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SUMMARY

Faba beans (Vicia faba) are an alternative protein source that likely can be used to a higher
extent in broiler diets. White-flowered faba beans contain antinutritional substances (ANS)
such as non-starch polysaccharides (NSP), trypsin inhibitors, and lectins, which might limit its
inclusion level. Lectins and trypsin inhibitors are heat labile and previous studies have shown that
steam-pelleting and enzyme treatment improves the nutritional value of faba beans. However,
alternative to pelleting would facilitate for farmers to add faba beans on-farm. Currently, there
are machines available for toasting faba beans on-farm, which might be used for broiler mash
diets. The objective of this study was to investigate the effect of inclusion level (0, 10, 20
and 30%), toasting (140°C 5.5 min) and different enzymes (xylanase + phytase vs. xylanase,
phytase, amylase, protease) of faba bean diets on growth performance and organ parameters in
broilers. To test this, 2 experiments 34 and 35 days, using a total 0of 480 chickens were performed.
Feed intake, body weight (BW) and feed conversion ratio were registered weekly, in addition,
organ and carcass weights were registered at slaughter. The results showed that inclusion of
20% faba beans is possible in a pelleted diet with maintained broiler growth performance.
When 20% was included in a mash diet, feed intake and BW decreased compared to chickens
fed pelleted diets, irrespectively of pre-toasting of the beans. It can be concluded that toasting
cannot replace pelleting. Supplementation of protease and amylase in addition to xylanase and
phytase did not improve the nutritional value of faba beans.
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DESCRIPTION OF THE PROBLEM in 2011, stating that urgent action is needed to
replace imported protein crops with European

About 70% of the protein feed used in the  sources. Since then, a wide range of actions have
European Union (EU) for livestock production  peen taken to increase the production of protein
is imported. To address EU’s protein deficit, crops within EU [1]. Faba beans (Vicia faba mi-
the European Parliament adopted a resolution  por) s a crop with reasonable high crude protein
(CP) content (~30%) [2] that can be grown in
Sweden and throughout Europe. It likely has a
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potential to be used in a higher extent in broiler
chicken production. As most plant based protein
crops, faba beans contain antinutritional sub-
stances (ANS) that might limit the possible in-
clusion level in broiler diets. Tannins, vicine,
convicine, lectins and trypsin inhibitors are ANS
that are associated with faba beans [3]. Tannins
are known to decrease both protein and energy
digestibility [4], but have through plant breed-
ing been reduced in white-flowered cultivars and
is not an issue when these are used. Lectins
and trypsin inhibitors (TT) may impair the pro-
tein utilization, and trypsin inhibitors might also
cause an overactive and thereby enlarged pan-
creas [5]. Vicine and convicine may impair egg
production and increase the liver weight in laying
hens [6]. However, lectins and trypsin inhibitors
are heat labile and the levels of these are substan-
tially lower in faba beans than in soybean meal.
Valdebous [7] reported that TI activity in faba
beans was 7% of that of defatted soybean, and the
corresponding value for lectins was 2% of that
for defatted soybean. Moreover, the negative ef-
fect of vicine and convicine does not seem to be
of major concern in growing animals [4], so if the
feed is heat treated, lectins and trypsin inhibitors
should not be of major concern in broiler di-
ets. But still, the amount of white-flowered faba
beans that can be included in a broiler diet does
not seem to be unlimited; the current recom-
mended inclusion level is about 20% in pelleted
broiler diets [8, 9]. With higher inclusion lev-
els, decreased broiler growth performance has
been reported [8]. Moreover, if fed unprocessed
in a mash feed, a linear decrease in body weight
(BW) gain with increasing inclusion level (5-
25%) has been observed [10], and the author
suggested that this was due to some unknown
heat-labile ANS being destroyed during the pel-
leting. Moreover, Lacassange et al. [11] found
that pelleting improves both starch and protein
digestibility and thereby the AME,, value of faba
beans. However, few farmers have the ability to
make investments in pelleting facilities, and use
of mash feed can be a way for the farmer to
facilitate addition of protein crops on-farm and
increase the use of home-grown protein feed.
Currently there are small-scale machines avail-
able on the market that can be used on-farm to
toast faba beans before being milled and mixed
in a diet. To the best of our knowledge, no study
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has been performed that investigates effects on
the production performance of broiler chickens
fed toasted faba beans included in mash feed, in
comparison with pelleted faba bean diets.

