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from brewer’s spent grain
Freja Karlsen,* Ivar Lund and Peter V. Skov

Extraction of proteins from industrial residues is a potential source for animal feed. Alkaline extraction combined with isoelectric
precipitation may be a useful method for isolating protein from brewer’s spent grain (BSG), an abundant by-product from the
brewing industry. The objective of this study was to examine the effect of temperature (30, 45 and 60°C), time (30, 60, 120
and 180 minutes), agitation (shaking and stirring), precipitation salinity (0.5 M sodium chloride), isolation mode (freeze drying
and precipitation), pre-treatment (defatting and delignification) and repeated extraction on the protein yield and protein con-
tent from BSG. Generally, the protein content decreased while protein yield increased with increasing extraction temperatures.
Yield and content weremaximised after 30minutes reaching the highest protein content at 30oC (54.8%) and the highest protein
yield at 60oC (10.5%). Precipitation with 0.5 M sodium chloride reduced the protein content to 36.4% and the yield to 4.2%.
Freeze drying combined with triple extraction yielded a protein content of 20-25%, together with a relatively high protein yield
(ca. 45-50%). Delignification increased the protein content from 27% to 32%whereas defatting reduced the overall protein yield
from 45% to 38%. Combining isoelectric precipitation and single extraction was associated with a higher protein content (40-
55%) but poor protein yields (5-10%). In the light of these findings, further research is required to establish conditions that max-
imise both the protein content and yield. © 2022 The Institute of Brewing & Distilling.

Additional supporting information may be found online in the Supporting Information section at the end of the article.
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Introduction
Protein is the costliest ingredient in formulated diets for farmed
animals. Currently, fishmeal and plant derived meals are the most
widespread protein sources in the production of animal feeds, par-
ticularly aquafeed (Tacon et al, 2011). These protein sources have a
high nutritional value; however, sourcing them is associated with
economic and environmental concerns (Olsen and Hasan, 2012).
Therefore, there is a need for more sustainable protein sources in
animal feeds.

Brewer’s spent grain (BSG) is the most abundant by-product
from the brewing industry with an annual production ofmore than
40 million tonnes of wet BSG (Petit et al, 2020). At present, the
main uses of BSG include supplementation of feed for livestock an-
imals, composting and energy production through incineration
(Petit et al, 2020). In recent years, increasing attention has been di-
rected at alternative uses of BSG in food and non-food applications
as BSG represents a source of different bioactive compounds and
is a favourable substrate for microbial cultivation. As a result, sev-
eral approaches to valorisation have been investigated for BSG in-
cluding chemical extraction, enzymatic conversion and microbial
production of value added compounds and enzymes (Crowe
et al, 1985; Forssell et al, 2008; Pejin et al, 2017; Tišma et al, 2018).
BSG has a relatively high protein content of dry matter (20-25%
DM) and its availability from the brewing industry is stable (Lynch
et al, 2016). As such, BSG constitutes a potential protein source for
animal and fish feeds. However, BSG contains high levels of lignin
and non-starch polysaccharides (NSP), mainly cellulose and hemi-
cellulose, which has prevented the direct use of unprocessed
BSG as a protein source in feed applications (Sousa et al, 2018).
To facilitate implementation in animal feeds, BSG must undergo
refinement where lignin and NSP are reduced, and the protein

content is increased. This may be achieved by either chemical frac-
tionation or conversion of BSG. During chemical fractionation, the
protein fraction is isolated by extraction whereas the conversion
strategy is based on a chemical transformation of lignin and NSP
into digestible compounds. Furthermore, the digestibility of lignin
and NSP differs between different animal groups. While ruminants
are capable of digesting large amounts of cellulose, a high cellu-
lose content will reduce digestion in most fish species. As a result,
the levels of lignin and NSP vary depending on their digestibility
by the target animal which must be considered when designing
a refinement strategy for BSG.

Protein extractionmay offer an efficient and convenientmethod
for obtaining protein rich material while eliminating indigestible
components. Extraction of protein from BSG has been explored
in previous studies to assess different methods including sequen-
tial extraction, alkaline and acidic extraction, salt and detergent
mediated extraction and ultrasound assisted extraction (Crowe
et al, 1985; Diptee et al, 1989; Tang et al, 2010; Qin et al, 2018;
Connolly et al, 2019; Wen et al, 2019). In addition, several proce-
dures for precipitation of solubilised protein have been evaluated.
For instance, Ervin et al (1989) reported that ethanol precipitation
was more effective than isoelectric precipitation when recovering
protein from BSG. Earlier research has focused on optimising the
extraction of crude proteins from BSG and characterising their
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amino acid profile and physicochemical properties such as water
solubility and proteolytic digestibility. For successful protein ex-
traction, two criteria must be satisfied: 1) high recovery of proteins
from the original material and 2) high protein content and purity.
To be considered a suitable protein source for feed applications,
particularly aquafeeds, the protein content should be similar to
that of fishmeal (70-85%) and plant based protein meals
(50-80%) (Gorissen et al, 2018).

This study was undertaken with the objective of evaluating the
impact of duration, temperature, precipitation salinity, protein iso-
lation mode, agitation method and chemical pre-treatment on the
recovery of crude protein and the true protein and amino acid con-
tent after alkaline extraction from BSG. Furthermore, the effective-
ness of isoelectric precipitation in terms of protein content and re-
covery was assessed. In this study, all extractions were performed
with micronised BSG, which reduces the particle size and leads
to increased surface area and exposure of protein to solvent mol-
ecules. Accordingly, micronisation would be expected to increase
the extraction efficiency of protein from BSG.

