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Faba bean as a novel brewing adjunct:
Consumer evaluation
Kirsty Black,1,2* Andrew Barnett,3 Athina Tziboula-Clarke,4 Philip J. White,2
Pietro P.M. Iannetta2 and Graeme Walker1
The starch in the grains of legumes, such as faba bean (Vicia faba L.), offers an environmentally sustainable raw material for the
brewing industry as their entire nitrogen fertiliser requirement can be provided by the natural process of biological nitrogen fixation. Faba bean is, therefore, distinguished from species such as spring barley (Hordeum vulgare L.), which require large amounts
of synthetic nitrogen fertiliser. Consumer analysis of beer produced with faba bean as an adjunct compared with barley malt
beers has not previously been assessed. This study evaluated the potential of beers brewed using 30% (w/w) dehulled bean
(kernel) flour as an adjunct to malted barley, using a series of quantitative sensory tests. The first, a blind acceptance test with
inferred preference, found no statistically significant difference in the taste score of the bean kernel flour adjunct beer when
compared with conventional beer. In the second acceptance test, the knowledge that the beer was produced using beans did
not affect the overall consumer impression of the beer, regardless of how this information was presented. These results suggest
that the use of faba beans in brewing does not impact negatively on the taste or acceptability of the resultant beer. © 2019 The
Institute of Brewing & Distilling
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Introduction
In 2017, of the 509 k ha of Scottish agricultural land used to grow
crops, 57% (291 k ha) was sown with barley of which 84% was
spring barley (1), the main raw material utilised in the brewing
and distilling industries. The Scottish spring barley crop destined
for malting requires about 111 kg nitrogen (N) ha 1, which is
mostly supplied as inorganic fertiliser (2013–2017, 5 year mean)
(2). Seeds of legumes, such as faba bean (Vicia faba L.), are also rich
in fermentable starch and, in contrast to barley, legumes do not require the application of inorganic fertiliser, instead satisfying their
entire nitrogen requirement via biological nitrogen fixation, a natural process that converts atmospheric nitrogen gas into biologically available forms of nitrogen. This process is mediated by
bacteria, collectively referred to as rhizobia, which reside within
nodules on the root of the legume (3). The biologically fixed nitrogen, and carbon from photosynthesis, is partitioned in the grains
as protein and starch, which comprise about 25 and 60% (w/w)
of the whole grain, respectively. Average yields of faba beans in
the UK are around 4.5 t ha 1. The nitrogen-rich stem and root residues that remain in the field after cultivation of legumes can offset
the nitrogen requirements of non-legumes which follow them in
the cropping sequence. Thus, legume-supported cropped systems
offer a more sustainable cropping system, helping to minimise inorganic nitrogen inputs, lower carbon footprint, encourage natural
chemical cycling and safeguard soil qualities (4–7). Legumes may
offer an environmentally friendly option to complement nonbiological nitrogen-fixating species such as barley in the brewing
industry. However, this opportunity will in part be determined by
consumer perceptions of the novel legume-based beverage.
It is not uncommon in the brewing industry for malted barley to
be partially replaced with alternative starch sources (‘adjuncts’),
which provide a low nitrogen starch source whilst adding flavour
and benefits such as improved head retention. Adjuncts include
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cereals such as non-malted barley, wheat and oats but more commonly maize, rice and sugar syrups. Although historical records
show legume use in beer production as far back as the seventeenth
century, with Markham (8) in The English Housewife referring to a
‘peck of pease’ being required to brew the ‘best March beer’, in
modern times their use is seen infrequently. Varying beer tax rates,
dependent on the ratio of malt used, have driven brewers in Japan
to look to alternative, more experimental, raw materials, producing
‘third-category’ alcoholic beverages, where no malt at all is used.
Two of the largest brewers in Japan have produced products
utilising soy and peas. Both, however, use the protein from the legumes rather than the starch, thus contributing to the mouthfeel
and head retention of the beer versus the alcohol yield. The 2016
International Year of Pulses saw some limited releases using lentils
(9,10) in Australia and Canada, but again these were used for flavour and head retention rather than alcohol yield from the starch
present.
The sensory experience of drinking beer is a complex process
which begins long before the first sip is taken. The initial
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appearance is assessed via colour, clarity, carbonation and head
foam quality, followed by the aroma from the volatile compounds.
On drinking, these aromas combine with the taste profile to produce a complex array of flavours, impacted by the ethanol content
and bitterness. All are further affected by mouthfeel, the texture
and body (or viscosity) of the liquid itself. All these factors influence
a consumer’s drinking experience, whether assessed by a professionally trained panel or, as in this instance, an average consumer.
The palatability and acceptability of food and drink are, however,
further determined by consumers’ ‘experience’ and the ‘information’ available to them. These are commonly referred to as
‘bottom-up’ and ‘top-down’ determinants, respectively (11). Allison
and Uhl (12) demonstrated that removing the information that
typically accompanies beer, primarily the labels, resulted in
favourites being forgotten and new preferences being made. This
switch was solely a consequence of the environment in which
the beer was consumed. Wolfson and Oshinsky (13) found that
a chocolate drink could be rated two points higher on a ninepoint preference rating scale if labelled as ‘space food’ versus ‘unknown’. In addition, Lee et al. (14) found that the timing of the
provision of information could determine consumers’ preferences. In this instance, information shared prior to consumption
(the ‘disclosure condition’) influenced the experience itself, determining expectations, whether positive or negative. In contrast,
sharing information after consumption had less of an impact on
the pre-formed, experience driven rating. Thus, our reaction to
food and drink is not simply down to palatability but is also influenced by many other factors (15).
The impact upon consumers of including beans as an alternative
starch source in beer production is unknown. Using a commercially
available dehulled bean (kernel) flour, beer taste and acceptability
were assessed via tests conducted on different consumer cohorts
in ‘blind’ and ‘disclosure’ conditions. The disclosure condition
consisted of a positively and negatively positioned offering. These
tests were justified on the basis that knowledge of legumes as a
‘sustainable option’, may be counteracted by the more common
association of bean consumption with flatulence (16). The positively positioned product used language that aimed to raise curiosity whilst appearing sophisticated, offering an enticing and ‘exotic’
product implying high quality, sustainability and healthy ingredients. For the negatively positioned product we wished to capture
the negative associations of beans. The association of beans with
flatulence has been prevalent for millennia, as exemplified by ancient Greeks referring to beans as containing ‘the breath of life’ (17).

