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Abstract
Brewer’s spent grain (BSG) is a major by-product in the beer-brewing process which con-
tributes to 85% of the entire generated by-product in the brewing process. BSG is rich in 
proteins, and most of the malt proteins (74–78%) remain insoluble in BSG after the mash-
ing process. Solid-state fermentation (SSF) is a promising bioprocess that enables micro-
organisms to survive in environments with minimal water and has shown to enhance the 
nutritional composition of BSG. In this review, the potential application of protein, amino 
acids (proline, threonine, and serine), phenolic contents, and soluble sugars (glucose, fruc-
tose, xylose, arabinose, and cellobiose) extracted from BSG by various microorganisms 
using SSF is explored. Incorporation of BSG into animal feed, human diets, and as a sub-
strate for microorganisms are the prospects that could be implemented in the industrial 
scale. This review also discussed various advances to improve the fermentation yield such 
as symbiotic fermentation, the addition of nitrogen supplements, and an optimal mixture of 
the agro-industrial waste substrate. Future perspectives on SSF are also addressed to pro-
vide important ideas for immediate and future studies. However, challenges include opti-
mizing SSF conditions and design of bioreactors, and operational costs must be addressed 
in the future to overcome current obstacles. Overall, this mini review highlights the poten-
tial benefits of BSG utilization and SSF in a sustainable way.
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DH  Degree of hydrolysis
TPC  Total phenolic content
DPPH  2,2-Diphenyl-1-picrylhydrazyl
TOC  Total organic carbon
GAE  Gallic acid equivalents
TE  Trolox equivalents

Introduction

Brewer’s spent grain (BSG) is a major by-product in the beer-brewing process when the 
barley and cereal grains are solubilized to enable proper wort extraction. BSG contributes 
85% of the entire generated by-product in the brewing process. It consists of 31% original 
malt weight, and the beer produced is 20 kg per 100 L [1]. The barley malt was partially 
liquefied during the brewing process, and the wort was filtered from the raw material, leav-
ing BSG as a residual product. Generally, the BSG is disposed to landfill/incineration as 
waste or utilized as livestock feed due to its high composition of protein and sugar level, 
while the wort is subsequently brewed into beer [2]. BSG is indeed the most common by-
product of the brewery industry, with a yearly global production of roughly 39 million 
tonnes, 10% of which is generated in Europe alone [3]. Given its high moisture content of 
around 80% and its richness in polysaccharides and proteins, BSG is highly prone to micro-
bial contamination, leading to a short lifespan ranging from 7 to 10 days [4]. These charac-
teristics exert various impacts across different levels. At an environmental level, BSG poses 
a significant risk when disposed of without appropriate treatment. Specifically, every ton 
of BSG discarded in landfills results in the release of roughly 514 kg of  CO2 greenhouse 
gases equivalent. Therefore, BSG contributes to substantial waste generation and adverse 
environmental effects [5]. At an industrial level, the described characteristics contribute to 
the high cost of transporting BSG, create difficulties in storage, and restrict their stability 
and usability [6]. For instance, the drying process necessary to prevent contamination can 
be costly, ultimately hindering the commercial value of BSG [7]. To address issues associ-
ated with BSG aggregation and minimize waste and pollution stemming from the brewing 
industry, there is a growing interest in pursuing alternative valorization routes through bio-
technological processing. In addition to their nutritional value, the year-round availability 
of spent grains at an exceptionally low cost, around 40.23 USD per ton of BSG, makes 
them an attractive raw material for microbial fermentation [8, 9].

BSG can be viewed as a heterogeneous material due to the different brewing conditions 
that might affect the BSG’s compositions. BSG is majorly constituted of 30–50% fiber 
(20–25 hemicellulose, 12–35% cellulose), 19–30% proteins, 12–28% lignin, and others 
such as 10% lipid and 2–5% ash [10]. BSG is rich in proteins and most of the malt proteins 
remain insoluble in BSG after the mashing process. In BSG, roughly 30% of the total pro-
tein composition is made up of essential amino acids [11]. The essential amino acids found 
in BSG are specifically tryptophan, lysine, phenylalanine, histidine, and methionine, while 
the non-essential amino acids are proline, alanine, serine, and glycine. Significant valuable 
amounts of phenolic compounds, primarily ferulic acid and p-coumaric acid, are also pre-
sent in BSG [12].

The brewing process of beer consists of six major steps which include malting, milling, 
mashing, brewing, chilling, and fermentation, whereas BSG is produced after the mash-
ing steps which is shown in Fig. 1. Firstly, malting is the process of steeping, germinating, 
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and kilning barley grains in order to cleanse and dry it. In the mashing process, starch is 
converted into fermentable and non-fermentable sugars through the use of alpha and beta 
amylases, while proteins are partly hydrolyzed into short peptide chains and amino acids. 
Then, the wort is produced after the lautering step. The insoluble BSG is obtained after 
the filtration. The wort is boiled with hops for sterilization to enhance the bitterness and 
fragrance. Lastly, prior to fermentation, the wort must be cooled, and the yeasts were added 
[13–15].

BSG is a lignocellulosic material and made up of complex natural plant cell wall com-
ponents which include lignin, cellulose, and hemicellulose that integrate together to form 
a refractory structure. Pre-treatment is necessary to break up the cellular rigid of lignocel-
lulosic and enable their segregation before they can be used in the biorefinery processes 
[16]. Pre-treatments can be categorized into two major methods, which are chemical and 
physical pre-treatments. Chemical pre-treatment method including alkaline pre-treatment, 
acid pre-treatment, and ionic liquids increases the biodegradability of cellulose. Moreover, 
they have less of an effect on depolymerization and cellulose complex crystallinity. The 
drawback of chemical pre-treatment is the potential of hazardous by-products to emerge 
which could negatively impact anaerobic digestion and the cost expenses of the chemicals. 
Physical pre-treatments including hydrothermal, ultrasonic, mechanical, and microwave 

Fig. 1  The production of BSG during the beer brewing process
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radiation pre-treatments disrupt the cellulosic structure and increase the accessibility of 
enzymes. With the assistance of enzymes in the treatment, cellulose and hemicellulose in 
BSG were hydrolyzed which resulted in a higher percentage of monosaccharides yield [17, 
18].