Materials and methods

Spent grain

Brewer’s spent grain was provided by Carlsberg Denmark two dif-
ferent batches - batch 1 (B1) and batch 2 (B2). The BSG was
autoclaved at 121°C for 15 min and dried at 60°C until the dry mat-
ter content (DM) was above 90%. Subsequently, BSG was mechan-
ically processed at the Danish Technological Institute and was
autoclaved to prevent any microbial colonisation.

BSG - mechanical processing

Before protein extraction, BSG from B1 and B2 was processed by
micronisation to increase the surface area. This process combines
milling and sifting to fractionate the raw material into portions
with a range of different particle sizes. The micronisation of
BSG was performed using a Rotor FITZ®MILL size-reduction in-
strument and a SCAN-Vibro VÅV vibrational sifter. During the
micronisation process, different size fractions were generated
where the most abundant fraction accounted for 50-70% of the
micronised material and had a particle size of 125-250μm. This
fraction was used for protein extraction with the other fractions
discarded.

BSG - defatting

BSG samples were defatted using a modification of the method
described by Bligh and Dyer (1959). Methanol and chloroform at
a ratio of 1:2 (v/v) was added to BSG at a ratio of 15:1 (w/v). The sus-
pension was stirred for 1 hour at room temperature. The extracted
lipids were removed by vacuum filtration and the BSG residue was
oven dried at 60°C. This procedure resulted in the removal of 90-
95% of the lipids in BSG. Defatted BSG was split into triplicate for
protein extraction.

BSG - delignification

Delignification of BSG was performed according to the method of
Prado et al. (2013). BSG was mixed with a 60% aqueous ethanol so-
lution at a ratio of 1:4 (w/v) and the suspension heated under reflux
at 180°C for 90 min. The delignified BSG fraction was recovered by

vacuum filtration and the solid residue was washed three times
with 60% ethanol and oven dried at 60°C. The delignified BSG
was divided into triplicate and used for protein extraction.

Alkaline protein extraction of BSG

Protein from BSG was solubilised and recovered as protein rich
isolates using alkaline extraction followed by isoelectric
precipitation (Lam et al. 2018). Sodium hydroxide (pH 12.4,
0.01 M) was used for extraction, and the solubilised proteins
were precipitated at pH 4.5. To separate the liquid and solid
fraction, the extract was centrifuged for 15 min at 3871 x g at
25°C (3-18 KS, Sigma, Germany).
The experimental work was divided into two parts to optimise

the extraction conditions and to determine the influence of sev-
eral factors on protein yield and content. The first part investi-
gated the following parameters on the protein content and
yield: temperature and time, agitation mode during extraction,
precipitation salinity and isolation mode of extracted proteins
(Figure 1A). The second part considered how the protein con-
tent and yield were affected by repeated extraction and differ-
ent pre-treatments including delignification, defatting and a
combination of these (Figure 1B). All protein extractions were
performed in triplicate.

Optimisation - temperature and time

A two factorial experiment was designed with three temperatures
(30, 45 and 60°C) and four extraction times (30, 60, 120 and
180 min). For each temperature, the effect of the different extrac-
tion times was evaluated.

Optimisation - salinity and precipitation

The influence of salinity on isoelectric precipitation was evaluated
by comparing protein isolates obtained from precipitation of pro-
teins from a sodium chloride (0.5 M) enriched supernatant against
a control (water). Prior to precipitation, the salinity of the superna-
tant was adjusted by addition of NaCl.

Protein isolation

Two methods for obtaining protein isolates from the liquid ex-
tracts were evaluated: freeze drying and isoelectric precipitation.
Besides quantifying the protein content and yield, the recovery
of non-protein nitrogen (NPN) and amino acids was determined
for both approaches.

Agitation

Protein extractions were carried out using orbital shaking or mag-
netic stirring. Orbital shaking was in a SW22 shaking water bath
(Julabo, Germany) at a speed of 150 rpm. Magnetic stirring was
performed on an AREX Digital PRO Hot Plate Stirrer (VELP
Scientifica, Italy) at a speed of 1000 rpm.

Repeated extraction and pre-treatment

Before protein extraction, BSG was subject to three chemical
pre-treatments including delignification, defatting and a combina-
tion of the two. Additionally, extraction of the pretreated material
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and control (untreated BSG) was performed three times to assess
how repeated extraction affects the protein yield and content.

Protein content

The concentration of protein produced by extraction of BSG is
expressed as a percentage of the dry matter. Crude protein con-
tent (CP) was determined from the nitrogen content measured
with the Kjeldahl method while total amino acid protein (AAP) -
also referred to as the true protein content - was based on the
sum of the amino acids. The protein content was calculated by
multiplying the Kjeldahl nitrogen by a conversion factor of 6.25.

