a considerable amount of energy for microbial
stabilization by drying to reach a moisture level of around 6% or lower [3,5,6]. However, a pre-
pressing step makes preservation by drying more efficient energetically [7].

Traditionally, the methods to separate the components of commercial interest from BSG is by
chemical methods, but the use of aggressive solvents can generate residues and contaminants, which
represents an environmental disadvantage in the valorization process [8]. In this context, a limited
number of studies have used physical methods, such as ultrasound [9], pressing [10], grinding and
centrifugation [11], and sieving [12] on BSG treatment. The application of ultrasound technology for
pretreatment of lignocellulosic biomass has some potential for large-scale processes, and high-power
ultrasound can help breaking down the cellular structures present in the BSG, facilitating the release
of compounds and nutrients contained in the grains [9].

Hassan et al. [9] evaluated ultrasound pretreatment as a technique to increase saccharification
of BSG. In the study by Tang et al. [13], ultrasound protein extraction was optimized from 1 g of BSG
sample and 100 mL of extractant. The optimal conditions included an extraction time of 82.4 min, an
ultrasonic power of 88.2 W/100 mL, and a solid-to-liquid (S/L) ratio of 2.0 g/100 mL, which resulted
in a drastic improvement in yield.

On the other hand, ultrasound has also been used in combination with convective drying to
improve moisture migration and quality of dried products. Its application is done prior to drying
[14-16].

Milling, as a relevant unit operation, contributes to improved digestibility by opening cell
structures and reducing cellulose crystallinity [17]. Ibbett et al. [11], proposed a novel process using
a hydro-mechanical method with a colloid mill, which breaks down residual aleurone and BSG
endosperm tissues, resulting in a protein-rich material with particle size of 1 to 10 um. The resulting
protein fraction is separated by centrifugation, obtaining a material with high protein content in small
particles.

Obtaining different fractions with specific sizes adjustable according to the desired purpose
makes it possible to facilitate the use of BSG in various applications. This is where sieving becomes
the key operation, as it allows obtaining different fractions with specific and homogeneous sizes. Shih
et al. [12] used sieving to obtain a homogeneous 800 um fraction of BSG flour that was incorporated
into food products, specifically muffins, seeking to improve their nutritional content without
significantly altering the muffin’s sensory appearance.

BSG can be valorized like a powder for use as food ingredient for human feeding. Therefore, it
is interesting to explore BSG based powders obtained with the application of ultrasound in the wet
by-product combined with the physical separation of the BSG stabilized by drying. Then, the
objective of this study was to evaluate the effect of physical separation with or without ultrasound
application on instrumental color, total phenolic content, antioxidant activity, proximate
composition, total dietary, soluble and insoluble fibers, and particles size distribution of powders
obtained from brewers’ spent grain (BSG) for potential application in foodstuffs.

3. Material and Methods

3.1. Raw Material

The BSG was kindly provided by a craft brewery (Birrell Ltda., Villarrica, Chile) in the Araucania
Region. It was distributed (1,010 g) in Ziploc® bags (26,8 x 27,3 cm, USA), and immediately frozen at
-18 °C. The thawing of each bag was carried out in a refrigerator for 24 h at a temperature of 4-5 °C.
Once thawed, it was subjected to the sequences of operations shown in Figure 1. This thawed BSG is
referred to as the wet original BSG.

3.2. Process on BSG Solid Fraction

Two sequences of operations (Processes A and B) were evaluated (Figure 1). Each process was
repeated six times (sextuplicate), generating powders identified as A1, A2, Bl and B2.
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During each process, moisture and color of BSG were determined by sampling in points
identified in the Figure 1 as wet original (W), pressed (P), dried (D), first ultrasound (U1), second
ultrasound (U2) and powder (Al, A2, Bl, B2). Moisture content and instrumental color were
determined following the procedure described in 3.3.1. and 3.3.2., respectively.

A Process
w P D 0 =236 mm
: o Fraction ¥ e —* Al Powder
BSG —» Pressing |[—» Drying —» Sieving ¥ . Milling
separation | —p| ——» A2 Powder
G g g @ < 236
\—b Liquid fraction e
B Process
w U1 P Uz D % =236 mm
Fraction ™| — Bl Powder
BSG —» Ultrasonmic [ Pressing [ Ultrasomic % Drying % Sieving ¥ g Milling
separation | ) ——» B Powder
L} Liquid fraction 0 < 136mm

Al and B1 (coarse): powder fractions with particles equal or larger than 2.36 mm. A2 and B2 (fine): powder
fractions with particles smaller than 2.36 mm. Letters in red represent the processes within the boxes below
them. W: wet original.

Figure 1. Sequences of operations of processes A and B to obtain food powders from BSG and
sampling points.

3.2.1. Ultrasound

For the ultrasound operation, an ultrasonic equipment (NHF-2010, HumanLab Instrument Co,
Korea) was used at its maximum frequency (40 kHz) for 60 min [9]. Each sample of 500 g of BSG
was arranged in a Ziploc® bag (26,8 x 27,3 cm, USA) and introduced into the ultrasonic equipment
in process B (Ul and U2 at Figure 1). The bags with BSG were maintained immersed into distilled
water (3 L) placed in the ultrasonic bath, avoiding flotation during the ultrasound treatment. The
water temperature monitored in the equipment screen was recorded every 5 min.

3.2.2. Pressing

Pressing was carried out using a manual press with a 2 liter-recipient of stainless steel and a
mechanical screw (equipment without manufacturer's brand). In each repetition, 1,000 g of BSG were
pressed from W (Process A) or Ul (Process B). From this operation, two fractions were obtained:
liquid and solid (Figure 1). The liquid fraction was preserved by freezing at -18 °C, while the solid
fraction was subjected to the operation sequences to obtain de powders. The yields of pressing for
obtaining the liquid fraction in processes A and B were determined.

