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ABSTRACT

Brewery wasted grains (BSG) are the leftovers of the brewing process. They are created after the mashing process
and are filtered out. Despite their potential as a major protein resource, they are generally disregarded. BSG is
often utilised as animal feed and plant nutrition. This research examined the use of Brewer's Spent Grain (BSG) as
a protein source for culinary applications, with a specific emphasis on Uganda Breweries. The proximate analysis
technique was used to determine the nutritional content of BSG. The results showed that it contains around 82%
moisture, 47% fibre, 8.6% fat, and 5% ash, showing that it is nutritionally rich. By using the Dumas technique, it
was determined that the protein content was 25% (25g/100g w/w), which established the basis for conducting
protein extraction tests. The protein extractability from BSG was investigated using alkaline soluble acid
precipitation and Bradford tests. The results showed that up to 25% of the protein could be extracted, with the
highest extraction efficiency seen at pH 8.8. It is advisable to conduct sensory assessment and consumer
acceptability testing to assess the characteristics and marketability of products made from BSG. Additionally,
additional investigation should be conducted to examine the mineral content, carbohydrates, and liquid content of
BSG, to enhance our knowledge of its appropriateness for culinary applications. The findings highlighted the
potential of BSG as a viable and long-lasting source of protein. By creatively integrating protein obtained from
brewer's spent grain (BSG) into food items, we can enhance sustainability in the brewing sector and support a
circular economy. This research aims to enhance the value of BSG by not only reducing waste but also solving
food security problems via using its high nutritional content for human consumption. Collaboration among
brewers, food producers, and academics is essential for advancing innovative projects that seek to exploit the
potential of BSG. This collaboration will help establish a more sustainable and resilient brewing business and
beyond.
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INTRODUCTION

Beer, a universally beloved alcoholic beverage
produced by fermentation, has the position of the
fifth most often consumed drink on a global scale. In
2018, the total amount of goods and services
consumed worldwide was over 1.8879 billion
hectoliters, indicating its substantial influence on the
economy and culture [17]. In line with this, the
brewing sector produced more than 1.94 billion
hectoliters of beer during that year, establishing
itself as a significant force in the economy [27]. The
contemporary brewing process is a carefully
choreographed sequence of actions, starting with
malting and milling, followed by mashing, boiling,

fermentation, conditioning, and packaging. The
objective is to transform starch generated from
grains into sugars that can be fermented, resulting
in a softly carbonated, low-alcohol drink [387.
Nevertheless, in addition to its production, the
brewing business has difficulties in effectively
handling significant amounts of organic waste. The
mix of denatured proteins and wasted hops in spent
grain, the principal waste product after mashing, and
hot trub, which is created during wort boiling, raises
economic and environmental problems [37. In
addition, yeast that has been used in the brewing
process is removed after fermentation, and the beer
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is filtered before it is packaged [47]. Efficiently
controlling and handling these waste streams has
become essential, prompting an investigation into
inventive methods. In response to mounting worries
about the buildup of waste and its effect on the
environment, the food industry is actively looking
for ways to reuse by-products as valuable resources.
This approach aims to support sustainability efforts
[5]. Brewery by-products have inherent qualities
that are well-suited for a range of uses in the food
business. However, their potential has not been fully
used [67]. Progress in the field of food science and
technology has made it possible to more eftectively
use these by-products, making it easier to produce
chemicals, raw materials, and compounds that have
increased value [77]. Despite continuous research
endeavours, there is a notable scarcity of complete
studies about all three categories of brewery waste
and their prospective use in the food business.
Within the realm of waste management and the use
of by-products, the brewing sector encompasses
many geographic levels. On a global scale, brewers
have difficulties in managing waste, which has led to
the investigation of creative methods for using by-
products [87]. The brewing industry's growth in
Africa has increased its socioeconomic importance.
Research  highlights the significance of its
contribution to employment generation, economic
expansion, and ecological consequences,
underscoring the need to adopt sustainable methods
and efficient waste management approaches [9,107.
The brewing industry in sub-Saharan Africa has
seen significant expansion as a result of population
growth, urbanisation, and higher affluence. This has
led to a rise in production volumes and the creation
of waste [117]. The inappropriate disposal of
brewery waste presents environmental hazards,
including the polluting of water and land, as well as
the release of greenhouse gases [127. In order to
tackle these difficulties, brewers are investigating
inventive approaches to managing trash, such as
anaerobic digestion and bioenergy generation. This
involves transforming waste into useful resources,
such as animal feed and biogas [137]. Partnerships
between brewers, communities, and governments
play a crucial role in advancing sustainable waste
management techniques. These collaborations
enable the exchange of information and transfer of
technology, which in turn helps improve waste
management and boost the competitiveness of

