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Pulse (Fabaceae) grains, such as peas and beans, are derived from crops that are usually cultivated in the absence of mineral
nitrogen fertiliser as these crops can obtain their nitrogen requirement naturally from the air via biological nitrogen fixation.
Therefore, pulses present a significantly lower greenhouse gas (GHG) footprint than crops demanding nitrogen fertiliser,
whilst also offering significant quantities of starch for the brewing and distilling industries. Mitigation of agriculture derived
GHG emissions through utilisation of pulses can have a positive environmental impact. To this end, the potential of exploiting
dry, dehulled faba bean (Vicia faba L.) kernel flour as an adjunct for beer production was evaluated. The impact of different tem-
perature regimes and commercial enzymes were assessed for their effect on wort: viscosity; run‐off rate; primary amino nitrogen
content and, fermentability. Faba beans demonstrated insufficient endogenous enzyme capacity for starch conversion and
generated a viscous wort. However, using a stepped temperature mashing regime and exogenous enzyme additions, the faba
bean wort was comparable in processability and fermentability to that of 100% malted barley wort. The faba based beer and
co‐product qualities demonstrate the environmental, nutritional and commercial potential of pulses in brewing. © 2020 The
Authors. Journal of the Institute of Brewing published by JohnWiley & Sons Ltd on behalf of The Institute of Brewing & Distilling
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Introduction
A growing commitment to sustainability and reduced greenhouse
gas (GHG) emissions is evident by both large and small scale brew-
eries alike (1–6). According to a global standardised framework (7)
established for organisations to measure and manage such emis-
sions, GHG emissions are classified as direct or indirect and are
categorised as either: ‘Scope 1’, those that are generated from
sources owned or controlled by the company; ‘Scope 2’, those that
are associated with purchased electricity; or ‘Scope 3’, indirect
emissions from sources not controlled by the company itself.
Scope 1 and 2 emissions, are within the direct control and
influence of beer producers and are most frequently tackled by
themajority of breweries. However, the majority of GHG emissions
associated with brewing have been shown to be outside their
direct control (Scope 3) with the main contributors being
packaging (primarily glass bottle manufacture) followed by
agricultural practices, including barley cultivation and the produc-
tion, distribution and use of mineral nitrogen fertiliser (Figure 1).
Projects targeting Scope 3 emissions through improved logistic
efficiencies, reduced carbon packaging, cooling solutions, and
barley breeding for increased yield and field resilience are begin-
ning to appear (1, 2, 8–10). With the growing expectation that
brewing companies should be tackling both the upstream and
downstream sources of GHG emissions, agriculture, the second
largest indirect contributor of emissions and its contribution to
the overall environmental impact for brewing, should not be
overlooked.

Pulses (peas, beans and lentils) present a potential alternative
solution to reducing Scope 3 emissions. For example, the
production of a tonne of peas has a total GHG emission of 188
kg CO2e per tonne associated with it compared to 190‐620 kg
CO2e per tonne for barley (11, 12). These figures relate to emissions

associated with cultivation including seed production, farm ma-
chinery operation, fertiliser manufacture and application, and
postharvest activities such as cleaning, destoning, and drying.
These figures do not consider subsequent processing steps such
as malting and transportation costs. Pulses achieve a lower value
for GHG emissions as a direct result of their ability to fix atmo-
spheric nitrogen via symbiotic or biological nitrogen fixation,
which avoids the need for mineral nitrogen fertiliser manufacture
and application. In 2017, 1,882 thousand tonnes of barley (along
with the associated 621,060 thousand kg CO2e) were used by
the UK brewing and distilling industries (13). Replacing just 1% of
this with pulses could potentially reduce emissions by 2,672
thousand kg CO2e. Furthermore, uptake of pulses by large scale
markets would help increase pulse cultivation from its current
low level (ca 1‐4%) in Europe (14), facilitating the adoption of more
diverse and sustainable crop systems (15, 16).
In brewing, the supplementation of malted barley with alterna-