3.2.3. Convective Air-Drying

Drying was carried out in a universal oven (UFB-500, Memmert, Germany) at 70 °C for 3.5 h.
BSG mass (500 g) was loaded and uniformly distributed in an area of 32 x 48 cm of the plastic mesh
with a 2 mm perforation, to prevent sample loss, and placed over the owner tray equipment, that has
10 mm diameter holes. A layer of approximately 1 cm of thickness was achieved with 500 g of BSG
disposed over the tray.

3.2.4. Sieving

In processes A and B, for sieving, there were used U.S.A. Standard Test Sieve N° 6, 7, 8, 10, 14
and 18 (Gilson Company Inc., USA), with specific openings of 3.35, 3, 2.36, 2, 1.41 and 1 mm,
respectively. The collection container was installed below sieve N° 18. The sieving was carried out by
shaking and vibration using the Ro-Tap equipment (RX-29, W.S. Tyler, Canada) for 15 min.
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3.2.5. Fraction Separation

Two fractions were obtained by separation of BSG mass retained in each sieve mentioned above,
as shown in Figure 1. Fractions Al and B1 (coarse) included particles with a size equal to or larger
than 2.36 mm, while fractions A2 and B2 (fine) comprised particles with sizes smaller than 2.36 mm.
The division into two fractions was made on sieve Ne 8, 2.36 mm, since above that size the brewers’
spent grain (BSG) were whole and agglomerated, while below that size these grains were split.

3.2.6. Milling

To obtain the powders from fractions 1 and 2 (Figure 1), an ultracentrifugal mill (ZM 200, Retsch,
Germany) with an 80 pm sieve was used at 12,000 rpm. The obtained powder samples (A1, A2, Bl
and B2) were packed in hermetically sealed, vapor-tight aluminum bags. They were stored at room
temperature (20-25 °C) until characterization.

3.3. Characterization of the Powders Obtained from the BSG

The characterization of the powders obtained was carried out by determining the moisture
content, instrumental color, total phenolic content, antioxidant activity of powders’ extracts against
the 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radical (ABTS*), proximate analysis, total
dietary, soluble and insoluble fibers, and particle size distribution.

3.3.1. Moisture Content

Between 4 and 5 g of BSG were used to determine the moisture content in an oven at 105 °C for
2 h, and then weighed. They were kept at 105 °C until a constant weight [18,19].

3.3.2. Instrumental Color

The instrumental color of BSG was quantified with a Minolta Chromameter CR-200b colorimeter
(Japan) with the CIE L*a*b* system as described by Ihl et al. [20]. The instrument was firstly calibrated
with a white standard tile (Y =93 1, x =0 3140, and y = 0 3212) under illuminant condition C (6774 K).
The L* variable lightness index ranges in the scale from 0 for black to 100 for white. The a* scale
measures the degree of red (+a*) or green (-a*) colors, and the b+ scale measures the degree of yellow
(+b*) or blue (-b*) colors.

For color measurement, each BSG sample was homogeneously distributed in Petri dish with a
diameter of 9 cm. Readings were taken by placing the instrument on the surface at 12 different points
of each sample.

The AE, which quantifies total color differences [21], was determined by Equation (1), following
the analytical classification of Adekunte et al. [22], where values indicate very different colors (AE >
3), different colors (1.5 < AE < 3) and small colors difference (AE < 1.5).

AE = /Aa 2+ Ab #2+ AL 2 €))

The Chroma (C*) was calculated using Equation (2). This quantitative attribute (colorfulness) is
used to determine the degree of difference of a hue in comparison to a grey color with the same

lightness, with higher values being indicative of higher perceived intensity [21].
C* =ax2+b*? 2)
Hue angle (h*) was determined by Equation (3). It is used to define the difference of a certain
color with reference to grey color with the same lightness. A higher hue angle represents a lesser
yellow character in the assays [21].

h* =tan™?! (b—*) (3)

a*

3.3.3. Hydroalcoholic Extraction
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The hydroethanolic extracts of BSG samples designated as Al, A2, B1, and B2 were prepared
according to the method reported by Meneses et al. [23], with some modifications. First, 10 mL of
ethanol-water 60:40 v/v were added to 0.5 g of dried samples. The extraction procedure took place
through ultrasound (UltraCleaner 1400A, Unique, Indaiatuba, SP, Brazil) for 15 min at 45°C;
subsequently, the samples were centrifuged (Eppendorf 5810R, Eppendorf AG, Hamburg, Germany)
at 5000 x g for 15 min, and the supernatant was collected.

3.3.4. Total Phenolic Content

Total phenolic compounds were determined using the spectrophotometric technique outlined
by Al-Duais et al. [24], with some modifications. Aliquots of 20 pL of the standard solution (gallic
acid) or the BSG extracts were combined with 100 uL of the Folin— Ciocalteau solution (10%
concentration in water) in each microplate well. Subsequently, 75 uL of a 7.5% sodium carbonate
aqueous solution was added to each well after a 5-minute incubation period. A control was prepared
by replacing the sample with distilled water. After 40 min of reaction, the absorbance was read at 740
nm using a microplate reader (Multiskan EX, Thermo Fisher Scientific, Waltham, USA). The
calibration curve was constructed with gallic acid as standard at concentrations ranging from 20 to
120 pg/mL.

3.3.5. Antioxidant Activity against ABTS Radical

The determination of antioxidant capacity was carried out using the ABTS free radical method
as described by Al-Duais et al. [24], with some modifications. To prepare the ABTS* stock solution, a
7 mM solution of ABTS* was mixed with 2.45 mM potassium persulphate, and the resulting mixture
was left to stand in darkness at room temperature for 16 h. The ABTS radical solution was prepared
by diluting it with 75 mM potassium phosphate buffer (pH 7.4) until reaching an absorbance of 0.700
+ 0.01 at 734 nm. Aliquots of 20 ul of Trolox or BSG extracts were combined with 220 uL of ABTS
radical solution into microplate wells and incubated at room temperature in the absence of light.
After 6 min, the absorbance was measured at 734 nm, with the potassium phosphate buffer serving
as a blank. Trolox was employed as a standard at concentrations ranging from 12.5 to 200 pM and
the outcomes were expressed as pmol Trolox equivalents per gram of BSG powders.