breweries [147]. Breweries may save expenses and
showcase corporate social responsibility by reducing
waste production and optimising resource use [127].
Effectively using the by-products of breweries offers
a chance to promote both sustainability and
economic progress in Uganda. By using creative
waste management techniques, brewers such as
Uganda brewers Limited may reduce their
environmental footprint while simultaneously
creating opportunities for economic expansion and
innovation in the food business [157. An auspicious
method entails transforming brewery by-products
into lucrative assets. For instance, the byproduct of
grains, known as wasted grains, may be reused as
animal feed, so decreasing the dependence on
traditional feed components and providing an
economical resolution for farmers [167. In addition,
waste from breweries may be used as a raw material
for the generation of biogas by anaerobic digestion.
This process creates a sustainable energy source that
can be used in both industrial and home settings
[17]. Furthermore, using brewery by-products may
encourage innovation in the food industry by aiding
the creation of new and unique food items and
ingredients. For example, spent grains may enhance
the nutritional content of baked products, snacks,
and morning cereals, hence increasing product
variety and market prospects for food makers [167].
This strategy not only aligns with the circular
economy notion, which recognises waste as a
valuable resource, but also encourages sustainable
practices in the brewing and food sectors. Efficient
waste management in the brewing sector not only
stimulates economic expansion but also fosters
environmental sustainability and social progress in
sub-Saharan Africa. To fully exploit these
advantages and secure a profitable future for the
brewing industry in the area, it is crucial to maintain
ongoing investment in research, infrastructure, and
engagement with stakeholders [117. This research
focused on the efficient use of resources and the
reduction of waste, as well as addressing protein
shortages. It also aimed to promote environmental
sustainability, develop value-added goods, ensure
economic viability, and stimulate the adoption of a
circular economy. The objective was to examine the
protein composition of brewery discarded grains for
potential utilisation as a protein source in food-
related contexts.

MATERIALS AND METHODS
Materials

Brewery spent grains samples were collected from
Sugar Cooperation Uganda Limited (SCOUL),

located in Lugazi Buikwe district 45 kilometers from
Kampala.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.



Determination of Protein Content in Brewery Spent Grains

Brewery spent grain (BSG) samples were collected
from UBL. These samples were then dried to
remove moisture content, following the method
described by Smith et al. [97. After drying, the
samples were ground into a fine powder using a
grinder to ensure homogeneity, as outlined by Jones
et al [187. One hundred grams of the powdered BSG
sample were accurately weighed using a digital
balance. The weighed sample was then placed into a
combustion vessel suitable for high-temperature
operations, as recommended by Brown et al., [197.
The combustion vessel was then subjected to high
temperatures of 900°C in the presence of pure
oxygen, following the Dumas method, as described
by Johnson et al. [20]. During the combustion

process, nitrogen present in the BSG sample was
released and converted into nitrogen gas. The
nitrogen gas emitted was collected and measured
using a nitrogen analyzer, specifically combustion
elemental according to the protocol outlined by
Miller et al. [217]. This analyzer was calibrated prior
to use. The nitrogen content obtained from the
combustion elemental analyzer was used to calculate
the protein content of the BSG samples. The
conversion factor of 6.25 was applied, based on the
assumption that proteins contain approximately 16%
nitrogen, as commonly used in nitrogen-to-protein
conversion calculations by Johnson et al. [207]. The
protein content was calculated using the formula
described by Smith et al. [97].