Amino acid content

Amino acids were quantified using the standard procedure de-
scribed by Otter (2012). Amino acids were liberated from protein
by acid hydrolysis with 1.8 mL 6M HCl with 0.2% phenol, for 24
hours at 110°C. Following hydrolysis, 100 μL 30 mM norvalin
(internal standard) was added and HCl was removed by evapora-
tion in a RVC 2-18 vacuum centrifuge from CHRIST (Germany) at
210 x g. The concentrated sample were resuspended in 3 mL 0.01

M HCl solution and 0.7 mL centrifuged for 10 min at 3000 x g.
The supernatant was diluted 10-fold and the amino acids were
derivatised (Cohen, 1994) with 6-aminoquinolyl-N-hydroxy-suc-
cinimidyl carbamate (AQC) to yield short term stable, UV-active
amino acid-AQC adducts. Amino acid derivatisation was per-
formed using the AccQ•Tag Ultra Derivatization Kit (Waters, Mil-
ford, Massachusetts). The amino acid derivatives were separated
and quantified using reverse-phase liquid chromatography with
UV detection at 260 nm (Waters ACQUITY UltraPerformance liq-
uid LC (UPLC)). Separation was performed on an ACCQ-TAG UL-
TRA C18, 2.1x100 mm, 1.7 μm column using water and acetoni-
trile as eluent systems. A gradient of 0-60% acetonitrile over 10
min and a flow rate of 0.7 mL/s was applied for separation of
amino acids.

Protein yield

Protein yield (YP) measures the proportion of protein recovered
from the original material after extraction. In this study, two YP
types have been integrated for assessment of protein extraction
under different conditions: a Kjeldahl based yield (YP, Kjeldahl) and
an amino acid-based yield (YP, AA). The YP, Kjeldahl, which includes

Figure 1. Experimental design of part 1 (panel A) and part 2 (panel B). BSGRES: solid residue of extracted brewer’s spent grain (BSG) obtained after alkaline extraction, centrifu-
gation and drying. PP: protein isolate obtained by isoelectric precipitation. PF: protein isolate obtained by freeze-drying of the liquid extract. DL: delignification of BSG. DF: defatting
of BSG. BSG125-250: micronised BSG fraction used in protein extraction where the numbers in lowercase refer to the particle size of BSG.
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protein derived nitrogen and non-protein nitrogen (NPN) is calcu-
lated by formula (1):

YP; Kjeldahl ¼
mKjeldahl protein; isolate gð Þ
mKjeldahl protein; BSG gð Þ

· 100%

mKjeldahlprotein is the mass of Kjeldahl protein in isolates or the

micronised BSG sample before extraction.
The YP, AA is the sum of amino acids present in the isolate and

excludes the NPN component. In this work, the two different
amino acid-based yields are designated YP, AA1 and YP, AA2. The
YP, AA1 estimates the amount of extracted protein nitrogen relative
to the total amount of extractable nitrogen in micronised BSG ac-
cording to formula (2):

YP; AA1 ¼
mAA protein; isolate gð Þ
mKjeldahl protein; BSG gð Þ

· 100%

The YP, AA2 is used to quantify the proportion of extractable pro-
tein nitrogen recovered from micronised BSG during extraction
and is calculated from formula (3):

YP; AA2 ¼
mAA protein; isolate gð Þ
mAA protein; BSG gð Þ

· 100%

Amino acid yield

The yield of individual amino acids (YAA) was calculated using the
formula (4) as the amount of extracted amino acid in the isolate rel-
ative to the amount that can be extracted from micronised BSG:

YAA ¼ mAA; isolate gð Þ
mAA; BSG gð Þ

· 100%

Statistics

All statistical analyses were performed using the open source soft-
ware R version 3.5.1 (R Core Team, 2018) while graphical illustra-
tions were constructed using the platform SigmaPlot 14.0. A signif-
icance level of 0.05 was applied to all statistical tests in this study.
To evaluate the impact of time, temperature and their interactions,
the data was subjected to a two-way analysis of variance while the
different treatment combinations were compared by a pairwise t-
test. The influence of salinity on isoelectric precipitation was eval-
uated using a t-test. Statistical evaluation of the impact of isolation
method on protein content and yield was performed using a t-test
whereas the effect on amino acid yields was evaluated by a
two-way analysis of variance with amino acid type and isolation
mode as the explanatory variables. The effect of pre-treatment
was evaluated by a one-way analysis of variance. In addition, the
amino acid recovery was examined for protein isolates produced
by extraction of defatted BSG and a control to determine the effect
of defatting on amino acid extractability. A two-way analysis of var-
iance was performed using amino acid type and pre-treatment
(control and defatting) as independent variables.

Results and discussion

Chemical composition of BSG

The amino acid composition was determined for non-micronised
and micronised BSG (125-250 μm) to validate the compositional
similarities between these BSG fractions. This analysis revealed that
micronised and non-micronised BSG from the same batch (B1)
were similar in protein and lipid content (Table 1). Although
micronisation was employed to increase the extraction efficiency
of proteins from BSG, separation of the different size fractions led
to losses of micronised material (30-50%). Although this could be
overcome by extracting micronised BSG containing all size frac-
tions from the micronisation process, this was not progressed
any further. A comparison of the three size fractions suggested
that the protein content decreased with increasing particle size.
For the smallest fraction (<125 μm), a protein content of about
40% was measured whereas the largest fraction (>250 μm) had
a protein content of about 15%. Because of the high dust of the
small size fraction and low protein content of the large size frac-
tion, these fractions were less suitable for protein extraction. Ac-
cordingly, the medium size fraction (125-250 μm) was use for ex-
tractions in this study.
The amino acid composition of BSG reflects its nutritional quality