Broilers and piglets are the livestock species
with the highest CP and amino acid require-
ments; it is therefore challenging to optimize a
balanced diet without use of high-quality protein
feedstuff. A way to overcome this challenge is
to optimize the use of nitrogen in the feed by
increasing the availability and reduce the excre-
tions. Ospina-Rojas et al. [12] showed that in
broiler diets, lowering the dietary CP level with
3% while the amino acid level was maintained
decreased the nitrogen content in the litter and
lowered the ammonia emissions without under-
mining production performance. Masey O’Neill
et al. [13] showed that faba beans compared to
soybean meal have a lower digestibility of sev-
eral amino acids including methionine, cysteine,
and threonine, which also means that there is a
possibility for improvements in utilization of the
amino acids in faba beans. Apart from CP, faba
beans contain a considerable amount of starch
and non-starch polysaccharides (NSP) [3].
About 26% of total NSP in faba beans are soluble
NSP [14], which are well known to increase di-
gesta viscosity and in turn decrease the nutrient
availability and cause problems such as sticky
droppings and wet litter. Supplementations of
NSP-degrading enzymes (xylanases) have been
shown to increase both energy and protein val-
ues of legumes in the same way as in wheat. In
addition, enzyme mixtures containing xylanase,
amylase, and protease have been shown to fur-
ther improve the availability of the protein ratio
in legumes [15]. The use of different enzyme
mixtures can therefore be a strategy to further
improve the nutritional value of faba beans.

The objective of the present study was to in-
vestigate the effect of inclusion level, toasting,
and enzyme supplementation of faba bean diets
on growth performance and organ parameters in
grower broilers.

MATERIALS AND METHODS
Experimental Design and Diets

Experiment 1 A total of 240 unsexed day-
old broiler chickens (Ross 308) were used in a
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Table 1. Diet composition (%) and analyzed chemical composition (g/kg).
Experiment 1 Experiment 2

c!  FB10> FB20° FB30* FB20M° FB20MT® HP’ LP® LP+E’
Ingredient
Wheat 65.9 60.0 53.8 473 53.8 53.8 503 532 53.2
Soybean meal 24.5 20.3 16.2 12.1 16.2 16.2 18.1 15.7 15.7
Faba bean 0 10.0 20.0 30.0 20.0 20.0 20.0 200 20.0
Vegetable oil 4.0 4.6 4.7 5.3 4.7 4.7 53 5.0 5.0
Limestone 2.1 2.0 2.0 2.1 2.0 2.0 1.9 1.9 1.9
Monocalcium phosphate 1.6 1.6 1.5 1.4 1.5 1.5 1.4 1.5 1.5
L-Lysine- HCI 0.3 0.3 0.3 0.2 0.3 0.3 0.5 0.4 0.4
DL- Methionine 0.2 0.2 0.3 0.3 0.3 0.3 0.2 0.1 0.1
L-Threonine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Premix'? 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7
Sodium chloride 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Sodium bicarbonate 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Xylanase + phytase 0.04 0.04 0.04 0.04 0.04 0.04 0.04  0.04
Protease + xylanse + amylase 0.03
Phytase 0.01
Analyzed chemical composition
Metabolizable energy kcal/kg 2,938 2,938 2,938 2,938 2,938 2,938 2914 2914 2914
(calculated)
DM 869 868 867 863 875 877 889 885 884
Ash 62 61 62 59 64 54 65 55 58
CP 193 192 189 200 204 198 199 181 187
CF 34 35 38 45 31 39 47 53 51
EE 48 44 38 47 59 49 63 74 71
Lysine 12.0 11.8 10.7 12.0 10.9 11.0 13.9 13.1 13.6
Methionine 6.5 6.7 6.6 6.5 6.10 5.80 5.5 4.7 5.0
Cysteine 6.3 8.5 7.6 6.3 7.30 8.20 6.8 6.8 6.9
Threonine 7.2 6.8 5.8 6.9 7.90 7.00 7.7 6.5 6.4

C! = Control; FB10? = Faba bean 10%; FB20? = Faba bean 20%; FB30* = Faba bean 30%; FB20M?> = Faba bean 20%, mash;
FB20MT® = Faba bean 20%, mash toasted; HP7 = High protein; LP® = Low protein; LP4+E® = Low protein 4 additional

enzymes.