Analysis of the Nutritional Composition of Brewery Spent Grains
Moisture Content Determination

100 grams of brewery spent grains sample was
weighed following the procedure outlined by Smith
et al. [97. The weighed sample was spread out in a
thin layer in a shallow tray. The tray containing the
sample was placed in an oven set at a temperature of
105°C, as described by Jones et al. [187]. The sample
was dried in the oven until it reached a constant
weight, indicating no further moisture loss, as

recommended by Brown et al. [197]. After drying,
the sample was removed from the oven and allowed
to cool in a desiccator to prevent moisture
absorption from the atmosphere. Once cooled, the
sample was reweighed to determine its dry weight
after moisture removal, following the procedure

outlined by Miller et al. [21].

Fiber Content Determination

100 grams of brewery-spent grains are weighed and
transferred into a suitable container. Enzymatic
digestion is performed on the sample using protease
enzyme to break down carbohydrates, proteins, and
starches, as outlined by Garcia et al. [227]. The
purpose of digestion is to break down the complex
matrix of the sample to release the fiber components.
The digested sample is filtered to separate the fiber

residue from the soluble components, following the
method described by Johnson et al. [207]. The fiber
residue is washed, dried, and weighed to determine
its weight wusing gravimetric analysis, as
recommended by Brown et al.,, [197]. The weight of
the residue corresponds to the amount of fiber
present in the sample.

Fat Content Determination

A representative sample of brewery spent grains is
obtained and ground to a powder ensuring
homogeneity, following the method outlined by
Smith et al, [97] 100 grams of the powder is
accurately weighed and recorded.

The weighed sample is placed in a cellulose thimble
and inserted into the Soxhlet extraction apparatus.
The Soxhlet flask containing hexane solvent, with a
low boiling point and effective fat-dissolving
properties, is used. The extraction process is
initiated by heating the flask. The solvent vaporizes,

condenses, and percolates through the sample,
extracting the fat, as described by Jones et al., [187].
The process continues cyclically until the fat is
completely extracted from the sample. After the
extraction is completed, the thimble containing the
fat from the Soxhlet apparatus is removed. The
thimble is dried, and its contents are placed in an
oven at a suitable temperature of 50°C until a
constant weight is achieved. After drying, the
thimble and the extracted fat are weighed, following
the procedure outlined by Miller et al., [217].

Ash Content Determination

Brewery spent grains are obtained and ground into
powder to ensure homogeneity, following the
method described by Taylor et al., [237]. 100 grams
of the BSG powder are weighed and recorded

The crucible is weighed, and the weighed sample is
placed in the crucible. The crucible containing the
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sample is heated in a muftle furnace at a temperature
of 500°C, as recommended by Clark et al., [247]. The
sample is allowed to ash completely, involving the
burning of all organic material, leaving behind only
the inorganic mineral content (ash). After ashing,
the crucible is removed from the furnace and allowed
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to cool in a desiccator. After cooling, the crucible ash content, following the procedure outlined by
and the ashed sample are weighed to determine the Brown et al., [197].
Extraction of Proteins from Brewery Spent Grains
Alkaline soluble acid precipitation

Two samples of BSG were used in the experiment,

one that had been dried 100-125° called X and

another sample dried at 50-60°c called Y. Protein

extraction from Brewer’s spent grain was conducted

using an alkali-soluble method followed by acid

precipitation. The resulting extracts underwent

freeze-drying for subsequent testing. Figure 3

provides a schematic overview of the protein

extraction process. The extraction methodology was

primarily adapted from the work of Connolly et al.

[257.
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Figure 1 showing schematic extraction of proteins from BSG using Alkaline soluble acid precipitation

Supernatant
2

The extraction of proteins from Brewers spent grain refining the method for optimal results. Modification
(BSG) involved a series of experiments aimed at of the method was based on experimental outcomes,
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with variations primarily focusing on pH and
temperature parameters. The process unfolded
through distinct stages:

Initially, the BSG flour was mixed with distilled
water overnight at a ratio of 1:10 (dry weight to
volume). Blending was achieved using a magnetic
stirrer at approximately 500 rpm.