3.3.6. Proximate Composition

The proximate composition was performed according to the AOAC [25]. Total lipids (fat) was
evaluated by Soxhlet extraction followed by evaporation, protein was determined by the Kjeldahl
method, using the 5.83 as a factor to conversion the percentage of nitrogen, and ash was quantified
by gravimetry by calcination at 550 + 25 °C. Total dietary fibers were obtained by enzymatic method
according to protocol described by Asp et al. [26], with some modification. It includes both the soluble
and insoluble fractions of the fibers present in the sample. Available carbohydrate was calculated by
difference of 100% and the sum of total lipid, protein, total dietary fiber and ash. The results were
expressed in dry matter (% w/w) to adequate comparison among powders.

3.3.7. Particle Size Distribution

The particle size of powders obtaining by processes A and B were determined using U.S.A.
Standard Test Sieve Ne 40, 80, 120, 170, 200 and 325 (Gilson Company Inc., USA), with specific
openings of 425, 180, 125, 90, 75 and 45 um, respectively. The collection container was installed below
the sieve N° 325. The sieving was carried out by shaking and vibration using Ro-Tap equipment (RX-
29, W.S. Tyler, Canada) for 15 minutes.

3.4. Statistical Analysis

The data were subject to analysis of variance (ANOVA) with a significance level of p < 0.05,
using Minitab® Statistical Software 21.0.3.1.0 (Chicago, USA). For significant differences, Tukey’s
honestly and t-Student post-hoc tests were applied. Data corresponding of each two processes were
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collecting in sextuplicate. The powders color was carried out in sextuplicate. Total phenolic content,
antioxidant activity against ABTS radical, total dietary, soluble and insoluble fiber and particle size
distribution were obtained in triplicate, while proximate composition in duplicate.

4. Results and Discussion
4.1. Process Effects on BSG Solid Fraction

4.1.1. Monitoring of Moisture Content and Instrumental Color

The wet original BSG (W) used for both processes A and B show similar moisture levels, with
72.4 and 71.2%, respectively, that do not differ significantly (p > 0.05). Table 1 show the monitoring
of moisture content (% wet basis, w.b.) during processes A and B (Figure 1) at the sampling points.
These values agree with other studies that reported a moisture content ranging from 70 to 80% for
fresh BSG [1,6,12,27] obtained immediately after the brewing process.

Table 1. Moisture content monitoring (% w.b.) during processes A and B.

Process W U1l P U2 D Powder 1 Powder 2
A 72.4+24 Aa - 59.8 +1.6 Ab - 5.2 +0.6Ac 6.6 + 0.5Ac 6.1+ 0.9Ac
B 71.2+1.7 Aa 72.1+3.3a 59.1 £1.1 Ab 60.4 +2.6b 5.4 +3.1Ac 6.4 +0.3Ac 5.9+0.1Ac

BSG: wet original (W), first ultrasound (U1), pressed (P), second ultrasound (U2), dried (D) and powder (Al, A2,
B1, B2) according to Figure 1. In each column, different capital letters indicate significant difference by t-Student
at p < 0.05. In each row, different lowercase letters indicate significant difference by Tukey's test at p < 0.05.
Media + standard deviation.

Process B include ultrasound operation before (Ul) and after (U2) pressing. Ultrasound
treatment has been used for assisted extraction of phenolic compounds and protein, enhancing
saccharification, and structural modification of BSG and several biological materials [9,13,16,22,28—
31].

The pressing (P) and drying (D) operations are common in both processes and the moisture
contents achieved do not differ (p > 0.05) between A and B after these operations. In terms of yields,
47.2 +1.8 mL of liquid fraction /100g of original wet BSG (W) was obtained by pressing in process A
and 53.7 + 2.5 mL of liquid fraction /100g ultrasound BSG (U1) in process B. El-Shafey et al. [32]
proposed dewatering of brewer's spent grain using a membrane filter press, but they inform that
there are processing plants for eliminate BSG water through a two-step process: pressing (to get a
material with <65% moisture) and drying (to get a material with <10% moisture). Pressing produced
a decrease of 12.6 (Process A) and 12.1 (Process B) percentage points in the moisture content of the
wet original BSG (W). Drying carried out at 70 °C for 3.5 h (D) allowed BSG to be stabilized at a level
of moisture content of 5.2 and 5.4% (Table 1) similar or slightly higher than values reported by Farcas
et al. [3], Naibaho et al. [5] and Thai et al. [6]. A moisture content of 13% (wet basis) for BSG has been
reported in order to avoid microbial proliferation, especially Bacillus cereus [33]. These levels of
moisture content prevent the deterioration of BSG, which is one of the main problems for the use of
this by-product of the brewing industry [1].

For process B, ultrasonic applications U1l and U2, performed to the wet original (W) and pressed
(P) BSG, respectively, produced no significant differences in moisture content (p > 0.05) between W
and Ul as well as between P and U2. However, the slight increase in moisture content due to
treatment with ultrasound could be attributed to some structural modification of BSG or water
permeability of Ziploc bags which was non-visible. It was not possible to reach a lower moisture
content of the BSG by drying (D) in process B (5.4%), due to the effect of using the second application
of ultrasound (U2), compared to process A (5.2%). Possibly, its effect could have been observed on
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the drying curve, showing a decrease in the time to reach the moisture content for BSG stabilization
in the process B compared to A, as it has been reported for other plant materials when ultrasound
was used [14-16]. Since the drying was carried out in a universal oven in this study, without the
possibility of introducing a balance, data could not be obtained to construct the drying curve. This
effect should be investigated in the future.