The combination of both chemical and physical pre-treatment is called physiochemi-
cal pre-treatment methods. Alterations to the physical parameters, chemical bonds, and 
intermolecular interactions of lignocellulosic materials can be achieved through the use of 
physicochemical pre-treatment [19]. Examples of physicochemical pre-treatments include 
ammonia fiber explosion [20], steam explosion [21], liquid hot water [22], and carbon 
dioxide explosion pre-treatment [23]. The limitations of physicochemical pre-treatment are 
significant, despite their effectiveness. These include a lack of selectivity, damage biopoly-
mer basic units, create unwanted and potentially harmful compounds, require high energy 
consumption, and produce effluents and residues with negative environmental impacts 
[24]. During the pre-treatment process, the internal structure of biomass is altered by the 
breakdown of intra and inter hydrogen bonds, as well as glycosidic bonds. This breakdown 
paves the way for the degradation of biomass into sugars [25]. In pre-treatment lignocel-
lulosic hydrolysates, fermentation inhibitors like acetic acid, furfural, and 5-hydroxymethyl 
furfural (HMF) are commonly present [26]. The production of acetic acid is attributed to 
the degradation of acetyl and ester bonds in hemicellulose, while furfural and HMF are 
released during the degradation of pentose and hexose carbohydrates. Furfural emerges 
as the most abundant and potent inhibitor among all inhibitors. The dehydration of the 
acetyl group in hemicellulose is responsible for the production of acetic acid in hydro-
lysates obtained from all lignocellulosic biomass, without exception. Acetic acid exists in 
its undissociated form under acidic conditions and exhibits liposolubility, leading to the 
accumulation of anions inside cells. Subsequently, acetic acid dissociates and infiltrates the 
cell membrane, triggering a decrease in internal pH that eventually results in cell death [27, 
28]. The presence of inhibitors undoubtedly creates unfavorable environments for fermen-
tative microorganisms, leading to reduced yield by prolonging the lag phase, diminishing 
cell density, and slowing down the growth rates of the fermenting microbes [25].

Other than chemical-physical pre-treatment methods, biological pre-treatment meth-
ods offer a new future alternative for the processing of lignocellulosic biomass. The pri-
mary approach of biological pre-treatment methods is the use of fungi and bacteria, along 
with their enzymes, which involves multiple variables such as strain types, enzymes pro-
duced, culture conditions, culture time, and degradation mechanisms [29]. Compared to 
other methods, biological pre-treatment has several benefits, including easy operation, the 
absence of chemical recovery after pre-treatment, low energy consumption, and low cost 
of downstream treatment. Nevertheless, the low hydrolysis rates and extended consump-
tion time are major obstacles to the industrial application of biological methods [30]. Turet 
et  al. [31] demonstrated the used of biological pre-treatment method by using Aspergil-
lus niger and Thermoascus aurantiacus fungal strains on BSG to produce lignocellulo-
lytic enzymes. The self-produced enzymes hydrolyzed the same BSG to obtain sugar-rich 
hydrolysates that serve as an alternative carbon source for polyhydroxyalkanoates (PHA) 
production during the second round of fermentation.

Solid wastes, including agricultural, domestic, human, and animal waste, are being 
produced as a result of urbanization, economic growth, and rapid population growth [32]. 
To minimize landfill and environmental problems, several efforts have been focused on 
converting the waste into value-added products [33]. The biotechnology sector has been 
focusing on the manufacture of high value-added bio-products employing microorganisms, 
primarily bacteria and fungi. Especially, BSG is used as a substrate for biotechnological 
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applications because of its high nutritional content [34]. The method of valorizing BSG 
involves two different types of fermentation which are submerged fermentation (SmF) and 
solid-state fermentation (SSF). SmF is a method involving the growing of microorganisms 
in a liquid medium that consist of required nutrients. The amount of water available for 
bacterial growth has an impact on the mechanisms which affects the mass transfer, metabo-
lism, and biomass development [35]. SmF is ideal for the synthesis of secondary metabo-
lites that must be used in their liquid form since they are usually secreted in the fermenta-
tion broth and for microorganisms that require high moisture content [36]. This method has 
a higher product yield than other varieties since it is less likely to have substrate inhibition 
[37]. SmF can be used on an industrial scale as a result of the well-developed scale-up 
techniques and bioreactors for this kind of fermentation [38]. However, it has several dis-
advantages such as time-consuming process, prone to fungal and bacterial contamination, 
requires energy for sterilization, and high operational cost as the nutrients have to be sup-
plemented constantly [39]. To ensure a successful SmF, key factors such as carbon and 
nitrogen sources, temperature, pH, agitation, and aeration must be monitored. Angel et al. 
[40] examined how different carbon sources, including inulin, sucrose, xylose, fructose, 
and glucose, affected inulinase production from Bacillus sp., Pseudomonas sp., Lactoba-
cillus sp., and Achromobacter sp. Among these sources, inulin was found to be the most 
favorable carbon source for inulinase production across all bacterial strains under SmF. 
Nitrogen is an integral element of amino acids, nucleic acids, and various co-enzymes, and 
any changes made to its concentration in the media can lead to significant alterations in 
cellular biosynthesis [41]. The optimal temperature and pH required for growth and devel-
opment can vary across different species. Therefore, it is crucial to optimize the culture 
conditions to ensure maximum growth and productivity [42]. Proper agitation is essen-
tial to maintain heat, oxygen, and mass transfer rates while promoting surface absorption. 
In addition, the physical morphology of an organism can significantly impact the oxygen 
transfer rate. For instance, maintaining oxygen supply through agitation is easier in bacte-
rial cultures than in fungal cultures with long hyphal threads. This is mainly because the 
coalescence of bubbles in rigid filamentous fungal broth reduces the transfer area between 
the gas and liquid phases, thereby altering turbulence and liquid-film conditions [43]. 
When it comes to the extraction and purification stages of the downstream process, several 
obstacles must be overcome, including the need to achieve high product quality and purity, 
ensure stability, and determine the optimal formulation for the final product. The sub-
stances in need of purification belong to a heterogeneous group, making their characteriza-
tion a challenging task. Furthermore, there is a notable demand for a remarkably high level 
of purity. To ensure the degree of purity, multiple-step downstream processes are usually 
necessary, resulting in lower product yields due to sample loss throughout the process [44].