Following overnight mixing, the slurry underwent
alkaline pH adjustment using 1M NaOH. pH
adjustments were made with variations including pH
8, pH 8.5, and 55 mM NaOH. Additionally, an
extended modification was introduced involving L-
cysteine. The slurry was then held for 8-4 hours at
approximately 700 rpm and temperatures of 50°C,
40°C, and room temperature. The slurry was
subsequently centrifuged at 5000 g for 30 minutes at

20°C, resulting in an alkaline supernatant (S1) and a
pellet (P1), which was collected for further
experimentation. The supernatant (S1) underwent
treatment with 1M HCL to lower the pH, with
variants ranging from pH 8 to pH 3.8. Following
acidification, the supernatant was centrifuged again,
yielding a pellet (P2) and a saved sample of the
supernatant (S2). The obtained pellet (P2)
underwent freeze-drying for over 48 hours at -105°C
using a Scanvac Coolsafe. Protein determination was
performed using the Bradford assay method. Freeze-
dried protein isolates were analyzed to determine
protein content, with a standard curve prepared
using a BSA protein standard in five dilutions. The
analysis was carried out in four trials, with slight
variations in preparation methods.

RESULTS
Table 1: BSG nutritional components and their composition

BSG nutritional contents Composition (%)

Protein 25

Moisture 82

Fiber content 47

Fat content 8.6

Ash content 5

Table 1 shows different proximate compositions of BSG

Table 2: Extractions using X and Y BSG

Extraction X Protein conc. Protein conc. ExtractionY Protein conc. Protein conc.
% m % % i % in flour
precipitate in flour precipitate

3.2 30% 1% 2 17% 3%

6.1 20% 2% 3.1 26% 3%

6.2 16% 1% 5.1 18% 2%

7.2 17% 2% 7.1 17% 3%

Mean 21% 2% Mean 20% 3%

Standard-deviation 6% 1% Standard- 4% 0%

deviation

Results of protein extraction in BSG were expressed as mean + SD
In total 14 protein extractions were carried out through this project, divided into 7 extraction rounds.
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Protein Concentration in Precipitate and Flour of Extraction X
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m Precipitate = Flour

Figure 2: showing protein concentration in precipitate and flour of extraction X

In 12 of the 14 extractions, a pellet was obtained
able to be analysed for protein content. The results
of the protein content from each extraction that
resulted in a precipitate are shown in Figure 4 and
are expressed in percent of the precipitate and the

flour. The protein concentrations are all estimated
according to the obtained results from the Bradford
assay. The range given for the results refers to the
difference between the duplicates made when doing
the Bradford assay.

Protein Concentration in Precipitate and Flour of Extraction Y
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Protein contration (%)

15%

5%

~ HN i = 5 m B
A 3.1 51 71

Mean Standard
deviation

Extraction Y

® Preciptate = Flour

Figure 3 showing protein concentration in precipitate and flour of extraction Y
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The initial extraction (1.1-1.2) was conducted at pH
8.5 during step 2 for both X and Y flour, resulting in
no pellet formation. Extraction two (2) yielded a
pellet with a dry weight of 17g. This pellet exhibited
a protein content of 9.6 £ 0.32% in the precipitate
and 1.7 * 0.06% in the flour (dry weight). For
extraction three (3.1-3.2), both X and Y flour of

www.iaajournals.org
BSG, dried at 50-60°C (8.1) and 100-125°C (3.2)
respectively, were utilized. Results indicated a
protein content of 26 + 0.22% (3.1) and 29.9 + 1.98%
(3.2) in the precipitate. Furthermore, extraction 3.1
exhibited a flour concentration of 8.04 = 0.12%,
while 3.2 showed a concentration of 3.88 £ 0.26%.