The moisture contents of powders did not differ significantly (p > 0.05) concerning the values of
dried BSG (D) in each processes A and B (Table 1). However, a slight increase is observed concerning
D for the moisture contents of powders Al and B1 (obtained from dried BSG with particles size equal
or larger than 2.36 mm) and A2 and B2 (obtained from died BSG with particles sizes smaller than 2.36
mm). As shown at Figure 1, the operation of sieving, fraction separation, and milling may have
exposed dried BSG to the environmental air that could have contributed to a slight increasing in the
moisture content of the powder. The moisture contents of powders (Table 1) obtained from fractions
1 (Powders Al and B1) are slightly higher than those obtained from fraction 2 (Powders A2 and B2)
but did not differ statistically (p > 0.05) among them. This behavior agrees with the fact that larger
particles have a greater water holding capacity compared to finer particles reported for leaves of
white cabbage to produce dietary fiber powder, which could be attributed to the damage of the fiber
matrix and the collapse of the pore during grinding [34].

The moisture content of BSG powders (Table 1) ranged from 5.9% to 6.6% (w.b.). They are within
those reported by Shih et al. [12], Okpala and Ofoedu [35] and Baiano et al. [36] for BSG flour: 12.2,
5.4-5.6 and 2.9-3.5%, respectively.

Tables 2 and 3 present the instrumental color parameters concerning wet original BSG (W) of
processes A and B, respectively. Processes A and B present a significant increase (p <0.05) in lightness
(L*) from wet original BSG (W) to the powder BSG (A1, A2, B1 and B2). These results agree with
Ahmed et al. [37], Hejna et al. [38] and Hejna et al. [39], who informed that the lightness is the color
parameter most significantly affected by particle size for water chestnut flour and extruded and
ground BSG obtained by thermo-mechanical operation in a twin-screw extruder. Hejna et al. [38] and
Hejna et al. [39] have been reported instrumental color ranges with general values of L* from 48.17
to 58.32, a* from 4.32 to 5.88, and b* from 12.14 to 14.82 for the BSG, different to L* and b* values of
wet original (W) showed at Tables 2 and 3. This could be attributed to differences in barley malts and

beer type.
Table 2. Color monitoring concerning the wet original BSG for process A.
Color
w P D Al A2
parameter
L* 441+0.6 ¢ 45.0+11c 48.7+0.6b 680+14a 634+12a
a* 53+03a 49+03a 34 +02b 3.0£03b 34+03b
b* 225+0.5a 226+0.8a 21.5+05a 209+0.2a 214+14a
AE - 1.3+£11 d 52+1.0 c 243+14 a 194+16 b
h* (°) 81.8+0.7a 81.0+03a 76.8+0.6 b 778+07 b 81.0+0.7 a
Cc* 23.1+04 a 23.1+0.8 a 21.8+05a 21.1+02a 217+17a

BSG: wet original (W), pressed (P), dried (D), and powder (A1, A2, B1, B2) according to Figure 1. In each row,
different letters indicate significant difference by Tukey's test at p < 0.05. Media + standard deviation.
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Process A (Table 2), which includes the wet original BSG (W), pressing (P), drying (D), and
powder (Al and A2), shows significant differences (p < 0.05) in L*, a*, AE and h*color parameters.
Lightness (L*) shows a significant increase throughout the process, with higher values for Al and A2,
which can be attributed to changes in the surface area of the material after milling. Smaller particles
show higher lightness, which could be associated with an increase in the specific surface area that
allows more light reflection [38,40,41].

The a* values (Table 2) decrease from P to D, indicating an alteration in the intensity of red or an
increase in green, but remains stable after sieving and milling (Figure 1) to obtain A1 and A2. The
change in a* of BSG by drying (D) could be attributed to chemical reactions such as Maillard reaction
and caramelization of reducing sugars present in this by-product [12].

The total color difference (AE), respect to W, increases progressively, with greater changes after
drying, sieving and milling to obtain the powders. According to the classification of Adekunte et al.
[22], the observed changes concerning wet original BSG color range from very different colors (AE >
3) for D, A1, and A2 to a small colors difference (AE < 1.5) for P.

Respect to h* (Table 2), the BSG as wet original (W), pressed (P) and powder A2 showed a
significant lesser (p < 0.05) yellow character in the assays [21] than BSG after drying (D) and powder
Al. Two factors probably affect this behavior of h* in the process A. Maybe, the first one would be
the smaller particle size of fraction 1 then 2, associated with an increase in the specific surface area
[38,40,41], and the second would be the chemical reaction that led to browning associated to reducing
sugars [12].

To our knowledge, the mechanisms underpinning changes in BSG color during drying have not
yet been reported. However, color changes of BSG during drying using hot-air dried, mainly at higher
temperature (110 °C), is probably due to Maillard reaction and caramelization, generating a darker
color product [12]. Also, the Maillard reactions would be those that occurred in the extrusion grinding
of BSG performed by thermo-mechanical treatment in the twin-screw extruder [38,39].

Table 3. Color monitoring concerning the wet original BSG for process B.

Color
w )1 P U2 D B1 B2
parameter
L* 444+05c 448+11c 473 +13 466+10c 499+11b 693+21a 665+3.0a
b
a* 54+04a 55+02a 52+04a 58+04a 37+0.1b 27+0.6¢c 3.0£05¢
b* 228+05a 228+03a 231+03a 24.0x04a 21.8+04a 20.6x05a 21.2+03a
AE - 11+05e 31x14 d 26+08 d 59+07 c 252+22a 224+32b

