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Air-classified faba bean protein fraction as a substitute to soybean meal in pelleted 
and extruded broiler diets
K. Itania, J. Ø. Hansena, B. Kierończykb, A. Benzertihab, A. E. Kurka, R. M. Ånestad a, R. B. Schüllerc, L. T. Mydlanda, 
B. Svihusa and M. Øverlanda

aDepartment of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, Ås, Norway; bDepartment of Animal Nutrition, Poznań 
University of Life Sciences, Poznań, Poland; cFaculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences, Ås, 
Norway

ABSTRACT
1. The hypothesis that air-classified faba bean protein fraction (FBP) can replace soybean meal (SBM) 
in pelleted or extruded broiler diets without adverse effect on performance or nutrient digestibility 
was tested.
2. At 17 d of age, male broilers were randomly distriibuted among four dietary treatments consisting 
of either SBM or FBP (main dietary protein source) and pelleting or extrusion as processing methods. 
Treatments had 10 replicate pens containing five birds each.
3. Compared to SBM, birds fed FBP had significantly lower feed intake, less weight gain and had 
poorer feed conversion.
4. Pellet durability was high (above 92%) for all diets. In pelleted diets, FBP was harder than SBM 
whereas extruded diets had similar hardness. Pelleting increased water stability compared to extru-
sion. FBP diets were more water stable than the SBM diets.
5. Gizzard content weight was 2.2-fold higher (P = 0.002) for birds given FBP compared to those fed 
SBM. The weight of the jejunum and ileum with contents was 1.4-fold lower for the FBP diets, and this 
effect was larger (P < 0.05) for the extruded FBP diet.
6. Birds fed FBP diets had significantly higher nitrogen digestibility in the lower jejunum and ileum 
compared to those given SBM diets, while the starch digestibility coefficient was above 0.980 in all 
treatments.
7. The high nutrient digestibility of FBP diets indicates that the poor performance of the FBP group 
was due to lower feed intake which was not explained by the differences in pellet durability or 
hardness. The reduced palatability of the FBP and the longer retention of the FBP diets in the upper 
gut are more likely to have depressed feed intake.

ARTICLE HISTORY 
Received 22 October 2020  
Accepted 24 May 2021 

KEYWORDS 
Faba beans; air-classification; 
feed processing; protein; 
soybean meal; broilers; feed 
intake

Introduction

Due to the high protein and energy content and adaptability 
to various climatic areas of Europe (Crépon et al. 2010), faba 
beans have recently received more attention for use in poul-
try nutrition (Nalle et al. 2011; O’Neill et al. 2012; Koivunen 
et al. 2016). Yet, its use in broiler diets as a feed ingredient is 
limited due to its lower protein content compared to soybean 
meal (SBM) and to the presence of anti-nutritive factors 
(ANFs) such as tannins (in the hulls), convicine and vicine 
(in the cotyledons). These have been associated with reduced 
protein and amino acids digestibility and poor performance 
(Gatel 1994; Helsper et al. 1996; Alonso et al. 2000; Vilariño 
et al. 2009). Significant progress in plant breeding combined 
with dehulling have proven successful strategies to reduce or 
eliminate some of the ANFs in faba beans, including a large 
portion of the non-starch polysaccharides (Nalle et al. 2010c; 
Vilariño et al. 2009) which are known to have adverse effect 
on nutrient digestibility (Smits and Annison 1996). Other 
hydrothermal processing techniques, like pelleting or extru-
sion, have been reported to enhance the nutritional value of 
faba beans due to heat-induced changes in several nutrient 
components. For instance, heat processing can increase the 
availability of protein and starch, through denaturation and 
gelatinisation, respectively in faba beans, and to deactivate 

some of heat labile ANFs (Ginste and de Schrijver 1998; 
Alonso et al. 2000; Crépon et al. 2010). Despite these issues, 
the use of faba beans is still generally limited, with maximum 
recommended inclusion level of 200 g/kg diet (Farrell et al. 
1999; Nalle et al. 2010a, 2010b; Koivunen et al. 2014).

Air classification is a technique for the dry separation of 
particles of different shapes and densities using a stream of air, 
for example from finely ground dehulled faba beans, into 
a protein concentrate (FBP; light fraction) and a denser star-
chy flour (Vose et al. 1976). Air classification has a low phy-
sical impact on the particles and allows retention of the native 
functionality of both protein and starch (Hansen et al. 2017).

These locally produced fractions have the potential to be 
used as novel ingredients for different classes of animals and, 
at the same time, help reduce the negative environmental 
impact of SBM imports (Taelman et al. 2015). For instance, 
FBP may partially replace conventional protein sources like 
SBM, soy protein concentrate, corn gluten and fish meal, 
without negatively affecting performance or nutrient digest-
ibility when included at 16% of diets given to weaned pigs 
(Gunawardena et al. 2010) or 21% in salmon diets (de Santis 
et al. 2015). However, the latter diet usually contains twice as 
much protein as that of pigs or broilers. According to current 
literature, no studies have assessed the effect of complete 
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replacement of SBM with FBP in broiler diets. Thus, the 
hypothesis that FBP can replace SBM in pelleted or extruded 
broiler diets without adverse effect on performance or nutri-
ent digestibility was tested.