Table 3: Variation of protein concentration in precipitate and flour with pH

PH Protein concentration in precipitate | Protein concentration in flour (%)
(%)

8 2.5 0.0

7 4.0 0.0

6 21.0 0.1

5 28.0 2.5

4 29.0 4.0

Table 4 showing the variation of protein concentration in precipitate and flour with pH

Effect of Varying pH Levels Affect Protein Solubility

35.00%

30.00%

)

20.00%

15.00%

10,00%

Protein concentration in (¢

5.00%

0.00%
0 1 2 3 4
pH

N

-8 Precipitate

-@- G
7

Figure 4: shows protein concentration in precipitate and flour with pH

How varying pH levels affect protein solubility, with
the final precipitation occurring at different pH
values (8, 7, 6, 5, and 4). The results provided
insights into the appropriateness of this pH choice.
It revealed that lower pH values led to increased
yield and concentration of both precipitate and
protein. Precipitates at pH 8 and 7 were small but
adequate for the Bradford assay, yielding low
concentrations (2.4 * 0.23% and 3.8 * 0.67%
respectively). At pH 6, the concentration rose to 21.2

+ 9.48%, reaching its peak at pH 4 with 29.2 +
0.52% protein in the precipitate and 8.4 * 0.15% in
the flour. Lowering the precipitation pH appeared to
enhance both the protein concentration in the
precipitate and the total protein obtained, resulting
in higher protein concentration in each trial (Y in
trial four). Considering the results from Experiment
4 and previous extractions, a pH of 3.8 seemed
suitable.

DISCUSSION

The protein content analysis of brewery waste
grains (BSG) suggests that they have the potential
to be used in numerous human dietary applications.

BSG has a protein level of 25% per 100 grammes of
sample, making it a rich source of plant-based
protein that may be used in a variety of food items.
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BSG is often used as an ingredient in baked items in
human meals. By including BSG, the nutritional
composition of bread, muffins, and other baked
goods may be improved via the addition of protein
and fibre. Integrating BSG (brewers' spent grain)
into baked products enhances their nutritional
content and enhances their texture and flavour,
offering customers healthier and more gratifying
choices. Furthermore, BSG may be transformed into
protein-dense flours or concentrates, which can
subsequently serve as a main or additional protein
source in various food items. These items include of
pasta, protein bars, morning cereals, and meat
analogues. Manufacturers may cater to health-
conscious customers who are looking for plant-based
protein alternatives by including BSG-derived
protein into these goods. Brewer's Spent Grain
(BSG) has a notable nutritional profile, including
substantial amounts of protein, moisture, fibre, fat,
and ash content. BSG, with its protein level of 25%,
serves as a significant reservoir of dietary protein.
The BSG's high moisture content of 82% indicates
that it contains a significant amount of water, which
may have an impact on its storage and handling
characteristics. The high fibre level of 47% signifies
a substantial amount of dietary fibre, which
promotes digestive health and helps to create a
feeling of fullness. The 8.6% fat content supplies
vital fatty acids and serves as a source of energy.

The ash concentration of 5% in BSG symbolises the
mineral content, which enhances the total
nutritional value. The research discovered different
protein concentrations in Brewer's Spent Grain
(BSG) sample X and sample Y by using the Bradford
test. These variations were likely caused by
variances in pH levels during the process of protein
dissolution. Connolly et al. [257] reported larger
amounts, although their methodology varied,
especially in terms of NaOH concentration.
Investigations were conducted to reduce chemical
use by using lower quantities of NaOH. Only milling
was used as a pretreatment, however future research
may explore other pretreatments to improve protein
output. Prior studies indicate that pretreatments
have diverse impacts on protein production and the
presence of contaminants such as sugars and lignin.
The results suggest that there is scope for enhancing
the purifying processes. The extraction of proteins
may be influenced by pH and NaOH concentration,
as shown by the similarities with techniques used for
arabinoxylans extraction. It is necessary to consider
making changes to the extraction procedure.
Further work is necessary to determine the
requirement of using pure protein isolate instead of
blended samples in food applications, taking into
account the probable presence of anti-nutrients in
non-purified samples.

CONCLUSION

The protein content determination results revealed
brewery spent grains (BSG) as a promising source of
plant-based protein, boasting a 25% protein content
per 100 grams of sample. BSG presented versatile

applications in human food, particularly as an
ingredient enriching baked goods and processed
foods.
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