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Abstract 

Lignocellulosic biomass, of which brewer’s spent grain (BSG) is a part, has a varied composition and 

requires various pre-treatments to extract compounds with added value. Pre-treatments bring several 

advantages: they open the structure of the cell wall, decrease the particle size, reduce cellulose 

crystallinity, and improve digestibility. Solvent extraction methods, diluted acid methods, alkaline, 

supercritical carbon dioxide extraction, microwave-assisted extractions, or ultrasonic extractions have 

as their main objective the change of the crystallinity of lignocellulosic biomass and the detoxification 

of inhibitors to improve hydrolysis and general saccharification. Pre-treatments are essential strategies 

that disrupt the structure of the BSG and help remove lignin, thus facilitating the exposure of 

polysaccharides for optimal extraction efficiency. The complexity and heterogeneity of biomass decide 

the extraction method used. Efficient, economically feasible, simple extraction methods, from which no 

inhibitors and no corrosive materials are produced, are taking into account. 
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1. Introduction 

Beer is one of the most consumed beverages in the 

world, in 2018, 1.94 milliard hl of beer were 

produced globally [1]. Brewer’s spent grain is the 

most abundant by-product of this industry, 

generating 20 kg per hectolitre of produced beer [2-

4]. Globally, there have been 38.8 million tons of 

wet BSG, which is an environmental problem that 

needs to be solved. Brewer’s spent grain is the solid 

residue left after filtration of the beer wort, being 

the insoluble part of the wort [2,5-7] and is 

composed mainly of polysaccharides, lignin, lipids, 

and a small fraction of proteins [8].  

Until recently, food waste was of no interest, being 

used only for animal feed or composting, but 

current trends have come to the attention of 

researchers because BSG represents a cheap and 

valuable raw material. BSG consists of the layer of 

peel, pericarp, and seeds, with residual amounts of 

endosperm and aleurone. BSG has 80% moisture, 

sweet taste, malt smell, and can be considered 

lignocellulosic material [9-11] being characterized 

by large amounts of fibres (up to 70%), including 

cellulose, hemicelluloses, lignin, and protein content 

of 25-30% [12-14].  

 

In traditional brewing, which employs a lauter tun, 

the BSG plays an important role as it forms the bed 

through which the mash is filtered to separate the 

wort [4] obtained after the saccharification of the 

malted cereal grains [15]. 

2. Chemical composition of BSG 

BSG is a little-used by-product due to its high 

moisture content, which makes it difficult to 

transport and store and makes it an unstable 

product, conducive to microbial growth. [4,16]. The 

chemical composition of BSG varies depending on 

several factors: such as the cereal variety, time of 

harvesting, type of hops added, the malting and 

mashing regime, and whether adjuncts were 

employed during brewing; however, within-brewery 

sampling has shown BSG to be quite homogenous 

substance [4]. BSG is a lignocellulosic material, the 

major constituents of which are fibres 

(hemicelluloses and cellulose), protein, and lignin 

[10,17-19]. 
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Figure 1. Chemical composition of BSG 

Fibres are the components with the greatest interest 

in health intake (arabinoxylans and β-glucans), but 

also the phenolic components (hydroxycinnamic 

acid) [4].  Hemicelluloses, consisting mainly of 

arabinoxylan (AX) can be present in up to 40% of 

the dry weight of BSG (AX is the main non-

cellulosic polysaccharide present in cereals and 

herbs). Another important polysaccharide in BSG is 

cellulose, and among monosaccharides are found 

xylose, glucose, arabinose, and traces of rhamnose 

and galactose [4]. 

Proteins are found around 20% of the dry mass, and 

the most abundant are hordein, glutelin, globulin, 

and albumin. Of the protein content, 30% are 

essential amino acids, the most present being lysine 

[4]. 

Lipids are found in a low percentage, of which 

triglycerides have a higher percentage 

(approximately 55%), followed by 30% fatty acids, 

according to Mussatto & Roberto [10]. 