Materials and methods

According to Polish law and EU directive 2010/63/EU, the 
experiment conducted within the study did not require 
approval of the Local Ethical Committee for Experiments 
on Animals in Poznań.

Processing of main ingredients and experimental diets

The FBP was obtained following air classification of pin- 
milled dehulled faba beans (white flowering, low-tannin 
variety) as described by Itani et al. (2020). The SBM was 
ground to pass through a 1 mm sieve in a hammer mill 
(Münch-Edelstahl, Wuppertal, Germany licenced by Bliss, 
USA, 18.5 kW, 3000 RPM) before being mixed with other 
ingredients. The wheat was pin-milled similarly to the faba 
beans, but without further processing. The chemical and 
amino acid composition of the FBP and SBM are shown in 
Tables 1 and Tables 2. Experimental SBM- and FBP-based 
diets were processed at the Centre for Feed Technology, 
Norwegian University of Life Sciences, Aas, Norway.

Diets were formulated to be isonitrogenous and isoener-
getic and to meet or exceed Ross 308 strain average recom-
mendations (Aviagen 2019) for the starter and grower 
periods for major nutrients (Tables 3 and Tables 4). The 
SBM-based diet has been presented elsewhere (Itani et al. 
2020) as part of another experiment.

The particle size of the diets (mash) is presented in 
Figure 1. The diets contained titanium dioxide (TiO2) as 
a digestibility marker. The mash was steam-conditioned in 
a double pass pellet-press conditioner (Münch-Edelstahl, 
Wuppertal, Germany) at 81°C and then pelleted using 
a pellet press (Münch-Edelstahl, Wuppertal, Germany, 
1.2 t/h, 2 × 17 kW, RMP 350) equipped with a 3 mm die 
(42 mm thickness), at a production rate of 400 for the SBM 
diet and 200 kg/h for the FBP diet due to reduced flowability 
of the FBP. Specific energy consumption values (kWh/t) 
were 38 and 72 for the SBM and FBP-based diets, respec-
tively. Post-pelleting temperatures were 89 and 92°C for the 
SBM and FBP-based diet, respectively, and were measured by 
collecting a sample of hot pellets from immediately below the 
pellet press into an insulated box fitted with a thermometer. 
The extruded diet was steam heated at 89°C in an extruder 
pre-conditioner (Bühler BCTC 10, Uzwil, Switzerland) prior 
to processing in a co-rotating twin-screw extruder (Bühler 
BCTG 62/20 D with five sections, 72 kW DC, Uzwil, 
Switzerland) fitted with 12 dies x 3 mm and with a feeder 
rate of 145 kg/h. The temperatures in the five sections of the 
extruder were 92, 112, 95, 90 and 64°C for the SBM diet and 
95, 110, 100, 95 and 67°C for the FBP diet. Specific mechan-
ical energy values (kWh/t) were around 64 for both diets and 
die temperatures were 91 and 92°C for the SBM- and FBP- 
based diets, respectively. Moisture content during extrusion 
was kept at around 290 g/kg by addition of steam and water 
(ambient temperature) in amounts of 60 g/kg and 100 g/kg in 
the conditioner. During pelleting, around 43 g/kg of steam 
were added in the conditioner to achieve an average total 
moisture of 150 g/kg. The physical characteristics of the diets 
are presented in Table 5.

Birds, housing and management

One-day-old male broilers (Ross 308) with mean initial body 
weight of 45.0 g ± 0.55 SD, were allocated to 40 floor pens 
(1 x 1 m) bedded with chopped wheat straw (7–15 cm 
length). They were kept in an environmentally-controlled 
broiler house (PIAST PASZE Sp. z o.o., Experimental Unit 
no. 0616, Olszowa, Poland) that contained 9000 birds of the 
same age and origin as those in the experiment. From 1 to 17 
d of age, all birds were fed a commercial diet based on wheat, 
maize and SBM, with crude protein content and AMEn of 
237 g/kg and 14.3 MJ/kg, respectively, and calculated avail-
able phosphorus and digestible lysine of 5.5 and 13 g/kg DM, 
respectively. Mean body weight and average feed intake at 
d 17 were not different between pens assigned to each treat-
ment (data not shown), with values of 740 g ± 20 g SD and 
860 g ± 20 g SD, respectively. Further details of bird housing 
and management are given elsewhere (Itani et al. 2020). At 
17 d of age, the birds were randomly assigned to one of four 
dietary treatments, giving 10 replicate pens per treatment 
with five birds per pen. Due to the low amount of available 
raw material, the experimental diet would have been insuffi-
cient if more birds were to be used per pen. Treatments 
consisted of SBM- or FBP-based diets in either pelleted or 
extruded form, constituting a 2 × 2 factorial experiment.