as a protein source for feed applications, and it may prove useful in
predicting the amino acid content of BSG derived protein isolates.
As shown in Table 1, the micronised BSG contains high levels of
glutamic acid (5.31 ± 0.33 g/100 g DM), proline (2.46 ± 0.13 g/
100 g DM) and aspartic acid (1.75± 0.11 g/100 g DM) while it is de-
ficient in methionine (0.31± 0.04 g/100 g DM). Consequently, alka-
line extraction of micronised BSG may generate protein isolates
rich in glutamate, proline and aspartate but may not be an ideal
source of methionine. Moreover, the amino acid composition re-
ported here is consistent with the previous studies presented in
Table 1 (Gmoser et al, 2020; Gutiérrez-Barrutia et al, 2022; Oluseyi
et al, 2011; Waters et al, 2012; Yu et al, 2020). Due to its thermal in-
stability, tryptophan is susceptible to breakdownwhen exposed to
high temperatures (Cuq et al, 1983) and therefore lost in the hydro-
lysis conditions used for amino acid analysis. As a result, the true
protein content (AAP) will be underestimated while the NPN con-
tent will be overestimated. Waters et al (2012) found that BSG
had a relatively low content of tryptophan and therefore the un-
derestimation of AAP may be of minor concern. Proteins and
amino acidsmay also degrade with autoclaving of the rawmaterial
owing to the high temperature. To determine whether these com-
ponents deteriorate during autoclaving, the composition of
autoclaved BSG were compared with that without autoclaving.
The results showed that autoclaved and non-autoclaved BSG had
a similar content of protein and amino acids indicating that
autoclaving did not result in any compositional changes in the
BSG (data not shown).

Optimisation of protein extraction

Temperature and time. A nested design was employed to ex-
plore the single and combined effects of time and temperature
on Kjeldahl based protein yield (YP, Kjeldahl) and content (CP). The
two-way analysis of variance indicated that time and temperature
significantly affected both protein yield and content (p<0.001)
while the combined effect of these variables appeared to be insig-
nificant (pyield = 0.256, pcontent = 0.729). Protein content decreased
with increasing temperature for all extraction times (Figure 2A).
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Conversely, a positive correlation was observed between protein
yield and temperature at 30 minutes, although not statistically
significant, while no general trend was found at 60, 120 or
180 minutes (Figure 2B). The inferred relationship between tem-
perature and protein yield could suggest that protein
solubilisation increased as the temperature was raised. Within
all temperature groups, a declining tendency was observed in
protein content and yield when extraction times were prolonged
from 30 to 120 and 180 minutes. For protein yield, this trend
may reflect a higher degree of complete protein hydrolysis
resulting in the loss of protein derived amino acids during iso-
electric precipitation. In contrast, the tendency of reduced pro-
tein content may stem from the enhanced solubilisation of lignin
at higher temperatures and longer extraction times as lignin is
partly soluble in dilute alkaline solutions (Melro et al, 2020). This
was supported by the visual appearance of the protein isolates
as increased extraction time and temperature yielded darker

material. These impurities may originate from co-isolated lignin
and/or lignin-hemicellulose adducts.

The impact of time and temperature on protein yield are in
agreement with Qiaoyun et al (2017) and Surasani et al (2017),
where protein yield was positively correlated with time and tem-
perature within a specific range, above which the yield would de-
crease or remain constant. Further, much of the variability was at-
tributable to factors that were not accounted for in the statistical
model. One possible explanation is that protein isolates are pro-
duced in a multiple step process which may increase the degree
of uncertainty. Moreover, the high residual variation can also be
explained by minor fluctuations in pH during isoelectric precipita-
tion which may influence the amount of precipitated protein. This
is supported by Chavan et al (2001) who reported that small pH de-
viations from the isoelectric point affect the protein solubility and
the efficiency of isolation. With respect to the protein yield, a com-
bination of 60°C and 30 minutes was the most efficient while the

Table 1. Chemical composition of micronised and non-micronised brewer’s spent grain (BSG) and comparison of amino acid compo-
sition from this study with that from previous publications. All measurements were in duplicate, and results reported as mean ± SD.

Micronised BSG* Non-micronised BSG* Previous studies‡

Composition
Dry matter (DM) (%) 93.5 ± 0.00 95.9 ± 0.00 -
Ash (%) 3.67 ± 0.03 3.66 ± 0.00 -
Lipids (%) 10.5 ± 0.08 9.90 ± 0.06 -
CP (%)a 25.2 ± 0.11 24.1 ± 0.31 -
AAP (%)b 22.2 ± 1.03 20.9 ± 0.61 -
NPN (%)c 3.03 ± 0.92 3.10 ± 0.91 -
Essential amino acids (g/100 g DM)
Phenylalanine (Phe) 1.24 ± 0.07 1.23 ± 0.04 1.03 - 1.59
Histidine (His) 0.48 ± 0.03 0.45 ± 0.01 0.50 - 5.81
Valine (Val) 1.22 ± 0.06 1.13 ± 0.03 1.02 - 1.45
Isoleucine (Ile) 0.96 ± 0.07 0.90 ± 0.03 0.73 - 1.11
Leucine (Leu) 1.76 ± 0.08 1.64 ± 0.04 1.35 - 3.19
Methionine (Met) 0.31 ± 0.04 0.26 ± 0.03 0.40 - 0.59
Threonine (Thr) 0.87 ± 0.04 0.79 ± 0.01 0.16 - 1.11
Lysine (Lys) 0.93 ± 0.04 0.75 ± 0.00 0.67 - 3.17
Non-essential amino acids (g/100 g DM)
Arginine (Arg) 1.12 ± 0.01 1.01 ± 0.01 0.50 - 1.22
Alanine (Ala) 1.10 ± 0.49 0.97 ± 0.01 0.80 - 2.05
Aspartate (Asp) 1.75 ± 0.11 1.54 ± 0.01 1.06 - 1.95
Glutamate (Glu) 5.31 ± 0.33 5.28 ± 0.25 3.67 - 5.36
Glycine (Gly) 0.89 ± 0.04 0.80 ± 0.00 0.39 - 1.08
Serine (Ser) 1.04 ± 0.06 0.98 ± 0.03 0.83 - 1.46
Tyrosine (Tyr) 0.70 ± 0.00 0.67 ± 0.03 0.57 - 0.94
Cysteine (Cys) 0.00 ± 0.00 0.00 ± 0.00 0.00 - 0.49
Proline (Pro) 2.46 ± 0.13 2.48 ± 0.11 1.40 - 2.99
Cystine (Csn) 0.10 ± 0.00 0.10 ± 0.01 -
* Values are based onmicronised or non-micronised brewer’s spent grain (BSG) from batch 1. Themicronised BSG had a particle size of
125-250 μm.