BSG also contains phosphorus (6000 mg/kg), 

calcium (3600 mg/kg) and magnesium (1900 

mg/kg) [4,9], iron, copper, potassium [13], and the 

vitamins present are biotin (0.1 ppm), niacin (44 

ppm), choline (1800 ppm), folic acid (0.2 ppm), 

pantothenic acid (8.5 ppm), riboflavin (1.5 ppm), 

thiamine (0.7 ppm) and pyridoxine (0.7 ppm) 

[9,11,14]. In addition to all these components are 

extractives, made up of waxes, gums, resins, 

tannins, essential oils, and other cytoplasmic 

components [14]. 

 

 

 

3. Possible applications of BSG  

Usually, brewer’s spent grain is used for feeding 

animals, especially cattle, but due to its high fibres 

and protein content it is used to feed fish, pigs, or 

birds or to produce dog rewards [11,13,20]. 

Alternatives are being sought to obtain added-value 

products. Due to high moisture (approximately 

80%), BSG is not suitable for long storage, the shelf 

life is 7-10 days. 

Due to biologically active compounds with 

physiological roles in the body, foods fortified with 

BSG are considered functional foods, foods that 

offer health benefits, used as an adjunct in a 

balanced diet [11]. 

The bakery industry is the field where most studies 

on the incorporation of BSG [9, 21-23] have been 

carried out, but other studies have also been carried 

out for meat products. BSG can be added to 

frankfurters sausages to produce low-fat products 

[11]. A maximum of 15% BSG can be added to the 

frankfurters. The addition of BSG to fruit juices and 

smoothies has a beneficial effect on increasing 

phenolic content and antioxidant activity [4]. 

BSG was successfully used to obtain a fermented 

beverage rich in phenolic compounds. That 

beverage has a term of validity regarding the 

bioactive components for 15 days [24]. 

Another application of BSG is the production of 

polymers. The fact that BSG without pre-treatment 

resulted in a high amount of volatile fatty acids 

(91.3 mg chemical oxygen demand CODl-1h-1 

volumetric productivity and a concentration of 24.9 

gl-1 after 16 days HRT (hydraulic retention times) 

reduces the costs and complexity of the process and 

opens an opportunity in harnessing BSG in the 

production of polyhydroxyalkanoate (PHA) [25]. 

Xylan is the main component of hemicelluloses 

present in the walls of plant cells. Cellulose is 

composed of a chain of glucose molecules with 

hydrogen bonds between different layers of 

polysaccharides, giving a crystalline conformation. 

Hemicelluloses, consisting mainly of xylan, are the 

target component for XOS production. Xilo-

oligosaccharides (XOS) are mainly produced by 

hydrolysis of xylan and its prebiotic effects have 

been demonstrated. BSG contains hemicelluloses in 

a percentage of 16.5%, composed mainly of xylan 

(10.3%), arabinan (5.1%), and a small group of 

acetyl groups (1.1%) [26].  
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A novelty for the food industry is food containing 

symbiotics, both probiotic bifidobacteria and 

prebiotic oligosaccharides, enriched products both 

in terms of physicochemical properties and in terms 

of health benefits. Non-digestible oligosaccharides 

have potential as food ingredients, improving the 

quality of many foods in terms of flavour and 

physicochemical characteristics [27]. 

Sawdust is commonly used in the production of 

bricks and can be replaced with BSG due to the 

increase in the porosity of the bricks without 

changing their colour or quality [14]. The high 

amount of fibrous material combined with the 

reduced amount of ash makes BSG suitable for 

obtaining bricks [14, 28]. 

BSG has also been successfully used as an 

adsorbent of orange acid dye 7 in wastewater, with 

an adsorption capacity of 30.5 mg of orange acid 7 

per gram BSG at 30°C [13] but also for adsorption 

of Congo red dye, used in the textile industry and 

stationery. As a very toxic dye to human health, 

methods of removal are sought as effectively as 

possible using BSG as an adsorbent material. For 

this purpose, pre-treatment with 0.1 mol/L sulphuric 

acid, 0.1 mol/L sodium hydroxide at 121°C was 

used for 20 minutes and white-rot fungus Coriolus 

versicolor at 28°C for 25 days, sodium hydroxide 

treatment was found to be the most effective [29]. 

BSG has a high carbon content and volatility, 

retains its physical properties when used as a bio-

adsorbent at temperatures above 50°C, has 

roughness and cracks, has a low specific area of 

6.79 m2/g, an almost neutral loading surface, 

making it suitable for treating water containing 

dyes. The maximum amount of methylene blue was 

284.75mg/g (optimal pH 11.00) and 26.18 mg/g for 

tartrazine yellow (optimal pH 2.00) when BSG was 

used as a bio-adsorbent [30]. 