Performance and sample collection

The birds and the feed were weighed on a per pen basis on 
d 17 and 29 of age. At d 30, 20 randomly selected birds per 

Table 1. Analysed chemical composition (g/kg) of dehulled faba beans (FB), 
faba bean protein fraction (FBP) and soybean meal (SBM).

Item FB FBP SBM

Dry matter 860 925 873
Crude protein 276 585 454
Starch 309 81 23
Fat 17.5 31 12.4
NDF 48.6 91 127
P 1.25 7.5
Ca 1 3.4

Table 2. Analysed amino acid* composition (g/kg DM).

Protein ingredients1 SBM FBP

Essential amino acids
Arginine 33.4 47.8
Histidine 11.9 13.7
Isoleucine 21.1 19.8
Leucine 34.8 37.5
Lysine 28.2 34.2
Methionine 6.4 3.8
Phenylalanine 24.4 21.7
Threonine 17.8 18.1
Valine 20.8 23.1

Non-essential amino acids
Alanine 18.3 18.5
Aspartic acid 52.6 56.5
Cysteine 6.8 5.9
Glutamic acid 82.9 88.3
Glycine 17.1 18.7
Proline 22.5 22.3
Serine 23.4 23.9
Tyrosine 17.0 13.6

Total amino acid 439.3 467.5
1SBM: soybean meal; FBP: faba bean protein fraction 
*Determined using water-corrected molecular weights
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treatment (two birds/pen) were weighed, killed by cervical 
dislocation and the gizzard removed, freed from surrounding 
fat and then weighed both full and empty. Next, using for-
ceps, the jejunum and ileum were clamped at the end of the 
duodenal loop, at Meckel’s diverticulum and at the ileo- 
caecal junction to prevent the passage of contents along the 
intestine, then weighed. Each of the two segments was then 
divided into two parts of equal length (upper and lower 

jejunum/ ileum) and the contents of each segment were 
expressed by gentle manipulation into a pre-weighed plastic 
container and stored at −20°C until analysis. As described 
below, samples for enzyme activity and RNA analysis were 
taken from one bird and the rest of the digesta from both 
birds were collected and pooled for digestibility analysis. 
Around 200 mg of representative samples of digesta from 
the lower jejunum were transferred into a 2 ml tube (Sarstedt 
AG & Co. KG, Nümbrecht, Germany), frozen on dry ice, and 
then stored at −80°C until enzyme activity analysis. A cross- 
section (2 cm in length) was taken from the midpoint of the 
lower jejunum, rinsed with ice-cold phosphate-buffered sal-
ine (PBS) and cut into three sections of less than 4 mm in 
thickness. These sections were transferred to 
a corresponding 2 ml Sarstedt tube containing 1.6 ml 
RNAlater solution (Merck, Germany) and kept at 4°C for 
48 hours. The tubes were then stored at −80°C until RNA 
extraction. The rest of the intestinal contents were freeze- 
dried, weighed and pooled for the analysis of nutrient con-
tents and TiO2.

RNA extraction, cDNA synthesis, real-time qPCR, primers 
and gene expression calculation

The RNA extraction, cDNA synthesis and qPCR were carried 
out as described by Itani et al. (2020). The primers used in 
the current experiment were sourced from several studies 
and are shown with the selected genes in Table 6. The change 
in gene expression was calculated using the relative quanti-

Table 3. Experimental diet composition, analysed and calculated nutrient content.

Ingredients, g/kg (as fed) SBM-based FBP-based

Wheat 582 589
Faba bean protein (FBP) – 197.6
Soybean meal (SBM)1 274 –
Cellulose powder 2 – 58
Rapeseed oil 75 76
Limestone 14.8 16.3
Monocalcium phosphate 16.8 19.0
L-Lysine HCl 8.0 10.4
DL-Methionine 6.1 7.5
L-Threonine 4.0 7.6
Sodium chloride 4.7 4.0
Titanium dioxide 5 5
Choline chloride 1.97 1.97
Mineral & Vitamin premix 3 6.13 6.13
Enzyme (Rovabio) 4 1.5 1.5

Analysis Pelleted – Extruded Pelleted – Extruded
Dry matter (g/kg) 904–934 916–963
Gross energy (MJ/kg DM) 19.76 19.81
Starch (g/kg DM) 370 374
Crude Protein (g/kg DM) 239 230
Ether extract (g/kg DM) 90 100
NDF (g/kg DM) 110 120

Calculated nutrient content5

Metabolisable energy (MJ/kg) 12.71 12.74
Calcium (g/kg) 9.7 9.9
Available Phosphorous (g/kg) 5.0 5.1

1Ground to pass through a 1-mm screen 
2SANACEL® 150, CFF GmbH & Co. KG, Gehren. Germany. 
3Mineral and vitamin premix provided the following per kg diet: Fe, 50 mg; Mn, 122 mg; Zn, 80 mg; Cu, 14 mg; I, 0 · 72 mg; 

Se, 0 · 28 mg, retinyl acetate, 5.72 mg; cholecalciferol, 0.15 mg; dl-α-tocopherol acetate, 78 mg; menadione, 8 mg; 
thiamine, 5 mg; riboflavin, 24 mg; niacin, 32 mg; calcium pantothenate, 24 mg; pyridoxine, 13 mg; cobalamin, 0.03 mg; 
biotin, 0.5 mg; folic acid, 4 mg. 

