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Abstract

About 39 million tons of Brewer’s spent grain (BSG), the main by-product of beer manufacturing, are produced annually
and is used for low value applications. To valorise this rich bioresource, the present work entails bioprocessing of BSG with
various proteases (Novozymes) at two different concentrations (4% and 9%) to solubilise protein, carbohydrate and poly-
phenols from the grain and evaluate its effect on gut and brain health. The results show the highest (p <0.05) FRAP (Ferric
Reducing Antioxidant Power) based antioxidant activity was obtained for Pro 5 (4%: 108.10+4.17 pmole Trolox Equiva-
lence (TE)/g protein, 18.06 +0.70 umole TE/g d.w., which was 3.6 times higher than untreated control extracts. The highest
DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging activity was obtained for the same extract (Pro 5 at 4%: 0.118 £0.006
png AAE/mg d.w., 9%: 0.110+0.006 ug AAE/mg d.w). Proximate composition showed this extract to contain the highest
concentration of proteins at 21.66% +2.71, and color analysis showed the same Pro 5 (4%) extract to be the darkest (L.*53.73)
indicating the possible presence of dark polyphenols. Anticancer screening showed Control and Pro 1 to possess cytotoxic
effect against colon cancer cells with ICs, of 3.2 and 13.91 mg/mL, respectively. No significant activity was noted against
the brain cancer cell line. Thus anti-colon cancer activity of BSG extracts highlights its potential in gut health. The observed
bioactivity resulted from a combination of peptides, carbohydrates and polyphenolic compounds in the extract and warrants
further characterisation for targeted nutraceutical applications.
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Introduction

Beer is a popular alcoholic beverage around the world,
with 1.86 billion hectoliters produced in 2021 [1]. Over
the past few decades consumption has increased [2] and
hence multi-branding and mass production have emerged.
As a consequence beer holds the third place for the most
popular drink in the world after water and tea [1]. Beer
is produced by fermentation of four ingredients: water,
yeast (starter culture), hops for flavor and bitterness, and
malt (germinated starchy grain). The latter can be derived
either from barley, the most cultivated cereal in the world
or from other cereal grains rich in essential nutrients for
human and animals [3]. After steeping the malted barley
and separating the wort, brewers spent grains (BSG) are
the main solid waste, with an average 20 kg of BSG being
produced for every 100 L of beer [4]. BSG is obtained
from the outer layer of the grain, which is made up of
the seed coat, the pericarp and husk layers, and a small
amount of germ and endosperm [5]. About 70% of BSG is
used directly in animal feed and its application in human
diet is limited [6].

The composition of the BSG is dependent on the malted
barley and also on the process and materials used in the
production of the beer. The typical composition of BSG is
50% of fibre, 20% of protein and 10-28% of lignin. Fibre
fraction is made up of cellulose with xylose, glucose, ara-
binose and hemicellulose portions that include a maximum
of 40% of arabinoxylans. Around 30% of amino acids in
BSG could be attributed to [5] storage proteins such as
hordein, glutenin, albumin and globulin [7]. In addition,
these amino acids have 14.3% of lysine, an essential amino
acid usually absent in cereals. This by-product also has a
rigid structure and a certain integrity in terms of its lignin
composition and its concentration of lipids and minerals.
However, BSG has a high water content, which makes it
prone to microbial-degradation. The shelf life of BSG can
vary from 7 to 10 days in warm climates due to its high
water content of up to 70% [8]. This makes BSG unsta-
ble and valorisation of it needs to be accompanied with
appropriate logistical plans. Biorefinery set up close to
breweries can aid extraction and dehydration though these
techniques are often expensive.

BSG is being explored for varied applications beyond
animal feed [6] such as, energy production through, biogas
[9] and bioethanol for fuel [10] via valorisation to reduce
industrial waste. In food, BSG is used as an ingredient in
baking different doughs, cakes or biscuits [8]. Direct inclu-
sion of BSG in food can negatively impact the techno-
functional and sensorial characteristics of the products
far outweighing the nutritional benefits. To tailor specific
techno-functional properties and enhance bioactivity,
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enzymatic bioprocessing is essential. This will support the
creation of designer food products that can contain func-
tional compounds and provide health benefits and food
safety to consumers.The waste from the brewing industry
has been reported to have beneficial effects on oxidizing
compounds. Phenolic acids found in the husk of barley
grain, contribute towards the antioxidant potential of BSG
[11]. These types of extracts contain compounds such as
ferulic acid and caffeic acid and are known to limit oxida-
tive stress. However, at higher concentrations, they can
have the opposite effect by behaving as prooxidants and
induce oxidative stress [12], hence their application war-
rants detailed investigation.

The antioxidant activity of BSG extracts can prevent
age-related chronic diseases such as cardiovascular disease,
neurogenerative diseases, diabetes (types I and II), and some
cancers. BSG is therefore a good solution for the agri-food
industry formulations aimed at improving the percentage of
fibre, protein and antioxidants while reducing caloric intake.
Reserachers have explored utilization of enzymes such as
carbohydrases (amylase, cellulase, hemicellulase) and pro-
teases to breakdown complex proteins and carbohydrates
into lower molecular weight soluble bioactive compounds
[7, 13]. The antioxidant capacity of BSG extracts may, in
addition to food applications, also have useful properties
for pharmaceutical and nutraceutical application as well as
used for food preservation [8]. BSG has been reported as a
probiotic due to its high proportion of arabinoxylans and
is also being explored to target various metabolic diseases
such as hypertension or diabetes through its amino acids and
unique peptide composition [5, 14]. For target bioactivity,
choice of enzyme plays a critical role as there are several
commercial industrially available endo and exopeptidases
to choose from.

The objectives of the study are (i) To screen various pro-
teases for their ability to produce soluble, protein enriched
extracts from brewers spent grain (ii) To characterise the
produced extracts for its biocomposition (iii) To screen the
various extracts for antioxidant potential and (iv) To screen
anticancer effects for intervention in brain and gut disorders.