‡ Amino acid composition of BSG from previous studies, presented as a range of the values reported by Gmoser et al (2020), Gutiérrez-
Barrutia et al (2022), Oluseyi et al (2011), Waters et al (2012) and Yu et al (2020).

a Kjeldahl protein calculated by multiplying the Kjeldahl nitrogen by 6.25.
b True protein content calculated as the sum of all measured amino acids and excludes any non-protein nitrogen (NPN) found in the
Kjeldahl protein.

c NPN is the non-protein nitrogen calculated as the difference between Kjeldahl protein and true protein.
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protein content in the extract was maximised using a temperature
of 30°C and an extraction time of 30minutes. Interestingly, all com-
binations of temperature and time led to low protein yields (6-
10%), although the protein content was relatively high in all iso-
lates (37-55%). There are several explanations for this including:
1) loss of water soluble proteins during washing of the precipitate,
2) complete hydrolysis of proteins to amino acids resulting in a loss
of protein derived amino acids during isoelectric precipitation or 3)
poor protein extractability caused by interactions with other mac-
romolecules in the BSG matrix. To optimise the protein recovery
and identify possible causes of the low protein yield, five optimisa-
tion experiments were carried out at a common temperature of
60°C and an extraction time of 30 minutes.

Agitation and salinity. To examine the effect of agitation on
protein yield and content, extractions were performedwith stirring
or orbital shaking. Initially, it was thought that stirring would

be more effective than orbital shaking, as stirring may ensure con-
stant exposure of proteins to the extraction solvent. However, the
results show that both protein yield and content were unaffected
by the type of agitation (pyield=0.629 and pcontent=0.847)
(Supporting Information, Figure S1). This is in agreement with
the findings from Crowe et al (1985) who reported that equal
amounts of nitrogen were solubilised from BSG when shaking
and stirring were employed. Also, Surasani et al (2017) reported
that the velocity and time of stirring did not adversely affect the
protein yield and content; although protein solubilisation was
maximised with continuous stirring. Based on the principles of
the salting-out technique, which takes advantage of the reduced
solubility of proteins at higher salt concentrations, it was thought
that protein precipitation could be enhanced by increasing the sa-
linity of the liquid extract. This was tested by precipitating out pro-
teins from the liquid extract by addition of 0.5 M sodium chloride.
Contrary to the initial hypothesis, this approach showed a marked

Figure 2. Effect of temperature and time on Kjeldahl-based protein content of isolates (CP) (A) and Kjeldahl-based protein yield (YP, Kjeldahl) (B) of brewer’s spent grain (BSG).Within
each time group, three different temperatures were evaluated. Uppercase and lowercase letters are used to designate significant differences between and within different time
groups, respectively. CP = Kjeldahl N (%)·6.25 and YP, Kjeldahl = mKjeldahl protein, isolate (g)/mKjeldahl protein, BSG (g)·100%. All treatment combinations were tested in triplicate and the results
reported as mean±SD.
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reduction in protein yield and content when isoelectric precipita-
tion was performed with a saline extract as compared to the con-
trol (Figure 3). It is possible that protein solubility is influenced by
an interplay of external factors including medium pH and salinity,
protein structure and the amino acid composition of the proteins.
This was demonstrated by Sousa et al (2007) who reported that the
protein solubility of egg derived proteins was largely dependent
on salinity, pH and the type of salt. Similarly, Chavan et al (2001) re-
ported that the solubility of proteins extracted from peas increased
with increasing NaCl concentrations near the isoelectric point. This
may explain the reduced protein yield observed when proteins
were precipitated from a saline extract.

Protein isolation. The low protein yield observed could also be
due to a loss of water soluble proteins during the washing
step or to the generation of free amino acids by protein hydrolysis.

