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O objetivo deste trabalho foi avaliar a concentracédo de compostos
fendlicos, a capacidade antioxidante e anti-hipertensiva, e as carac-
teristicas fisico-quimicas de bagago de cervejas Pilsen, Red Ale e
Stout. Polifendis totais, acidos fendlicos e flavondis totais foram me-
didos espectrofotometricamente, enquanto a atividade antioxidante
foi avaliada por ABTS, DPPH e poder quelante de ferro. Os residuos
de cerveja foram avaliados quanto as capacidades de retencéo de
agua e oleo, pH e cor. Os resultados indicaram que os subprodu-
tos estudados apresentaram uma alta concentragcédo de polifendis
totais, flavonois e acidos fendlicos. A avaliagdo do potencial antio-
xidante revelou até 60,9% de eliminagao de radicais ABTS, 12,3%
de radicais DPPH e 12,4% de poder quelante de ferro. Além disso,
observou-se inibicdo de 64,6% da enzima conversora de angioten-
sina-l, sugerindo capacidade anti-hipertensiva. Os resultados da
capacidade de absorcédo de agua e dleo indicaram que os pos do
residuo apresentaram valores semelhantes a farinhas de cereais.
Os valores do CIELab mostraram que o bagaco Pilsen apresentou
cor amarelo claro, enquanto o Red Ale e Stout demonstrou cor escu-
ra. O p6 de bagaco de cerveja apresentou valores de pH inferiores
a 5,0, indicando condigbes acidas, as quais podem contribuir para a
estabilidade bacteriana em armazenamento de médio a longo prazo
do residuo seco. O presente trabalho mostrou que os bagagos de
cerveja secos podem ser uma fonte alternativa de compostos fun-
cionais, representando uma maneira sustentavel de gerenciamento
de residuos industriais.
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1. INTRODUCTION

Upcycling economy is a huge trend worldwide, mainly for food industries since they generate
great amounts of organic solid residues, which management is a big challenge. However, they may
represent a great source of functional ingredients for the human diet or as a source of interesting
compounds in pharmaceutical applications (BARBOSA-PEREIRA et al., 2014; LYNCH et al., 2016).

Brewers’ spent grain (BSG) is the organic solid part of the brewery process, obtained
after malt-controlled cooking conditions and filtration of the wort. The production of 100 L of beer
generates around 20 kg of this residue, which represents 85% of the industrial brewing residue and is
currently disposed to animal feeding. However, several studies indicate that, after proper processing,
BSG may be a source of commercial high-value products (XIROS; CHRISTAKOPOULOS, 2012;
KTENIOUDAKI et al., 2015; LYNCH et al., 2016). Mussato, Dragone and Roberto (2006) observed
that BSG is an interesting source of proteins and fibers since up to 25% of its composition corresponds
to proteins. BSG also showed considerable quantity of vitamins such as folic acid, niacin, biotin,
thiamine, choline, riboflavin. Additionally, it presents tocopherols which are vitamin E precursors
(IKRAM et al., 2017). Regarding the polyphenol content, BSG is a phenolic acid-rich source, mainly
composed by catechins, epicatechins, gallic acid, p-coumaric acid and ferulic acid (MUSSATO;
DRAGONE; ROBERTO, 2006; IKRAM et al., 2017).

During malt production, the utilization of different barley germination conditions,
kilning and roasting temperature induces changes in the profile of antioxidant compounds.
A significant decrease of bound phenolics takes place with a corresponding increase of soluble
esterified fraction, summed to thermal degradation and formation of Maillard reaction compounds
(DVORAKOVA et al., 2008; CECHOVSKA et al., 2012; MOREIRA et al., 2013). Some studies
have been performed evaluating single BSG, such as Pilsen, Melano, Caramel Black, Chocolate,
Carared (DVORAKOVA et al., 2008; CECHOVSKA et al., 2012; MOREIRA et al., 2013), although
the residue of beer production is a combination of several malts. Additionally, comparative studies on
the concentration of bioactive compounds, and properties such as color, water hydration and pH of
the byproduct powder are little reported. These properties are important since they may impact the
processing characteristics considering the utilization of BSG as a functional ingredient in products
such as bread, pasta, cookie manufactures.