BSG is a generous source of hydroxycinnamic acids 

(HCA) [9] which accumulate in cell walls, is 

considered the most important source of 

antioxidants in cereals, both in free form and is the 

bound form [28]. Phenolic compounds are 

considered natural antioxidants associated with 

some chronic diseases, such as cardiovascular 

disease, neurodegenerative diabetes, and cancer [9]. 

Natural cellulose-rich fibres, including BSG, can be 

used as an alternative to produce organic 

polyurethane, which has proven to be the most 

promising fillers. Different BSG polyurethane 

rations and ground tire rubber slots have been 

studied by Formela et al. with improvements in 

physicomechanical properties (apparent density 

increases by 37%, compression resistance by 50%) 

and thermal stability [31]. 

Protein hydrolysates in BSG have had good 

rheological results, protein changes by enzymatic or 

chemical means bringing improvements to certain 

functional properties (water/oil retention capacity, 

emulsion properties and foam expansion, turbidity) 

[32]. 

BSG can also be used for obtaining paper-serves-

cards, producing coal-inferior in terms of 

combustion properties, production of resins, an 

antifoaming agent in beer [13,14], production of 

bacteriocin using Lactococcus lactis and 

Enterococcus mundtii, antimicrobial activity against 

Lysteria monocytogenes as a bioindicator. 

Lignocellulosic material is subjected to treatment, 

usually hydrolysis, to solubilize in the constituent 

monomers. The sugars formed are subject to 

microbial fermentation as precursors of added-value 

compounds (e.g. bacteriocins) or enzymes [33]. 

Ndayishimiye et al. conducted a study on the 

encapsulation of oils recovered from BSG by an 

eco-friendly technique of saturated gas solutions 

(CO2 supercritical), aiming to obtain a product with 

improved physical properties and with oxidative 

stability [34].  

Pyrolyized BSG is used to obtain biochar, which is 

a porous material with stable physical and chemical 

properties and a high content of C. It is used to 

increase the amount of C in the soil, to reduce 

nutrient leakage, for soil amending, as a nutrient 

supplier for plant growth, and for improving soil 

characteristics. Biochar has a large amount of ash, 

stable aromatic C structures, low bulk density, and 

moderate cation exchange capacity, which makes it 

suitable for this use [35]. 

The submerged fermentation of BSG using 

Aspergillus niger and Saccharomyces cerevisiae can 

produce citric acid in amounts of 0.512% and 

0.312% respectively [36-38]. 

4. Extraction methods of added value compounds 

from BSG 

It is necessary to develop existing extraction 

techniques and to find new techniques and possible 

applications for BSG to use this by-product as a 

value-added resource, given the number of bioactive 
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compounds available with a wider range of 

applications [2]. Extraction methods are always 

developed and optimized for achieving higher 

extraction yields of bioactive compounds [2]. 

Lignocellulosic materials are opposed to hydrolysis, 

which is why lignocellulosic biomass undergoes 

pre-treatments that make it accessible [39], and then 

cellulose and hemicelluloses are subjected to 

hydrolysis with their transformation into monomers 

(sugars) that can be used by microorganisms [40]. 

Pre-treatments are expensive and have a significant 

impact on the environment, and so far no pre-

treatment with conversion factor 100 has been 

found, the most used being with acidic solutions 

(cheap and effective) using low concentrations of 

acids (<5%), but high temperatures (120-210°C) 

and pressure < 10 atm, or concentrated acids 

(<30%) and temperatures <100°C and atmospheric 

pressure [41]. The selection of the pre-treatment 

method to use will depend on type of compound to 

extract. 

Autohydrolysis is a pre-treatment used in the 

extraction of hemicelluloses without the use of 

chemicals, an interesting alternative from this point 

of view, being an environmentally friendly method 

[2,42]. Hydrothermal treatment, also called 

autohydrolysis, uses high-temperature water (over 

200°C), but no chemical solvents are used, which 

makes it an eco-friendly method, and the resulting 

products can be used in the food industry [2,43]. 