4Enzyme Rovabio Excel Ap T-Flex, Adisseo, France provided the following per kg diet: Endo-1,4-β-xylanase: 33 000 visco 
units; Endo-1,3(4)-β-glucanase: 45 000 visco units; Endo-1,4-β-glucanase (cellulase) >9600 DNS units + 16 other enzyme 
activities obtained from a fermentation broth of Penicillium funiculosum. 

5ME was calculated using the European Community equation and available Phosphorous was calculated by subtracting 
phytate phosphorus in wheat, soybean meal and faba bean white flower from total phosphorus values (SAUVANT et al. 
2004).

Table 4. Analysed amino acid*composition (g/kg DM) of the diets.

Diets SBM-based FBP-based

Essential amino acids
Arginine 12.5 12.8
Histidine 4.6 4.2
Isoleucine 7.6 6.4
Leucine 13.7 13.0
Lysine 16.3 17.6
Methionine 7.8 7.8
Phenylalanine 9.2 7.8
Threonine 9.6 11.1
Valine 8.4 7.4

Non-essential amino acids
Alanine 6.4 5.6
Aspartic acid 18.3 16.3
Cysteine 2.6 2.2
Glutamic acid 41.4 40.3
Glycine 6.7 6.2
Proline 12.3 11.3
Serine 8.8 7.8
Tyrosine 4.6 4.0

Total amino acid 190.4 181.3

*Determined using water-corrected molecular weights using water-corrected 
molecular weights.
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fication (2−ΔΔC
T) method (Livak and Schmittgen 2001). 

Cycle threshold (CT) values from each group were normal-
ised against HMBS (hydroxymethylbilane synthase) as an 
optimised housekeeping gene (normally distributed and low-
est coefficient of variation), and the average ΔCT of the 
control group (SBM-pelleted) served as the calibrator for 
each target gene in the treatment groups.

Chemical and physical analyses

Representative feed samples were ground in a cutting mill 
(Pulverisette 19, Fritsch Industriestr. 8, 55743 Idar- 
Oberstein, Germany) through a 0.5 mm sieve. Gross energy 

(GE) was determined using an adiabatic bomb calorimeter 
(Parr 6400, Moline, USA) standardised with benzoic acid. 
Dry matter (DM) and ash content of the feed were deter-
mined after drying overnight at 105°C and after 6 h ashing at 
550°C, respectively. Nitrogen content was determined by the 
Dumas method using a Vario El Cube (Elementar 
Analysensysteme GmbH, Hanau, Germany). Amino acids 
concentration in the protein ingredients and diets were 
determined using a Biochrom 30 amino acid analyser 
(Biochrom Ltd., Cambridge, UK). Ether extract was deter-
mined after extraction with 80% petroleum ether and 20% 
acetone in an accelerated solvent extractor from Dionex 
(ASE200; Sunnyvale, CA, USA). Fibre content was 

Table 6. Sequences of primers used for quantitative real-time PCR.

Gene F/R Primer sequence (5ʹ to 3ʹ) Product size
Gene 

ID Reference

HMBS F: 
R:

GGCTGGGAGAATCGCATAGG 
TCCTGCAGGGCAGATACCAT

131 XM_004947916.3 Teng et al. (2020)

LAT1 
(SLC7A5)

F: 
R:

GATTGCAACGGGTGATGTGA 
CCCCACACCCACTTTTGTTT

70 NM_001030579.2 Kaminski and Wong (2018)

PePT1 
(SLC15A1)

F: 
R:

CCCCTGAGGAGGATCACTGTT 
CAAAAGAGCAGCAGCAACGA

65 NM_204365.1 Su et al. (2014)

ASCT1 
(SLC1A4)

F: 
R:

TTGGCCGGGAAGGAGAAG 
AGACCATAGTTGCCTCATTGAATG

63 XM_001232899.5 Paris and Wong (2013)

HMBS: hydroxymethylbilane synthase; LAT1 (SLC7A5): L type amino acid transporter-1; PePT1 (SLC15A1): Peptide transporter-1; ASCT1 (SLC1A4): Alanine, serine, 
cysteine, and threonine transporter.

Figure 1. Particle size distribution of the diets.

Table 5. Physical quality of the experimental diets.