Since the usage of SmF has been fully developed in the industrial-scale, this review 
will be focusing solely on SSF. SSF is a bioprocessing technique with a rich history in 
the food and fermentation sectors, which finds extensive use in Asia for the production of 
various foods like bread, cheese, koji, miso, soy sauce, tempeh, and natto. Over the past 
century and in recent years, SSF has been instrumental in generating significant biochemi-
cal compounds and valuable products, including amino acids, enzymes, organic acids, 
pharmaceutical antibiotics, textiles, and biofuels [45]. SSF is a well-established bioprocess 
that potentially generates microbial secondary metabolites from industrial by-products and 
agricultural waste. Large amounts of biomass waste such as corn residue, seeds, husks, 
bran, whole pomace, peels, BSG, and other waste products are generated but either underu-
tilized or ended up in landfills. The use of the BSG has received a lot of attention recently 
since they are easily accessible, inexpensive renewable substrates that can be converted 
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into a variety of essential compounds [46]. SSF has been proposed as a viable approach for 
recycling wastes by employing solid wastes as substrates for the cultivation of microorgan-
isms to enhance the nutritional composition within the solid wastes. SSF enables micro-
organisms to thrive in the environments with minimum or no free water. SSF replicates 
the natural habitat of the majority of microorganisms, primarily fungi and molds. It offers 
enhanced enzyme effectiveness for several enzymes and is less prone to bacterial contami-
nation [47]. This method claims to have various advantages compared to the submerged 
fermentation, including less water waste contamination, low production cost as the process 
does not involve anti-foam chemicals, low maintenance fee in terms of downstream pro-
cess, environmentally friendly, and the absence of catabolite repression [48]. In the study 
conducted by Sim and Oh [49], BSG was first employed as a substrate for cellulase produc-
tion using SSF. As time went on, SSF techniques were implemented to elevate the nutri-
tional value of BSG especially in terms of protein [50–52]. Additionally, efforts were made 
to improve other nutritional aspects like phenolic compounds [53, 54] and soluble sugars 
[55, 56], and the study evaluated the potential use of BSG in both animal and human feed 
[57–59].

The fundamental of SSF could also possibly generate nutritional added value to the 
substrate when given a compatible substrate with the proper microorganism. For instance, 
bioactive compounds such as flavonoids, phenolic acids, and saponins that are initially pro-
duced by vegetables may also be present in endophytic fungi colonies, which are emerging 
as a promising source of antioxidants [60]. In addition to its impact on adding nutritional 
value to the substrate, SSF can also affect by increasing the extractability of the nutritional 
compounds within the substrate. This extractability is depending on various physicochemi-
cal properties and molecular interactions, including the potential compartmentalization of 
bioactive compounds within cellular structures [61]. During SSF, microorganisms may 
initially struggle to access certain plant cell wall components due to their chemical con-
nections to lignin. However, microorganisms are naturally equipped with various enzymes 
that allow for the degradation of lignin, such as lignin peroxidase, enabling them to access 
energy-rich polysaccharides for growth and metabolism, while releasing insoluble-bound 
compounds from the lignocellulosic structure [62].

SSF faces a major obstacle in scaling up, as it is largely confined to flask scale. Scal-
ing up SSF is a process-specific challenge, and there is a dearth of information on biore-
actor design and optimal conditions for microorganism biomass production. At the onset 
of fermentation development, little is known about the specifics of a particular process. 
Despite the longstanding challenge of scale-up, it is predicted that the majority of SSF’s 
issues can be addressed by designing appropriate bioreactors. Heat accumulation and 
mass transfer are two major challenges associated with bioreactors. Temperature manage-
ment poses challenges in the SSF process due to the heat generated by microbial activity, 
which accumulates in the system [63]. To ensure optimal microbial growth and product 
formation, it is necessary to remove excess heat from the system and prevent overheat-
ing [64]. The fermentation process experiences low yield due to the hindered mass trans-
fer and increased heat accumulation caused by the high concentration of BSG substrate 
[65]. One way to overcome this challenge is by introducing air into the system to expel 
the heat generated, typically through a gas outlet [66]. The diffusion of oxygen in the solid 
matrix is a challenging aspect of SSF. The growth of microorganisms in the solid substrate, 
along with culture biomass, leads to a reduction in the permeability of oxygen through 
the matrix. Adequate oxygen levels are crucial for the proper growth of microorganisms 
[67]. The use of a bioreactor with improved oxygen diffusion rate in the substrate enhances 
fermentation efficiency by facilitating longer air and liquid contact time [68]. Zhao et al. 
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[69] demonstrated that implementing the microbubbles technique enhances mass transfer 
in BSG and results in a twofold increase in fermentable sugar production.

An excellent bioreactor design should fulfill several essential criteria. These include the 
use of inexpensive, inert, corrosion-resistant, and abrasion-resistant materials, preferably 
creating a microbiologically contamination-free system to prevent potential hazards associ-
ated with biological pollution. Furthermore, the bioreactor design should facilitate efficient 
control and regulation of operational parameters, ensure biomass uniformity, and simplify 
maintenance, loading and unloading, and product recovery [70].

Countless of research has been done in the past few years about the exploitations of 
nutritional value in BSG via SSF. However, limited review papers were published to com-
pare the effectiveness of fermentation methods and approaches that could improve the 
commercial value of BSG. Hence, the aim of this review is to describe the nutritional 
added value to the BSG via SSF bioprocess as the microorganism feeds on the lignocel-
lulosic content in BSG and improve the nutritional components of it. A specific focus is 
placed on multiple value-added compounds which include proteins, phenolic compounds, 
and soluble sugars in BSG. Therefore, SSF and its effect on the formation of value-added 
products by this process were reviewed and discussed.

Nutritional Value in BSG

Protein

The microorganism that feeds on the substrate during the SSF produces enzymes that 
hydrolyzed directly on the cellular structure of the substrate, subsequently releasing the 
phytochemical substances attached to the solid matrix and improve their extractability. 
Therefore, SSF can increase the substrate’s bioactivity and nutritional value through the 
biosynthesis process [71].