Participants
The experiments were conducted as part of two different events at
the Edinburgh International Science Festival held in Edinburgh in
April 2015. Because the experiment was conducted at public
events, the participants did not sign a standard consent form.
However, all were given an information sheet to read prior to taking part in the experiment explaining the purpose of the experiment and the procedure to be followed. Participation was
voluntary.
One hundred and nineteen consumers (73 women, 44 men, two
who failed to specify) aged between 19 and 64 years [17 failed to
specify, mean (M) = 31.6, standard deviation (SD) = 9.0] took part in
test 1. One hundred and twenty-six consumers (44 women, 79
men, three who failed to specify) aged between 20 and 77 years
(17 failed to specify, M = 36.8, SD = 12.4) took part in test 2.
Beverage stimuli
Both beers utilised were produced by Barney’s Beer, Edinburgh,
Scotland, UK. At the time of the study ‘Beer 2’ was available commercially; ‘Beer 1’ was released following the completion of this
study (Figure 1). Beer 1, ‘Fe Fi Fo’, was a modified version of ‘Beer

Materials and methods
Two quantitative affective tests were performed:
• Test 1 was a blind acceptance test with inferred preference to
assess the taste experience only. The test beer, ‘Beer 1’, was
compared with an existing product, ‘Beer 2’, and a nine-point
hedonic scale used to indicate the degrees of poor to good.
No ingredient information was provided to the participant. This
allowed the establishment of a baseline preference rating in
comparison with a similar commercially available product.
• Test 2 was a marketing position acceptance test under three
conditions – (1) with positive positioning, (2) without positioning and (3) with negative positioning. This test provided ingredient information prior to tasting and assessed the participants’
overall impression of the beer and how this was impacted by
the ‘positioning’ condition of the ingredient.