Protein source Processing PDI1 (%) Hardness2 (kg) Water stability3 (%)

SBM Pelleting 94.3b 8.3b 82.3
FBP Pelleting 93.6c 10.0a 89.0
SBM Extrusion 92.7d 6.2c 45.7
FBP Extrusion 95.5a 6.0c 59.0

√MSE* 0.11 1.18 4.02
Protein source

SBM 93.5 7.3 64.0b

FBP 94.6 8.0 74.0a

Processing
Pelleting 94.0 9.2 85.7a

Extrusion 94.1 6.1 52.4b

P-value
Protein source <0.001 0.013 0.003
Processing 0.171 <0.001 <0.001

<0.001 <0.001 0.170
1Pellet durability index. Values are means of three replicates of 100 g whole pellets. 
2Hardness values are means of 20 pellets/diet. 
3Values are means of three replicates of 10 g whole pellets. 
a, b, c, dMeans within a column not sharing a common superscript differ at P < 0.05.
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determined using a fibre analyser system (Ankom200; 
ANKOM Technologies, Fairport, NY, USA) with filter bags 
(Ankom F58; ANKOM Technologies, Fairport, NY, USA). 
Starch content was analysed enzymatically with use of ther-
mostable α-amylase and amylo-glucosidase (Mccleary et al. 
1994) and TiO2 content was determined as described by 
Short et al. (1996). Phosphorus was analysed spectrophoto-
metrically according to the method described in European 
Commission Regulation (EC) No 152/2009 and ISO 6491, 
and calcium was measured using atomic emission spectro-
scopy (MP-AES 4200, Agilent Technologies, USA) following 
microwave digestion. Freeze-dried jejunal and ileal contents 
were pulverised using a mortar and pestle and analysed in 
duplicates for nitrogen and TiO2 as described above. Digesta 
samples from the lower jejunum were prepared as described 
by Pérez de Nanclares et al. (2017) for the analysis of protein 
concentration (Bradford 1976) and trypsin activity. Trypsin 
activity in the jejunal chyme was assayed colorimetrically 
using trypsin commercial assay kits (Abcam, Cambridge, 
UK) according to manufacturer’s instructions, and expressed 
as U/mg protein. The particle size distribution of the diets 
(mash) was determined by the laser diffraction method using 
a Malvern Mastersizer 2000 (Malvern Instruments Ltd., 
Worcestershire, UK) as described by Hetland et al. (2002). 
Pellet durability (PDI) was measured using a Holmen pellet 
tester (Holmen Chemical Ltd., Borregaard Group, Norfolk, 
UK), as described by Zimonja and Svihus (2009). Pellet water 
stability was analysed as described by Baeverfjord et al. 
(2006) but with minor modifications, whereby the samples 
were incubated for 30 min at 40°C in a shaking water bath at 
30 rpm. Pellet hardness was determined using a Kahl device 
(AMANDUS KAHL GmbH and Co. KG, Reinbek, Germany) 
with 20 pellets of equal length per treatment (Thomas and 
van der Poel 1996). Digesta viscosity was measured after 
centrifugation of upper ileal digesta samples at 6000 × g for 
15 min at 10°C. Around 0.25 ml of supernatant was added to 
a MCR301 rheometer (Paar Physica) with a PP25 measuring 
cell. The shear rate of 150 1/s and temperature of 40°C were 
used. Due to the small amount of available supernatant and 
to minimise evaporation, an evaporation blocker was used in 
addition to few drops of water around the measuring plate. 
Readings were recorded every 6 s, and the average of 10 
readings/sample was taken.

Calculations

The apparent digestibility coefficients of nutrients were cal-
culated using the following formula: Apparent digestibility 
coefficient = Nut

Tið Þdiet� Nut
Tið Þdigesta

Nut
Ti

� �
d iet

Where Nut
Ti

� �
was the ratio of the nutrient to TiO2 in the 

diet or in the digesta.

Statistical analysis

Statistical analyses were performed using the general linear 
models in R using the Rcmdr package version 2.3.2. All data 
sets were tested for normality using the Shapiro–Wilk test. 
A two-way analysis of variance (ANOVA) was performed to 
determine the main effects and interactions of protein 
sources and processing methods (as independent variables) 
on growth parameters, feed physical quality, digestive char-
acteristics, nutrient digestibility, gene expression and enzyme 

activities. Means were separated using the Tukey post-hoc 
test and the differences between means were considered 
significant at P < 0.05 and tendencies if P values were 
between 0.05 and 0.10. Pen was used as the experimental 
unit for all data.

Results

Growth performance

Compared to SBM diets, birds fed FBP diets consumed 23% 
less feed (P < 0.001), gained significantly less weight and had 
poorer feed conversion ratio (FCR) (P < 0.001) (Table 7).