tive starch sources, or adjuncts, is common practice. Annemüller
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and Manger (17) estimated that 85‐90% of global beer production
utilises adjuncts. Adjuncts can include cereals such a non‐malted
barley, wheat or oats but more commonly maize, rice, sorghum
and sugar syrups are utilised. Generally, these present a cost effec-
tive rawmaterial and/or are products of local agriculture. Historical
records show pulse use in beer production dating back to the
seventeenth century (18) but today their use is uncommon and
generally limited to special releases (19–21) or where market taxes,
such as the malt liquor tax in Japan (22), are inhibitory to all malt
brewing. Adjuncts can be split into twomain categories, those that
require hydrolysis into simple sugars which are therefore intro-
duced in themashing process, and those that are already ferment-
able, such as sucrose syrups, which can be added during wort
boiling (23). The mashing process includes gelatinisation of starch,
its enzymatic degradation into fermentable sugars, followed by
the separation and removal of solid material. Mashing with malted
barley is typically at 62‐65°C, a temperature range which allows
both starch gelatinisation and amylolysis to occur simultaneously.
The temperature required to achieve gelatinisation is specific to
each raw material with most adjuncts requiring a temperature
greater than 65°C. Therefore, an initial cooking step is often
included in the adjunct mashing process. The efficiency of
mashing is critical in the production of beer as the amount of
fermentable sugar produced directly relates to the alcohol content
of the resultant beer.

When brewing with adjuncts, the malted barley typically has
sufficient enzyme activity (diastatic power) to catalyse the adjunct
starch degradation as well as its own. However, when using a high
proportion of starchy adjunct with low diastatic power, the enzy-
matic activity derived from the malted barley may be insufficient

for saccharification of the adjunct. Furthermore, the use of
non‐malted adjuncts may present high levels of undegraded cell
wall components such as β‐glucans and arabinoxylans which can
thicken the wort leading to filtration and extract recovery prob-
lems as well as final product quality issues such as haze formation.
By comparing faba bean (Vicia faba L.) kernels to other commonly
used adjuncts (Table 1), wort filtration issues can be predicted due
to an increased hemicellulose and protein content. Impaired wort
run‐off rate has been confirmed in preliminary trials and at com-
mercial scale in the production of Cool Beans® Faba IPA at Barney’s
Beer (21). In addition, it is often the case that the use of starch or
sugar adjuncts does not contribute to the free amino nitrogen,
which is available to, and required by, the yeast for optimal fer-
mentation. Faba bean has a relatively high protein content and
can make a positive contribution to the free amino nitrogen level.

The addition of commercial exogenous enzymes is an
established practice to increase the efficiency of starch saccharifi-
cation, increasing levels of fermentable sugars, but also to improve
wort separation and levels of available nitrogen.

In this study, the feasibility of faba bean kernels as an adjunct
was assessed with regard to starch saccharification, wort separa-
tion and fermentation kinetics. The efficiency of a mashing regime
that includes an initial low temperature hold, to onewithout, in the
release and liquefaction of faba bean starch as a novel brewing ad-
junct was compared. In addition, the influence of exogeneous
commercial enzymes: α‐amylase as the main starch liquefaction
enzyme, protease, andmixed‐carbohydrase were studied to deter-
mine their contribution tomash liquefaction, wort separation, wort
flow rate, primary amino nitrogen content and resultant wort
fermentability.

Materials and methods

Materials

Dehulled milled faba bean (Vicia faba L. cv. Wizard) kernels were
obtained from Hodmedod Limited (UK). Milled distilling malt
(Hordeum vulgare L. cv. Concerto) was obtained from Brewers
Select Limited (UK). Both were passed through a 212 μm sieve
(ELE International Standard, Bedfordshire, UK).

