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Figure 3 --- Schematic representation of the process to ob-
tain BSG from natural barley (from Mussatto and others
2006).

products, they can be readily recycled and reused. Thus, com-
pared to other industries, the brewing industry tends to be more
environmentally friendly (Ishiwaki and others 2000). Spent grain
is the most abundant brewing by-product, corresponding to ap-
proximately 85% of total by-products generated (Reinold 1997).
According to Townsley (1979) spent grain accounts, on average,
for 31% of the original malt weight, representing approximately

20 kg per 100 L of beer produced (Reinold 1997). BSG is avail-
able at low or no cost throughout the year and is produced in
large quantities not only by large but also small breweries. In
the brewery, malted barley is milled, mixed with water in the
mash tun, and the temperature of mash slowly increased from
37 to 78 ◦C to promote enzymatic hydrolysis of malt constituents
(Figure 3). This enzymatic conversion stage (mashing) produces
a sweet liquid known as wort. The insoluble, undergraded part
the malted barley grain is allowed to settle to form a bed in
the mash tun and the sweet wort filtered through it (lautering)
(Linko and others 1998; Dragone and others 2002). Figure 3 is a
schematic representation of the process resulting in the produc-
tion of brewers’ spent grain from barley grain. BSG may consist
of the residues from malted barley, or those from malted barley
and adjuncts (nonmalt sources of fermentable sugars), such as
wheat, rice, or maize added during mashing (Reinold 1997). The
chemical composition of BSG varies according to barley variety,
harvest time, malting and mashing conditions, and the quality
and type of adjuncts added in the brewing process (Huige 1994;
Santos and others 2003); but in general, BSG is considered as a
lignocellulosic material rich in protein and fiber, which account
for around 20% and 70% of its composition, respectively. Micro-
scopic examination shows the presence of numerous fibrous tis-
sues from the surface layers of the original barley grain (Figure 4).
The main components of these fibrous tissues are arabinoxylan,
lignin (a polyphenolic macromolecule), and cellulose (a linear
homopolymer of glucose units). Analyses of BSG by Santos and
others (2003) indicated that besides fiber, 24.2% protein, 3.9%
lipid, and 3.4% ash are present in oven-dried BSG. The protein,
apparent starch, nonstarch polysaccharide composition fraction
is different in BSG from pilot scale trials of malting barley of
different varieties. Protein and fiber are highly concentrated in
spent grain because most of the barley starch is removed during
mashing (Kissel and Prentice 1979).

Minerals, vitamins, and amino acids are also found in BSG.
The mineral elements include calcium, cobalt, copper, iron, mag-
nesium, manganese, phosphorus, potassium, selenium, sodium,
and sulfur, all in concentrations lower than 0.5% each (Pomer-
anz and Dikeman 1976; Huige 1994). The vitamins include
(in ppm): biotin (0.1), choline (1800), folic acid (0.2), niacin

Figure 4 --- Scanning electron microscopy of BSG particles. (A) Magnification 100-fold and (B) magnification 300-fold
(from Mussatto and others 2006).
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(44), pantothenic acid (8.5), riboflavin (1.5), thiamine (0.7), and
pyridoxine (0.7); protein-bound amino acids include leucine, va-
line, alanine, serine, glycine, glutamic acid, and aspartic acid in
the largest amounts, and tyrosine, proline, threonine, arginine,
and lysine in smaller amounts. Cystine, histidine, isoleucine, me-
thionine, phenylalanine, and tryptophan also present in minor
quantity (Huige 1994).

Novel Food Applications of the By-Products of Malting
and Brewing of Barley

BSG can be employed either as a wet residue, shortly after
separation from the wort at lautering, or as a dried material
(Townsley 1979; Ozturk and others 2002). According to Huige
(1994), BSG is an excellent feed ingredient for ruminants because
it can be combined with inexpensive nitrogen sources, such as
urea, to provide all the essential amino acids. In addition to its
high nutritional value, BSG is reported to promote increased milk
production without affecting animal fertility (Sawadogo and oth-
ers 1989; Belibasakis and Tsirgogianni 1996a, 1996b; Reinold
1997). When BSG was incorporated into the diet of cows, milk
yield, milk total solid content, and milk fat yield were increased.
At the same time, blood plasma concentrations of glucose, total
protein, albumin, urea, triglycerides, cholesterol, phospholipids,
sodium, potassium, calcium, phosphorus, and magnesium were
not affected (Belibasakis and Tsirgogianni 1996a, 1996b). Kaur
and Saxena (2004) evaluated BSG as a replacement for rice bran
in a fish diet and observed that fish fed with a diet containing
rice bran and 30% BSG had a superior body weight gain when
compared with fish fed with rice bran only.