wileyonlinelibrary.com/journal/jib

Figure 1. Packaging of beers as available commercially: (a) Beer 1 – ‘Fe Fi Fo’, a modified version of Beer 2, where 30% by weight of the malted barley has been replaced
by bean kernel flour; and (b) Beer 2 – ‘Volcano’, an India pale ale used as the control
beer in the blind condition.
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2’ where 30% by weight of the malted barley had been replaced by
bean kernel flour (broad bean flour – obtained by milling of
broad/faba bean) and the percentage of darker malts increased
to compensate for any loss in colour owing to malt reduction.
The bean kernel flour was precooked to achieve gelatinisation of
the starch prior to following the standard brewery mashing regime. Beer 2, ‘Volcano’, an India pale ale was used as the control.
Both beers were 5% alcohol by volume; however, they varied in
other quality attributes (Table 1).
Beer 1 production
Bean kernel flour (40 kg, Gemef Industries, France) was mixed with
water and α-amylase (HT Alpha Amylase – Grade P, SPL International, UK) and held at 80°C for 1 h. This slurry was then mixed,
along with additional water (67°C), with malted barley (Pale,
60 kg 308 Lokg; Munich, 20 kg 305 Lokg; Crystal, 3.2 kg, 280 Lokg;
Caramalt, 1 kg 280 Lokg – all supplied by Bairds Malt, UK) and held
at 64°C for 75 min. After separation the wort was boiled for 60 min
during which time hop (Charles Faram, UK) additions were made
at 0 and 60 min. Following cooling and transfer to the fermenter,
the wort (original gravity 1.0407) was pitched with yeast
(Fermentis US05 strain) and fermentation in cylindrical tanks for
~6 days at 21°C until reaching a gravity of 1.010. Following cooling
(11°C) and addition of processing aids (Brewers Clarity, Murphy &
Sons, UK), the beer was shipped to a third-party bottle contractor
for cooling and storage (0°C, 2 weeks) prior to sterile filtration
and packaging (330 mL bottles, carbonated to 2.2 volumes).

Test 2 – one 50 mL sample of ‘Beer 1’ – was prepared in a clear
plastic cup for each participant.

Procedure
The participants were instructed to read an information sheet and
complete the first section of a questionnaire to determine if there
was any reason they could not take part in the study.
For test 1 (blind condition), each participant was instructed to
taste each beer in turn and rate the taste on an anchored ninepoint category scale (19) on a pencil and paper questionnaire.
The rating scale included the following question/response scale
for each beer: ‘on a scale of 1 to 9, how would you rate the
taste of the beer?’, with nine response options where 1 = very
poor, to 5 = average and 9 = very good. The tasting lasted
<5 min.
For test 2 (disclosure condition), each participant was presented with one of three positioning sheets (see Figure 2) and
instructed to taste the beer and rate how much they liked the
beer on an anchored nine-point category scale (19) on a pencil
and paper questionnaire. The rating scale included the following
request/response scale: ‘taste the beer and tell us your overall impression’. The nine response options were 1 = dislike extremely,
2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly,
5 = neither like nor dislike, 6 = like slightly, 7 = like moderately,
8 = like very much and 9 = like extremely. The study lasted
<5 min.

Beer 2 production
Beer 2 was produced as for Beer 1 but without the precook or addition of bean kernel flour.
Analytical methods
All analyses were performed by Brewlab Ltd, Sunderland according to the Analytica EBC recommended methods (18). The analyses
were original and packaged gravity (EBC 9.4), alcohol by volume
(EBC 9.2.1), pH (EBC 9.35), colour (EBC 9.6) and bitterness (EBC 9.8).
Beer quality attributes
Test 1 – a 50 mL sample of both ‘Beer 1’ and ‘Beer 2’ – was prepared in clear plastic cups for each participant. The order in which
participants received the two beer samples was alternated
throughout the experiment. Participants were given no information regarding what the two beer samples were.

Table 1. Standard quality attributes of Beer 1, faba beer, and
Beer 2, ‘Volcano’, conventional beer

Original gravity
Packaged gravity
Alcohol by volume
pH
Colour (EBC)
Bitterness (EBU)
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‘Beer 1’ – Fe Fi Fo

‘Beer 2’ - Volcano

1.0406
1.0045
4.68
4.66
22.2
43.7

1.0466
1.0082
4.98
4.33
11.5
42.7

Figure 2. Text for the three different positions presented in the marketing position
acceptance test, of which only one was presented to each participant.
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Figure 3. Participants’ rating of the beer brewed using faba bean kernel flour: (a) blind vs. a conventional malted barley only beer; and (b) vs. itself when the ingredients are
known. The scale was an anchored nine-point category scale in the blind condition assessing taste with 1 = very poor to 9 = very good. In the disclosure condition the scale
assessed the overall impression of the beer with 1 = dislike extremely and 9 = like extremely. Data for Beer 1 and Beer 2 presented as means of 117 ratings and Position 2 as means
of 41 ratings with whiskers indicating the standard error of the means.