The functional characteristics of the commercial enzymes
selected to improve saccharification and liquification are
presented in Table 2. The enzymes used include: α‐amylase (En-
zyme Commission (EC) number 3.2.1.1), for the liquefaction of
starch via hydrolysis of 1,4‐α‐glucosidic linkages; amyloglucosidase
(EC 3.2.1.3), for the saccharification of liquefied starch through
hydrolysis of 1,4‐ and 1,6‐ α‐glucosidic linkages; endoprotease
(EC 3.4.24.28), for the hydrolysis of peptide bonds; and, mixed car-
bohydrase (EC 3.2.1.6), for the breakdown of cell wall material via
hydrolysis of 1,3‐ and 1,4‐ linkages in β‐D‐glucans.

Figure 1. The largest global breweries a) direct (Scope 1 and 2 emissions) and indi-
rect (Scope 3) GHG emissions and b), a breakdown of Scope 3, indirect, emission
sources (1‐4).

Table 1. Protein and hemicellulose constituents (as % dry
matter) of commonly used adjuncts which may cause wort
filtration issues (15, 24, 25).

Raw material Protein Hemicelluloses

Barley 10.6‐11.8 10.3
Maize 9.2‐10.3 4.2
Rice 7.4‐9.0 2.3
Faba bean 26.5 24‐45
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Dried yeast (Saccharomyces cerevisiae, Anchor Dry strain) was
obtained from Lallemand Biofuels & Distilled Spirits (USA).

Wort production and filtration

Experimental design. A full two level factorial design was
employed to study the effect of substrate, mashing regime (Cycle
A versus Cycle B, Fig. 2), and enzyme additions (presence or
absence of α‐amylase, protease and carbohydrase) on viscosity
development during starch gelatinisation together with wort
separation and rate of run‐off. The results were compared to the
values obtained with a typical mashing regime used for malted
barley flour with no enzyme additions (mashing Cycle C). The
factorial design included two replicates of each combination of
test conditions.

Mashing viscosity. The temperature and time dependent rheo-
logical properties of malted barley and faba bean flour were
evaluated. Distilled water suspensions (9.2% dry basis) with con-
trolled heating and cooling cycles designed to mimic commercial
mashing regimes, were studied using a Discovery Hybrid Rheome-
ter (TA Instruments, USA) fitted with a starch pasting cell (radius
18.5 mm) and impeller rotor to maintain particles in suspension.
Viscosity of the mash was determined at shear rate 16 rad/s
according to the method of the Scotch Whisky Research Institute
(26) adapted to fit themashing temperature protocols of this study
(Figure 2). Enzymes (10 μL) were added to the initial flour water
suspension once the starting temperature had been achieved.

Wort run off flow rate. Following completion of the mashing
regime, the contents of the rheometer cupwere filtered (Whatman
No. 1 filter paper), and the volume of filtrate collected recorded at
5 min. intervals for a period of 60 min.

Primary amino nitrogen determination

Primary amino nitrogen content of the collected worts was deter-
mined using a Primary Amino Nitrogen (PAN) assay (K‐PANOPA,
https://www.megazyme.com). Free amino nitrogen (FAN), total
usable nitrogen and usable nitrogen are other terms for PAN
(27). Amino groups of free amino nitrogen react with N‐acetyl‐L‐
cysteine and o‐phthaldialdehyde forming isoindole derivatives
which are quantified by their absorbance at 340 nm.

Fermentation kinetics

In separate experiments, the relative contribution of mash temper-
ature regime and exogeneous enzymes on fermentation kinetics
were tested according to the conditions detailed in Table 3. Faba
bean and malted barley wort was prepared in a 1:4 [w/w] flour
water ratio and exogenous enzymes were then added to the faba
bean wort (10 μL α‐amylase, 4 μL protease or 6 μL carbohydrase
per 100 g mash (see Table 2 for activities) as appropriate to each
mashing temperature regime (Table 3). On completion of the
mashing regime (Cycle A, B or C per Table 3), each mash was cen-
trifuged (2.5 min. at 3.0 x g) (5702 centrifuge with 5702/R A‐4‐38

Table 2. Functional characteristics of commercial enzymes used in the production of faba bean kernel flour wort.