h* (°) 825+14a 820+1.2 76.8+0.6c 76.6+x03c 773+x09c¢ 764+1.0c 804+05b
ab

Cc* 235+06a 235+03a 237+x03a 247+04 221+04a 208+05a 214+03a

a

BSG: wet original (W), first ultrasound (U1), pressed (P), second ultrasound (U2), dried (D) and powder (Al, A2,
B1, B2) according to Figure 1. In each row, different letters indicate significant difference by Tukey's test at p <
0.05. Media + standard deviation.
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Process B (Table 3), which includes ultrasound treatments before (U1) and after (U2) pressing,
presents similar patterns to process A (Table 2), with significant differences (p < 0.05) in L*, a*, AE
and h* color parameters. Hence, lightness (L¥) is strongly affected by drying (D), sieving, and milling
(Figure 1), with higher values for powder B1 and B2. Moreover, the process B shows variations in a*
after, indicating an impact of drying, sieving, and milling on red/green intensity with respect to W.
Furthermore, the total color difference (AE) increases more by pressing (P) in the process B (Table 3)
than A (Table 2). Nonetheless, similarly to process A, the greater changes in AE are observed after
drying, sieving, and milling. Thus, according to Adekunte et al. [22], the observed changes
concerning W range from very different colors (AE > 3) for D, B1, and B2, to different colors (1.5 < AE
< 3) for P and U2 and including small color difference (AE < 1.5) for Ul. The process B affect
significantly (p < 0.05) the values of h* but the change in this color parameter occur in the pressing
(P) operation, while in process A occur in the drying (D) operation. As mentioned above, the changes
in color parameter in process B could be attributed to chemical modifications such as Maillard
reaction and caramelization [12,38,39] and to the decrease in particle size [38,40,41] caused mainly by
drying and milling, respectively.

For both processes (Table 2 and 3), the values of b*, and C* (chroma) are not affected after
treatment applied to W, since no significant differences (p > 0.05) were observed. This behavior agrees
with those reported by Shih et al. [12], Hejna et al. [38] and Hejna et al. [39] for the effect of drying
and extrusion on C* at different temperatures. This color parameter did not vary from fresh to dried
or extruded BSG.

4.1.2. Ultrasonic Temperature Monitoring

Figures 2 and 3 show the temperature increase of water ultrasonic bath during operations Ul
and U2 applied for 60 min to wet original (W) and pressed (P) BSG, respectively. This increase in
temperature can be attributed to energy release that occurs by acoustic cavitation in ultrasonic
operations. Acoustical energy is generated by the transmission of ultrasound waves that consist of
the rarefaction and compression cycles traveling through the liquid medium. When the cavities
formed in the liquid collapse, small amounts of energy are released in the form of heat. In fact, the
cavitation effects generate high temperatures, pressure, and violent shear forces, leading to the
formation of the referred as "hot spots" [28]. The final collapse phase is adiabatic in nature and, thus,
locally produces high-temperature and high-pressure conditions [42].

The slope of the temperature-time curves showed in Figures 2 and 3, which represent the rate of
water temperature rise at Ul and U2 were 0.62 + 0.04 °C/min and 0.57 + 0.05 °C/min, respectively.
The maximum water temperatures reached during the ultrasound treatment were 55.8 + 1.9 °C for
Ul and 53.8 £ 1.2 °C for U2. No significant differences (p < 0.05) were observed in values of slop and
maximum water temperatures between U1l and U2.
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Figure 2. Temperature-time curve of the Ul ultrasound operation applied to wet original BSG (W).
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Figure 3. Temperature-time curve of the U2 ultrasound operation applied to pressed BSG (P).

Increasing the temperature of water used into the ultrasonic equipment certainly produced a
heating in the BSG, which was not measured due to the difficulty in introducing a thermocouple into
the Ziploc® bag without water infiltration. However, the temperature reached by BSG in U1 and U2
probably did not exceed 55.8 and 53.8 °C, respectively. Therefore, we consider that no important
chemical or structural changes should have occurred in the BSG due to the increase in the water
temperature during ultrasound operation. Hassan et al. [9] have applied ultrasound at temperatures
of 20 to 60 °C for times of 20 to 60 min and after the optimized pretreatment of the native BSG, and
following saccharification, 74% of sugars in BSG were recovered, while no degradation of lignin was
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observed. Conversely, Alonso-Riafo et al. [29], aiming at obtaining polyphenol compounds from
BSG, fixed 47 °C as the temperature during application of ultrasound assisted extraction for 30 min
(60 min of total experiment) to avoid the degradation of these bioactive compounds.

4.1.3. Particle Sieve Size Distribution

Figure 4 shows the distribution of particle sieve size in percentage of the BSG for processes A
and B, after sieving. There are statistically significant differences (p < 0.05) between A and B for
particle size fractions (in percentage) retained at the U.S.A. Standard Test Sieve N° 6, 8, 10, 14, and 18
(Gilson Company Inc., USA), with specific openings of 3.35, 2.36, 2, 1.41, and 1 mm, respectively. This
suggests that ultrasound applied to the wet original and pressed BSG, according to process B, has an
impact on the size distribution of the particles that have been dried and sieved.

35 r Fraction 1
r + Al
OA Process
30 p %
m B Process
S st
] Fraction 2
e ~ - Al
£ 2 } *
15 *
o)
=9
2 15 F *
<
p=
10 |
*
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335 3 2.36 2 1.41 1 <1

Particle size (mm)

Figure 4. Distribution particle sieve size (in percentage) of dried BSG (D) after sieving from processes
A and B, according to Figure 1. For each particle sieve size, (*) indicates significant difference between
each other by t-Student at p < 0.05.

For process A (Figure 4), the particle sieve size fractions retained on the 3.35- and 3.00-mm sieves
predominated, representing 50.9 % (+ 3.6%) of the total mass of BSG after sieving, while for process
B, these two particles size fractions previously mentioned represented 43.6 % (+ 3.5%) of the total BSG
mass. The particles sieve size fractions (in percentage) retained in sieves equal and smaller than 2.36
mm was higher for the process B (56.4 + 3.0 %) than A (49.1+ 3.3%). The ultrasound applied (U1 and
U2, process B) apparently allowed that parts of the BSG were to be broken or detached. There was an
effect at a structural level of BSG, which produced an increase in the fractions (in percentage) of
smaller sizes in the process B compared to A. This phenomenon could be associated with the effects
of ultrasound, which produces cavitation phenomena where microbubbles are formed that grow and
then collapse violently when they reach a critical size, transforming sonic energy into mechanical
energy [9]. This energy could be transmitted to vegetal material into the Ziploc® bag allowing it to
be broken or detach husk, pericarp and seeds of the BSG grains. Bundhoo and Mohee [28] explain
how the ultrasound impacts physical characteristics of the biomass or waste materials by decreasing
the particle size and increasing the surface area. Li et al. [31] suggested that ultrasound assisted
extraction exposed more buried SH bonds on the surface through reduction in BSG partial size and
modification of protein structures.