19The premix provided (per kg diet): retinyl acetate: 10,000 IU; cholecalciferol: 2,750 IU; dl-a-tocopherol acetate: 40 mg;
menadione-nicotinic amide bi-sulphite: 3 mg; thiamin mono-nitrate: 2 mg; riboflavin: 6 mg; pyroxinhydrocloride: 3 mg;
cynocobalamin: 0.02 mg; calcium pantothenate: 10 mg; folinic acid: 1.0 mg; nicotinic acid: 35 mg; d-biotin 0.5 mg; choline
chloride: 180 mg; betaine anhydrous: 285 mg; Fe: 25 mg; Cu: 6 mg; Mn: 79 mg; Zn: 60 mg; I: 1.0 mg; Se: 0.50.

34-d growth experiment. The chickens were ran-
domly distributed into 30 pens (1.50 x 0.75 m)
with 8 chickens/pen and 5 replicates per treat-
ment. The experiment was organized as a ran-
domized block design with 6 dietary treatments
to test the effect of inclusion level and toasting.
The experimental diets, Table 1, were formulated
to meet nutritional requirements of chickens ac-
cording to NRC [16]. However, no phase feeding
was used, and the nutrients were kept constant
throughout the study, leading to a lower nutri-
ent content than recommended during the starter
phase and a higher during the finisher phase.
All diets were supplemented with 2,300 U xy-
lanase [17]and 500 FTU of phytase [18] per kg
diet. The control diet (C) was based on wheat

and soybean meal and in the experimental diets,
part of the wheat and soybean meal was substi-
tuted with 10 (FB10), 20 (FB20) or 30% (FB30)
faba bean of the white-flowered cultivar Tattoo
(Table 1). The CP and major amino acids in the
faba beans were analyzed and were (g/kg dry
matter [DM]) CP: 312; methionine: 3.86; cys-
teine: 0.20; lysine: 19.10 and threonine: 10.56.
For apparent metabolizable energy (AME,,), the
value 2,761 kcal’kg DM from European table
of energy value for poultry feedstuffs [19] was
used.

The diets were steam-pelleted (75°C) at a
commercial feed mill. Moreover, to test the ef-
fect of toasting, 2 mash diets with 20% faba
beans were prepared. In one of the diets the faba
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beans were untreated (FB20M), whereas in the
other (FB20MT) the beans were toasted (140°C,
5.5 min). In both mash diets, the wheat was kept
as whole wheat, whereas the beans and other
ingredients where milled through a 3-mm sieve
before being mixed in the diets.

Experiment 2 A total of 240 unsexed day-
old broiler chickens (Ross 308) were used in a
35-d growth experiment. The chickens were ran-
domly distributed into 30 pens (1.50 x 0.75 m)
with 8 chickens per pen and 10 replicates per
treatment. The experiment was organized as a
randomized block design with 3 dietary treat-
ments to test the effect of different enzymes. All
diets contained 20% faba beans. A high pro-
tein (HP) diet was formulated to meet the nutri-
tional requirements of the chickens according to
NRC [16] (Table 1). However, no phase feeding
was used, and the nutrients were kept constant
throughout the study, leading to a lower nutri-
ent content than recommended during the starter
phase and a higher during the finisher phase.
The HP diet was supplemented with xylanase
(2,300 IU) and phytase (500 FTU) [17, 18]. A
low protein (LP) diet with a 9% reduction in
CP, 6% reduction in lysine, and 15% reduction
in methionine and threonine compared to HP
was formulated (Table 1). The LP diet contained
the same enzymes as the HP diet [17, 18]. The
third diet, LP+E, was formulated to be nutri-
tionally identical to the LP diet, but in addition
to the phytase (500 FTU) [18], an enzyme mix-
ture was used [20] to supply the same amount of
xylanase (2,300 IU) as in HP and LP, and in addi-
tion, 4,000 IU protease and 400 IU amylase were
added. Recovery analyses of enzymes showed
expected values, verifying correct enzyme addi-
tion. The diets were steam-pelleted (75°C) at a
commercial feed mill, the pellets were crushed
before fed to the chickens, which was done to
distinguish between the effect of physical treat-
ment and the effect of feed structure for results
in Experiment 1.