Brand Name Enzyme Type Enzyme
Commission
Number

Source Activity Optimum
Temp. (°C)

Optimum
pH

AMG 300 L Glucoamylase 3.2.1.3 Aspergillus niger 300 AGU/mL1 75 4.0
Neutrase 0.8 L Metallo endoprotease 3.4.24.28 Bacillus amyloliquefaciens 0.8 AU/g2 40‐45 5.5 – 6.0
Termamyl 120 L α‐amylase 3.2.1.1 Bacillus licheniformis 120 KNU/g3 85‐95 6.0‐6.5
Viscozyme L Mixed carbohydrase =

arabanase, β‐glucanase,
hemicellulose, xylanase

3.2.1.6 Strain of the
Aspergillus group

100 FBG/g4 45‐65 4.0 – 6.0

Enzymes and associated product information from Novozymes A/S, Copenhagen, Denmark.
1 AGU: one Novo amyloglucosidase unit (AGU) defined as the amount of enzyme which hydrolyses 1 micromole per minute under
standardised conditions.
2 AU: Anson Units
3 KNU: one Kilo Novo alpha‐amylase Unit (KNU) defined as the amount of enzyme which breaks down 5.26 g starch per hour at
Novozymes’ standard method for determination of alpha‐amylase.
4 FBG: Fungal Beta‐Glucanase Units

Figure 2. Rheometer cycles used to mimic commercial mashing regimes. An initial
mixing step (12 s, 50 rad/s) was included to ensure homogenisation of the suspension
prior to reducing rotor speed to 16 rad/s for the remainder of the cycle. Cycle A: a
mashing regime consisting of a start temperature below the gelatinisation tempera-
ture to ensure complete dispersion of the non‐gelatinised flour. This is followed by a
controlled increase to 95°C, a hold, then a steady decrease to 64°C, the temperature
at which malted barley would typically be introduced. Cycle B: a mashing regime
starting with a 40°C hold to allow optimal low temperature protease and carbohydrate
enzyme activity before continuing per Cycle A. Cycle C: a malt mashing regime used
for malted barley flour.
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rotor, Eppendorf, UK) to separate the clear supernatant from the
insoluble material. The supernatant was adjusted with distilled
water to a specific gravity of 1.058 before the addition of
amyloglucosidase (40 μL per 100 mL wort) as appropriate to each
mashing regime (Table 3). Fermentation volumes varied on treat-
ment (see Table 3). Yeast (Anchor Dry strain of Saccharomyces
cerevisiae, Lallemand Biofuels & Distilled Spirits) was pitched at
the manufacturer’s recommended pitching rate (1 g dried yeast/L,
1.85 x 1010 viable yeast cells/g). Fermentation took place at 30°C in
static glass bottles positioned in a recirculating water bath
(TXF200, Grant Instruments, UK). Fermentation was monitored
using the RF Gas Production System (ANKOM Technology) for
48 hours with a pressure reading recorded every 5 min.
Mean final gravities were as follows ‐ faba + α‐amylase:1.0007, faba
+ α‐amylase + protease:1.0013, faba + α‐amylase + protease +
carbohydrase: 1.0012, malt: 0.9809. Pressure readings adjusted for
headspace due to variable fermentation volumes. The trial combi-
nations are summarised on Table 3, all were performed in triplicate.

Statistical Analysis

All statistical analyses were conducted using Minitab 19 with the
specific tests performed as detailed in the discussion. As noted
above, a full factorial design was developed to assess the impact
of exogenous enzyme addition on mash viscosity, wort flow rate
and volume of wort collected. Factorial fit and analysis of variance
were performed to determine the significance of the main values
and interaction effects. The mean values for free amino nitrogen
were analysed by one‐way analysis of variance (ANOVA) with
Tukey Simultaneous Tests.

Results and discussion

Faba bean starch gelatinisation and diastatic power

In order to understand the gelatinisation and breakdown of faba
bean starch, a full factorial design was employed studying the

Table 3. Wort preparation conditions for measurement of fermentation kinetics.