Physical characteristics of the diets
Particle size analysis showed that the FBP diet was finer than 
the SBM diet, with almost 60% of the particles being smaller 
than 60 microns. In pelleted diets, FBP had a lower durability 
than the SBM, however the opposite was true for extruded 
diets, resulting in a significant interaction (P < 0.001) 
between protein source and processing method (Table 5). 
Compared to SBM, FBP increased pellet hardness only in 
pelleted diets, resulting in a significant interaction 
(P < 0.001) between protein source and processing method. 
The FBP diets were more (P = 0.003) water stable than the 
SBM diets, and pelleting resulted in more (P < 0.001) water- 
stable pellets compared to extrusion.

Gizzard and small intestine characteristics

As shown in Table 8, birds fed FBP diets had significantly 
lower body weight than those fed the SBM diets. Gizzard 
content weight was 2.2-fold higher for birds given FBP or 
extruded diets (P < 0.01 and P < 0.05, respectively). Feeding 
extruded diets increased the relative empty weight of the 
gizzard, particularly in birds given FBP, resulting in 
a significant interaction between protein source and proces-
sing method. Feeding FBP reduced the weight of the jejunum 
and ileum with contents by 1.4-fold, and this effect was larger 
for extruded diets, resulting in an interaction (P < 0.05) 
between protein source and processing method.

Table 7. The effect of dietary protein source1 and processing method on the 
growth performance2 of male broilers from 17 to 29 d.

Protein source Processing FI3 BWG3 FCR3

SBM Pelleting 1919 1510 1.271
FBP Pelleting 1439 997 1.443
SBM Extrusion 1940 1562 1.242
FBP Extrusion 1547 1032 1.499

√MSE* 73.11 114.77 0.11
Protein source

SBM 1930a 1536a 1.257b

FBP 1493b 1015b 1.471a

Processing
Pelleting 1679b 1254 1.339
Extrusion 1744a 1297 1.345

P-value
Protein source <0.001 <0.001 <0.001
Processing 0.008 0.245 0.547
Protein source x Processing 0.074 0.819 0.179

1SBM: soybean meal; FBP: faba bean protein fraction 
2Values are means of 10 replicate pens of 5 birds each 
3Feed intake; Body weight gain; Feed conversion ratio = BWG/FI a, bMeans 

within a column not sharing a common superscript differ at P < 0.05. 
* √MSE: square root of means square error in the analysis of variance.
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Apparent intestinal nutrient digestibility, trypsin activity 
and digesta viscosity

Compared to SBM, FBP had higher (P < 0.001) nitrogen 
digestibility in the lower jejunum and in the ileum (Table 
9). Processing methods did not affect (P > 0.05) ileal nitrogen 
digestibility. Ileal starch digestibility was high (above 0.980) 
for all diets (data not shown). There was a tendency for 
higher (P = 0.061) trypsin activity in the jejunal digesta of 
birds given extruded diets compared to those fed pelleted 
diets. No difference (P > 0.05) in digesta viscosity was 
detected between the treatments.

Gene expression in the lower jejunum

There was a significant interaction between protein source 
and processing method on the expression of alanine, serine, 
cysteine and threonine transporter (ASCT1) (Table 10). 

Thus, feeding SBM resulted in an increase in the expression 
of ASCT1, but only in pelleted diet. No interaction effects 
were observed for L type amino acid transporter-1 (LAT1) or 
peptide transporter-1 (PEPT1) expression. However, feeding 
SBM significantly upregulated these two transporters by 1.7- 
and 1.9-fold, respectively compared to FBP.

Discussion

The significantly lower feed intake in birds fed FBP diets was 
accompanied by a marked reduction in BWG and poorer 
FCR. The lack of mortality during the experimental period 
and the high nutrient digestibility of the FBP indicated that 
the poor growth rate in the FBP group was not related to 
a health problem or to a low nutritive value of the FBP per se, 
but rather to the lower feed intake compared to the SBM 
group. Studies have shown that pellet durability and 

Table 8. The effect of dietary protein source1 and processing method on body weight (g), gizzard characteristics and weight (g) of jejunum and 
ileum with content of 30-d-old male broilers2.

Gizzard Jej+ile

Protein source Processing Body 
w.

Full 
w.

Content 
w.

Relative w.3 Full 
w.

SBM Pelleting 2331 19.0 1.7 7.4c 95.8a

FBP Pelleting 1956 21.7 4.5 8.8b 75.0b

SBM Extrusion 2376 20.9 3.6 7.3c 101.8a

FBP Extrusion 1965 26.8 7.5 9.9a 62.6c

√MSE* 148.7 4.3 3.2 0.8 11.7
Protein source

SBM 2354a 20.0b 2.7b 7.4 98.8
FBP 1961b 24.3a 6.0a 9.4 68.8

Processing
Pelleting 2144 20.4b 3.1b 8.1 85.4
Extrusion 2171 23.9a 5.6a 8.6 82.2

P-value
Protein source <0.001 0.003 0.002 <0.001 <0.001
Processing 0.573 0.015 0.018 0.104 0.392
Protein source x Processing 0.712 0.265 0.582 0.030 0.017

1SBM: soybean meal; FBP: faba bean protein fraction 
2Values are means of 10 replicate pens (values are the average of two birds per pen) 
3Relative empty weight: expressed as g/kg body weight. 
a, b, cMeans within a column not sharing a common superscript differ at P < 0.05. 
*√MSE: square root of means square error in the analysis of variance.