Materials and methods

The Brewers’ Spent Grain (BSG) used for the present work
was produced in the TU Dublin brewing lab from Hook Head
Series Ale Malt from Minch Malt Co. The malted barley has
a reported total protein (dry) of 8.5-10.5% w/w. Following
lautering, the BSG was freeze dried in Teagasc Ashtown
Food Research Centre. The BSG was stored refrigerated at
4 °Cin a plastic bag. The enzymes used were acquired from
Novozymes. Bovine serum albumin was sourced from the
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Fisher-Scientific. All other chemicals were obtained from
Sigma and were of analytical grade unless otherwise stated.

Proteases for hydrolysis

Proteases 1, 2, and 3 are endoproteases that break peptide
bonds at non-terminal amino acids, while Protease 4 is a
blend of endo- and exoproteases. Protease 5, is an endopro-
tease reportedly used in oats and Protease 6 is an exoprotease
for vegetable protein. The mixtures of Protease 1 & Pro-
tease 4 and Protease 2 and Protease 6 contain an equivalent
concentration of each protease.The extracts generated using
these enzymes were represented by the name of enzyme as
follows; Pro 1, Pro 2, Pro 3, Pro 4, Pro 5, Pro 6, Pro 1 & Pro
4 and Pro 2 & Pro 6.

Proximate composition analysis

Moisture content, protein content, ash content and lipid con-
tent of BSG were determined using validated AOAC Official
Methods (AOAC Official Method 930.15 Moisture in Ani-
mal Feed, AOAC Official Method 2001.11 Protein (Crude)
in Animal Feed (Kjeldahl Method), AOAC Official Method
923.03 Ash of Flour Direct Method, AOAC Official Method
963.15 Fat in Cacao Products (Soxhlet Extraction Method)
(Association of Official Analytical Chemists, 2000). The
carbohydrate + lignin portion was determined by difference.
The Jones Factor used for determining the protein content
of BSG and its extracts was 5.83 which has been reported
for barley.

Moisture content .
%Moisture =

Weight of dish before drying (g) — Weight of dish after drying (g)

into an Eppendorf and mixed with 1 mL of ELGA water
and vortexed until dissolved. The solution was then filter
sterilised through 0.2 pm syringe filter into 0.6 mL vials
with pre-cut septum (Thermofisher) with 25 pL of each
sample injected onto a CarboPac SA10 column, 250 mm
long X 4 mm internal diameter and eluted with an isocratic
mobile phase of 1 mM KOH at 1.5 mL min~!. Single dilu-
tions were prepared for all samples, which were then injected
in duplicate.

Enzymatic hydrolysis of BSG

10 g of dry BSG was suspended in deionised water (10%
T.S.) and solubilised using a New Brunswick Scientific
Innova 42 incubator shaker at 55 °C, 125 rpm for 1 h. Then,
the pH was adjusted to the optima of the selected enzymes
using 2 N NaOH and the proteases were added (4% and 9%
per d.w. of protein in BSG for each enzyme preparation) and
allowed to incubate for 1 h at 55 °C before heat inactivation
at 80 °C for 10 min. The fixed time of incubation was based
on preliminary trials while increase in protease concentra-
tion (4% and 9%) was based on literature [14]. The resulting
suspension was centrifuged at 4000 rpm for 10 min and the
supernatant was recovered and freeze dried (Mason Tech-
nology LabConCo freeze-dryer) for 72 h. The pellets were
then dried in an oven at 65 °C for 48 h. The total yield (g) of
the hydrolysate was determined using the freeze dried and
oven dried pellets.

X 100

Weight of dish before drying (g) — Weight of empty dish (g)

Crude protein content (V

- V,,,ank) X 1.4007 x Molarityofacid

7 Nit _ sample
elvurogen SampleWeight(g)

% Pr otein = %Nitrogen X Jones Factor

Crude ash content UAsh =

Weight of crucible before ashing (g) — Weight of crucible after ashing (g)

Weight of crucible before ashing (g) — Weight of empty crucible (g)

Fat content
%Fat

_ Weight of flask with extracted fat (g) — Weight of empty flask (g) %1

00

Weight of BSG in thimble (g)

*V refers to volume of titrant used for test sample and blank.

Sugar analysis

Monomeric carbohydrates were quantified using calibrated
standard curves of arabinose, galactose, glucose, xylose,
mannose, fructose ranging from 100 to 0.6 ug mL™! using
a Dionex High Performance Anion-Exchange Chromatog-
raphy with Pulsed Amperometer Detection (HPAE-PAD)
HPLC system. 20 mg of each sample was carefully weighed

Extent of hydrolysis

The extent of hydrolysis is an assay based on the reaction of
o-phthalaldehyde (OPA) and 2-mercaptoethanol with amino
groups released during proteolysis of a protein substrate.
L-serine standards were prepared ranging from 0-500 pg/
ml. The assay was set by pipetting 25 pL of the blanks,
standards, and samples solutions and reacting it with 175
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uUL (0.8 mg/ml) of OPA solution (Sigma-Aldrich: P0532) in
triplicate onto a 96-well plate. The extent of hydrolysis was
determined using the absorbance at 340 nm during 2 min at
24 °C. Due to low extraction of protein in prepared extracts
extent of hydrolysis is presented as mg Nitrogen/g of protein
and mg Nitrogen/g of d.w.

Antioxidant activity

DPPH

The antioxidant activity was determined via DPPH [11]
that gets reduced by receiving a hydrogen atom from anti-
oxidants, losing its purple colour detected spectrophoto-
metrically. 0.0157 g of DPPH was dissolved in 100 ml of
methanol to create a 0.4 mM stock solution. This was then
diluted to 240 uM working solution. L-ascorbic acid stand-
ards were used to create a standard curve. Hydrolysed BSG
extract solutions were prepared at 25 mg/ml. The assay was
carried out in a 96-well plate, with each sample and standard
in triplicate. The plate was incubated at 37 °C for 30 min
and absorbance was read at 517 nm. Antioxidant activity
was obtained in pg Ascorbic Acid Equivalent (AAE)/mg
hydrolysate and % Inhibition, calculated using the follow-

ing formula:
Asample >
Ablank

where Ay, is the absorbance of the control and A
the absorbance of the test extract.