Housing

In both experiments, the chickens were
housed in pens raised from the floor, equipped
with solid floor covered with fresh wood shav-
ings. Chickens had free access to water and feed
throughout the experiment. Room temperature
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was gradually decreased from 33°C on d 0 to
23°C on d 24 and kept at 23°C until the chickens
were euthanized at the end of the trial. Chick-
ens had continuous artificial light for the first
2 d; thereafter, the dark period was gradually in-
creased to 6 h from d 8 to the age of slaughter.
The experiments were carried out at The Swedish
Livestock Research Center and were approved
by the ethical committee of the Uppsala region,
approval number C 334/12.

Experimental Procedures and Analyses

In Experiment 1 and 2 feed intake, BW and
FCR were registered per pen on a weekly basis.
FCR was corrected for mortality. At d 34 (Ex-
periment 1) and d 35 (Experiment 2), individual
BW and sex (visually determined based on exte-
rior appearance) were registered and CV of BW
within pen was calculated as CV % = (Standard
deviation/mean BW) x 100. Sex ratio was calcu-
lated as: Number of rooster/total number of bird
in pen. Occurrence of sticky droppings (scale 0—
1; where 0 is no occurrence and 1 is occurrence)
was registered on pen basis at d 7 and 14. Exc-
reta samples were collected for DM analysis at
d 12, 22, and 33 in both experiments by cover-
ing the litter area with plastic foil and collect the
excreta during 2 h. Atd 35 in Experiment 1, one
hen and one rooster representative for the pen
(visually determined based on exterior appear-
ance) were selected and killed by an intravenous
injection of sodium pentobarbital through the
wing vein. The BW and weight of liver and pan-
creas, respectively, were recorded. Moreover, the
foot pad lesion was scored according to Ekstrand
et al. [21]. At d 36 in Experiment 2, one hen
and one rooster representative for the pen were
selected and brought to the research slaughter
facility. The individual BW was recorded before
the chickens were killed. Chickens were individ-
ually stunned by electricity, killed by bleeding,
and then scaled in hot water and de-feathered
by a machine. The liver weight and pancreas
weight were recorded before all organs, head,
feet, and neck were removed and hot carcass
weight recorded. The breast meat and drumstick
were cut out according to Hudspeth et al. [22] and
their weights were recorded. In addition, foot pad
lesions were scored in accordance with Ekstrand
etal. [21].
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Feed and excreta samples were analyzed for
DM by drying at 103°C for 16 h and ash of
feed samples after ignition at 600°C for 3 h [23].
The CP (N x 6.25) in the feed was determined
by the Kjeldahl method [24]. The EE of feed
was determined according to Official Journal of
European Communities [25]. Amino acids were
analyzed with the Waters AccQ Tag™'method as
described by Langeland et al. [26].

Statistical Analyses

Statistical analyses were performed with the
GLM procedure in SAS [27] to determine treat-
ment effects by one-way analysis of variance
(ANOVA). The model included diet as a fixed
factor, the effect of sex ratio was tested in the
models, but without significant effect and was
therefore excluded. Pen served as experimental
unit for performance data, sticky droppings, and
DM of excreta. Since DM of excreta was de-
termined 3 times (d 11, 22, and 33), the diet
effect was analyzed with Proc Mixed and a re-
peated statement with unstructured covariance,
pen served as random factor. For relative carcass
traits and organ weights, the individual bird was
considered as the experimental unit and dietary
treatment and sex were considered as fixed fac-
tors. The sticky droppings data was arcsin-root
transformed before analysis [28]. All differences
were considered significant at P < 0.05.