Other advantages are that it does not raise problems 

of corrosiveness of equipment, it is a simple and 

economical operation [43] and there is a 90% 

conversion of cellulose into glucose [44]. The 

lignocellulosic material is immersed in water at high 

temperature and pressure, penetrating the cell 

structure, cellulose hydrates, depolymerizes 

hemicelluloses in mono- and oligomers [43]. 

Although in principle this pre-treatment was used to 

obtain bioethanol, it is currently also used for 

converting some agri-food by-products into food 

ingredients. 

The operation principle of autohydrolysis assumes 

that lignocellulosic matter is subjected to liquid 

water at high pressure and temperature so that the 

structure of cells can be penetrated, cellulose is 

hydrated, and cellulose depolymerized in monomers 

and oligomers. A percentage of 40-60% of 

lignocellulosic biomass is dissolved as a result of 

this process. Hemicelluloses are depolymerized into 

soluble products, while solids are enriched in 

cellulose and lignin [43]. 

Pre-treatments with diluted acids help deconstruct 

the cell wall of plants. Although it is a low-cost 

method, it can lead to the production of acetic acid 

and formic acid, as well as other inhibitors 

enzymatic fermentation and fermentation such as 5-

hydroxymethylfurfural [2]. Pre-treatments with 

diluted acids can be carried out in two situations: at 

a temperature above 180°C for a short period  or at 

lower temperatures (120°C) for a retention period of 

30-90 minutes [44]. The heterocyclic ether bonds 

between sugar monomers in the polymer chains 

formed by hemicelluloses and cellulose are broken 

by the protons released by the acid. When the above 

bonds break, some compounds are released (xylose, 

arabinose, and glucose mainly) [2]. The greatest 

degradation power of hemicelluloses is sulphuric 

acid among the other inorganic acids used: 

hydrochloric, nitric, and phosphoric acid. Sulphuric 

acid pretreats also have several drawbacks: it is 

expensive, requires treatment at high temperatures, 

it is very corrosive and dangerous, large amounts of 

inhibitors are formed that can subsequently affect 

fermentation [44]. Pre-treatments with diluted acids 

are used to obtain bioethanol from agricultural 

waste [2,45,46]. 

On the other hand, alkaline pre-treatments have a 

low cost and result in celluloses-rich biomass, 

improving the biodegradability of raw material by 

removing lignin and increasing porosity. Alkaline 

reagents disrupt the cell wall by dissolving lignin 

and hemicelluloses, thus improving cellulosic 

enzymes access to cellulose and decreasing the 

likelihood of non-productive enzymes to bind to 

lignin [2]. Alkaline pre-treatment can be performed 

at room temperature and in times that can vary from 

a few seconds to days, being more effective on 

agricultural residues than on wood materials [47]. 

The suitable chemicals for this method are natrium 

hydroxide, potassium hydroxide, calcium 

hydroxide, and ammonium hydroxide. Ca(OH)2 

helps to remove amorphous substances, such as 

lignin, which increases the crystalline index, it helps 

to increase the internal surface of cellulose, 

decreases the degree of polymerization of lignin and 

is low-cost [47]. Mussatto et al. used alkaline pre-

treatment to obtain ferulic and p-coumaric acid from 

brewer’s spent grain [48]. Active mechanisms 

during alkaline pre-treatment involve the 

saponification of the ester bonds linking lignin 

hemicelluloses [49]. Among the advantages of this 

method is noted the decrease of the crystalline 

index, resulting in a more glucose yield, does not 
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require temperatures, the method is carried out at 

room temperature, causes swelling and rapid 

dissolution of lignin [44]. Wilkinson et al. 

performed an alkaline treatment on BSG, as 

follows: BSG and alkaline reagent were mixed to 

obtain the necessary solid load and brought to pH 

11.5 using NaOH 40% (weight/volume), then the 

samples were placed on the water bath (50-100°C) 

for a time between 1-12 hours [50]. After pre-

treatment the samples were brought to pH 7.0 with 

glacial acetic acid and centrifuged at 5000 rpm for 

10 min, drying the solid residue overnight at 60°C.  

Xiao et al. approached alkaline pre-treatment 

differently: lignocellulosic matter is soaked in an 

aqueous solution of NaOH 1 M in ratio 1:100 g/mL, 

and then shaken slightly for 18 hours at 30°C.  The 

residue is washed and filtered with 95% water and 

ethanol until the filtrate is neutral, then dried in an 

oven at 60°C for 16 hours. Solubilized 

hemicelluloses have been isolated by precipitating 

filtrates and drying them in the air [51]. 