Raw Material Enzyme additions Mashing
cycle

Fermentation
volume (mL)

α‐amylase protease carbohydrase glucoamylase

Faba bean x x A 50
x x x B 75
x x x x B 75

Malted barley x C 100

x indicates presence of enzyme.
Cycle A: a mashing regime consisting of a start temperature below the gelatinisation temperature to ensure complete dispersion of the
non‐gelatinised flour followed by a 60 minute hold starting at 80°C and increasing to 90°C over the hold period. Cycle B: a mashing
regime starting with a 20 minute 40°C hold to allow optimal low temperature protease and carbohydrase enzyme activity before an
increase in temperature to 80°C and continuing per Cycle A. Cycle C: a malt mashing regime used for barley flour consisting of a
start temperature below the gelatinisation temperature to ensure complete dispersion of the non‐gelatinised flour then a hold at
64°C for 60 min..

Figure 3. Viscosity of faba bean kernel flour suspension across two temperature regimes with (+AA) and without (‐AA) the addition of exogeneous α‐amylase (AA). Cycle A (grey
lines): a mashing regime consisting of a start temperature (64°C) below the gelatinisation temperature to ensure complete dispersion of the non‐gelatinised flour. This is followed
by a controlled increase to 95°C, hold, then a steady decrease to 64°C. Cycle B (black lines): a mashing regime starting with a 40°C hold to allow optimal low temperature protease
and carbohydrate enzyme activity before continuing per Cycle A.
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effect of mashing cycle (as presented in Figure 2: Cycle A and
Cycle B) and the presence or absence of exogenous α‐amylase
addition on viscosity development of the mash. The curves in
Figure 3 show the viscosity built up of the aqueous faba bean

kernel flour suspensions in the absence of exogenous α‐amylase
using both mashing Cycle A and mashing Cycle B. It was observed
that as the temperature increased, the viscosity built up without
the anticipated drop indicating a lack of endogenous starch
degrading enzymes. The lack of reduction in viscosity during
heating has also been reported by Marquezi et al. (28), who
concluded, that in legumes, protein and fibre may also contribute
to the build up in viscosity. Peak and final viscosities of the mash
were not affected by the mashing cycle, but α‐amylase reduced

Table 4. Factorial fit and analysis of variances of wort flow rate over time. Flow rates calculated over five minute intervals during wort
collection. Analysis of variance conducted with statistical significance levels set as: NS, non‐significant p>0.05, * p<0.05, ** p<0.01,
*** p<0.001.

Term Statistical significance of wort flow rates (mL/min) during wort collection.

0‐5 min 5‐10 min 10‐15 min 25‐30 min 55‐60 min

Mashing cycle *** ** NS NS *
Protease *** *** *** NS NS
Carbohydrase * NS NS NS *
Temp regime*Protease *** ** NS NS NS
Temp regime*Carbohydrase NS NS NS NS NS
Protease*Carbohydrase * NS NS NS NS
Temp regime*Protease*Carbohydrase NS NS NS NS NS

Figure 4. Effect of enzyme addition on wort run off rate of faba bean mash across
two mashing temperature cycles (A ‐ ‐ ‐ and B …...). Exogeneous enzyme addition ‐
P: protease = X, C: carbohydrase =□ P and C =▲. Wort run off rate: volume of wort
collected in the preceding 5 min, divided by time; a) effect of protease and carbohy-
drase addition as a function of mashing cycle; b) effect of carbohydrase used in con-
junction with protease; c) comparison of baseline run off rate (Cycle A, no additions)
against optimised mashing cycle (Cycle B) with enzyme additions (P and C).

Figure 5. Comparison of a) wort collected and b) wort run off rates for mash
prepared using faba bean kernel flour with enzyme additions (α‐ amylase, protease,
carbohydrase) or malted barley flour with fitted logarithmic regression trendlines for
prediction of flow behaviour.
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both the viscosity development and final mash viscosity
significantly (both p <0.001) indicating, following granule rupture
and amylose leaching, successful enzyme hydrolysis of the 1,4
α‐glucosidic linkages (Figure 3). Factorial fit and analysis of variance
for the peak viscosity showed themain effectswere statistically sig-
nificantwith R 2 = 99.04, F (2,4)= 205.09 p<0.001whereas the inter-
action effects were not (F (1,4) = 2.85 p >0.05). Factorial fit and
analysis of variance for the final viscosity again showed themain ef-
fects were statistically significant with R2 = 99.35, F (2,4) = 302.47 p
<0.001 but the interaction effects were not (F (1,4) = 4.32 p>0.05).