Results and discussion

Blind acceptance test

Two separate analyses were conducted. First, the participants’
blind taste ratings of the beer made using bean kernel flour (Beer
1) versus the conventional beer (Beer 2) were compared (Figure 3a). Also, the participants’ ratings of the beer made using bean kernel flour in the blind condition versus the neutral disclosure
condition were compared (Figure 3b). Secondly, the overall impression ratings of the beer under different disclosure conditions
were compared (Figure 4).

Taste assessment and inferred preference. The mean taste
ratings of the blind preference test (Figure 3a) show both beers
rating slightly above the midpoint (5 = average). A Wilcoxon
signed rank test did not elicit a statistically significant change in
the taste rating (Z = 0.374, p = 0.728) for beer made using bean
kernel flour (M = 5.68, SD = 1.775), and the conventional beer
(M = 5.77, SD = 1.665). Indeed, the median taste rating was 6.0
for both beers and no preference was inferred. A linear mixed
model (for repeated measures) also demonstrated that there

Figure 4. Marketing positioning acceptance test: participants’ rating of the beer made using bean kernel flour under three disclosure conditions in the form of a positively, neutrally and a negatively positioned accompanying information sheet. The scale was an anchored nine-point category scale ranging from 1 = dislike extremely through to 9 = like
extremely. Data are presented as means of 40, 41 and 44 ratings respectively with whiskers indicating the standard error of the means.
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were no significant effects of beer type, age or gender on the acceptance score, nor were there any interactions. These results
suggest that the inclusion of bean kernel flour to a level of 30%
(w/w) with malted barley does not detrimentally affect the taste
of beer.
Acceptance test – ingredient disclosure. This comparison
aimed to determine whether awareness that beans were used as
part of the raw materials impacted the acceptability of the beer.
The mean taste ratings of the beer made using bean kernel flour
in the blind condition and when the ingredients were presented
in a neutral fashion can be seen in Figure 3b. A Mann–Whitney test
was conducted which concluded that the rating of the beer in the
disclosed condition was statistically significantly higher than that
in the blind condition (U = 1773, p = 0.011). These results indicate
that prior knowledge of bean kernel flour as an ingredient did not
impact on the acceptability of the product and, in fact, had a positive impact possibly owing to the consumers believing that they
were trying a novel drink.
Marketing position – acceptance test. The mean taste ratings
of the positioning test are shown in Figure 4. A Kruskal–Wallis H
test – a non-parametric alternative to the one-way ANOVA –
showed that there was no statistically significant difference in
the overall impression rating between the two beers, χ 2 (2) =
1.273, p = 0.529, with a mean rank score of 58.04 for the positive
position, 64.07 for the neutral position and 66.51 for the negative
position. A linear mixed model (for repeated measures) also demonstrated that there were no significant effects of age or gender
on the acceptance score, nor were there any interactions. These results suggest that advertising the potentially positive and negative
attributes of beans does not impact the acceptability of the bean
kernel flour-based product.
The results of this study demonstrate that the replacement of
part (30% w/w) of the malted barley with bean kernel flour in the
grist does not detrimentally affect the flavour of the beer for the
typical beer drinker. Nor does the knowledge that beans have
been used negatively impact the drinkers’ overall impression of
the beer. Accordingly, the application in the brewing process of
using a environmentally sustainable legume as an adjunct has
been demonstrated.
Acknowledgements
This research is supported by: a joint PhD studentship between
Abertay University and The James Hutton Institute; the Scottish
Government, Rural and Environment Science and Analytical Services (RESAS), Strategic Research Programme; the InnovateUKfunded project beans4feeds, www.beans4feeds.net; the EU-FP7
project www.legumefutures.eu; and the European Union
Horizon-2020 project ‘TRansition paths to sUstainable legumebased systems in Europe’ (TRUE, www.true-proejct.eu), grant
agreement 727973. Our thanks are also extended to Gemef Industries for providing the bean kernel flour, Barney’s Beer for the use
of their brewery, Professor Charles Spence (Department of Experimental Psychology, University of Oxford) for guidance on gathering sensory data, and the Edinburgh International Science
Festival for hosting the data collection activities.