Many researches have proven that SSF is able to improve the protein content of BSG 
under various optimal fermentation conditions. Canedo et al. [72] evaluated the up-value 
of the protein content of BSG under different parameters that include initial moisture levels 
and types of nitrogen supplement using Rhizopus oligosporus. It can be expected that sup-
plementing with nitrogen source would lead to the better proliferation of fungi, primarily 
due to the increased nitrogen content and the resulting lower C:N ratio, which provides 
optimal conditions for fungal growth [73]. Results showed that an initial moisture level of 
70% with the supplementation of nitrogen source (ammonium sulfate, urea, and sodium 
nitrate) for the fermented BSG has outperformed the initial moisture level of 50% and 60%. 
The average protein content of BSG fermented by R. oligosporus with an initial moisture 
level of 70% is nearly 1.7 times higher than unfermented BSG, at 30.6 mg/g on average. 
In another study by Ibarruri et al. [74], BSG incubated under SSF for 192 h significantly 
increased the protein content by up to 50% compared to the unfermented BSG. Through-
out the fermentation process, Rhizopus sp. continuously produced protease, resulting in 
6.5 times higher soluble protein, up to 47.4 mg/g. Astoundingly, the nitrogen requirements 
were lower, 3.3% compared to another research conducted by FazeliNejad et al. [75] which 
used 3.9% to get similar results. Rhizopus genus has been broadly used in the food industry 
especially for the tempeh production and rice wine production. R. oligosporus secretes var-
ious enzymes such as xylanases, pectinases, amylases, and cellulases, enabling it to effec-
tively infiltrate the lignocellulosic structure. These enzymes play a crucial role in substrate 
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colonization, leading to increased fungal biomass protein and improved substrate protein 
concentration during SSF [76].

Sousa et  al. [77] conducted a study to find out the effect of SSF on BSG, exhausted 
grape marc, and exhausted olive pomace using three different fungi A. niger, A. ibericus, 
and A. uvarum. Although BSG has the highest initial protein content among the other agro-
food waste, the increase in protein content was the lowest after the fermentation. BSG 
fermented with A. ibericus has the greatest increase in protein content, at 38.5%, which 
resulted in 277 mg/g. A study conducted by Adewale Ogunjobi et  al. [78] used SSF for 
a fermentation of 35  days with A. oryzae which was the fungal strain isolated from the 
BSG itself. The results indicated that the protein content has reached its highest concentra-
tion of 284 mg/g, from the initial value of 183.3 mg/g. Contrarily, the crude fiber content 
decreased throughout the fermentation process. The ability of A. oryzae to digest crude 
fiber to build up their biomass could be responsible for these changes in the nutritional 
composition, which resulted in an increase in the concentration of protein content [79]. In 
order to disrupt the lignocellulosic rigid structure of BSG, Zeng et al. [55] implemented 
the aid of ultrasonic pre-treatment prior to the SSF Bacillus velezensis. The results demon-
strated that the pre-treated BSG has a higher protein value of 315.9 mg/g compared with 
untreated BSG of 296.6 mg/g after a 6 days fermentation. Ultrasonic pre-treatment applies 
high pressure and intense shear forces, utilizing the cavitation effect to generate a multitude 
of pores on the surface of BSG. This pore formation significantly enhances the porosity 
and expands the surface area of BSG, allowing for improved contact and utilization by 
microorganisms. Furthermore, ultrasonic pre-treatment holds the potential to reduce cel-
lulase secretion. This can be showed from Zeng et  al. [55], the degradation of cellulose 
and hemicellulose were reduced, while a higher number of polysaccharides were produced. 
The implosion of air bubbles within the substrate due to ultrasound irradiation assists in 
defracting lignocelluloses and lysing cell walls and membranes. Consequently, the reduced 
requirement for hydrolyzing the lignocellulosic structure leads to a decline in cellulase 
secretion [80]. These findings suggest that nutrient release in pre-treated BSG was benefi-
cial for microorganism uptake and utilization.

As the protein content increased, the number of amino acids in fermented BSG was 
found to be increased as well. This could be attributed to the enzyme hydrolyzation pro-
duced by the microorganism such as peptidases which converts long peptide chain in BSG 
into simple amino acids [81]. According to Tan et al. [81], the amount of amino acid after 
the SSF of BSG using Bacillus subtilis WX-17 has significantly increased. Proline was 
observed to have the most significant increase of 3.5-fold, among the amino acids. This 
resulted from the starch being broken down into glucose by microorganisms during the 
tricarboxylic acid (TCA) cycle, which was then converted into energy. Glucogenic amino 
acids are created all along the cycle. In this case, proline, which was derived from glu-
tamate, was being produced the most. After 2 days of fermentation, the amount of total 
amino acids increased from 0.9 mg/g in unfermented BSG to 1.9 mg/g in fermented BSG.

Ibarruri et al. [74] composed an amino acid profile for the fermented BSG. The results 
showed that the amount of practically all amino acids increases significantly in the fer-
mented BSG, even though the overall profile does not greatly differ from each other. Like-
wise, the total essential amino acid content of the fermented BSG is 1.5 times greater than 
that of the unfermented BSG, from 83.9 to 135.8 mg/g. Similarly, Cooray and Chen [34] 
were able to observe an increase in amino acid content in BSG after 3 days of fermenta-
tion, the total amino acid concentrations in the fermented BSG increased from 3.8 mg/g in 
the unfermented BSG to 7.8 mg/g. The greatest changes were seen in threonine (sixfold) 
and serine (3.6-fold). During the TCA cycle, serine is produced from a 3-step pathway 
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initiating with 3-phosphoglycerate, converting into 3-phosphohydroxypyruvate, then phos-
phoserine. As the process is reversible, the synthesis of threonine was aided as well [82].

Apparently, symbiotic fermentation was one of the methods to further improve the fer-
mentation yield. Zeng et al. [52] used B. velezensis K8 and Levilactobacillus brevis LZB2 
fungal strain as the microorganism for the SSF of BSG. Among the total protein content 
in BSG, glutamic acid represents the second highest proportion and can be converted into 
γ-aminobutyric acid to enhance its nutritional value [83]. L. brevis plays a crucial role in 
this conversion process by exhibiting significant glutamate decarboxylase activity, which 
catalyzes the synthesis of γ-aminobutyric acid from glutamate [84]. However, L. brevis has 
limited ability to efficiently utilize polysaccharide biomass and proteins [85]. Therefore, B. 
velezensis K8 was utilized, as previous research by Zeng et al. [52] demonstrated its capac-
ity to enhance protein and soluble sugar content. The total amino acid content increased 
significantly, with the maximum values reaching 55.6 mg/g (ratio of 5:5) and 51.2 mg/g 
(ratio of 5:5.5), an increase of 52.2% and 43.5%, respectively. Table  1 summarized the 
enhancement of protein and amino acid yield from BSG at different SSF conditions with 
various types of microorganism.