4.2. Characterization of the BSG Powders
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As previously mentioned, powders Al, A2, Bl and B2 from processes A and B (Figure 1) were
obtained after dried BSG sieving by separation in two fractions (1 and 2). The obtained final BSG
powders from both operational sequences A (without ultrasound application) and B (with ultrasound
application) with different particle size fractions (1 and 2) were then characterized.

4.2.1. Color

Table 4 presents the differences in color (AE) between the BSG powders obtained by processes
A and B (Figure 1).

Table 4. AE values between the food powders obtained from the BSG in processes A and B.

A2 B1 B2
Al 49+1.0ab 1.1+£1.0d 1.8+1.3d
A2 - 57+26a 32+19b
B1 - - 2.8+ 1.4bc

Different letters among AE values indicate significant difference by Tukey's test at p < 0.05. Media + standard
deviation.

As show at the Table 4, the higher (p <0.05) total difference colors was reached between powders
A2 and B1, which behavior would be affected by the use of ultrasound (U1 and U2) in process B
added to fraction separation (1 and 2) as show al Figure 1 in both processes.

Following the classification by Adekunte et al. [22], very different colors (AE > 3) were observed
between powders Al and A2 (Table 4), suggesting that the color difference could be attributed to the
structural composition of the two fractions of dried BSG obtained after sieving by separation in
particle size above and below 2.36 mm (Fractions 1 and 2, respectively). The powders Bl and B2
showed smoother differences in color (1.5 < AE < 3) between each other, according to the classification
mentioned. We considered that the structural modification in the distribution of particle size (Figure
4) produced by ultrasound (U1 and U2) allowed obtaining powders with smaller differences in their
colors in the process B respect to the process A.

When the analysis is for the powder obtained from the same fractions (1 and 2, above and below
2.36 mm, respectively) but by different processes, the comparison between Al and B1 (Table 4)
showed smoother color differences (AE < 1.5) than between A2 and B2 (1.5 < AE < 3), according to the
Adekunte et al. [22] classification. Our results reveal that changes in the powders color due to
ultrasound treatments (U1 and U2) applied in the process B but not in A affected to a greater extent
the fraction 2, composed by particles sizes smaller than 2.36 mm (Figure 4). Possibly, the chemical
composition of fraction 2 particles after separation are more affected by the ultrasound than fraction
1 particles. Several chemical changes are impacted by ultrasound on biomass or waste material, as
reported by Bundhoo and Mohee [28] that include changes in lignin, hemicellulose and cellulose
content, cellulose crystallinity, and extent of polymerization, organic matter solubilization, among
others. It is possible that particles of fraction 2 that were submitted to ultrasound have been affected
to a greater extent than the particles of the fraction 1 by the following operations of process B. Then,
the impact on color was greater in fraction 2 than 1 due to Maillard reaction or caramelization, which
probably occurred during the drying step [12,38,39] and to the effect of decreased particle size caused
by milling [39-41] in process B.

4.2.2. Total Phenolic Content and Antioxidant Activity against ABTS Radical

Table 5 shows the total phenolic content (TPC) and antioxidant activity against ABTS radical in
BSG powders (A1, A2, B1, B2) obtained by processes A and B.
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Table 5. TPC and ABTS radical of BSG powders obtained by processes A and B.

BSG powder TPC (mg GAE g' d.m.) ABTS (umol TEAC g'd.m.)
Al 3.05+0.28 a 30.58+1.65a
A2 3.04+023a 3043+198a
B1 359+0.43a 24.72 +1.86 ab
B2 3.68+0.33 a 22.81+1.59Db

TPC: Total phenolic content. GAE: Gallic acid equivalent. TEAC: Trolox equivalent antioxidant capacity. d.m.:
dry matter. In each column, different letters indicate significant difference by Tukey's test at p < 0.05. Media =+
standard deviation.

The ultrasound application and particle size had no influence on the extraction of phenolic
compounds from BSG, as evidenced by the lack of significant differences in total phenolic content
between the treatments (Table 5).

Regarding the total phenolic compounds of BSG, our findings are consistent with previous
results reported by Carciochi et al. [43], who found TPC values ranging from 1.59 to 3.57 mg GAE g
1 BSG d.m., as well as with the results reported by Alonso-Riafo et al. [29], Petron et al. [44] and
Patrignani et al. [45]. Other researchers have reported higher TPC values for BSG extracts, such as
those found by Meneses et al. [23] and Bonifacio-Lopes et al. [46], which were 7.13 and 13 mg GAE g
1 BSG d.m., respectively. It is important to note that in this study, we analyzed the free phenolic
compounds, as no hydrolysis step was employed during the extraction process. Since a portion of
phenolic acids present in BSG are bound to the cell wall of lignins, they can be more readily released
during alkaline extraction, given that the solubility of lignin is enhanced under such conditions [29].

The ABTS assay is a commonly used method for evaluating antioxidants in vitro, which
determines the capacity of antioxidants to neutralize ABTS radicals through electron donation,
relative to a standard such as Trolox [24]. The results obtained by the ABTS method showed that the
antioxidant activity slightly increased in treatments without ultrasonic application. This may be
explained by the release of antioxidant substances able to scavenge the ABTS radical from the solid
to the liquid fraction during process B, where ultrasound was employed. Thus, the first application
of ultrasound was able to extract these ABTS radical scavengers retained in the BSG, which possibly
drained to the liquid fraction during subsequent pressing in process B (Figure 1). In fact, the
application of ultrasound increases the extraction of phenolic compounds from BSG by using water
and ethanol as solvents [30]. Additionally, no difference (p > 0.05) was observed between the fractions
of different particle sizes (Al and A2; Bl and B2) within the processes for antioxidant activity, as
measured by the capacity to scavenge ABTS radical.