J. Inst. Brew. 2019

References
1. Scottish Government (2017) Economic Report on Scottish Agriculture
2017 Edition. https://www2.gov.scot/Topics/Statistics/Browse/Agriculture-Fisheries/PubEconomicReport/2017docs (last accessed November
2018).
2. DEFRA (Department for Environment Food and Rural Affairs) (2017)
The British Survey of Fertiliser Practice – Fertiliser use on farm for crop
year 2017. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/722598/fertiliseruse-report2017-5july2018a.pdf (last accessed November 2018).
3. Sprent, J. I., and Sprent, P. (1990) Nitrogen Fixing Organisms: Pure and
Applied Aspects, 1st ed., Chapman and Hall, London.
4. Hartwig, N. L., and Ammon, H. U. (2002) Cover crops and living
mulches, Weed Sci. 50, 688–699. https://doi.org/10.1614/00431745(2002)050[0688:AIACCA]2.0.CO;2
5. Reckling, M., Schläfke, N., Heckler, J.-M., Bachinger, J. and Zander, P.
(2013) Generation and evaluation of crop rotations. Legume Futures
Report D4.2. http://www.legumefutures.de/images/Legume_Futures_
Report_4.3.pdf (last accessed March 2019).
6. Rochester, I. J., Peoples, M. B., Constable, G. A., and Gault, R. R. (1998)
Faba beans and other legumes add nitrogen to irrigated cotton
cropping systems, Aust. J. Exp. Agr. 38, 253–260.
7. Rochester, I. J., Peoples, M. B., Hulugalle, N. R., Gault, R. R., and Constable, G. A. (2001) Using legumes to enhance nitrogen fertility and improve soil condition in cotton cropping systems, Field Crop Res. 70,
27–41.
8. Markham, G. (1986) Chapter IX: Of the office of the brew-house, and
the bake-house, and the necessary things belonging to the same, in
The English Housewife, pp. 204–212, McGill–Queen’s University Press,
Montreal.
9. Lobethal Bierhause (2017) Totally lentil: Australia’s first lentil beer released. https://www.beerandbrewer.com/totally-lentil-australias-firstlentil-beer-released/ (last accessed November 2018).
10. Rebellion Brewing (2016) Lentil cream ale. http://www.lentilbeer.com/
index.html (last accessed November 2018).
11. Eysenck, M. W. (1998) Perception and attention, in Psychology: An
Integrated Approach, 1st ed., pp. 138–166, Pearson Education,
Harlow.
12. Allison, R. I., and Uhl, K. P. (1964) Influence of beer brand identification
on taste perception, J. Mark. Res. 1, 36–39. https://doi.org/10.2307/
3150054
13. Wolfson, J., and Oshinsky, N. S. (1966) Food names and acceptability,
J. Advertising Res. 6, 21–23.
14. Lee, L., Frederick, S., and Ariely, D. (2006) Try it, you’ll like it: The influence of expectation, consumption, and revelation on preferences for
beer, Psychol. Sci. 17, 1054–1058. https://doi.org/10.1111/j.14679280.2006.01829.x
15. Spence, C., and Piqueras-Fiszman, B. (2014) Tastes great, but what do
we call it? The art and science of food description, in The Perfect Meal:
The Multisensory Science of Food and Dining, 1st ed., pp. 71–107, WileyBlackwell, Oxford.
16. Winham, D. M., and Hutchins, A. M. (2011) Perceptions of flatulence
from bean consumption among adults in 3 feeding studies, Nutr. J.
10, 128–128. https://doi.org/10.1186/1475-2891-10-128
17. Simoons, F. J. (1998) The color black in the Pythagorean ban of the fava
bean (Vicia faba), in Plants of Life, Plants of Death, 1st ed., pp. 192–215,
The University of Wisconsin Press, Madison, WI.
18. European Brewing Convention (2004) Analytica EBC, Fachverlag Hans
Carl, Nürnberg.
19. Meilgaard, M., Civille, G. V., and Carr, B. T. (2007) Affective tests: Consumer tests and in-house panel acceptance tests, in Sensory Evaluation
Techniques, 4th ed., pp. 255–311, CRC Press, London.

© 2019 The Authors. Journal of the Institute of Brewing published by
John Wiley & Sons Ltd on behalf of The Institute of Brewing & Distilling

wileyonlinelibrary.com/journal/jib