The degree of hydrolysis (DH) is a critical parameter to consider in SSF, and it is 
influenced by time and temperature. Higher temperatures result in higher DH for shorter 
fermentation times, while lower temperatures lead to higher DH for longer fermentation 
times. Even a brief fermentation process improves amino acid availability in BSG protein 
compared to unfermented BSG [74].

Nitrogen supplements are crucial for regulating microorganism growth during fermenta-
tion. Inadequate control or substrate depletion can cause sporulation, reduced growth, or 
cell death [86]. Lareo et  al. [87] and Suhet and Fioreze [88] observed sporulation when 
glucose metabolism declines after glucose depletion. Maintaining optimal nitrogen supple-
ment concentration preserves soluble sugars. Ammonium sulfate is suitable for enhancing 
protein content in BSG [72].

Symbiotic fermentation faces challenges due to operational heterogeneity. B. velezensis 
fermentation effectively enhance the soluble sugar and protein content in BSG. However, 
Zeng et al. [52] demonstrated a slight decline in soluble protein content during symbiotic 
fermentation, attributed to increased presence of L. brevis consuming proteins and amino 
acids. In contrast, Tsai et al. [89] demonstrated that incorporating B. velezensis compen-
sated for lower enzyme production by L. brevis during soybean meal fermentation, result-
ing in enhanced enzyme activities and elevated soluble peptide levels. Optimizing param-
eters in symbiotic fermentation is crucial for desired outcomes.

SSF can greatly enhance the protein and amino acid content in BSG, allowing it to be 
utilized more effectively. It has been reported that fermented agro-industrial waste can 
serve as a partial or complete substitute for animal feed. The primary challenge associ-
ated with conventional animal feed lies in its expensive production cost. As a result, indus-
tries are increasingly turning to non-traditional plant protein sources as viable alternatives. 
However, the elevated fiber content and insufficient protein levels impose limitations on 
the utilization of unconventional dietary feed ingredients. The utilization of fermentation 
as a means to improve the quality of these feedstuffs is a viable strategy. Through SSF, 
feed utilization can be enhanced by reducing fiber content, increasing crude protein and 
lipid levels, improving vitamin availability, optimizing protein solubility and amino acid 
profiles, and enhancing the palatability of the feedstuffs [90–92]. SSF typically involves 
the utilization of beneficial bacteria, yeast, and fungi. Probiotics offer a range of advan-
tages, including enhanced growth performance, increased feed value, enzymatic assistance 
in digestion, inhibition of adherence, and colonization by pathogenic microorganisms in 
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the gastrointestinal tract, promotion of hematological parameters, and reinforcement of 
immune response [93–95]. For instance, the introduction of Bacillus sp. for substrate fer-
mentation and subsequent inclusion in carp diets has shown significant enhancements in 
growth performance, survival rate, and feed conversion ratio [96]. Nonetheless, while SSF 
improved the protein content in BSG, the microorganisms involved in the process produce 
proteases that can break down long peptide chains, potentially resulting in the formation 
of bioactive peptides. Bioactive peptides are short amino acid chains with low molecu-
lar weights, typically composed of 2 to 20 residues. Numerous studies have indicated that 
bioactive peptides exhibit therapeutic and regulatory activities in organisms, including 
antioxidant, antihypertensive, antitumor, antimicrobial, antithrombotic, antidiabetic, and 
atherosclerosis prevention effects [97]. Consequently, the application of BSG after SSF is 
not limited solely to the food industry but also holds potential benefits in the nutraceutical 
industry.

Phenolic Contents

The two main components of BSG are lignocellulose and hemicellulose with the former 
component predominantly made up of arabinoxylan, which is a combination of xylose resi-
dues that have been -(1,4)-linked with arabinose residues and cross-linked with ferulic or 
diferulic acids [10]. It may be important to break down BSG components to effectively uti-
lize value-added components such as bound phenolic compounds but it involves numerous 
enzymes [98]. The synthesis of microbial hydrolytic enzymes during SSF could increase 
the phenolic compound in BSG. More precisely, the matrix structure of BSG is softened, 
cell walls are broken down, and bound bioactive chemicals are released with the aid of 
enzymes like α-amylase and β-glucosidase [71]. There are various cases when SSF has 
successfully increased the number of bioactive components in BSG, specifically the con-
centration of polyphenols and antioxidant properties [53, 54, 56, 58, 74, 99, 100].

For instance, BSG from different breweries fermented with five different filamentous 
fungi strains R. oryzae, A. terreus, A. niger, A. awamori, and A. oryzae showed an increase 
in terms of total phenolic content (TPC) and the antioxidant activity against DPPH radicals 
[53]. Among the fungal strains, the outstanding readings were obtained from A. oryzae and 
A. terreus. Both microorganisms depicted results that are 7 times higher for TPC, 8.2 mg 
gallic acid equivalents (GAE)/g and 5 times higher of antioxidant value, 15.1 mg Trolox 
equivalents (TE)/100 g as compared to unfermented BSG. Similar results were shown in 
the study by Tišma et  al. [56]. After 14 days of fermentation using Trametes versicolor, 
the TPC has increased by 3.4-fold from 2.5 to 8.7 mg GAE/g. The total organic carbon 
(TOC) was evaluated as an indication of microbial growth. As expected, the total mass 
loss of BSG decreased from 35 to 10.5%. Likewise, results from Ibarruri et al. [74] showed 
that the TPC and antioxidant activity of BSG after fermentation is 9 times higher than the 
unfermented BSG from 0.2 to 2.0 mg GAE/g. The increment of TPC could be attributed to 
the release of β-glucosidase in the fungi which hydrolyzes β-glycosidic bonds and generate 
free aglycones. A study by Goh and Ken [58] used 8 different filamentous fungal strains 
for the fermentation of BSG. All the fermented BSG has shown significant improvement in 
the TPC. Among the strains, A. oryzae M-1 increased from 1.4 mg GAE/g in unfermented 
BSG to 9.5 mg GAE/g.