RESULTS AND DISCUSSION
Effect of Inclusion Level and Toasting

Experiment 1 showed that inclusion of 20%
faba beans in a pelleted diet was possible with-
out affecting production performance negatively
compared to the control diet. With 30% inclu-
sion, feed intake and BW were impaired, whereas
the FCR was improved compared to C and FB20,
showing that the lower feed intake was respon-
sible for the decreased BW. Moreover, a very
low feed intake and consequently low BW were
observed when the faba beans were included in
mash diet, independently of pre-toasting of the
beans (Table 2). The chickens fed the mash di-
ets also had a higher relative pancreas weight
than chickens fed pelleted diets, independently

of pre-toasting. No effect of dietary treatment on
liver weight was observed (Table 3). The CV in
BW ranged between 13.1 to 16.4% for all treat-
ments except for chickens fed FB20M that had a
CV of 22.3%, which was about 7% higher than
FB20MT and 8% higher than the control. The re-
sults show that inclusion of 20% white-flowered
faba beans in a diet is possible without inter-
fering with broilers production performance on
the condition that the diet is pelleted and not fed
as mash. Maintained growth performance with
20% inclusion is in agreement with Nalle et al.
[9]. Similarly, Farell et al. [8] showed a curve
linear response in chicken performance with in-
creasing levels of faba beans, with the best per-
formance at an inclusion of 18% faba beans and
a decreased performance with 24 and 36% faba
beans. In the present study and in the study of
Farrell et al. [8], diets were optimized on total
CP and amino acid content. A lower digestibil-
ity of several amino acids including methionine,
cysteine and threonine in faba beans compared
to soybean meal was proved by Masey O’Neill
et al. [13]. Therefore, a lower level of available
amino acids might explain the decreased growth
rate with 30% faba bean inclusion. The lower
growth performance observed on the mash di-
ets is in agreement with Gous [10]. In the study
by Gous [10], it was hypothesized that the im-
paired performance in broilers fed mash diets
was due to an unknown heat labile ANS, that got
destroyed in the pelleting process. The higher
relative pancreas weight in the present study on
mash diets indicates a higher activity of pancre-
atic enzymes. However, in the present study no
differences in growth performance or pancreas
weight between the toasted and non-toasted faba
bean groups were observed. This suggests that
the difference was not caused by a heat labile
ANS, instead it seems like the pelleting pro-
cess per se has a beneficial effect. It is known
that steam-pelleting increases both starch and
protein digestibility in faba beans [11]. One ex-
planation for this is that during steam-pelleting,
starch is gelatinized. For this to happen, a suffi-
cient amount of water has to be present during
the feed processing [29]. The toasting was per-
formed without addition of water which might
explain why toasting was not able to improve
the nutritional value in the same way as pellet-
ing. However, increased within group variation
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Table 3. Relative organ weights, sticky droppings DM — excreta and foot pad score, and carcass characteristics. Least square means + pooled SEM.

Experiment 2

Experiment 1

Pooled SEM  P-value

LP+E’

Lp#
1.6

16.7

HP’

Pooled SEM  P-value

FB20MT®

FB10?> FB20° FB30* FB20M’
2.16¢

Cl

0.264
0.199
0.098

0.08
5.85

1.7 1.8
29.2
0.

31.3

<0.0001
0.4809
0.3385
0.2177

<0.0001

0.096

2.51%b

2.68%
30.78

2.32b¢ D 2pbe

2.06°

Relative pancreas weight (g/kg BW)
Relative liver weight (g’kg BW)
Sticky droppings % affected d 7

1.124
4.87

4.39
0.605

29.41

28.84  27.92 2827
12.8

16.0

30.48

11.0

39

19.4 19.4

18.3

19.0 4.0

10.7
10.67

24.11°¢

0.528
0.006

2.50
0.31

12.5 12.5

15.5

6.3

11.0

1.7 13.5

22.9¢

13.0

Sticky droppings % affected d 14

DM excreta %

2324 2314

22.3B

30.0°

29.2¢

24.5¢

22.9¢

Carcass characteristics

0.002

0.41
0.

7178 70.88

23.7

73.04

Carcass weight (CW) % (CW/BW)

0.054

58

23.6

254

Relative breast meat weight % (breast meat/CW)
Relative drumstick weight% (drumstick/CW)

15.0 0.20 0.431

14.6

14.9

Faba bean 30%; FB20M® = Faba bean 20%, mash; FB20MT® = Faba bean 20%, mash toasted; HP’

High

Control; FB10? = Faba bean 10%; FB20? = Faba bean 20%; FB30*

1

Low protein + additional enzymes.