4.2.3. Proximate Composition

Table 6 shows the proximate composition (in dry matter, % w/w) of BSG powders obtained by
processes A and B. Results showed significant differences (p < 0.05) for total dietary, soluble and
insoluble fiber and available carbohydrate among four types of powder (Al, A2, B1 and B2), but total
lipid, protein and ash do not differ statistically (p > 0.05) among them. Lynch et al. [1] presents an
extensive recompilation of several authors concerning the chemical composition of BSG, based on
dry matter, reporting a content of lipid of 3-13%, protein 14.2-31%, ash 1.1-4.2%, hemicellulose 19.2-
41.9, cellulose 12-33%, starch 1-12% and lignin 11.5-27.8%. Our results of total lipids, protein, total
dietary fiber, and ash are within the values recently aforementioned. Accordingly, Shih et al. [12]
obtained BSG flours with two drying methods to produce muffins, and the chemical composition of
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BSG was 7.1-12.4 g 100 g d.m. of lipids, 14.5-18 g 100 g! d.m. of protein, 2.7-4.1 g 100 g d.m. of ash,
8.1-15.9 g 100 g d.m. of soluble sugar and 29.2-49.7 g 100 g d.m. of dietary fiber. Recently, Garrett
et al. [27] reported the proximate composition of BSG used to prepare a flour by drying (65°C for 72
h) and grinding, with contents in dry basis as 4.9%, 16.8%, 2.9% and 75.4% for fat, protein, ash, and
carbohydrates, respectively.

Table 6. Proximate composition, expressed in dry matter (% w/w), of BSG powders obtained by
processes A and B.

Component Al A2 Bl B2

Total lipid (fat) 8.7+£0.1a 10.0+£0.6a 8.6t10a 96+00a
Protein (Nx5.83) 18.1+£03a 21.8+19a 215+15a 242+2.1a
Total dietary fiber 37.8+0.7c 455+1.0b 46.0+0.2Db 56.1£0.5a

Soluble 40+0.0b 39+040b 49+03a 53+0.1a

Insoluble 33.8+0.7c¢ 41.6+1.4b 41.1+03b 50.7+0.6a
Ash 23+0.1a 27+02a 22+04a 26+04a
Available carbohydrate 335+0.1a 19.6+1.7b 21.8+2.3b 73+1.7c
(by difference)

In each row, different letters indicate significant difference by Tukey's test at p < 0.05. Media + standard
deviation.

Total lipid, protein and ash in powders were not affected by differences in processes A and B
respect to ultrasound neither by fraction separation used as showed at Figure 1. We considered that
an improvement will be necessary for future study respect to application of ultrasound treatment
and sieving to obtain differences, mainly in protein proportions. The intensity of cell wall components
breakdown and consequent release of protein during ultrasound of BSG could be to influence in this
difference [13,31]. Kissell and Prentice [47] determined that in brewers' spent grain, the finer fractions
had a higher protein concentration compared to the coarser fractions. The smaller particles may come
from regions of the grain with a higher concentration of proteins.

Changes in the sieve used for fraction separation, itself, contributed for differences in fiber and
available carbohydrate content of the powders. Finer fractions (2: particles < 2.36 mm), were able to
recover more dietary fibers in treatments without ultrasound (A). Use of ultrasound combined with
the finer fractions can be a method to increase the efficiency of dietary fibers extraction from BSG.

According to the study by Hassan et al. [9], the application of ultrasound can induce an increase
in the concentration of reducing sugars. In our study for the same fraction, the A powders, that do
not include ultrasound in the process, show higher (p < 0.05) percentage of available carbohydrates
compared to the powders obtained with process B (Table 6). This behavior could be explained by
release of carbohydrates from solid to liquid fraction promoted by ultrasonic treatment and pressing
applied after U1 (Figure 1) allowing that more sugar was transferred to the liquid fraction and less
sugar was retained in BSG solid fraction obtained in process B.

Considering one of the processes (A or B), it can be observed (Table 6) that the fraction separation
(Figure 1), in coarse (1: equal to or larger than 2.36 mm) and fine (2: smaller than 2.36 mm) particles
size, affect the proximate composition of total dietary, soluble and insoluble fiber and available
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carbohydrate of BSG powders obtained in our research. This behavior can be attributed to the fact
that fraction 1 consists of whole grains and agglomerates, while fraction 2 consists of broken and/or
segmented grains. BSG consists of layers of husk, pericarp, and seeds with residual amounts of barley
endosperm and aleurone [48]. It is a lignocellulosic material, and its main components are dietary
fiber (50%) and protein (30%) [1]. Therefore, sieving and fraction separation into coarse and fine
particle size of dried BSG (Figure 1) before milling would allow obtaining powders with different
proximate compositions. These powders could be applied as specific ingredient in food products,
according to requirements with higher levels of dietary fiber (Fraction 2) or carbohydrates (Fraction
1).

Table 6 also shows the soluble and insoluble dietary fibers (% w/w) of BSG powders obtained
by processes A and B. Dietary fibers can represent up to 70% (w/w) of BSG [49] and are classified
according to their solubility in water: the soluble dietary fibers include p-glucans, pectic
polysaccharides, arabinogalactans, high branched arabinoxylans, and xyloglucans, and insoluble
dietary fibers include, cellulose, hemicellulose, and lignin [48,50]. Barley (Hordeum vulgare), and its
by-products, as BSG, stand out as a sustainable source of dietary fibers, delivering a mix of soluble
and insoluble fibers with numerous health benefits [51] allowing the development of dietary fiber-
enriched products.