Food applications
BSG, the residue left after separation of the wort during the

brewing process (Santos and others 2003), is rich in cellulose
and noncellulosic polysaccharides, mainly arabinoxylans (Man-
dalari and others 2005) as well as protein and β-glucan (Mussatto
and others 2006). Approximately, 3.4 million metric ton of spent
grains from the brewing industry are produced in the European
Union every year (Eurostat data 2005). These plant-derived waste
co-products are known to contain significant amounts of valuable
components, which remain unexploited waste in the current pro-
cesses. Because of its high moisture and fermentable sugar con-
tent, BSG becomes an environmental problem after a short time
(7–10 d). It has a strong potential for being recycled and used as
a cheap source of fiber that may provide a number of benefits
when incorporated into human diets such as for the prevention
of certain diseases including cancer, gastrointestinal disorders,
diabetics, and coronary heart disease (Aman and others 1994;
Jacobs and others 1998). Because of its relatively low cost and
high nutritive value, BSG has been evaluated for the manufacture
of flakes, whole wheat bread, biscuits, and aperitif snacks. How-
ever, BSG is too granular for direct addition to food and must first
be converted to flour (Hassona 1993; Miranda and others 1994a,
1994b; Ozturk and others 2002). A high-protein flour prepared
from BSG was successfully incorporated into a number of bakery
products, including breads, muffins, cookies, mixed grain cere-
als, fruit and vegetable loaves, cakes, waffles, pancakes, tortillas,
snacks, doughnuts, and brownies (Townsley 1979; Huige 1994).
Nevertheless, there are some limitations in the use of flour as a
protein additive or as a partial replacement for presently used
flours, due to its color and flavor. BSG is brownish in color when
moist and thus can only be used in off-white products, such as
light-colored cookies, cakes, bread, or spaghetti that are made
entirely from whole meal flour. Moreover, because of alterations
in the flavor and physical properties (for example, texture) of the
final products, only relatively small quantities (5% and 10%) can
be incorporated (Townsley 1979; Hassona 1993; Miranda and

Table 1 --- Properties of BSG flour in foods.

1. Ease of blending
2. Calorie content is approximately half that of most cereal flours

(27.0 MJ/kg)a

3. High water absorption capacity
4. Provides valuable minerals such as Ca, P, Fe, Cu, Zn, and Mg
5. Low fat absorption (beneficial for batters and coating)
6. Uniform tan color, bland flavor, and mildly roasted aroma
7. High fiber content as arabinoxylans (21.8%)b

8. High protein content (24%)b

Data from Huige (1994).
aData from Okamoto and others (2002).
bData from Kanauchi and others (2001).

others 1994a, 1994b). Prentice and D’Appolonia (1977) made
high fiber bread containing BSG and evaluated its consumer ac-
ceptance. The results of their study showed that incorporation
of BSG increase the nutritional and consumer acceptance level.
In another study, BSG was finely milled and heat-treated at 45,
100 or 150 ◦C and replaced white flour in a conventional bread
formula at 5%, 10%, and 15% levels. Bread containing heat-
treated (45 ◦C) BSG, at 5% and 10% flour replacement levels
was accepted favorably (Hassona 1993). Some properties of BSG
flour in foods are shown in Table 1. The ingestion of BSG or
derived products provides benefits for health, and is associated
with increased fecal weight, accelerated transit time, increased
cholesterol and fat excretion, and decrease in gallstones (Fast-
naught 2001). Incorporation of spent grain in rat diets prevented
an increase in plasma total lipids as well as of cholesterol (Has-
sona 1993; Ishiwaki and others 2000).

BSG has been converted to a new protein-rich fibrous food-
stuff by separating the husk fraction by milling and sieving. The
product, germinated barley foodstuff (GBF), contains the aleu-
rone layer, scutellum, and germ fractions of germinated barley,
and is composed mainly of noncellulosic polysaccharides and
glutamine-rich protein and is low in lignin (Kanauchi and Agata
1997). GBF feeding is considered a potentially new attractive pre-
biotic treatment in patients with ulcerative colitis (Kanauchi and
others 2001; Bamba and others 2002). Furthermore, GBF has a
high water-holding capacity compared with other water-insoluble
DF sources, and this feature might contribute to a conspicuously
high stool-forming ability in the colon (improvement of bowel
movement) (Bamba and others 2002). GBF also appears to be
safe and well tolerated. On the whole, BSG is a cheap source
of protein and fiber that may provide a number of benefits when
incorporated in human diets. For this reason, it is a potentially im-
portant food ingredient, especially in developing countries where
poor malnutrition exists.