%Inhibition = 100 x <1 -

sample 18

FRAP

FRAP reagent was prepared as follows: 1.55 g of sodium
acetate trihydrate was dissolved in 8 ml of acetic acid then
450 ml of dH,0 was added [13]. The pH of the solution was
measured and adjusted to 3.6. The solution was then made
up to 500 ml with dH,0. 15.6 mg of TPTZ was dissolved
in 5 ml of 40 mM HCI to create a 10 mM TPTZ solution.
27 mg of ferric chloride hexahydrate was weighed and dis-
solved in 5 ml of dH,O to create 20 mM FeCl;+6H,0. The
solutions were mixed in a ratio of 10:1:1 and heated at 37 °C
for 30 min. The initial absorbance of the FRAP reagent was
found at 590 nm, then the samples were added to a 96-well
plate and incubated at 37 °C for 30 min, following this, the
change in absorbance was calculated using the following
formula.

Change in absorbance for the samples was interpolated
using a Trolox standard curve to find pmole Trolox Equiva-
lent (TE)/g protein for the protease treated extract and as
umole Trolox Equivalent (TE)/g d.w.
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Colour analysis

Freeze-dried powder BSG extract was transferred to a trans-
parent glass plate and samples were covered with parafilm
to prevent the powder from drawing moisture from the air.
Proteases were evaluated using a Chroma meter [15], where
L xis lightness, a *is the degree of redness or greenness, and
b is yellowness or blueness. L*a*b readings were taken in
triplicate for each extract sample.

Anti-cancer activity against human brain cancer
cells

The possibility of anticarcinogenic activity of the BSG’s
extracts was calculated, using the methods of Jiang and
Sangour [16, 17]. An MTT assay was performed with U-373
cell lines corresponding to human brain tumor cells. U-373
cells were cultured in DMEM mixture F-12 supplemented
with L-glutamine, 10% of FBS and 1% of penicillin—strep-
tomycin solution. The colorimetric test allows to know if our
different peptide extracts can have a cytotoxic effect. The
MTT assay measures the transformation of tetrazolium salt
into formazan crystal at a wavelength of 570 nm.

100 pl of U-373 cell line was seed into the wells of a 96 well
plate and incubate for 24 h at a density of superior at 1x10°
cells/ml. The old medium was then removed and the different
concentrations of Blank 7, Prol 2% and Pro5 2% were added
to each well in duplicate for incubation for 24 to 48 h. 10 pL.
of MTT solution was inserted into each well and the plate was
incubated for 4 h before the old solution was removed, fol-
lowed by adding 100uL of DMSO to solubilise the formazan
crystals. The plate was then read using a spectrophotometer at a
wavelength of 570 nm and the OD was recorded. The following
calculation was used to determine the percentage of viability
and to evaluate the anti-cancer activity of BSG extracts.

OD sample — OD negative control

% Viability = x 100

OD positive control — OD negative control

Anti-cancer activity against human colon cancer
cells

The cell line used to test the anti-cancer effect of Control,
Pro 1 and Pro 5 was the human colon adenocarcinoma cell
line: Caco-2, clone TC7. This cell line is appropriate for
our studies because it undergoes spontaneous enterocytic-
like differentiation when it is cultured over confluence for
15 days to become polarized cells expressing apical and
basolateral surfaces with well-established tight junctions,
characteristics of normal epithelial cells [18].For this reason,
Caco-2/TC7 allows us to study the antiproliferative effect
not only on cancer cells (5 days after seeding) but also on
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considered normal epithelial cells (15 days after seeding).
Cell proliferation was measured using the well-established
MTT protocol. Based on a published study we [19] investi-
gated the cellular effects of Control, Prol and Pro 5 on undif-
ferentiated (5 days) and differentiated (15 days) Caco-2/TC7
cells, after exposure to the products for 72 h at different
concentrations (0—20 mg/mL).

FTIR spectroscopy

The FTIR analysis of the samples were recorded between
4000 and 400 cm™! using an ATR thermo spectrometer. The
BSG enzyme treated extracts was placed on a single reflec-
tion diamond and pressed in order to put the crystal and the
sample in contact for analysis.

Statistical analysis

Each experiment was conducted in triplicates (unless men-
tioned otherwise) and the obtained data was used to calcu-
late the mean and the standard deviation. Statistical analysis
of the data was carried out using GraphPad Prism 8.0.2.
Statistical significance at the 95% confidence interval was
determined for data using ANOVA followed by Tukey’s
multiple comparison test. Data is reported as mean =+ stand-
ard deviation of replicates.

Results and discussion

The present work was done to generate bioactive extracts
from brewers spent grains’ and to select best functioning
enzymes from a portfolio of industrially produced enzymes.
Biochemical analysis of protease treated BSG extracts was
done to estimate protein & ash content, extent of hydrolysis,
yield of extract and carbohydrate composition. Further anti-
oxidant assays such as DPPH and FRAP were used to select
potent extracts that can be applied to brain and colon cancer
cell lines to investigate anti-cancer effects. Further colour

Table 1 Proximate composition (protein, lipid, ash and moisture) of
raw material BSG

Component % d.w
Protein 13.33+0.02
Lipid 4.13+0.31
Ash 2.32+0.09
Moisture 1.96+0.39
Carbohydrate + Lignin# 78.26

#Calculated by difference

analysis and FTIR spectra was obtained to see changes in
composition of different extracts.