Owing to differences in the isoelectric points, amino acids and pro-
teins may have different solubilities at the pH value (4.5-5) used for
precipitation. As a result, the released amino acids may be retained
in the liquid extract during precipitation. To establish whether the
poor recovery was due to protein loss or protein hydrolysis, pro-
teins were concentrated from the liquid extract by freeze drying
(Figure 1B). The protein isolates generated by precipitation and
freeze drying were comparedwith respect to their protein content,
protein yields and recovery of NPN (Figure 4). The crude protein
content reported in Figure 4A, showed that freeze drying led to a
significantly lower protein content compared to precipitation

Figure 3. Effect of precipitation salinity on Kjeldahl-based protein content of isolates
(CP) (A) and yield (YP, Kjeldahl) (B). Double asterisks (**) indicate that groups are signifi-
cantly different. Results are presented as mean±SD.

Figure 4. Effect of protein isolation mode on protein content of isolates and extrac-
tion yield from brewer’s spent grain (BSG). A: Kjeldahl-based protein content (CP) of
isolates obtained by isoelectric precipitation and freeze-drying. B: Three different pro-
tein yields and recovery of non-protein nitrogen (NPN) for isolates generated by iso-
electric precipitation and freeze-drying. Protein yields and NPN were calculated by
the following formulas: YP, Kjeldahl = mKjeldahl protein, isolate (g)/mKjeldahl protein, BSG

(g)·100%, YP, AA1 = mAA protein, isolate (g)/mKjeldahl protein, BSG (g)·100%, YP, AA2 = mAA protein,

isolate (g)/mAA protein, BSG (g)·100%, NPN = YP, Kjeldahl – YP, AA1. Lowercase letters indicate
significant differences in protein and NPN recovery obtained by the two different
methods. Data is from triplicates and presented as mean± SD.
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(p<0.001). A likely cause of this is the occurrence of co-extracted
impurities in the liquid extract which remain in the isolate after
freeze drying.

To evaluate the effect of isolation method on protein and NPN
recovery, two different yield types were determined (Figure 4B:
1) with the crude protein yield (YP, Kjeldahl) and 2) the true protein
yield (YP, AA). Further, the true protein yield was measured as the
extracted amount of protein relative to the total nitrogen (YP,
AA1) and the total protein (YP, AA2) in BSG. The results presented
in Figure 4B indicated that the crude protein yield was significantly
higher for isolates produced by freeze drying compared with pre-
cipitation (pYP; Kjeldahl

= 0.0113).

To establish whether this observation was due to the enhanced
extraction of proteins, NPN or both, the true protein yield (YP, AA1
and YP, AA2) and NPN recovery were determined and compared
for isolates obtained from both isolation methods. With the crude
protein yield, the true protein yield increased significantly when
freeze drying was used instead of precipitation ðpYP; AA1

=
0.00548 and pYP; AA2

= 0.00453). Another interesting finding was
that the NPN recovery did not differ significantly between the
two isolation modes (pNPN = 0.193) which implies that the isolation
method only influences the recovery of protein derived nitrogen.

The amino acid yield (YAA) was used for assessing the degree of
protein hydrolysis under the extraction conditions (Figure 5). Here,
a substantial increase in YAA was detected for amino acids when
freeze drying was used for protein isolation. This suggests that a
greater proportion of proteins are hydrolysed to amino acids when
extraction was at 60°C for 30 minutes. Increasing the temperature
above 60°C is thought to enhance the hydrolysis of proteins, lead-
ing to a further reduction in protein recovery. Hence, increased
protein hydrolysis may be an underlying cause of the decreasing
protein yield observed at prolonged extraction times (Figure 2B).
In the light of this, future research should focus on the effect of
time and temperature on protein depolymerisation during extrac-
tion. Although freeze drying is associated with higher protein and
amino acid recoveries, this method is not suitable for producing
protein isolates for feed applications due to the low protein con-
tent of the resulting isolates. However, for the purpose of
optimising protein recovery, this approach was used in subse-
quent experiments in this study.

Repeat extraction and pre-treatment. Extraction of proteins
from a heterogeneous biomass such as BSG may be restricted by
intermolecular interactions between proteins and lipids, carbohy-
drates and lignin. These associations can lead to the formation of
clusters which may impair protein extraction as the proteins are
less accessible to solvent molecules. Previous studies have focused
on describing the effect of carbohydrate-protein interactions on
the extractability of BSG proteins. For instance, Crowe et al (1985)
found that cellulase aided degradation of cellulose led to a
seven-fold increase in the protein yield from alkaline extraction
suggesting that proteins form clusters with the structural carbohy-
drates of BSG.

In the current study, possible interactions of protein with lipid
and lignin were examined to determine whether the low protein
recovery resulted from macromolecular interactions. Accordingly,
BSG was subjected to three pre-treatments before protein extrac-
tion: 1) defatting, 2) delignification and 3) defatting and
delignification. In addition, the effect of repeat extraction was eval-
uated for pretreated and untreated BSG by exposing the same bio-
mass to three consecutive extractions. When repeated extraction
was applied, the total protein yields were increased by about

50% compared to a single extraction (Figure 6B). Moreover, similar
amounts of biomass were extracted in all three treatments al-
though the yield of crude protein, true protein and NPN decreased
with each extraction (Figure S2). It is likely that greater amounts of
lignin and carbohydrate are co-extracted by the second and third
extraction as most of the protein was recovered during the first ex-
traction. This work was qualitative, andmore studies are needed to
determine the magnitude of co-extraction.
The one-way analysis of variance indicated that pre-treatment

had significant impact on the crude protein yield and content
(p<0.05). Furthermore, a pairwise analysis revealed that the three
pre-treatments had different effects on protein yield and content
(Figure 6). The effect of delignification on the total protein yield
was insignificant while the protein content was significantly higher
in the extract from delignified BSG compared to the control. That
protein yields are unaffected by delignification, suggests that

Figure 5. Yields of essential (A) and non-essential (B) amino acids recovered by iso-
electric precipitation and freeze-drying of liquid extracts from brewer’s spent grain
(BSG). The yield of all amino acids differed significantly between the two isolation
methods (p<0.05) (indicators of significance were omitted for clarity). The total amino
acid recovery, which reflects the recovery of the true protein, is calculated by the for-
mula: YAA, total = ΣmAA, isolate (g)/ΣmAA, BSG (g)·100%. Extractions were carried out in trip-
licate and the results are presented as mean±SD.