Compared with other agro-industrial wastes, BSG has a lower concentration of phe-
nolic compounds due to the fact that most of them are attached to the hemicellulose 
fraction and lignin [99]. Studies by Ong and Ken [100] and Leite et al. [101] showed 
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that after the SSF, the increment of TPC value in BSG was significantly lower com-
pared with other agro-industrial wastes such as okara, exhausted mixed white and red 
grape marc, vine shoots trimming, grape stalks, crude olive pomace, and exhausted 
olive pomace. The low increment of TPC in treated BSG was relatively lesser due 
to the lack of nutrient accessibility for microorganisms as most of the phenolic com-
pounds are linked to the polysaccharides. However, the SSF has proven to be effective 
by increasing the TPC for 2 to 13-folds, maximum extraction of 2.7 mg GAE/g and 
11 mg GAE/g, respectively. In order to compensate for the minimal amount of phe-
nolic compound, an aqueous extraction was conducted on a mixture of agro-industrial 
wastes which includes BSG prior to the SSF with A. niger. This method resulted in 
a 1.4-fold increase in TPC and a 1.5-fold increase in antioxidant activity, leading to 
values of 13.3 mg GAE/g and 1.5 mg TE/100 g, respectively [54].

Time and temperature have a significant impact on the increase in phenolic content in 
BSG. Longer fermentation time and higher temperatures result in higher phenolic contents. 
Microorganisms produce various enzymes during extended fermentation, which work 
together to enhance phenolic content [74]. β-Glucosidase plays a key role in increasing free 
phenolic compounds by hydrolyzing β-glucosidic bonds, releasing phenolics [102, 103]. 
Fungal enzymes also enhance antioxidant activity by releasing hydroxycinnamic acids 
from hemicellulose and lignin fractions [104].

Contrarily, Goh and Ken [58] suggest minimizing fermentation time to reduce 
undesirable microbial activity. Phenolic compounds may polymerize due to oxidative 
enzymes activated in response to stress caused by nutrient depletion from microbial 
contamination [105]. Autoclaving sterilization can be used to overcome this chal-
lenge. Leite et al. [54] found similar release of phenolic compounds in both sterilized 
and unsterilized substrates during SSF. However, unsterilized substrate experienced a 
significant decrease in enzyme production. Sterilization serves as a pre-treatment to 
facilitate nutrient access for desired microorganisms in solid substrates. The enhance-
ment of phenolic contents from BSG at different SSF conditions with various types of 
microorganism is summarized in Table 2.

Soluble Sugars

As mentioned above, BSG is basically a by-product from the beer brewing process, 
whereby most of the fermentable sugars are extracted out. BSG primarily comprises 
the husk of the initial barley grain, obtained during wort preparation. Since the bar-
ley husk is composed of lignocellulosic material, BSG likely contains sugars that 
are polymerized into cellulose (glucose) and hemicellulose (mainly xylose and ara-
binose), which can be released through a hydrolysis process [106]. Lignocellulolytic 
enzymes produced by microorganisms during fermentation are required to convert the 
polysaccharides into monosaccharides which leads to the production of soluble sug-
ars. Results from Tišma et al. [56] showed that during the fermentation of BSG with 
T. versicolor, a gradually decreased sucrose concentration with time was observed. As 
the sucrose was broken down by the enzymes, the fructose concentration increased 
30-fold from 0.1 to 2.4  mg/g. However, the glucose concentration did not increase 
due to the metabolism of the fungi. A positive outcome could be expected when sym-
biotic fermentation is used. B. velezensis and L. brevis with a ratio of 5:5 signifi-
cantly increased the total soluble sugar content in BSG after the fermentation with an 
improvement of 69.1%, 73.1 mg/g [52].
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Among the available pre-treatment methods, dilute acid hydrolysis is widely recog-
nized as an effective approach for solubilizing hemicellulose sugars. This method offers 
notable advantages, including high sugar yield, low production cost, and minimal acid 
concentration requirements [6]. Moreover, this method comes with high conventional 
heating methods which require extensive amounts of energy and are not environmentally 
friendly. Furthermore, it leads to the formation of numerous inhibitory compounds, such 
as furaldehydes, formaldehyde, aliphatic acids, vanillic acid, uronic acid, 4-hydroxyben-
zoic acid, cinnamaldehyde, and phenol which could potentially interfere with the growth 
of fermentative microorganisms during the fermentation process. Therefore, emerging 
pre-treatment methods such as non-ionizing radiation, ionizing radiation, pulsed-electric 
field, high pressure, and ultrasound are more encouraging [107]. Ultrasonic pre-treat-
ment is one of the alternative methods to decrease the crystallinity of cellulose, increase 
the number of pores on the surface of BSG, and promote the interaction between 
enzymes and substrates in order to enhance accessibility [80]. A study conducted by 
Zeng et al. [55] utilized ultrasonic pre-treatment on BSG prior to the fermentation with 
B. velezensis. The contents of xylose, glucose, arabinose, cellobiose, and fructose were 
substantially increased after 4  days of fermentation, while the amounts of mannose 
were marginally increased as well. The total soluble sugar content has also increased by 
172.9%, from 180.7 to 312.4 mg/g. These findings suggested that lignocellulose might 
be efficiently degraded by B. velezensis fermentation and converted into a range of mon-
osaccharides or oligosaccharides. The most notable increase in fructose concentration 
may be attributable to microorganisms’ fructofuranosidase function, which encourages 
fructose conversion and release in BSG. According to this finding, ultrasonic treatment 
exposes the lignocellulosic rigid structure of BSG, which facilitates attachment and 
destruction by lignocellulolytic enzymes produced by microorganisms. Similar results 
were able to observe by Fernandes et  al. [59], as the enzymatic pre-treated BSG was 
incorporated into the plant-based diets for European seabass. Due to the high xylanase 
and cellulase activity secreted by A. ibericus to disrupt the lignocellulosic structure of 
BSG, the amount of glucose, xylose, and arabinose in BSG has increased by an aver-
age of 197%, resulting in 18.9 mg/g. Pre-treatment steps and enzymatic hydrolysis have 
become a trend for researchers to address the difficulties of extracting nutritional-value 
content embedded beneath the rigid cellulosic structure of BSG.

Prolonged cultivation time does not necessarily increase soluble sugar content in BSG. 
When T. versicolor was grown on BSG, sucrose concentration decreased while fructose con-
centration significantly increased after 14 days [56]. T. versicolor utilized the soluble sugars, 
leading to sucrose hydrolysis and subsequent fructose utilization [108]. Similarly, Zeng et al. 
[55] reported a decrease in soluble sugar content after reaching its peak on the fourth day of 
fermentation.