Thus, the objective of the present work is to evaluate polyphenolics content, the antioxidant
and anti-hypertensive capacity, color, water holding capacity and pH of the brewer’s spent grain from
Pilsen, Red Ale and Stout beers.

2 MATERIAL AND METHODS

2.1 PLANT MATERIAL

Spent grain from Pilsen, Red Ale and Stout beers were obtained in the laboratory to control
all previous processing steps. For Pilsen beer, 2.3 kg of Pilsen malt was used; for Red Ale beer, the
combination malt used was: 1.7 kg of Pilsen, 0.2 kg of Melano 80, 0.2 kg of Cararred 20, 0.2 kg of
Cara1 20; for the Stout beer, the malt combination used was: 1.8 kg of Pilsen, 0.1 kg of Cara1 20, 0.2
kg of black, 0.2 kg of pale ale. Malts were purchased in local specialized (Porto Alegre, RS, Brazil).
All beer production was performed by mixing the malts with 7 L of mineral water for 42-45°C for 15
min, then 52-55°C for 25 min and finally for 62-65°C for 15 min. After, the system was heated up
to 82-85°C for 5 min, when the washing process was performed. After 30 min of washing and wort
filtration, it was added to the malt 8 L of 80°C mineral water and washed for 30 min. BSG were dried
in a static air oven at 60°C (LARRAURI et al., 1997) up to moisture content of 12% (wet basis), milled
in an industrial blender (model LI-2N, Skymsen, Brazil) and sieved to 5 mm particle size. Byproduct
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powders were stored in sterile dark polyethylene bags at -18°C until utilization.
2.2. POLYPHENOLS, ANTIOXIDANT AND ANTI-HYPERTENSIVE ACTIVITIES

Extraction of polyphenols and compounds with antioxidant activity from dried samples was
performed like suggested by Sant'Anna et al. (2012). Briefly, 1 g of dried spent grain was kept in
50 mL of ethanol: water (50:50, v/v) for 30 min at 60°C. Folin-Ciocalteau reagent (2 M) and gallic
acid (99% of purity) were obtained from Vetec Quimica Fina (Duque de Caxias, RJ, Brazil). All other
chemicals were purchased from Neon (Suzano, SP, Brazil).

Total phenolic content was determined by diluting 40 pL of extract in 3.2 mL of distilled water
and 200 pL of the Folin-Ciocalteau reagent and maintained in the dark for 5 min. Then 600 pL of a
saturated solution of sodium carbonate was added and allowed to react for 1.5 h in the dark, when
absorbance was measured at 765 nm (SINGLETON; ROSSI, 1965) by UV-1600 spectrophotometer
(Pro-Analise, Brazil) and constrained to a calibration curve of gallic acid. Results were expressed as
mg gallic acid equivalent per 100 gram of dry bagasse weight (mg GAE 100g-1). The total flavonols
and phenolic acids were determined following the procedure described by Mazza et al. (1999). Briefly,
hydrochloric acid and ethanol solutions were added to the extracts and the absorbance at 360 and
320 nm was measured for total flavonoids and phenolic acids, and the results were expressed as mg
quercetin equivalent (mgQE) and mg caffeic acid equivalent (mgCAE) per 100g bagasse dry for TF
and PA, respectively.

Antioxidant analyses were performed by the determination of 2,2-azino-bis-(3-
ethylbenzothiazoline)-6-sulfonic acid (ABTS) radical scavenging activity (RE et al., 1999), which
involves the generation of ABTS radical chromophore by the oxidation of ABTS with potassium
persulfate. The ABTS radical cation was produced by reacting 7 mmol L-1 ABTS stock solution
with 140 mmol L-1 potassium persulfate, and allowing the mixture to stand in the dark for 16 h at
room temperature before use. For the assay, the ABTS<+ solution was diluted with ethanol to an
absorbance of 0.7 at 734 nm. An aliquot of 30 yL of extract was mixed with 1 mL of ABTS™* solution
and an absorbance (734 nm) reading was taken after 6 min. Distilled water, instead of a sample, was
used as a control. The results were expressed as: scavenging activity (%) = [1 - (A/A;)] x 100, where
Ais the absorbance of the test and A is the absorbance of the control.