Alkaline protein extraction of brewer’s spent grain

J. Inst. Brew. 2022; 128: 150–161 © 2022 The Institute of Brewing & Distilling. wileyonlinelibrary.com/journal/jib

157
 20500416, 2022, 4, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/jib.703 by N
orce - N

orw
egian R

esearch C
entre, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



lignin and proteins do not interact through intermolecular forces.
The lack of protein-lignin interactions is probably a result of pro-
tein denaturation during alkaline extraction; a theory supported
by Salas et al. (2013) who demonstrated that interactions between
lignin and proteins are weakened when proteins are denatured. In
contrast, the higher protein content may result from reduced co-
extraction of lignin and lignin-hemicellulose adducts, as most of
these compounds have been removed during the delignification
process. The protein content appeared to be unaffected by
defatting suggesting that BSG-bound lipids are not solubilised dur-
ing alkaline extraction. In addition, a significant reduction was ob-
served in the total protein yield when proteins were extracted

from defatted BSG. An explanation for this is that water soluble
proteins in BSG are dissolved by the extraction solvent due to their
moderate solubility in methanol. Alternatively, the chloroform-
methanol solvent for defatting may induce structural changes in
the protein which may reduce protein extraction in alkaline
solution.

To establish whether the reduced protein yield was due to im-
paired protein extraction or protein loss during defatting, the
amino acid yields (YAA) were quantified for each of the three ex-
tractions (Table 2). Data from the first and second extraction
showed that the total amino acid yield, as well as those of individ-
ual amino acids, were reduced by defatting. Following the third

Figure 6. Effect of pre-treatment and repeated extraction on Kjeldahl-based protein content of isolates (CP) (A) and Kjeldahl-based protein yield (YP; Kjeldahl) (B). For each pre-
treatment group, extractions were performed three times and compared to a control experiment in which untreated brewer’s spent grain (BSG) was extracted three times. Low-
ercase letters are used to denote significant differences between the pre-treatment groups within the same extraction. Abbreviations: DL = delignification, DF = defatting, DL+DF =
defatting and delignification. Results are presented as mean±SD.
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extraction, the total and individual amino acid yields appeared
higher for isolates originating from defatted BSG. Overall, these re-
sults imply that defatting had a negative impact on the total amino
acid yield from all three extractions, supported by the correspond-
ing reduction in the crude protein yield. Comparing the amino acid
composition of defatted and untreated BSG showed a lower amino
acid content of defatted BSG compared to untreated BSG
(Supporting Information, Table S1). This suggests that protein
may be solubilised and lost during defatting with chloroform-
methanol. When defatting and delignification were combined, a
significant decrease was observed in the total protein yield which
may be explained by defatting. On the other hand, the combined
treatment had a positive impact on the crude protein content,
probably due to delignification.

Conclusions
In the present study, solubilised proteins were either recovered by
isoelectric precipitation or freeze drying. Each method had both
shortcomings and benefits that need to be addressed in future
work. When using isoelectric precipitation, the protein yield was
generally low (5-10%) while the protein content in the isolates
were high enough to be suitable for feed applications (40-55%
DM) (Figure 2). Freeze drying resulted in a higher protein yield
(25-30%) with the protein content similar to that of BSG before ex-
traction (20-25%). Furthermore, when the same biomass was ex-
tracted three times, the total protein yield increased to 45% com-
pared to 25% from the single extraction; though, the protein
content from the second and third extraction were significantly
lower compared to the first extraction (Figure 6A). Consequently,

the isolates produced by freeze drying are likely to be of low nutri-
tional quality and unsuitable for feed applications.
Previously, protein yields higher than 70% have been reported

for alkaline extraction of BSG (Qin et al, 2018). Although the protein
yield increased with freeze drying instead of precipitation, the
maximum protein yield obtained in this study was significantly
lower than the yields obtained in previous study. This suggests
that the extraction efficiency is low and needs to be optimised. A
likely cause of the low extraction efficiency is that the extraction
pH (ca. 12.4) was not optimal for the solubilisation of protein from
the BSG batches used here. According to previous work, extraction
pH affects protein solubility, and therefore the extraction efficiency
could be improved by raising the pH of the alkaline solution (Ruiz
et al, 2016; Gao et al, 2020). Initially, a pH range of 8.3-12.4 was
evaluated to determine the optimum extraction pH (data not
shown). When the pH of the extraction solution was below 12.4,
a rapid decline was observed in pH of the BSG suspension which
led to low protein solubilisation and a low yield. This decrease
may have been caused by lactic acid produced by native lactic acid
bacteria in the BSG before autoclaving and suggests that better pH
control is required to maintain pH at the desired level during pro-
tein extraction (Asurmendi et al, 2014). Furthermore, more alkaline
conditions during extraction are associated with reduced purity of
protein isolates which may have adverse implications for their use
in feed (Ruiz et al, 2016). Therefore, an extraction pH > 12.4 may
reduce the nutritional quality of BSG protein.
The solid to liquid ratio (S/L) is also known to influence protein

solubilisation during alkaline extraction. Previous studies have em-
ployed S/L ratios of 1:5 to 1:60 in the alkaline extraction of protein
from different sources of biomass and have shown the optimum

Table 2. Comparison of amino acid yields (YAA) by extraction of defatted and untreated (control) brewer’s spent grain (BSG). All ex-
tractions were carried out in triplicate and yields are reported as mean ± SD*.