Symbiotic fermentation is an effective approach to enhance soluble sugar release, but the 
synergistic activity between the two microorganisms could result in a negative outcome [52]. 
Hence, clearly defining research objectives and selecting appropriate microorganisms are cru-
cial for desired outcomes. Pre-treatment techniques are also effective in increasing soluble 
sugar release in BSG. Feeding fish diets with pre-treated BSG has shown lower plasma glu-
cose levels compared to untreated BSG diets [59]. Establishing definitive criteria for assessing 
BSG’s nutritional value is important for its certification as a beneficial dietary supplement. 
Soluble sugar from BSG at different SSF conditions with various types of microorganism is 
summarized in Table 3.
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Applications of Nutritional Values from BSG

Proteins

Even without the enhancement of SSF, unfermented BSG is already used by aquaculture 
industry to improve the body weight of the fish [109]. By increasing the protein and 
essential amino acids in BSG, the incorporation of BSG in animal feeds or even human 
diets could improve the absorbability and digestibility in order to achieve weight gain 
in a shorter period of time. In a recent study conducted by Nazzaro et al. [110] exam-
ined the impact of partially incorporating brewery spent grain (BSG) into the diets of 
gilthead sea bream and rainbow trout. The study found that after a 30-day feeding trial 
and fecal collection, the digestibility of these fish ranged from 71 to 88%, similar to 
commercial fish diets. Furthermore, the incorporation of 20–30% BSG resulted in good 
protein, lipid, and amino acid digestibility, indicating its potential as a substitute for 
commercial aquaculture diets.

BSG contains a high amount of hordein, which is the most prevalent protein compo-
nent trapped within its matrix. This protein is rich in essential (E), proline (P), leucine (L), 
valine (V), phenylalanine (F), and tyrosine (Y) residues, which are known to possess anti-
oxidant properties. Food peptides’ specific bioactivity depends on their amino acid chain 
length, hydrophobicity, and molecular weight. Researchers are increasingly interested in 
using bioactive peptides derived from food proteins to combat chronic diseases and main-
tain good health by inhibiting enzymes such as angiotensin-converting enzyme (ACE) and 
dipeptidyl peptidase IV (DPP IV) [35]. In spontaneously hypertensive rats, the ingestion of 
a semi-pilot scale BSG protein hydrolysate led to notable hypotensive effects 6 h later. Pep-
tides containing the amino acid isoleucine demonstrated greater in vitro bioactivity than 
those containing leucine. As a result, BSG peptides have been identified as potential natu-
rally derived ingredients for managing type 2 diabetes and cardiovascular disease [111].

Phenolic Contents

Phenolic compounds that remain in BSG provides several benefits on human health such as 
antioxidant, anti-inflammatory, and anti-cancer properties [112–114]. According to reports, 
feeding ruminant diets high in phenolic compounds has positive effects on the welfare of 
the animals and may be a new method to produce milk and meat that have antioxidant 
characteristics [115, 116]. In addition to being used as a feed additive in animal nutrition, 
BSG can also be incorporated into human food products. The phenolic contents and anti-
oxidants capacity in cookies and cereal-based snacks which were incorporated with BSG 
were tested [117, 118]. Incorporating 20% of BSG into cookies resulted in a significant 
increase in ferulic acid content, up to 3.5-fold higher compared to control cookies. Feru-
lic acid has potential health benefits, including preventing lipid hydroperoxide propagation 
into the gastrointestinal tract and mediating prebiotic modulation in gut microbiota. Addi-
tionally, by incorporating BSG into cereal-based snacks, there was a remarkable sevenfold 
increase observed in the phenolic content. The antioxidant effect of phenolic contents in 
BSG were investigated by McCarthy et al. [112] as well. A variety of oxidants including 
 H2O2, 3 morpholinosydnonimine hydrochloride, 4-nitroquinoline oxide, and tert-butylhy-
droperoxide were used to induce oxidative DNA damage in the U937 cell line. Pre-treating 
U937 cells with BSG extracts containing ferulic acid significantly protected them against 
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 H2O2-induced DNA damage, indicating that BSG may be capable of offering protection 
against oxidant-induced DNA damage through Fe chelation.

Soluble Sugars

Microorganisms used in SSF converts the starch and cellulosic materials presents in 
BSG into soluble sugars. The soluble sugars can then serve as the primary substrate for 
a further round of fermentation in which ethanol-producing microbes will convert them 
into ethanol and PHA [35, 119]. Microorganisms metabolize D-xylose through an ini-
tial pathway that involves its conversion to D-xylulose in the ethanol production. Xylose 
isomerase is typically utilized by bacteria, while yeasts and mycelial fungi employ a 
two-step oxidation–reduction pathway. The resulting D-xylulose is then transformed into 
D-xylulose-5-phosphate and enters the pentose phosphate pathway. Within the pathway, 
ribulosephosphate-3-epimerase, transaldolase, and transketolase facilitate non-oxidative 
rearrangements of xylulose-5-phosphate, leading to the formation of glyceraldehyde-
3-phosphate and fructose-6-phosphate. These compounds can undergo fermentation reac-
tions in the Embden–Meyerhoff–Parnas pathway, ultimately resulting in the production of 
ethanol [120]. The synthesis of PHA involves three pathways, each associated with the 
production of precursors in different metabolic pathways. The first pathway is mediated 
by β-ketothiolase (encoded by phaA), which catalyzes the condensation of two acetyl-
CoA molecules, resulting in the formation of acetoacetyl-CoA. The second step involves 
the reduction of acetoacetyl-CoA by NADPH-dependent acetoacetyl-CoA dehydrogenase. 
Finally, poly [3-hydroxybutyrate] [P(3HB)] synthase polymerizes (R)-3-hydroxybutyryl-
CoA monomers to generate P(3HB) [121]. The second pathway is the β-oxidation of fatty 
acids. Fatty acids are degraded through β-oxidation, a process that involves the sequential 
removal of 2 carbon atoms in the form of acetyl-CoA. During each cycle of this degrada-
tion, the acyl-CoA molecule generated is oxidized to form 3-keto-acyl-CoA, utilizing (S)-
3-hydroxyacyl-CoA as an intermediate. As a result, the fatty acid molecule is shortened 
by n-2 carbon atoms, providing the option for it to renter the degradation cycle or enter 
alternative pathways. However, the intermediate (S)-3-hydroxyacyl-CoA cannot be directly 
used for PHA biosynthesis. To overcome this, the enzyme (R)-enoyl-CoA hydratase is 
required to convert (S)-3-hydroxyacyl-CoA into (R)-3-hydroxyacyl-CoA thioester, which 
acts as a substrate for PHA polymerase. The third pathway is the de novo synthesis of fatty 
acids. In the initial step, acetyl-CoA is carboxylated to form malonyl-CoA, which is then 
transferred to the acyl carrier protein to generate malonyl-ACP. Subsequently, the required 
residues are added to complete the synthesis of the final fatty acid molecule. The enzyme 
(R)-3-hydroxyacyl-ACP-CoA transferase (PhaG) plays a key role in connecting the de 
novo synthesis of fatty acids with the synthesis of medium-chain-length compounds. PhaG 
facilitates the conversion of (R)-3-hydroxyacyl-ACP to (R)-3-hydroxyacyl-CoA, leading to 
the synthesis of PHA [122]. For instance, a combination of sequential organosolv process 
and enzymatic saccharification was used to generate BSG hydrolysate containing approxi-
mately 72 g/L of monomeric sugars. Rhodosporidium toruloides was then cultivated using 
this hydrolysate, resulting in a maximum dry weight biomass of 18.44 ± 0.96 g/L with a 
lipid content of 56.45 ± 0.76% [123]. In another study, BSG was utilized as a substrate for 
the cultivation of three fungal strains (A. niger, T. aurantiacus, and Trichoderma ressei) 
using SSF, which yielded high xylanase activities and cellulase side activity. The feasibility 
of PHA production from BSG was also demonstrated, with Cupriavidus necator produc-
ing a maximum of 9.0 ± 0.44 mg PHA per gram of BSG [31]. In Rojas-Chamorro et al. [6] 
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study, both acid and enzymatic hydrolysis techniques were employed to recover 92% of the 
total sugars found in BSG. The resulting sugar hydrolysate was then fermented by Escheri-
chia coli SL100, producing an ethanol yield of 17.9 g per 100 g of raw BSG.