Proximate composition analysis

The mean crude protein content of the raw material (BSG)
was calculated to be 13.33 +0.02 g/100 g, with results rang-
ing from 13.31 to 13.34 g/100 g (Table 1).

These results match values found in literature for BSG,
such as 15.2% [4] and 14.2% [7]. In some cases, protein
content of BSG can be as high as 31 g/100 g [20], indicat-
ing a high degree of variability in the composition of BSG.
This discrepancy may be linked to differences in the malted
barley used as base material, the conditions of the lautering
and brewing process, the use of adjunct materials, and other
factors.

The malted barley that was brewed to produce the spent
grain used in this project had a reported protein content of
8.5-10.5 g/100 g according to the manufacturer. In this case,
the BSG was enriched in protein during the brewing pro-
cess due to the removal of sugars derived from hydrolysis
of starch in the barley endosperm [21] However, as the main
interest in this work was the production of peptides from the
protein component, it would be worthwhile to seek out a
source of BSG that is higher in protein for upscaling studies.

Extent of hydrolysis

The extent of hydrolysis is presented both in mg Nitrogen/g
of protein and mg Nitrogen/g of freeze-dried powder extract
as shown in Table 2.

The method measures the degree to which a protein com-
ponent in the substrate is degraded [22]. Enzymatic hydroly-
sis improves protein extraction and facilitates separation and
can also enhance the solubilization of the sample [14]. Typi-
cally, degree of hydrolysis is presented as % DH, however,
here, the extent of hydrolysis is primarily explained in mg
Nitrogen/g extract (d.w.) or mg Nitrogen/g protein as the
factor Npb was not estimated in this study.

The 9% Pro 2 & 6 extract demonstrates the highest extent
of hydrolysis, followed by the 9% Pro 4 extract as seen in
Table 2. The extent of hydrolysis (mg Nitrogen/g d.w.) for
the 4% and 9% Pro 2 extracts, the 4% Pro 6, and the 9% Pro
5 extracts are significantly lower than other samples indicat-
ing a decreased amount of hydrolysed protein in the extract
compared to other protease treated extracts. Amongst 4%
protease treated extracts, Pro 5 had the highest extent of
hydrolysis. Higher degree of hydrolysis results in products
of lower molecular weight often associated with higher bio-
activity as reported in other studies [21] As expected, the
protease free extracts have significantly lower mg Nitrogen/g
d.w. than the rest of the protease treated extracts, proving
the release of peptides during enzymatic hydrolysis. The
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Table 2 Degree of hydrolysis

Extract 4% Protease 9% Protease
of protease treated extracts as
estimated using OPA method mg Nitrogen/g protein  mg Nitrogen/g d.w mg Nitrogen/g protein mg Nitrogen/g d.w
Pro 1 0.167 +0.004 2.77+0.044 0.189+0.010 2.56+0.13%
Pro 2 0.727 +0.055 2.04+0.12° 0.288+0.013 2.28+0.11°
Pro 3 0.208 +0.011 2.61+0.13% 0.263+0.012 3.42+0.15°
Pro 4 0.411+0.046 2.94+0.02¢ 0.541+0.055 4.94+0.50°
Pro 5 0.162+0.002 3.52+0.04¢ 0.116 +0.003 1.93+0.05
Pro 6 0.370+0.026 1.78 +0.18" 0.716 +0.032 3.49+0.16°
Prol &Pro4 0.266+0.006 3.24+0.01% 0.275+0.010 3.28+0.12¢
Pro2 & Pro6 0.605+0.012 2.64+0.04% 0.774 +0.023 6.22+0.18"
No Protease
mg Nitrogen/g d.w
pH7 1.42+0.12°
pH7.5 1.52+0.04
pH 8 1.37+0.09°
pH 10 1.70+0.08

Values labelled with different letters have mean values that are significantly different (p <0.05). Statistical
analyses were performed by ANOVA followed by Tukey’s multiple comparison test

Table 3 Yield of protease treated soluble extract

Sample pH Mean Yield (g) Mean Yield (%)
4% Protease 9% Protease 4% Pro- 9% Pro-
tease tease

Pro 1 8 3.00+£0.07° 3.76+0.05*  30% 37.6%
Pro 2 7 2.60+0.05° 3.66+0.04°° 26% 36.6%
Pro 3 8 2.65+0.18° 3.63+0.06°° 26.5% 36.3%
Pro 4 7 271+0.03% 3.57+0.18° 27.1% 35.7%
Pro 5 10 2.82+0.06° 3.56+0.3%®  282% 35.6%
Pro 6 7.5 259+0.17° 3.18+0.02° 25.9% 31.8%
Prol& 7.5 277+0.12% 393+0.11° 27.7% 39.3%

Pro 4
Pro2& 7 2.68+0.09° 3.54+0.19®° 26.8% 35.4%

Pro 6
No Protease (g)

Blank 7 3.33+0.60 33.3%

Blank 7.5 2.56+035 25.6%

Blank 8  1.758+0.52 17.58%

Blank 10  3.16+0.61 31.6%

Values labelled with different letters have mean values that are sig-
nificantly different (p <0.05). Statistical analyses were performed by
ANOVA followed by Tukey’s multiple comparison test

partial hydrolysis in control samples not containing external
protease demonstrates autohydrolysis during malting due to
endoproteases or exopeptidases found in malted barley [23].

Despite the low mg Nitrogen/g d.w. in the Pro 2 extract,
Pro 2 also exhibits the highest mg Nitrogen/g protein. Since
the Pro 2 extract had the lowest protein content of all the
extracts (2.94% + 1.17), this implies that while Pro 2 was
inefficient at extracting protein from the BSG, but efficient at
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hydrolysis. A higher enzyme to protein ratio enables higher
rate of hydrolysis.

Yield of BSG extracts

The yield of the extract is calculated from 10 g of BSG.
Following freeze-drying of the supernatant, the recovered
powder was weighed and mean yield in grams and % yield
was found for each sample.