Amino
acid **

First extraction Second extraction Third extraction

YAA controlð Þ (%) YAA defattedð Þ (%) YAA controlð Þ (%) YAA defattedð Þ (%) YAA controlð Þ (%) YAA defattedð Þ (%)

Phe 21.9 ± 3.0a 15.8 ± 2.6a 9.5 ± 0.5a 9.0 ± 1.2 a 5.9 ± 0.2a 7.0 ± 0.3b

Val 26.9 ± 4.7a 20.3 ± 1.0a 14.1 ± 0.9a 11.7 ± 2.6a 9.3 ± 0.2a 11.0 ± 0.5b

Ile 20.5 ± 1.0a 17.5 ± 0.5b 7.6 ± 0.5a 8.5 ± 0.9a 4.8 ± 0.2a 5.8 ± 0.2b

Leu 25.6 ± 4.5a 17.7 ± 2.6a 12.3 ± 0.7a 10.9 ± 2.1a 8.1 ± 0.2a 9.5 ± 0.5b

Met 33.5 ± 3.1a 36.8 ± 10.7a 13.7 ± 0.7a 11.5 ± 2.4a 8.6 ± 0.5a 10.4 ± 1.2a

Thr 31.6 ± 7.3a 20.0 ± 4.5a 15.3 ± 1.4a 13.0 ± 2.4a 9.5 ± 0.2a 10.8 ± 0.5b

Lys 26.2 ± 4.2a 16.8 ± 2.3b 11.7 ± 1.0a 9.7 ± 1.9a 7.1 ± 0.2a 8.1 ± 0.3b

Arg 27.6 ± 6.4a 16.7 ± 3.8a 12.4 ± 0.9a 10.4 ± 1.6a 8.4 ± 0.5a 9.0 ± 0.7a

His 33.6 ± 7.8a 22.0 ± 5.4a 17.5 ± 2.6a 15.0 ± 3.1a 10.9 ± 0.3a 12.8 ± 0.5b

Ala 32.9 ± 7.6a 20.4 ± 4.8a 17.2 ± 1.4a 14.1 ± 1.7a 10.8 ± 0.2a 12.6 ± 0.5b

Asp 29.8 ± 7.1a 18.2 ± 4.1a 14.9 ± 1.0a 12.3 ± 2.6a 9.4 ± 0.2a 10.8 ± 0.5b

Glu 44.4 ± 10.4a 27.7 ± 5.7a 21.1 ± 0.9a 17.2 ± 2.8a 11.7 ± 0.5a 12.8 ± 0.7a

Gly 29.6 ± 6.8a 19.8 ± 5.0a 15.5 ± 1.4a 13.6 ± 2.8a 10.0 ± 0.3a 12.0 ± 0.5b

Ser 29.0 ± 6.8a 18.1 ± 3.6a 14.8 ± 1.2a 12.6 ± 2.6a 9.7 ± 0.2a 11.0 ± 0.5b

Tyr 21.8 ± 2.6a 16.5 ± 0.7b 9.5 ± 0.7a 8.3 ± 1.6a 6.2 ± 0.2a 7.1 ± 0.3b

Pro 44.4 ± 9.5a 28.6 ± 6.1a 20.5 ± 1.2a 17.1 ± 2.3a 10.7 ± 0.5a 11.8 ± 0.7a

Csn 6.9 ± 0.2a 6.9 ± 2.8a 2.0 ± 0.4a 1.8 ± 0.5a 1.0 ± 0.5a 1.0 ± 0.5a

Total*** 31.0a 20.8a 14.6a 12.5a 8.7a 10.0 b

* Yields of individual amino acids (YAA) are calculated by the equation: YAA = mAA, isolate (g)/mAA, BSG·100%.
** Lowercase letters indicate significant differences between the two pre-treatment groups (defatted and control) within the same
extraction.

*** The total amino acid yield from each extraction is calculated using the formula: YAA, total = ΣmAA, isolate (g)/ΣmAA, BSG (g)·100%.
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S/L varies with the type of biomass (Vareltzis and Undeland, 2012;
Surasani et al, 2017; Vilg and Undeland, 2017). In this study, a S/L
ratio of 1:15 was utilised, however the protein yield could possibly
be improved by increasing the extraction volume. The low protein
yield obtained by isoelectric precipitation could be a result of inad-
equate precipitation at pH 4.5, as a slight shift in pH during precip-
itation may cause a significant loss of protein in the liquid fraction
(Vilg and Undeland, 2017). Based on the findings of this study, fu-
ture research should focus on identifying a combination of extrac-
tion pH, precipitation pH and S/L ratio that maximises the effi-
ciency of extraction without reducing the quality of protein from
BSG.
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