Table 9. The effect of dietary protein source1 and processing method on nitrogen digestion along the intestinal tract, jejunal trypsin activity (U/ 
mg protein) and ileal digesta viscosity (cp) of 30-d-old male broilers2.

Jejunum Ileum

Protein source Processing Upper Lower Upper Lower Trypsin3 Viscosity3

SBM Pelleting 0.370 0.582 0.711 0.813 0.90 1.38
FBP Pelleting 0.447 0.708 0.825 0.875 1.01 1.67
SBM Extrusion 0.255 0.538 0.737 0.823 1.28 1.94
FBP Extrusion 0.265 0.688 0.824 0.902 1.28 1.86

√MSE* 0.113 0.061 0.040 0.031 0.49 0.92
Protein source

SBM 0.313 0.560b 0.724b 0.818b 1.01 1.66
FBP 0.356 0.698a 0.825a 0.889a 1.14 1.75

Processing
Pelleting 0.409a 0.645 0.768 0.844 0.96 1.52
Extrusion 0.260b 0.613 0.781 0.863 1.28 1.90
P-value
Protein source 0.291 <0.001 <0.001 <0.001 0.341 0.742
Processing <0.001 0.107 0.346 0.074 0.061 0.260
Protein source x Processing 0.400 0.565 0.307 0.406 0.320 0.582

1SBM: soybean meal; FBP: faba bean protein fraction. 
2Values are means of 10 replicate pens with pooled samples from two birds/pen. 
3Values are means of 10 replicate pens with samples from one bird per pen.  
a, bMeans within a column not sharing a common superscript differ at P < 0.05. 
* √MSE: square root of means square error in the analysis of variance
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hardness (Abdollahi et al. 2018), dietary ANFs (Mawson 
et al. 1993) and feed passage (Dänicke et al. 1997; Rochell 
et al. 2012) are some of the major diet-related factors affect-
ing feed intake in broilers.

In the current experiment, pellet durability was high for 
all diets, with values ranging from 92 to 95%. Therefore, the 
lower feed intake in the FBP group was not related to a poor 
pellet durability, as reported by others (Lilly et al. 2011). 
Singh et al. (2014) detected a linear reduction in feed intake 
with increasing pellet hardness. In this experiment, extruded 
diets had similar hardness, yet feed intake was still lower for 
the FBP diet. Thus, the effect of pellet hardness was not 
consistent and did not explain the lower feed intake.

As mentioned earlier, the highest inclusion rate of faba beans 
in broiler diets is generally 200 g/kg. Higher inclusion levels 
caused a reduction in feed intake and BWG (Koivunen et al. 
2014). The amount of FBP used was equivalent to more than 
double the recommended level of faba beans, thus, the magni-
tude of the depression in feed intake appeared logical. Reasons 
for this may have been related in part to some ANFs which are 
known to affect feed intake (Iyayi et al. 2006) and to concentrate 
in the FBP fraction (Pitz et al. 1980). The concentrated ANFs can 
result in a significant decline in in-vitro protein digestibility in 
the FBP fraction (Coda et al. 2015). If this was the case, then the 
negative effects of the ANFs would have been more apparent in 
the pelleted compared to extruded diets. For instance, if some 
heat-labile ANFs were not eliminated after pelleting, the more 
intense conditions during extrusion would have been sufficient 
to deactivate them (Alonso et al. 2000; Hejdysz et al. 2016). 
Although no ANFs were analysed in the current study, feed 
processing did not affect the apparent nitrogen digestibility 
(ANiD) of either diet. The FBP diets had higher ANiD com-
pared to SBM, although the trypsin activity was not different 
between protein sources. This suggested that some undeter-
mined thermostable compound(s) in the FBP fraction may 
have decreased diet palatability and, thus, feed intake, without 
reducing nutrient digestibility or affecting enzyme activities.

Berhow et al. (2020) reported that the average total sapo-
nin content of 2240 samples of ground whole soybean was 
6.5 mg/g, whereas it was found to be higher in white flower-
ing faba beans cultivars, averaging 18.7 mg/g (Revilla 2015). 