The incorporation of BSG into food products as a source of
DF has been addressed in the literature such as its incorpora-
tion into flour-mixed breads (Prentice and D’Appolonia 1977;
Finley and Hanamoto 1980; Kawka and others 1999), cookies
(Kissel and Prentice 1979; Ozturk and others 2002), and ani-
mal and fish feed (Batajoo and Shaver 1994; Dung and others
2002). There is a growing interest to increase the DF content
of extruded products by supplementing with wheat bran, corn
bran, oat bran, wheat fiber, sugar beet fiber, and β-glucans (Lue
and others 1991; Gaosong and Vasanthan 2000; Mendonca and
others 2000; Martianez-Tomea and others 2004; Yanniotis and
others 2007). These types of products are potentially healthier,
due to the increased fiber, and can be used as a prophylactic
product. The extrusion cooking of high-fiber cereal product un-
der low temperature and shear conditions affects digestibility of
starch, DF components, and phytate in the human stomach and
small intestine (Sandberg and others 1986). Thus, BSG could be
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a cheap source of protein and fiber that may provide a number
of benefits when incorporated in human diets (Mussatto and oth-
ers 2006). However, reference searches indicate that very little
attention on the incorporation of BSG into extruded products has
been published. Extrusion is a continuous cooking and shaping
(forming) process designed to give unique physical and chemi-
cal functionality to food materials. Raw food ingredients undergo
many order–disorder transitions, such as breakdown of starch
granules, protein denaturation, and complex formation between
lipids and amylose during extrusion. Extrusion-processing also
controls the water activity of ingredients. It is therefore useful in
producing shelf-stable foods and, more important, in producing
a variety of items like snack foods and breakfast cereals. BSG is
rich in complex carbohydrates and protein so it can be used for
the extrusion processing to make various snacks.

Other applications
BSG is rich in polysaccharides and also in associated proteins

and minerals and thus is a substrate of high biotechnological
value. In this respect, several possible applications of BSG in
biotechnological processes have been evaluated. BSG has been
successfully used as a substrate for cultivating species of Pleuro-
tus, Agrocybe, and Lentinus (Schildbach and others 1992). BSG
had good biological efficiency and high nutritional value as a
substrate for Pleurotus ostreatus, especially when water-rinsed
BSG was used (Wang and others 2001). It has been proposed
that BSG favors the growth of these mushrooms not only due
to its high protein content (Townsley 1979), but also to its high
moisture content and physical properties such as particle size,
volume weight, specific density, porosity, and water holding ca-
pacity (Wang and others 2001).

Cereal brans with compositions and physical structures com-
parable with BSG have been used extensively as substrates for the
production of commercial enzymes in so-called koji or solid-state
fermentations (Chou and Rwan 1995; Aikat and Bhattacharyya
2000; Sangeetha and others 2004). For this reason, BSG has also
been evaluated as an alternative substrate for enzyme produc-
tion. BSG is an efficient substrate for xylanase production by a
Streptomyces isolate from Brazilian cerrado soil (Nascimento and
others 2002), and for the production of xylanase and feruloyl es-
terase by Streptomyces avermitilis (Bartolome and others 2002,
2003). α-Amylase production by Bacillus subtilis (Duvnjak and
others 1983) and Bacillus licheniformis (Okita and others 1985)
cultivated on BSG has also been reported.

The reuse of BSG in the brewing process could be attractive
from the point of view of brewery economics. Roberts (1976)
showed that a BSG extract (a spent grain pressing concentrate)
was effective as an antifoaming agent in the fermenter; in ad-
dition, hop utilization was improved and the properties of the
final beer were not affected when the BSG extract was added.
Addition of untreated BSG to wort enhanced the fermentation
performance of yeast (Kado and others 1999), but the flavor and
taste of the resulting beer was not satisfactory. However, addi-
tion of a neutralized acid extract of BSG to wort enhanced yeast
performance and produced beer of quality equal to that of beer
fermented without spent grain. BSG sequentially pretreated with
HCl and NaOH solutions has been evaluated as a carrier for im-
mobilizing brewer’s yeast (Saccharomyces uvarum) (Branyik and
others 2001, 2002, 2004a, 2004b).

