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Generation of Brewer's Spent Grain (BSG)
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Composition of pale and black brewers'’
spent grain (BSG)

Component Pale Black
(mg/100mg BSG dw)
Protein 23.10 £ 0.09 26.93 + 0.69
Lipid 13.51+0.78 9.96 £ 0.09
Lignin (incl. 23.39 + 0.56 n.d.
hemicellulose)
Non-starch 34 n.d.
car bohydrate
Starch 1.48 + 0.01 0.85+ 0.02
Polyphenol 1.70+ 0.01 2.61 +0.07
Ash 3.29+0.06 2.07+£0.03
n=2

Connolly et al., 2013



Scheme for extraction of protein-rich isolates
from pale and black BSG
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Bioactivity assessment of BSG ingredients
(in vitro)

Antioxidant activity using FRAP, DPPH and TBARS assays
Antioxidant activity (DNA damage) using Comet assay
Anti-inflammatory activity (cytokine production) ELIZA assay
Anti-diabetic activity (a-glucosidase/a-amylase inhibition)
Anti-diabetic activity (DPP-4 inhibition)

Blood pressure control (ACE inhibition)



Enzymatic hydrolysis pale BSG protein isolate.
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DNA protective effects - Comet assay

o To evaluate oxidative DNA damage in cells treated with
phenolic extracts (2.5% v/v), ferulic acid (1pg/ml) or
protein hydrolysates (0.5% v/v)
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BSG phenolic extracts - DNA damage in U937
cells following exposure to H,O, - Comet assay
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BSG protein hydrolysates - antioxidant effect in
U937 cells following exposure to H,O, - SOD
assay
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Data represent the mean + s.e. of four independent experiments. Statistical analysis by ANOVA
followed by Dunnett's test. * Denotes significant difference in SOD activity between H,O, control
and protein hydrolysate (P<0.01)
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Immunomodulatory effects of BSG protein
hydrolysates in con-A stimulated Jurkat T cells
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Data represent the mean + s.e. of three independent experiments. Statistical analysis by
ANOVA followed by Tukey's multiple comparison test. * Denotes significant reduction in IFN-y
production, relative to con-A treated Jurkat T cells control (P<0.05)
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Inhibition of a-amylase, a-glucosidase, dipeptidyl
peptidase-IV (DPP-IV) and angiotensin converting
enzyme (ACE)
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0-6Glucosidase and o-amylase inhibition of
pale BSG-PI and associated hydrolysates
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DPP-IV and ACE inhibitory activity of pale
BSG-PI and associated hydrolysates
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DPP-IV and ACE inhibitory activity of pale
BSG-PI and associated hydrolysates after
simulated gastro intestinal digestion

(Gastric phase: 1% pepsin at pH2.0
for 90min
Intestinal phase: 2.5% Corolase PP
At pH 7.5 for 150 min
(Walsh et al., 2004)

100 | ®Control M Gastric Phase i Tntestinal Phase 100 ® Control M Gastric Phase LiIntestinal Phase
90 - 90
a
~ 80 b b a 4 \?80 b ab b a
\e + ?_, ab a I a a
S 70 | =70 2 TH :
S0 = 60
= =
% 50 gso
=
s >
% 40 EAO
1 & &30
< 30 ~
20 - 20
10 10
0 0 - — - - -
BSG-PI ProH  AlcH FlavH  CorH BSG-PI ~ ProH  AleH  FlavH  CorH
14 Values represent the mean + SD (n=3).

Samples with different letters in the same sample set were found to be significantly different (p<0.05)
Connolly et al., 2013 (submitted)



Food fortification with bioactive BSG fractions

o Identification of BSG fractions/ingredients suitable for
incorporation into formulated foods

o Fortification of meat, juices, chocolate drink, snack-bar
and yogurt with bioactive BSG extracts

o Study of bioactivity retension within the food systems using
standard bioactivity assays and simulated gastro-intestinal
digestion (SCID)



Polyphenol levels in co-product fractions post
protein extraction from pale and black

brewers’ spent grain (BSG)

Fraction Polyphenol (mg GAE/g BSGdw)
Protein extraction (20°C) Protein extraction (50°C)

P1 0.15+0.01 0.25+0.01
P2 3.88+0.09 3.75+0.12
P3 1.32 £ 0.02 0.99+ 0.03
P4 1.31+0.02 459+ 0.11

Total 6.66 9.58
B1 0.97+0.11 1.48 + 0.03
B2 6.81+0.14 5.29+0.05
B3 1.99 + 0.07 1.38+0.03
B4 2.75+0.07 4.35+ 0.08

Total 12.52 12.50 (n=3)




Polyphenol and antioxidant (%DPPHsc) levels in
snack-bar matrix fortified with BSG phenolic
fractions P2 and B2
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Protection by BSG phenolic extract-fortified
food digestates against H,0, induced DNA
damage in Caco-2 cells
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Protection by BSG protein hydrolysate-
fortified food digestates against H,O, induced
DNA damage in Caco-2 cells
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Summary - potential applications of brewers’
spent grain bioactive extracts

Extraction and isolation procedures optimised for'Cfr'oTein—r'ich isolates, protein
hydrolysates and phenolic-rich fractions from BSG.

BSG extracts possess antioxidant prﬁer‘ries (FRAP, DPPH, TBARS and
protection against oxidant induced DNA damage), exhibit a-glucosidase, DPP-4
and ACE inhibition and the ability to decrease cytokine production.

BSG extracts may have potential health benefits, particularly in relation to
gogdlglons such as oxidative stress, hypertension, inflammatory disease and type
iabetes.

BSG extracts have potential applications in formulated foods, providing a novel
source of biofunctional ingredient.

Future work involves identification of bioactive peptides using LC-MS/MS, and in
vivo animal studies followed by in vivo human intervention studies are needed to
assess whether the bioactivity is retained.
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