Another method that does not require expensive 

equipment is enzymatic pre-treatment, but solutions 

are being sought to improve the costs of the 

enzymes used, which impedes to the use of this 

method. Oxidative and hydrolytic enzymes that are 

not inhibited by the final products are used [52]. 

Enzymatic hydrolysis results in fermentable sugars 

from cellulosic materials [2]. 

An alternative and ecological method to 

conventional extractions with organic solvents is the 

method of supercritical CO2 extract (SCE-CO2), 

which uses CO2 in the supercritical condition when 

both temperature and pressure are equal to or 

exceed the critical point of 31°C and 73 atm [28] 

providing the ideal conditions for extracting 

compounds with a high degree of recovery in a 

short time [53]. The supercritical fluid has 

characteristics of both gases and liquids [28]. This 

method involves loading the material into an 

extraction vessel (attached with temperature 

controllers and pressure valves both at the induction 

and exit), the existence of a pump that provides the 

desired pressure. Dissolved compounds and fluid 

are directed to separators, where the fluid's 

solvation power can be adjusted by lowering the 

pressure or increasing the temperature. In the lower 

part of the separators, there is a valve where the 

product is collected and the fluid is regenerated and 

recycled further [28,34]. SFE (supercritical fluid 

extraction) helps to obtain clean extracts, free from 

the certain gradation of labile or easily oxidized 

compounds that can form due to exposure to high 

temperatures or oxygen, as emerging from 

traditional extraction methods [54]. 

Supercritical carbon dioxide extraction is a fast, 

selective method, which does not result in residual 

solvents, where carbon dioxide is used as a solvent 

for extraction. As advantages, carbon dioxide is 

cheap, has good solvation power when in 

supercritical condition, and is considered by the 

FDA (Food and Drug Administration) as a safe 

product. The main disadvantage of this method is 

the lower polarity of carbon dioxide, which can be 

solved with the help of co-solvents (e.g. ethanol) 

[55], but also the high costs involved [54]. In their 

study Spinelli et al. optimized the method of 

extracting bioactive compounds from BSG, the best 

extraction conditions being 35 MPa for pressure, 

40°C for temperature, 240 min for time, and 60% 

ethanol v/v as co-solvent for obtaining 0.35±0.01 

mg GAE/g BSG phenolic compounds and 

0.22±0.01 mg QE/g BSG flavonoids [55]. 

Ferrentino et al. compared the BSG oil extraction 

method using the supercritical fluid method with the 

Soxhlet method using hexane as a solvent [56]. 

Higher content of phenolic compounds resulted 

from hexane extraction, as well as antioxidant 

activity, as well as a higher stability of oils. The 

disadvantage of the hexane method is that traces are 

possible to remain in the final product, which is not 

desirable because it seriously affects human health. 

On the other hand, carbon dioxide extraction offers 

the advantage of lower extraction time, of 1 hour 

compared to 6 hours in the Soxhlet method also of 

lower temperatures. 

The same carbon dioxide extraction technique is 

used by Ndayishimiye et al. later encapsulating oils 

recovered from BSG for use in the food, cosmetics, 

or pharmaceutical industries [34]. 

Solvent extraction is a common method of 

extraction, and the extract obtained can be used in 

the food industry, is an alternative to synthetic 

antioxidants [2]. BSG contains a significant number 

of phenolic compounds that can be extracted by 

solid-liquid extractive methods, where the solvent is 

a very important factor for extraction yield. When 

the extract is used in foods, the solvents used are 

very important, regulated from the perspective of 

food safety (according to good manufacturing 

practices is the mixture acetone: water or ethanol: 

water). Methanol is a very effective extraction 

solvent, but because of its toxic nature, it limits the 
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use of the extract in the food industry or the 

pharmaceutical industry [57]. 