The cell walls of the barley grain residues in BSG are rich in
cellulose and noncellulosic polysaccharides, in particular arabi-
noxylans, but also some residual (1-3, 1-4)-β-glucan. The cell
wall polysaccharides can be degraded into their corresponding
constituents by hydrolytic procedures (hydrothermal, enzymatic,
or acidic). Upon hydrolysis, cellulose yields glucose and the non-
cellulosic polysaccharides xylose, mannose, galactose, and ara-

binose, as well as acetic and hydroxycinnamic acids (Palmqvist
and Hahn-Hagerdal 2000; Mussatto and Roberto 2004) and some
of these products are of industrial significance as precursors of
food-grade chemicals or as energy sources in microbial fermen-
tations. Hydrothermal hydrolysis (autohydrolysis by acetic acid
released from its esterified form on the arabinoxylans) treatment
of BSG with water at 150 ◦C for 60 and 120 min gave a wide va-
riety of arabino-oligoxylosides with different structural features.
The arabino-furanosyl side-branches on the xylan backbone are
readily hydrolyzed and are easily removed by this treatment. The
higher thermal sensitivity of the arabinose components compared
to xylose, leads to release of large amounts of free arabinose
when the temperature of the process is increased; and to major
amounts of xylo-oligosaccharides. Hydroxycinnamic acids (fer-
ulic and p-coumaric acids) present in BSG have potential uses
in the food industry (Bartolome and Gomez-Cordoves 1999; Bar-
tolome and others 2003). Bartolome and others (1997) used an
esterase from Aspergillus niger to release ferulic acid from BSG
and observed that 3.3% of the total ferulic acid was released, but
in the presence of a xylanase from Trichoderma viride increased
the extraction up to 30% (Bartolome and others 2003).

Future Considerations
Barley is one of the most ancient crops, and it has evolved

through domestication to today as a major world crop based on
acreage and production. It has great potential to reclaim some of
its prominence as a food grain, largely due to its high nutritional
value. Starch is a unique component of barley grain that gives
physical properties to food products, but barley also contains high
contents of protein and β-glucan. However, because human con-
sumption of barley and barley-containing food products has been
insignificant as compared to other cereal grains, the development
of new processes and food products has been neglected and there
has been little effort to define quality requirements for food uses.
The significance of β-glucan and tocols for human nutrition is
well known, but little is known about the functional properties of
β-glucan for making food products. Some of the traits preferred
for specific food applications are known through investigations
on incorporating barley into wheat-based food products. On the
other hand, the functional properties of β-glucans in food pro-
cessing and end-use quality, with the exception of malting and
brewing are little known. Much of the more recent interest in the
use of β-glucans in food systems has stemmed from their use as
a functional DF. Innovative ways are being developed to bring
DF into new appealing high-fiber products that contribute to the
recommended DF intake (Natl. Academy of Sciences 2002). The
development of new techniques to use this agro-industrial by-
product is of great interest due to the large volumes of spent grain
produced. More research is required to understand how the gel
protein is disaggregated during malting and how the aggregates
form during mashing.

Increasing efforts are being directed towards the re-use of
agro-industrial by-products, from both economic and environ-
mental standpoints. Brewer’s spent grain (BSG) is an abundant
by-product that can be obtained from brewing companies world-
wide. However, in spite of all the possible applications described,
its use is still limited, being basically used as animal feed or
simply as a land fill. BSG can be considered as an attractive
adjunct for human food. BSG has been used, for example, to
make protein-enriched breads, which could be very useful in
the poorer regions of the world where food is scarce. On the
other hand, considering that carbohydrates are the major com-
ponents, more attention should be paid to its conversion into
soluble and fermentable sugars. Currently, a number of added-
value bioproducts such as organic acids, amino acids, vitamins,
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ethanol, butanediol, among others, are produced by fermentation
using glucose or xylose as substrates. But there is little informa-
tion about the residual barley proteins present in BSG and their
interactions with other BSG polymers. A consequential benefit of
the use of industrial by-products such as BSG is as raw materials
in various food applications. In addition, from an environmental
viewpoint, the elimination of industrial by-products represents a
solution to disposal and pollution problems.
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