Low protein; LP+E°
4] east square means within the same row (Experiment 1) with different superscripts were significantly different (P < 0.05).

ABLeast square means within the same row (Experiment 2) with different superscripts were significantly different (P < 0.05).

protein; LP®

in body weight is a sign of specific nutrient de-
ficiency [30]. The higher CV in the non-toasted
group indicate that the toasting might improve
the nutrient availability in some extent, although
the low feed intake limits the use of faba beans
in mash diets.

Effect of Enzymes

Experiment 2 showed no differences between
LP and LP+E for any parameter, but chickens
fed HP had both higher BW and feed intake at
d 35 than chickens fed the LP diets. Moreover,
the carcass weight was higher and relative breast
meat weight tended to be higher in chickens fed
HP diets, whereas the excreta DM was lower
in chickens fed HP compared to LP diets. The
decreased performance in chickens fed the LP
diets confirms that they were fed below their
nutrient requirement and that supplementation
of protease and amylase in addition to xylanase
and phytase did not improve the nutritional value
of faba beans.

The lack of effect of additional enzyme sup-
plementation is in agreement with Kalmendal
and Tauson [31], who did not find any additional
effect of the combination of xylanase and pro-
tease compared to when the enzymes were fed
as monocomponent enzymes in wheat-soybean
meal based diets. Masey O’Neill et al. [13]
showed that the standardized ileal digestibility
(SID) of methionine in Tattoo is about 60%,
which means that about 40% is unused, lead-
ing to a large potential for improvements. To
get an effect of an enzyme, there has to be speci-
ficity between the substrate and the enzyme [32].
Ghazi et al. [33] showed different animal re-
sponse using protease from different microor-
ganisms in soybean meal diets. To the best of
our knowledge, there are no published studies
that test the specificity between faba beans and
different proteases; such a study would be very
valuable in the future.

Effect of Feed Structure

To distinguish between the effect of pelleting
and the effect of feed structure, the pelleted di-
ets were fed intact in Experiment 1 and crushed
in Experiment 2. FB20, FB20M, FB20MT in
Experiment 1 and HP in Experiment 2 did all
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have very similar ingredient and dietary com-
position. A comparison in feed intake at d 34
between FB20 (pelleted feed) HP (crushed pel-
let) and FBMT (mash feed) shows a linear de-
crease (r* = 0.55) from pelleted to mash feed.
The feed intake was about 15% lower in chickens
fed crushed pelleted feed and about 30% lower in
chickens fed mash feed compared to the pelleted
feed. The feed structure did also have an effect
on excreta DM with higher values in chickens
fed mash diets compared to pelleted diets, how-
ever no remarks on foot fad score were observed
in any treatment. Moreover, no differences in
occurrence of sticky droppings were observed in
either Experiment 1 or 2 (Table 3). This indicates
that the major effect of feed structure is on feed
intake.

It is well known that feed intake is highly re-
lated to feed structure and that birds have a higher
feed intake on pelleted compared to mash feed.
However, the decrease in feed intake on mash di-
ets was higher than expected. Between 8 to 25%
higher intake on pelleted compared to mash di-
ets have been reported in previous studies [34,
35]. The lower feed intake on mash compared to
the crushed pellet observed in the present study
indicate that the pelleting process per se has an
important effect also on the palatability of faba
beans. The feed intake can apart from affecting
BW also influence the excreta moisture content
and an increased excreta moisture content has
previously been linked to increased feed intake
[36]. The observed lower excreta DM in chick-
ens fed pelleted compared to mash diets is likely
due to a higher feed intake, but since no effects
were observed on the foot pad; this is judged to
be of minor importance for animal welfare.

CONCLUSIONS AND
APPLICATIONS

1. Inclusion of 20% white-flowered faba beans
in a pelleted diet is possible without interfer-
ing with broilers production performance.

2. When 20% faba bean was included in a mash
feed, adverse effect on feed intake was ob-
served, irrespectively of pre-toasting, and it
can be concluded that toasting cannot re-
place pelleting.
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3. Supplementation of protease and amylase
in addition to xylanase and phytase did not
improve the nutritional value of faba beans.
Studies that investigate the specificity be-
tween enzyme and substrate are needed.
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