Soluble fibers have prebiotic activity, selectively modifying the growth and/or activity of
bacteria in the colon, thus contributing to the improvement of intestinal flora and overall host health.
Additionally, soluble fibers form colloidal solutions in the intestine contributing to the reduction of
blood sugar and cholesterol levels, and to the prevention of cardiovascular diseases, type 2 diabetes,
cancer, obesity, and others [52,53]. Insoluble fibers help in the formation of fecal bolus, accelerate
intestinal transit, and playing a crucial role in the body's detoxification [53]. However, they are not
fermentable by the intestinal flora, reducing their potential as a functional ingredient. Food
processing techniques can be used to alter the structural properties and, consequently, the functional
and nutritional functions of insoluble fibers [54].

Soluble dietary fiber among the two group of powders (A and B) show statistical differences (p
<0.05). The percentage of soluble dietary fiber in the powders B1 and B2 exceeds Al and A2, showing
that ultrasound positively affected the content of soluble fibers of BSG. The application of ultrasound
treatment has been used for structural modification of BSG and several biological materials
[9,16,28,31]. B-glucan can be extracted from BSG and used as a food supplement. Recently, it was
possible to demonstrate that BSG 8-glucan improved the color and increased the stability of orange
juice by reducing the precipitation of orange pulp and exhibited the highest lightness and color values
[55].

At Table 6, it is possible to observe that processes A and B, especially the application of
ultrasound and the particle size (fractions 1 and 2, above and below 2.36 mm, respectively), directly
influenced the content of insoluble dietary fiber (p < 0.05) as well. Cellulose is a common insoluble
dietary fiber found in barley cell walls, as well as hemicellulose, which is composed by various sugar
monomers, including pentoses like xylose and arabinose and hexoses like glucose and mannose [51].
According to Lynch et al. [1], hemicelluloses, composed mainly by arabinoxylan, are the main BSG
constituent (up to 40% dry weight) followed by cellulose.

Several factors affect the proximal composition of powder or flour obtained from BSG grain.
Two of them are ingredient used in the beer formulation and other is the process [1,12,27]. Jin et al.
[56] present a detailed proximate analysis of various craft BSGs, comparing them with those from
industrial breweries. It was observed that craft BSG has significant differences in its proximate
components compared to industrial BSG. Therefore, based on the proximate analysis, it could be
possible to evidence the origin of the BSG, whether it is craft or industrial, and further studies should
be encouraged with different samples of BSG to confirm our findings.

4.2.4. Powder Particles Sieve Size Distribution

Table 7 shows the particles sieve size distribution of BSG powders obtained by processes A and
B after milling (Figure 1) using an ultracentrifugal mill with an 80 um sieve and 12,000 rpm.
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Table 7. Powders particles sieve size distribution in percentage obtained by processes A and B.

Particle sieve size (um) Al A2 Bl B2
425 04+00a 03+03a 02+02a 03+02a
180 0.0+00a 05+0.1a 3.1£28a 14+1.0a
125 221+1.1b 213+2.1b 24.0+0.3 ab 279+2.1a
90 354+1.1b 27.8+02c¢ 383+1.0a 19.5+1.5d
75 36.3+1.0a 17.5+2.1d 30.1+£06D 262+1.5¢
45 46+02c 31.8+05a 38+12c¢ 22.8+0.8b
<45 12+08a 08+03a 05+02a 20+1.1a

In each row, different letters indicate significant difference by Tukey's test at p < 0.05. Media + standard
deviation.

In the Table 7, the effect of ultrasound applied by the process B and fraction separation (Figure
1) applied in both processes can be observed respect to different particle size distribution of powders.
For A1l the high particle proportion (36.3%) is between 90 and 75 um, for A2 (31.8%) between 75 and
45 pm, for B1 (38.3%) between 125 and 90 um and for B2 (27.9%) between 180 and 125 um. For both
A1 (93.8%) and B1 (92.4%) the particles are distributed mainly from 125 to 75 um while for A2 (98.4%)
and B2 (96.4%) the particles are distributed mainly from 125 to 45 um. In this case, the separation of
dried (D) and sieved (S) BSG in two fractions (coarse and fine) before milling (Figure 1) produced
effect on size particle distribution.

Statistically differences (p < 0.05) are observed in the percentage particles retained in the sieves
with nominal size of 125, 90, 75 and 45 um. For that three sizes (90, 75 and 45 pum), the operation of
fraction separation (Figure 1), in coarse (1: equal to or larger than 2.36 mm) and fine (2: smaller than
2.36 mm) particles size, affect the percentage of particles between Al and A2 or B1 and B2. Process B,
which include ultrasound operation, produce higher (p < 0.05) proportion of particles in the 125 and
75 pm for fraction 2 compared to process A. But, for 90 and 45 pum, A2 show higher (p < 0.05)
proportion of particles than B2. When analyzing fraction 1, for 90 um, B1 show higher (p < 0.05)
proportion of particles than Al, however, for 75 um, Al shows higher (p < 0.05) proportion of
particles than B1.

We used an 80 um sieve to mill the factions 1 and 2 of the four powders obtained. In all powders
were founded particles above this size of sieve. Therefore, it can be indicated that the milling
equipment used in this work could not carry out the size reduction very efficiently to obtain particles
below 80 um. However, powder below 125 um are considered adequate for many food applications
[5,10,12,35,36].

Conclusions

The two processes developed in this work allowed to obtain powders with different
characteristics concerning instrumental color, antioxidant capacity by the ABTS assay, proximate
composition, dietary fibers and particle size distribution. We considered that technology adoption of
process A is possible for industrial and craft brewers since the operations and equipment required


https://doi.org/10.20944/preprints202407.1932.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2024 d0i:10.20944/preprints202407.1932.v1

17

are well known and could be implemented. This process allows to obtain differentiated powders for
different applications and products in food industry. Process B requires further analysis, so that the
favorable effects of ultrasound related to increased contents of soluble fibers can be applied by
industrial and craft brewers.

The BSG processing for use by the food industry in a progress towards a circular bioeconomy
and give value to this by-product for feeding human, especially in sectors where there is a lack of
food security. On the other hand, the powders obtained by processes A and B may be used in several
plant-based foodstuffs, since the vegetarian and vegan population are increasing. Further studies
regarding the effect of their application in foods should be encouraged.
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