The 1,1-diphenyl-2-picrilhidrazil (DPPH) antioxidant activity was evaluated according to
Brand-Williams, Cuvelier and Berset (1995). In the dark, aliquots of 0.1 mL sample were transferred
to test tubes with 3.9 mL radical DPPH (60 pmol L-1 DPPH solution, diluted in methyl alcohol). After
45 min, the scavenging activity was measured spectrophotometrically by the decrease in absorbance
at 517 nm. Likewise, the same proportions (0.1 mL distilled water and 3.9 mL DPPH radical) were
used as a control, using methyl alcohol as blank. The results were expressed as scavenging activity
(%) = [1-(A/A0)]x100, where A is the absorbance of the test and A0 is the absorbance of the blank.

The chelating capacity of Fe2+ was measured using the method described by Chang, Wu
and Chiang (2007), which involves reaction of the extract with FeSO4 (Fe2+) and ferrozine, following
by absorbance measure at 562 nm. The results were expressed as chelating capacity (%) compared
to the control (distilled water).

Antihypertensive activity was evaluated by the Angiotensin-Converting Enzyme (ACE)
procedure (CUSHMAN; CHEUNG, 1971), with slight modifications. Aliquots of 20 uL of the extracts
were added to 200 pL of buffered substrate solution (5 mmol L-1 hippuryl-histidyl-leucine in 50 mmol
L-1 HEPES-HCI buffer containing 300 mmol L-1 NaCl, pH 8.3). The reaction started by adding 40 pL
of angiotensin I-converting enzyme (0.1 U mL-1) to the described system and maintained at 37°C.
Reaction was stopped after 30min with addition of 150 uL of 1 mol L-1 HCL. Then, the hippuric acid
release was extracted with 1 mL of ethyl acetate, and the organic phase was transferred to a glass
tube heat evaporated. The residue was dissolved with 800 mL of distilled water and measured at 228
nm. Residue extract inhibitory activity was expressed as percentage according to the Equation 1.
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Where, A is the absorbance without sample, B is the absorbance without the enzyme and C
is the absorbance with the sample and the enzyme.

2.5 WATER AND OIL HOLDING CAPACITY

Water and oil holding capacity was determined according to Rosell, Santos and Collar (2009)
with few modifications. Briefly, 0.5 g (+0.1 mg) of dried residue powder were suspended in 10 mL
distilled water or commercial soy oil and let them to hydrate overnight. The system was centrifuged
and the supernatant weighted. Liquid absorption capacity was calculated by the difference of liquid
added and not absorbed. Moisture was discounted and results expressed as grams of water/oil
absorbed per gram of dried sample.

26 PH

To determine the samples pH, 1 g of the residue was diluted in 7.5 mL boiled and cooled
distilled water for 1 h gently shaking every 15 minutes. The system was filtered on Whatman paper
No. 1 and the aqueous extract was submitted to pH analysis (Universal, model MT-610) (AOAC,
1999).

2.8 COLOR

CIELAB parameters were determined using D-65 diffused illumination of a Minolta Chroma
CR-400 Colorimeter. The instrument was calibrated with a standard white plate. The measured
parameters were L* (lightness), a* (redness), and b* (yellowness).

2.9 STATISTICAL ANALYSIS

Obtained values were compared using Tukey’s test by Microsoft Excel 2000 (Maplnfo
Corporation, Troy, NY, USA), and differences were considered statistically significant when p<0.05.
Graphical plots were performed using Microsoft Excel 2000 (Maplinfo Corporation, Troy, NY, USA).

3 RESULTS AND DISCUSSION

3.1 POLYPHENOLICS AND COMPOUNDS WITH ANTIOXIDANT AND ANTIHYPERTENSIVE
ACTIVITY

The total phenolic content, flavonols, phenolic acids, antioxidant and antihypertensive
activity of the dried residues are presented in Table 1. In the present work, BSG used were those after
washing process and before must fermentation, thus the beer residues studied were the combination
of different malts.
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TABLE 1. CONCENTRATION OF POLYPHENOLICS AND COMPOUNDS WITH
ANTIOXIDANT AND ANTIHYPERTENSIVE CAPACITY FROM PILSEN, RED ALE AND
STOUT BAGASSE.