The highest recovered yield was for 9% Protease 1 & 4
treated extract at 3.93+0.11 g (~40%) as shown in Table 3.
This was significantly higher than the sample at the same
pH (7.5) without any added enzymes. The sample without
enzymes had a yield of 2.54 g. The 9% Proteases 1 & 4
extract was also significantly higher than the same combi-
nation of enzymes at 4% concentration. The yield of Pro 1,
Pro 2, Pro 3, Pro 6 and Pro 2 1 Pro6 extracts are also signifi-
cantly higher at 9% enzyme concentration compared to 4%,
indicating consistent increase in yield. It is worth noting that
Pro 1 had the highest mean yield at 4% concentration and
the second highest yield at 9% concentration and both results
are significantly higher than the protease free extract at pH
8. Thus the enzymatic treatment leads to higher recovery of
soluble fraction.

The lowest mean yield was 4% Pro 6 extract, which had
ayield of 2.59+0.17 g, which was significantly lower than
the 9% Pro 6 extract. The 9% protease treated extracts tended
to be significantly higher than the 4% protease counterparts.
The higher the protease concentration, the higher the yield
obtained.

Of the extracts produced without protease, the yield of
freeze-dried powder decreased as the pH became more
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Table 4 Ash content of protease treated soluble extract

Table 5 Protein content of protease treated soluble extract

Sample Ash content Sample pH % Protein
4% Protease 9% Protease 4% Protease 9% Protease

Prol 1.390+0.203¢ 1.498 +0.352¢¢ Pro 1 8 16.71 £2.912% 12.89+0.88"
Pro2 1.329+0.085¢ 1.361 +0.028¢ Pro 2 7 2.94+1.17° 8.83+0.13¢
Pro3 2.247+0.070° 3.449 +0.003* Pro 3 8 12.83 +0.59 12.98 +0.39"
Pro4 1.648 +0.030° 1.619+0.046° Pro 4 7 6.49+1.21° 8.37+0.20¢
Pro5 2.020+0.039" 1.989 +0.045% Pro 5 10 21.66+2.71%° 16.73 £0.328
Pro6 1.497+0.011¢ 1.602+0.122° Pro 6 7.5 4.95+1.90° 4.88+0.22°
Prol & Pro4 1.464 +0.056% 1.537 +0.028%¢ Pro 1 & Pro 4 7.5 12.42+0.88> 11.93+0.34¢
Pro2 & Pro6 1.369+0.013¢ 1.436+0.031%¢ Pro2 & Pro 6 7 4.30+3.51° 8.04 +0.65%
No protease Blank (No pro- 7 4.42+0.07°

Blank pH7 1.099 +0.220° tease)

d

Blank pH7.5 1.338+0. 129d Values labelled with different letters have mean values that are sig-

Blank pH3 1.349+£0.227 nificantly different (p<0.05). Statistical analyses were performed by

Blank pH10 2.181+0.037° ANOVA followed by Tukey’s multiple comparison test. nP of 5.83

Values labelled with different letters have mean values that are sig-
nificantly different (p<0.05). Statistical analyses were performed by
ANOVA followed by Tukey’s multiple comparison test

alkaline, as the pH 7 extract had a significantly higher yield
of 3.33 +£0.6 g, compared to pH 7.5, or the pH 8 extract.
The only case where protease extract yield was lower than
its protease free counterpart was 4% Pro 2, an exception to
the general observation of enzymes increasing the yield of
BSG extract. In the case of 4% Pro 2 extract, combination of
factors may account for the lower yield, such as concentra-
tion of the enzyme, type of enzyme, pH and loss of material
during transfer.

Crude ash content of BSG extracts

Pro 3 9% is the extract with the highest percentage of ash
content while the lowest was for Blank pH 7 (Table 4) and
these values were significantly different from all other
extracts as well as the ash content of the initial BSG mate-
rial (2.32+0.09). The starting BSG material is similar in ash
content to other samples such as Pro3 4%, Pro5 4%, Pro5 9%
and Blank 10. Generally higher pH (pH 10) corresponds to
addition of higher amount of NaOH which results in higher
ash content as observed for blank 10 and Pro 5 extract. For
most samples there is no difference in ash content between
protease concentration of 9% and 4%; Pro 1 4% and 9%,
Pro2 4% and 9%, Pro6 4% and 9%, Prol & Pro4 and Pro2
& Pro6 are not significantly different in ash content as are
Blank 7.5 and Blank 8. All the aforementioned extracts have
been generated at pH 7, 7.5 or 8. This may further indicate
the link between the pH used during the hydrolysis and the
ash composition of the extracts.

In addition, ash content is known to impact digestibil-
ity, taste and quality of finished products, and an unusually

was used

high ash value suggests the presence of inorganic adulter-
ants. Determination of ash content is useful to determine
the nature and distribution of the mineral constituents' pre-
sent and more detailed analysis using FTIR will reveal the
nature of minerals present [24]. Finally the maximum ash
content was found to be 3.449% and is comparable to lier-
tature reports ranging from 3.29% +0.06 [25] to 4.77% [26].

Crude protein content of BSG extracts

The results in Table 5 show that for many samples protein
extraction was higher at lower enzyme concentration i.e.
at 4%. The 4% Pro 5 extract had 4.9 times higher protein
content at 21.66% +2.71 as compared to the BSG starting
material (4.42% +0.02). The 4% extracts Pro 1, Pro 3, Pro
1&4 are next in line in terms of high protein content as com-
pared to blank samples. Amongst 9% samples Pro 2, Pro 4,
and Pro 2 & 6 gave much lower protein content and are not
significantly different from each other while Pro 6 was found
to be the most inefficient enzyme in extracting protein from
BSG samples. This highlights the issue with attempting to
use the protein component of a highly lignocellulosic sub-
strate like BSG, as much of the protein component is bound
to or within the carbohydrate portion of the material and
extraction can be difficult [27]. In addition, for samples Pro
1, Pro 3, Pro 5, Pro 6, Pro 1&4 and Pro 2&6 there was no
significant difference between the protease concentrations at
4% and 9%. This contrasts with Pro 2 and Pro 4, where the
higher the protease concentration used during hydrolysis,
the higher the protein content of the extract. Until recently,
most researchers have reported reduction in protein content
after protease treatment while some recent studies indicate
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doubling of protein in wet fractionated BSG extracts and
protease treated BSG extracts [28, 29].