Applications of BSG in the Industrial Scale

Among the various applications of brewer’s spent grain (BSG) that have achieved commer-
cial success on a large scale, its incorporation into human diets and animal feed stands out 
prominently. A company known as “Saving Grains” has capitalized on BSG by transform-
ing it into all-purpose grain flour renowned for its excellent protein and fiber content. This 
flour serves as a key ingredient for developing value-added products, including granola, 
biscuits, cookies, pasta, and chapati [124]. Additionally, a pet food company based in Port-
land leverages the locally available BSG from breweries to produce nourishing dog bis-
cuits [125]. Apart from its applications in food, BSG can serve as a substrate for cultivat-
ing microorganisms. “Eclo,” a mushroom production company, utilizes BSG as a growth 
medium for mycelium. They annually utilize 360 tons of BSG to cultivate exotic mush-
rooms such as shiitake, eryngii, nameko, maitake, and pompom [126]. Furthermore, in 
2019, a DB Export campaign awarded a $40,000 prototype fund to an innovative concept 
utilizing BSG to produce PHA, a material that can be transformed into bioplastic pellets 
[127]. Since this idea is relatively new to the industry, it may take a few more years to fully 
develop and scale up this business.

Future Perspectives

There has been a growing research focus on BSG in recent years, driven by its potential 
applications in the field of biotechnology. Numerous articles have been published concern-
ing how BSG can be used for industrial purposes and how it can mitigate environmental 
issues. BSG incorporates various nutrients providing ideal conditions for microorganism 
proliferation. As the microorganisms have the capability to utilize BSG, the approach of 
using the traditional fermentation method, SSF has been proven to be reliable in upscal-
ing the extraction yield of nutritional value from BSG. Significant improvement in terms 
of protein content can be observed in BSG as the concept of symbiotic fermentation and 
the addition of nitrogen supplements during the fermentation. Moreover, BSG alone has a 
lower concentration of phenolic compounds since most of them are attached to the ligno-
cellulosic structure. Therefore, an optimum mixture of the agro-industrial waste substrate 
is recommended to be used in SSF to enhance the extraction of the phenolic compounds. 
In fact, SSF reduces operational and production expenses while also improving solid waste 
management and reducing environmental pollution as it valorises agro-industrial waste. 
The fundamental concern of SSF is that the efficiency of hydrolyzation of lignocellulosic 
components is too slow, making it impossible to use this method as a potential process at 
the industrial level.

Lignocellulose is a complex biopolymer composed of cellulose, hemicellulose, and 
lignin. However, the recalcitrance of lignocellulosic components to hydrolysis and the 
complexity of the BSG matrix make it difficult to effectively utilize the substrate. The 
use of non-chemical pre-treatment methods on BSG, such as enzymatic hydrolysis 
and ultrasonic-assisted procedures, should be emphasized in future studies in order to 
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hasten the process and improve SSF performance. Combination approaches could be 
developed and established for SSF to progress from the laboratory scale to the indus-
trial scale. The type of reactor used can significantly affect the performance of SSF, 
particularly the rate of substrate utilization, the yield of the desired product, and the 
quality of the final product. The optimization of the bioreactor design is critical to 
ensure that the process is efficient in good mass and heat transfer, cost-effective, and 
scalable to an industrial level [48, 128] . The utilization of BSG offers the potential 
for generating a range of high-value products. It is crucial for industrial stakeholders 
to embrace this prospect as part of their comprehensive strategy to tackle waste chal-
lenges in the food and agro-industry. By embracing environmentally friendly prac-
tices and harnessing BSG to produce enzymes, secondary metabolites, chemicals, and 
biofuels, they can successfully address the environmental concerns associated with 
discarding BSG into landfills.

Conclusion

The utilization of BSG as a substrate in SSF bioprocess offers a promising approach 
to enhance the nutritional value of BSG for industrial applications. This review pre-
sents a comprehensive overview of recent progress and applications concerning vari-
ous value-added compounds, including proteins, phenolic compounds, and soluble 
sugars found in BSG. It examines the efficacy of strategies such as nitrogen supple-
mentation, symbiotic fermentation, agro-industrial waste mixture, and pre-treatments 
in enhancing the performance of SSF and achieving higher nutritional value in BSG. 
Nevertheless, there are still considerable challenges to overcome in order to enhance 
the value of BSG and increase the commercial competitiveness of the SSF bioprocess. 
These challenges include the need to optimize bioreactor design specifically for the 
utilization of BSG in SSF and to implement BSG at an industrial scale. In recent 
years, the rising number of discussions and studies addressing the improvement of 
nutritional added value in BSG via SSF indicates the commercial value of BSG and 
its potential for growth.
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