Total Polyphenols (mg GAE
100g-1)

Flavonols (mg QE 100g-1)

Pilsen

Red Ale

Stout

3140.3+x223.8a

7111.40+22.3a

24792+99.7b

7072.9+52.6a

2351.6+417.0b

7124.0+198.7a

Phenolic Acids (mg CAE 100g-

1) 1296.33+128.9a 926.8+65.7b 782.1+51.3c
ABTS (%) 60.9+1.3a 45.1£2.0b 47.1+2.4b
DPPH (%) 10.1+0.2a 9.4+1.0a 12.3+2.1a
Chelating 2.240.1b 12.4+0.6a 11.7+1.4a
Antihypertensive (%) 64.6+1.5a 31.7£3.1b 30.9+1.5b

abe different superscript letters among columns indicate significant differences (p<0.05)

The results show that the byproduct from the Pilsen beer process presented about 3140 mg
GAE 100g™ (d.b.) of total polyphenols which was higher (p<0.05) than those observed in Red Ale and
Stout residues. There was no significant difference (p>0.05) between total polyphenolics from Red
Ale and Stout bagasse. Similar results were observed for phenolic acids: the dry matter from Pilsen
beer presented higher (p<0.05) concentration (1296 mg CAE 100g™" d.b.) than those from Red Ale
and Stout. Red Ale residue presented higher (p<0.05) concentration of phenolic acids then the Stout
bagasse. The concentration of total flavonols was not affected significantly (p>0.05) among the BSG
evaluated. Birsan et al. (2019) observed that ferulic acid was the most predominant phenolic acid
comprising over of 50% of the total polyphenols followed by p-coumaric acid in light, dark and mixed
BSG. Moreira et al. (2013) observed that malt bagasse from Pilsen, Melano, Melano 80 and Carared
presented higher amounts of phenolic compounds when compared to chocolate and black bagasse
(19.5 and 16.2 mg GAE g d.b. for light and dark types, respectively). Samaras et al. (2005) found
that catechin and ferulic acid were the most abundant phenolic compounds in killed and roasted
malts, and that ferulic acids were highly sensitive to degradation while roast treatment.

Results from antioxidant activity showed that residue from Pilsen beer production presented
the capacity to scavenge 60.9% of ABTS radicals which was higher (p<0.05) than those compounds
extracted from Red Ale and Stout (45.1% and 47.1%, respectively). Farcas et al. (2015) observed
that the antioxidant activity in BSG is directly proportional to the darkening of the malt color, mainly
due to compounds degradation during roasting temperature higher than 150°C. Meanwhile, the
compounds with the ability to scavenge DPPH free radicals were not different (p>0.05) among the
samples (Table 1). In roasted malts, Maillard reaction products were responsible for the majority of
the antioxidant activity (SAMARAS et al., 2005). On the other hand, chelating power from Stout and
Red Ale bagasse extracts presented higher (p<0.05) values than from Pilsen residue. The superior
reducing power of the darker caramel malts was partly due to the presence of a Maillard-derived
2,3-dihydro-3,5-dihydroxy-6-methyl-(4H)-pyran-4-one (DDMP), which was responsible for 21-55%
of their electrochemical capacity (CECHOVSKA et al., 2012). McCarthy et al. (2012) observed that
phenolic extract from BSG presented DNA protective effect against oxidant-induced DNA single
strand breaks in U937 cells, which was related to high concentrations of polyphenols and to iron
chelation capacity.

ACE inhibition is currently used for hypertension treatment, since it is a tool to control
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over activation of renin angiotensin aldosterone system (RAAS), helping to control increased blood
pressure (HAMMOUD et al., 2007). Extract from Pilsen spent grain presented antihypertensive activity
of 64.6%, meanwhile compounds from Red Ale and Stout presented the capacity to inhibit 31.7%
and 30.9% of this enzyme associated with control of hypertension. These results are higher than the
0.33 pM solution of quercitin from apple peel extract, which presented about 11% (BALASURIVA;
RUPASINGHE, 2012). The results suggest that this ability may be related to the concentration of
polyphenolics and phenolic acids in the bagasse matrix. The presence of hydroxyl groups and
the B ring in quercetin seems to play an important role in ACE inhibitory activity of polyphenols
(BALASURIVA; RUPASINGHE, 2012).

It is important to point out that phenolic compounds are mainly located in the pericarp,
and thus the solvent molecules must penetrate the cell walls of the plant tissue before reaching
the solutes and thus the extraction method imply changes in polyphenol extraction yield (GUIDO;
MOREIRA, 2017; ZUORRO et al., 2019).