The heating of starch suspended in water results in both
structural and molecular changes critical to the production of alco-
hol. The first step in the modification of the starch, gelatinisation,
consisting of granule swelling and rupture is temperature depen-
dent and varies with starch granule structure, and starch source
(29–31). During gelatinisation of the faba bean kernel flour
(approximately 75°C, Figure 3) the released amylose chains present
a random configuration causing swelling and thickening of the
surrounding matrix that results in an increase in viscosity (32, 33).
The majority of this increase in viscosity can be attributed to the
starch gelatinisation process versus protein or fibre, as the viscosity
was reduced significantly in the presence of α‐amylase. Amylose
leaching is influenced by interactions between amylose chains,
amylose and amylopectin chains, or lipids and amylose chains
(34). Typically, amylose leaching may also be associated with an
increased amylose content in legumes (28). Once the
gelatinisation temperature has been exceeded, enzymatic degra-
dation of the 1,4‐ α‐glucosidic linkages within the starch can begin,
resulting in a decrease in viscosity.

An optimised mashing regime for increased faba bean wort
separation and flow rate

The volume of wort collected was significantly impacted by the
addition of exogenous α‐amylase (p<0.001) and to a lesser extent
by the mashing regime (p <0.01), although there was also an
increased volume of wort collected when exogenous α‐amylase
was added and a 40°C hold (Cycle B, Figure 2) was incorporated
into the mashing cycle (two way interaction p <0.01). This sug-
gests that the α‐amylase added is not temperature dependent.
The improvement in wort collection volume with mashing Cycle
B may be the result of an increased α‐amylase exposure time or
may be indicative of the presence of limited endogenous hydro-
lytic or proteolytic enzyme activated at low temperatures. Factorial

fit and analysis of variance showed that both the main effects and
interaction effects were statistically significant with R2 = 98.26,
F (2,4) = 98.85 p<0.001 for the main effects and F (1,4) = 27.77
p <0.01 for the interaction. Despite the addition of α‐amylase
resulting in a significant decrease in viscosity and increase in wort
flow rate, the volume of filtrate collected were low across all of the
mashing regimes (Cycle A: 0.6 mL wort, Cycle B: 1.0 mL wort in
60 min.) indicating, as expected, other factors such as cell wall
components and proteins are inhibiting wort flow.

Flow rate improvements were seen with mashing Cycle B and
with the addition of protease with both the main effects and inter-
action effects statistically significant over the first 10 minutes of
wort collection (Table 4, Figure 4). The selected exogeneous
protease favours lower temperatures, thus the 40°C hold is optimal
for the activity of this enzyme (Table 2). The action of the
protease and carbohydrase enzymes appear synergistic and were
more effective together at increasing the flow rate of the wort
(Figure 4). For example, for the flow rate over the first 5 min.
R 2 = 92.31, F (3.11) = 33.69 p<0.001 for the main effects and
F (3.11) = 9.55 p <0.01 for the 2‐way interaction. Furthermore,
the addition of all three exogenous enzymes (α‐amylase, protease,
carbohydrase) to the faba bean grist resulted in a significantly im-
proved mean wort run off rate over the first five minutes of wort
collection when compared to a 100%malted barley wort (Figure 5,
T (7) = 2.71, p< 0.05) and led to a greater volume of wort being col-
lected over the same period.

Figure 6. Free amino nitrogen (FAN) content of faba bean wort prepared with different enzyme treatments and 100% malted barley wort.