Apart from the choice of enzyme, the pH of hydrolysis
also plays a major role in protein content of extracts. Gener-
ally, alkaline pH methods are routinely utilized for protein
extraction. Hydrolysis of BSG with Pro 2, Pro 4 and Pro 2 &
6 was conducted at pH 7 which corresponded with the lowest
protein content, while Pro 6 was conducted at pH 7.5. Pro 1
and Pro 3 were conducted at pH 8 and the mix of Pro 1 & 4
was conducted at pH 7.5. Pro 5, which had the highest pro-
tein content was conducted at pH 10. The low solubility of
BSG proteins is one of the functional properties that hinder
attempts at valorisation [29] and the use of alkaline pH in
extraction to improve solubility is commonplace [30, 31].

Table 6 Antioxidant potential of protease treated soluble extract
through DPPH and FRAP assays

Antioxidant activity

In the DPPH assay, extracts were assessed against an
L-ascorbic acid standard curve and antioxidant activ-
ity was expressed as ug AAE/mg d.w. and % Inhibition.
The highest results were obtained from the Pro 5 extracts
(4%: 0.118 £0.006 pug AAE/mg d.w., 39.0% + 1.9, 9%:
0.110+0.006 ug AAE/mg d.w., 39.0% +2.2) followed by
9% Pro 1 (0.073 +£0.007 ug AAE/mg d.w, 25.8% +2.4) and
9% Pro 2 & 6 (0.072 +£0.012 uyg AAE/mg d.w., 25.3% +4.4)
as shown in Table 6. These values are comparable to those
from other plant products such as those obtained for rad-
ish seed extracts of 30.26% + 1.36 and rapeseed extracts
of 25.04% +2.42 [34]. In agreemetn to our results, other
researchers have successfully fractionated antioxidant pep-
tides from BSG [21]. Unfortunately, as the values obtained
for the remaining protease treated extracts are low and, in
many cases, not significantly different (p <0.05) from the
protease free extracts it may indicate that DPPH antioxidant

Sample DPPH FRAP activity is not necessarily linked to the peptide portion of the
ug AAE/mg d.w % Inhibition umole TE/g d.w extract but maybe multifactorial.

" In the FRAP assay, extracts were assessed against a
4%Pro 1 0.050+0.010 . 15536 10.00+0.28¢ Trolox standard curve to determine antioxidant activity in
4% Pro 2 0.05010.010: 15.6+3.5 4.58:+£0.10g terms of pmole TE/g protein and umole TE/g d.w. The high-
4% Pro 3 0.04120.005 d 122217 8.770.50d est antioxidant activity was yet again obtained from Pro 5
4? Pro : 0.042% 0.00; 128+17 6.0520.10ef (4%: 108.10 £4.17 umole TE/g protein, 18.06 4+ 0.70 pmole
172 :Z s 8(1);2:_:8286‘1 ?zgf;? liggfgzzefl TE/g d.w., 9%: 11.49+0.34 pmole TE/g d.v&{.), followed by
4% Pro 1 & Pro4 006340005 200+16  5.50+0.19f Pro 3 (4%: 52.47%3.02 pmole TE/g protein, 8.77+0.50
4% Pro 2 & Pro 6 0.05210.010°d 16.4:3.3 6.02:0.10ef umole TE/g d.w., 9%: 6.74+0.21 umole TE/g d.w.), and
9% Pro 1 0.073;0.00713 558 ; 54 9.37;0.13&1 Pro 1 (4%: 59.84 +1.68 umole TE/g protein, 10.00 +£0.28
9% Pro 2 0035400068 12021 423+001gh umole TE/g d.w., 9%: 9.37 +0.13 pmole TE/g d_'W‘) extracts.
9% Pro 3 005840002 204408 67440210 These compare favourably to FRAP results obtained for BSG
9% Pro 4 0‘035:0.002 f 12.0:0.8 adl :0.0Sgh extracts by other researchers at 0.3"20. mrpol TE/g+0.012
9% Pro 5 0.110 N 0.006*  39.0 N 22 1149 N 0.34b and O'.‘%Q mmol TE/ £+0.006 [13], indicating a good degree
9% Pro 6 0,038:0.003 P 13.2: 0 3.72:0'05}1 of ant10x1dan.t ac.t1v1ty fo.r the screened samples. Other sam-
9% Pro 1 & Pro 4 0‘045:0'0045 o 15.5:0'7 4.17:0.04gh ples have antioxidant é.J.Ctl.Vlty lower .than the pH 10 protease
9% Pro 2 & Pro 6 0‘072:0.012hc 25'3:4‘4 6.06:0.02ef free extract and not s1g.n1ﬁcantl}/ different from other pro-

- P - - tease free extracts. The increase in umole TE when convert-
pH7 0.028+0.002 P 96207 4.90+0.22fg ing between g of extract to g of protein may be a sign of the
E E ;'5 ggziigggj | 1;§i;i ;gzigg;fg antioxidant activity being linked to the protein component
pH 10 0.059+0.007% 207425  8.08+0.05d for these samples.