Microwave-assisted extraction uses microwave 

energy to heat the solvent in contact with the sample 

in a shorter time than other extraction methods, 

making it faster and consuming less energy, without 

resulting in residual substances as a result of this 

process. Microwave-assisted extraction (MAE) is an 

efficient, promising, and very fast technique 

because the movement of polar particles generates 

rapid heating [58]. Coelho et al. performed the 

extraction of arabinoxylans (AX) and arabinoxylo-

oligosaccharides (AXOS) by microwave-assisted 

extraction at 210°C for 2 minutes obtaining 43% of 

AX and AXOS from BSG [59]. The solvent used in 

microwave-assisted extraction is an important factor 

in the extraction yield, as well as the amount of 

water present in the solvent. Microwave-assed 

gravitational hydro diffusion (MHG) is a new 

technique for extracting bioactive compounds from 

plants, combining microwave heating with gravity, 

with the whole process taking place at atmospheric 

pressure, without the involvement of water or other 

solvents [Error! Reference source not found.]. 

Small volumes of solvents are used, the mixture is 

heated in a short time (15-30 min), being an 

advantageous method compared to traditional 

methods [60]. 

Ultrasonic extractions require less time, using less 

solvent and lower extraction temperatures compared 

to alternative extraction methods, as small 

dimensions of the matter analyzed are produced, 

thus enriching hydrolysis [44]. All the advantages 

mentioned result in higher extraction yields and 

higher purity polysaccharides [2]. Direct sonication 

with horn-type devices or indirect sonication in a 

cleaning type device can be used [44]. High-

intensity ultrasounds cause pressure variations that 

form microscopic bubbles that collapse immediately 

after their formation, generating a shear force (shear 

forces) that results in temperature rise. Ultrasound 

waves and the resulting cavitations break the cell 

walls, and their contents will be released into the 

extraction medium. It generates a mechanical effect 

similar to a milling process, which is due to micro 

jets and micro streaming [44]. 

Reis et al. conducted a study in which they used the 

ultrasonic extraction method compared to the 

alkaline extraction method, in which the extraction 

time was reduced from 7 hours to 25 minutes, 

during which 60% of arabinoxylans from BSG were 

recovered [62]. Ultrafiltration is a method of 

separation of compounds that depends on several 

factors: properties of the feed, molecular weight 

membranes cut off (MWCO), transmembrane 

pressure, and cross-flow rate [2].  Two membranes 

of MWCO were used (5 and 30 kDa) and the 

protein content was 20.09 ± 1.40% for the 5 kDa 

membrane and 15.98 ± 0.58% for 30 kDa. 

Electric-field based technologies may be 

differentiated according to several factors: electrical 

flow, impulse application, electric field power, or 

heat extension, with the advantage of reusing by-

products [2]. 

Another method of pre-treatment is ammonia 

expansion fibres (AFEX), where cellulosic biomass 

is treated at temperatures between 70-200°C and 

pressures between 0.7-27 MPa in the presence of 

ammonia as a solvent. The advantages of this 

method is the low presence of inhibitors and the 

growth of the accessible surface by delignification 

simultaneously with the solubilization of a part of 

hemicelluloses, but among the disadvantages are the 

high cost of a large amount of ammonia and 

inefficiency in high lignin content materials  [44]. 

The steam explosion together with acid or alkaline 

solvents at high pressures (0.69-4.83 MPa), 

temperatures between 160-260°C for 20-30 minutes 

facilitates hydrolysis of cellulose. The 

disadvantages of these methods of pre-treatment are 

the generation of toxic compounds and partial 

degradation of hemicelluloses [44]. Ionic liquid 

extracts are considered organic and can be easily 

used [44]. Outeiriño et al. used a cholinium-based 

ionic liquid that contains glycine as anion to 

delignify  BSG biomass [15]. 

Several pre-treatments can be used to obtain 

different brewer’s spent grain compounds, e.g. Yu 

et al. use an ultrasonic-assisted ecological enzyme 

process in their. 

5. Conclusions 

Due to the increasing demands in fields such as 

food production, cosmetics, and chemical, 

capitalization and use of BSG is an interesting 

research topic. BSG is a valuable resource for 

industrial operation due to its low cost, year-round 

availability and high volume. The chosen extraction 

methods are imposed according to the value-added 

compounds targeted, the impact they have on the 

environment, and last, but not least, the costs. To 

reach zero waste and an integrated circular economy 
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it is necessary to develop and optimize these 

methods to obtain high extraction yields, as well as 

valuable compounds with low costs. 
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