3.2 PH, WATER AND OIL HOLDING CAPACITY AND COLOR

The average pH value and water and oil absorption capacity of the dried samples
of the brewery residue is shown in Figure 1. Beer bagasse was below 5.0, which was not
affected (p>0.05) by the combination of the different malts to produce the spent grains studied.
Larsson and Sanderberg (1995) observed similar pH values for malted oats, indicating greater
microbial stability in the matured samples due to the acidic pH of the samples. Ivanova et
al. (2017) observed that Pilsener and Carafa BSG presented respectively pH of 5.64 and
4.67 and related the acid conditions to the presence of high content of phenolic acids and
amino acids. Acid conditions may imply a barrier to bacterial growth and help on dried BSG
shelf-life, although this condition may propitiate a good fungal growth environment, which
is important for dried foods.
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Figure 1. Values of pH (white bars), oil (grey bars) and water (black bars) holding capacity of different
dried brewer’s spent grain. 2° Different superscripts indicate statistical differences (p<0.05).

The absorption capacity of water was greater than that of oil (Figure 1). This is possibly due
to the composition of this residue, rich in monosaccharides and polysaccharides and their derivatives
(SANTANA; OLIVEIRA, 2005). Oil absorption capacity presented no significant difference among the
samples studied (p>0.05), meanwhile water absorption capacity of Pilsen bagasse presented higher
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values (p<0.05) than Red Ale and Stout spent grains. Rosell, Santos and Collar (2009) and Reis et
al. (2007) observed that commercial fiber from apple, bamboo, oats and vegetable flours presented
water retention capacity with values similar to those found for BSG in the present work.

Water retention capacity depends on the fiber’s processing form as well as its physicochemical
structure (ROSELL; SANTOS; COLLAR, 2009; COLLAR; SANTOS; ROSELL, 2007) and high
temperatures may alter the physical properties of the fiber matrix, breaking the pores and increasing
the density, which consequently alters the hydration properties (SANTANA; OLIVEIRA, 2005).
According to Sousa and Correia (2010), a greater water absorption capacity by ingested fiber leads
to a higher volume of food cake, increases the viscosity of the solutions in the gastrointestinal tract,
a greater sensation of satiety, delaying the gastric emptying of meals rich in carbohydrates, thus
reducing the glycemic response.

The results of the color analysis, according to the CIELab methodology, are shown in Figure

0 10 20 30 40 50 60 70

OStout ORed Ale WPilsen

Figure 2. CIELab parameters for Pilsen, Red Ale and Stout spent grains. #° Different superscripts
indicate statistical differences (p<0.05).

L*-values lower than 50 indicate that samples present a dark color. Results show that, as
expected, Stout and Red Ale bagasse present dark color and Pilsen byproduct a lightness color.
Dried spent from Stout beer presented L*-value of 63.4, which was not significantly (p>0.05) different
from those from Red Ale grains although it was higher (p<0.05) than the color parameter from the
Pilsen residue (L* = 42). Carotenoids are important pigments in barleys (PAZNOCHT, et al., 2018),
thus spent grains from Pilsen beer presented higher (p<0.05) b*-value (6.8). Positive b*-values
are related to the yellowness of the samples, thus, possibly, the decrease on the roasted samples’
parameter due to carotenoid degradation. The a*-values, related to material reddish color, was not
different among the dried residues (p>0.05). Noscente et al. (2019) observed that pasta added of
BSG had their yellow index enhanced, which corroborate that addition of brewery residue to food
formulation may significantly impact on sensory characteristics of products. This information is
important for industrial quality control parameters and must be considered.

4 CONCLUSIONS

The results of the present work showed that residues from Pilsen, Red Ale and Stout beer
production have an important concentration of polyphenols and compounds with antioxidant and
anti-hypertensive capacities. Heat treatment used for the production of caramelized and toasted
malts seems to impact negatively on these bioactive compounds. Results of water and absorption
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capacity indicated that residue powders present similar values to cereal flours. The brewery’s spent
grain powder presents acid pH which may contribute to bacterial stability for medium-long term
storage of the dried residues. Thus, although more studies are necessary, powder from Pilsen, Red
Ale and Stout brewery’s spent grain has great potential to be used as a functional ingredient in the
food industry.
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