If)?r:;;it(i::rrlbc?fhgf&?;se treated Sugar (%dw basis)  Type Control  Pro 1 Pro 3 Pro 5 Pro6 Mix1 Mix2
soluble extract Xylose Aldopentose ~ 3.25 320 308 308 297 192  0.00
Arabinose Aldopentose 1.32 3.02 1.52 1.92 0.33 0.00 0.00
Mannose Aldohexose 0.91 2.09 1.85 0.00 0.77 0.00 0.00
Glucose Aldohexose 64.13 59.00 59.61 5253 5234 52.28 75.61
Fructose Ketohexose 9.81 9.83 8.14 0.00 11.49 2.70 8.95
Sucrose Disaccharide 6.00 11.57 598 10.19 3.76 0.00 3.83
Total Sugars 85.44 88.70  80.19 67.72 71.66  56.90 88.39
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Carbohydrate analysis

For carbohydrate analysis select samples were used based
on their % DPPH quenching abilities. The chromatogram
showed presence of monosaccharides xylose, arabinose,
mannose, glucose, fructose and disaccharide sucrose as
shown in Table 7. Most of these sugars can be attributed
to cellulose and hemicellulose fractions of BSG. Glucose
by far was the most abundant sugar in all extracts. The type
of beer influences the extent of wort processing and sugar
extraction from malt. High amounts of fermentable sugars
in the specific batch could be attributed to inefficient wort
processing as well as to breakdown of carbohydrates dur-
ing the protease treatment. Though proteases seldom act on
carbohydrates, water-extractable feruloylated arabinoxylan
and starch entrapped by a proteinaceous barrier protein in
BSG are broken down during proteolysis as reported by
other researchers [32] Released sugar could then react with
hydrolysed amino acids to form Maillard reaction products
that display antioxidant activity, thus an increase in antioxi-
dant activity post sugar release can be predicted. Maillard
reaction product formation has been reported at temperatures

as low was 80 “C [33] which was enzyme inactivation tem-
perature used in the study. As the water-soluble protease
treated BSG extract contains free sugars as well as peptides
and amino acids, further studies can be undertaken to exploit
the extracts for media supplementation of microbial cultures.

Colour analysis

The colour of the BSG extracts was also evaluated for L*
(lightness), a* (degree of red/green), and b* (degree of yel-
low/blue). The extract colour L* values ranged from 50 to
69, while the a* values ranged from 2.0 to 5.6, and the b*
values ranged from 9.3 to 13.6. The darkest extract was Pro
5 while the lightest was Pro 6 as seen in Fig. 1. The other
extracts did not differ significantly from each other. This is
relevant because darker varieties of BSG have been linked
to increased polyphenol content, which may also account
for some of the antioxidant activity present in the extracts
[25]. Pro 5 has consistently given the greatest bioactivity in
antioxidant assays, which may be linked to its high protein
content, a polyphenol component or both.

Fig. 1 Color analysis of pro- L*
tease treated soluble extracts
(L*a*b®) 80.00
60.00 = =
40.00
20.00
0.00
Pro1l Pro2 Pro3 Pro4 Pro5 Pro 6 Prol1& Pro2& pH7 pH 10
Pro 4 Pro 6
M 4% Protease W 9% Protease Protease Free
a*
6.00
4.00
0.00
Pro1l Pro 2 Pro3 Pro4 Pro5 Pro 6 Prol& Pro2& pH7 pH 10
Pro 4 Pro 6
M 4% Protease M 9% Protease Protease Free
b *
20.00
15.00 _ -
10.00
5.00 l I
0.00
Pro1l Pro 2 Pro 3 Pro 4 Pro5 Pro6 Prol & Pro2 & H7 pH 10
Pro 4 Pro 6

W 4% Protease

M 9% Protease Protease Free
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Table 8 Viability study of protease treated soluble extracts (Blank7,
Prol 4% and Pro5 4%) on glioblastoma brain cells

Concentration % Viability
(mg/mL)
Blank7 Prol 4% Pro5 4%

5 71.05+0.31™ 81.61+0.24" 76.75+0.42
10 74.30+0.03™ 87.40+0.01™ 73.21+0.08
25 69.43+0.12™ 78.89+0.15™ 65.98+0.17
35 66.94+0.04™ 72.20+0.21™ 59.03+0.24
50 70.79+0.35™ 82.72+0.03" 65.11+0.27
70 72.85+0.09%*  62.62+0.38* 44.88+0.19
100 64334033 73.94+0.02%%%  40.55+0.17

“Significant difference (p <0.05) from Pro5 4%

ns not significant

100+

% Cell viability

0 1 I
10 100
BSG's concentration [mg/ml]

Fig.2 Viability study on glioblastoma brain cells for the sample Pro5

Anti-cancer activity

Most peptide extracts used in food are known for their bioac-
tive properties. A number of these peptides may also have
anti-carcinogenic properties depending on the food source
from which they are derived [35]. In this study we screened
select BSG extracts (Blank7, Prol and Pro5) for anti-cancer
activity against brain (U-373) and colon (Caco-2) cancer cell
lines and tried to correlate it with compositional analysis.

Table 8 shows percentages of the viability of U-373 cells
in response to the different concentrations of BSG extracts
(5 mg/mL, 10 mg/mL, 25 mg/mL, 35 mg/mL, 50 mg/mL, 70
mg/mL and 100mg/mL). Cell viability percentages for most
of the doses remain almost similar against the 7 concentra-
tions studied for Blank7 and Prol 4% samples. However,
Pro5 4% showed a slight decrease in the percentage viability
of the glioblastoma brain cells which is visible from 70 mg/
mL leading to a significant difference in cell viability at the
two maximum concentrations.

However, the ICs;, of Pro5 4% (29.70%) shows that this
inhibition is not significant enough to say that this pep-
tide extract has a cytotoxic effect against the U-373 cells
(Fig. 2.). For all samples, the results with the MTT assay

@ Springer

showed that this natural drug is non-cytotoxic against the
glioblastoma brain cell line.