Figure 7. Fermentation gas (CO2) volume as an indicator of fermentation rate. Wort
produced from distilling quality malted barley and faba bean kernel flour with differ-
ent enzyme additions: (A) α‐amylase, (P) protease, (C) carbohydrase.
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Fermentation nutrition and kinetics

Figure 6 shows that the free amino nitrogen (FAN) levels of faba
bean wort (+ α‐amylase) were equivalent to that of 100% malted
barley (ANOVA with Tukey Simultaneous Tests p > 0.05) or ele-
vated significantly (+ protease p< 0.001, + protease and carbohy-
drase p< 0.001). Thus, there should be no detrimental implications
for yeast growth or fermentation performance. FAN is an impor-
tant wort parameter, critical for yeast growth and fermentation
efficiency (27). The protein content of cereals is typically 10‐15%
dry weight (27), and this is solubilised by proteases during the
mashing process at appropriate temperatures. It is generally rec-
ommended that theminimum FAN content of wort for satisfactory
fermentation performance is 130 mg FAN/L. (27) Below this con-
centration, yeast growth rate is assumed to be reduced and fer-
mentation will not be optimal, increasing the likelihood of
hydrogen sulphide production and, in turn, beer off flavours. An
excess in FAN is also to be guarded against, as this may lead to
an increased synthesis of higher alcohols (e.g. iso‐butanol) in beer
(27). The most commonly used adjuncts are selected for their
starch provision, and as such normally decrease the FAN content
ofwort. This impacts negatively on the ability of yeast to synthesise
enzymatic and structural proteins for growth (35). The proposal to
use Faba beans, as an adjunct based on environmental credentials
rather than starch content, do not present this limitation. As whole
beans have a nitrogen content of 28% (dry weight) or more, and
kernels (whole beans with hulls or skin removed), would have an
even higher protein proportion. Despite elevated levels of FAN
being present in the faba bean wort, yeast favour specific amino
acids, such as glutamate, aspartate and asparagine, for optimal
growth (36). Therefore, wort produced from faba beans may
change the proportion of amino acids unfavourably. However,
Figure 7 shows comparable CO2 production, as an indicator of
fermentation rate, between worts produced from 100% malted
barley and the 100% faba bean kernel flour with enzymatic
treatment.

Conclusions
It has been demonstrated that milled faba bean kernel flour lacks
the endogenous enzymatic capacity to saccharify its starch and
yield a filterable wort for fermentation. Nevertheless, mashing
temperature regimes plus specific exogenous enzyme treatments
can overcome these limitations. The optimised methodology
yields a wort with the viscosity, flow rate and fermentation capac-
ity to match that of malted barley. The potential to use faba bean
as an adjunct for brewing is therefore demonstrated.

From an economic standpoint, the cost of exogeneous
enzymes (UnivarSolutions, UK), is relatively low (ca £9/t starch,
using α‐amylase, glucoamylase and protease). In comparison,
and in terms of raw commodity (grain) costs, faba beans offer an
attractive rawmaterial with current (2019) value for whole (animal)
feed beans up to £200/t ex‐farmgate. However, dehulled (skins
removed) bean kernels are used in the process described here
and these present around 43% starch (dry weight basis) (37) and
are currently valued at £295/t (personal communication, Askew
and Barrett Ltd, UK). Malted barley presents 66% starch (average,
dry weight basis) (38) and is valued at around £530/t (39). Compar-
ative analysis of relative starch costs is therefore £790/t for faba
bean kernels versus £847/t for malted barley. This is of course a
finance‐only consideration at the point of production. That is, a
complete assessment of the relative agronomic and

environmental costs of cultivating barley or faba beans remains
to be accounted in future research via full production‐to‐con-
sumption life cycle and economic analyses. Furthermore, earlier re-
search demonstrated that beer brewed with faba bean gained
favourable consumer acceptance and could not be distinguished
from a 100% malted barley (40).
The approach of allowing pulses a more balanced presence

throughout food and feed value chains will help fulfil sustainable
and circular bioeconomies in the future (16, 41). In particular,
brewers and distillers as major industries could emerge as critical
stakeholders to help increase pulse cultivation, and the
transformation of agri‐food and feed systems to more diverse
and sustainable states.
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