BSG therefore has no anti-cancer activity against glio-
blastoma since it needs to be at a very high concentration
to obtain a decrease in the cell viability. Similar to results
seen from fermented bovine colostrum peptides on (Human
lymphoblastoid TK6 cells) [36], BSG derived peptides are
non-cytotoxic and thereby safe for addition to food products
[37] for improved functional properties and applications in
human health [36]. Further investigation using tests such as
the Alamar Blue Assay or an ATP test would be essential to
confirm the results obtained [38].

Figure 3 shows the percentages of the viability of nor-
mal (A, B, C) and the cancer (D, E, C) Caco-2 cells in
response to the different concentrations of BSG extracts
(1 mg/mL, 5 mg/mL, 10 mg/mL, 15 mg/mL and 20 mg/
mL). In normal colon cells, cell viability percentages for
1 and 5 mg/mL concentrations were not modified respect
to control in Blank 7, Pro 1 and Pro 5 samples. However,
the concentrations of 15 and 20 mg/mL of Blank7, Pro 1
and Pro 5 increased the number of live normal colon cells,
indicating that treatment with these extracts increases the
metabolic function of the cells and thus their viability. The
EC;, of Blank 7, Pro 1 and Pro 5 in normal colon cells
were 10.19 mg/ml, 17.92 mg/ml and 5.24 mg/mL, respec-
tively. In cancer colon cells, Blank 7 and Pro 1 decreased
the viability of these cells at concentrations of 5, 10, 15
and 20 mg/mL. The ICs, of Blank7 and Pro 1 were 3.2 mg/
ml and 13.91 mg/mL, respectively, indicating that Blank7
has a higher cytotoxic effect against the colon cancer cells.
Pro 5 did not modify the viability of colon cancer cells at
any of the tested concentrations. Researchers have demon-
strated similar effects of ‘pasta’ incorporated with hydro-
lysed and fermented BSG on Caco-2 cell lines. Enhanced
scavenging activity and increased catalase function was
observed in the colon cancer cell lines [39] thereby dem-
onstrating benefit of BSG on gut health.

FTIR spectroscopy

FTIR analysis was used to determine the functional groups
in BSG’s extract. The spectrum seen in Fig. 4 shows peaks
between 3400 and 900 cm™.

All three samples have a similar spectral peaks with
differences in values of percentage transmittance. As the
protein percentage of each sample increases, the trans-
mittance percentage decreases. This value depends on the
process used to obtain the dehydrated extract and can also
be influenced by the quantity of sample used for FTIR
analysis [40]. The large peak at 3300 cm™! represents the
functional hydroxyl group O—H rsulting from presence of
water and amine groups. The peak stretches near 2900
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Fig.3 Viability study of A D
protease treated soluble extracts Control Control
Control (Blank7), Pro 1 and Pro —~ 150+ = 150+
5 (1-20 mg/mL) on normal (A, ° [
B, C) and colon cancer (D, E, 'g' §
F) cells. Values are expressed S B
as mean values +SD (n>3 dif- 6 1004 5 1004
ferent experiments). *P <0.05; § c:°,
**P <0.01; ***P <0.001 vs 2 2
control 3 50 3 50
= 5
S >
] ]
o 0- o 0-
0 1 5 10 15 20
Concentration (mg/ml) Concentration (mg/ml)
B Pro 1 = Pro 1
= 150+ d * = 150+
£ g
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o o
o o . .
% 100 % 100 . o
X X B * *
z z Lo
Z 50 = 504
S s
S B
3 3
o 0- o 0
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C Pro 5 F Pro 5
% 150 & " . ,3— 150
£ T £
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‘5 100 s 100
X X
2 2
= 50 = 50
8 8
> >
] ]
@ 0- T T T T T < 0- T T T T T
0 1 5§ 10 15 20 0 1 5 10 15 20

Concentration (mg/ml)

cm™! denotes a C—H function related to the group alkyl.
BSG’s samples also contain C=0 bond at 1650 cm™!
and saccharide bonds like C—O peak around 1000 cm™!
[41]. C=0 bond highlights that the BSG is composed of
aromatic acid (fatty and esters acids) and amide I and II
characteristic of the presence of proteins in samples [42].
The last stretch at 1000 cm™! shows the existence of alpha-
glycosidic linkage in BSG. This type of linkage is found
between glucose in some carbohydrates like cellulose or
p-glucan [41].

Concentration (mg/ml)

Biocompositional analysis of the brewers spent grains’
shows that the extracts generated using various endopro-
teases (Prol and Pro5) are composed of molecules of interest
such as proteins and carbohydrates that could be profitable
in food and nutraceutical applications. It further establishes
the superiority of endoproteases in extracting these biomol-
ecules, enhancing bioactivity and enhancing solubility of the
hydrolysed samples [43].
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Fig.4 FTIR spectra of protease treated soluble extracts (Pro 1, Pro5 and Blank (Control pH 7) samples

Conclusion

In this study, protease treated extracts were successfully
produced from BSG and evaluated for their yield, extent
of hydrolysis, protein content, antioxidant activity and anti-
cancer activity. Often bioactive peptides and hydrolysates
are generated using endoproteases or a combination of both
endo and exoproteases. Of all the enzymes screened in this
study, maximum antioxidant effect was seen from extracts
that were generated using endoproteases. Therefore this
study enabled selection of two best performing enzymes
out of 8 enzyme combinations. Further consistenly higher
extract yields were obtained at higher enzyme concetration
though these extracts had lower protein and antioxidant
content. This means the protease treatment at higher con-
centration, enabled higher solubilisation of carbohydrates
which is an interesting finding. Future studies may evaluate
the antioxidant activity and anti-cancer activity more thor-
oughly using in vivo studies, as well as investigation into
other forms of bioactivity that may be of interest, such as
anti-hypertensive activity, anti-diabetic and anti-microbial
activity. High protein content with excellent solubility and
enhanced bioactive extracts can be used for functional food
formulations. BSG extract that demonstrates sufficient anti-
oxidant activity as well as anti-colon cancer effect opens
doors for further work in the area of ‘BSG mediated gut
health applications’.
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