Saponin, another heat-stable ANF, is located mainly in the 
protein bodies of the cotyledon (Frikha et al. 2013) and, 
compared to pulse flour, its concentration can be four-fold 
higher in the protein-rich fraction (Price et al. 1985). The 
saponin content in faba beans decreased by just 40% follow-
ing soaking, dehulling and autoclaving for 15 minutes (SHI 
Et al. 2004). In typical commercial feed production, the 
retention time of feed, when subjected to heat and frictional 
energy, does not exceed two minutes (Gilpin et al. 2002). 
Thus, it can be hypothesised that saponin was not eliminated 
in such ‘milder’ processing conditions. Saponin has a very 
bitter, astringent and metallic taste (Price et al. 1985), hence 
why, high dietary levels depressed feed intake in rats (Cheeke 
et al. 1978), fish (Chen et al. 2011), pigs (Thacker and Haq 
2008) and chickens (Jenkins and Atwal 1994; Atuahene et al. 
1998). Despite this, dietary saponin did not lower the digest-
ibility of amino acids or protein in broilers (Frikha et al. 
2013) which was in agreement with the current ANiD results. 
Ivarsson and Wall (2017) reported a 27% reduction in feed 
intake at an inclusion level of 300 compared to 200 g/kg 
white-flowered faba beans in a wheat-SBM-based pelleted 
broiler diets. It appears that the maximum tolerable concen-
tration of saponin is roughly 4 g/kg diet which is equivalent 
to that found in 200 g/kg faba beans or 50 g/kg FBP, assum-
ing a saponin concentration of 16 g/kg in this fraction.

It was observed that birds fed FBP diets retained consid-
erably more digesta in the gizzard and had lower contents in 
the jejunum and ileum combined, compared to those given 
SBM. Although crop weights were not recorded, it appears 
that the passage rate of FBP diets was slower than SBM, 
which in turn, limited feed intake (Shires et al. 1987). AAS 
et al. (2011) showed that high pellet water stability reduced 
feed intake by slowing down gastric evacuation in rainbow 
trout. Interestingly, FBP diets exhibited higher water stability 
than the SBM diets, with values being higher in the pelleted 
diets. In fact, Fernández-Quintela et al. (1997) found that 
a faba bean protein isolate had higher water and oil absorp-
tion capacities and better gelling properties, compared to 
a soy protein isolate. In addition, the larger surface area of 
the FBP may have increased this water absorption capacity 
(Hasjim et al. 2013) and, potentially, the water stability of the 

Table 10. The effect of dietary protein source1 and processing method on the gene expression of nutrient transporters2 in the lower jejunum of 
30-d-old male broilers3.

Starch source Processing ASCT14 LAT14 PEPT14

SBM Pelleting 1.000a 1.000 1.000
vFBP Pelleting 0.359b 0.423 0.447

SBM Extrusion 0.532b 1.184 0.794
FBP Extrusion 0.483b 0.813 0.507

√MSE* 0.245 0.377 0.367
Protein source 0.766

SBM 0.430 1.092a 0.897a

FBP 0.646b 0.482b

Processing 0.725
Pelleting 0.507 0.753 0.763
Extrusion 0.998 0.650

P-value 0.001
Protein source 0.039 0.002 0.005
Processing 0.003 0.055 0.541
Protein source x Processing 0.465 0.333

1SBM: soybean meal; FBP: faba bean protein fraction 
2Data are expressed as a ratio of the control group (SBM-Pelleting) value set to 1.000. 
3Values are means of eight replicate pens (samples from one bird per pen). 
4ASCT1: Alanine, serine, cysteine and threonine transporter; LAT1: L-type amino acid transporter-1; PepT1: Peptide transporter-1  
a, bMeans within a column not sharing a common superscript differ at P < 0.05. 
*√MSE: square root of means square error in the analysis of variance.
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FBP diets (Obaldo et al. 1999). Although extrusion resulted 
in lower water stability than pelleting, the consumption of 
the extruded FBP diet was still significantly lower. This 
indicated that other factors were responsible for the reduced 
feed passage, despite the relatively lower water stability of the 
extruded FBP diet. Matsuda et al. (1999b) found that dietary 
saponin isolated from medicinal herbs inhibited gastric emp-
tying in mice, resulting in significant increases in the weight 
of the stomach. In his review, Cheeke (1971) reported that 
the intra-ruminal or intra-venous administration of alfalfa 
saponin resulted in a pronounced reduction in rumen moti-
lity in sheep. Abu Hafsa et al. (2015) observed a 19% reduc-
tion in feed intake in broilers given diets containing on 
average 8.3 g/kg saponin, after partial replacement of SBM 
with guar korma meal, and attributed the low feed intake to 
the inhibitory effect of saponin on gastric emptying. In 
agreement with the above, Ueda et al. (1996) reported that 
10 g/kg alfalfa saponin in chicks diet delayed feed passage 
time by 50% (measured by chromic oxide excretion), and 
noted that the crops of saponin-fed birds contained more 
ingesta. The mechanism by which saponin inhibits gastric 
emptying is not clear, although it may be related to the ability 
of saponin to stimulate the release of secretin and cholecys-
tokinin, which are known to inhibit gastric emptying 
(Matsuda et al. 1999a).

Jejunal digesta viscosity values were low and in line with 
other studies (Gao et al. 2008), and were not affected by either 
protein source or processing method. The reasons for this may 
have been related to the inclusion of NSP-degrading enzymes 
and/or to the content of soluble NSP that was not high enough 
to affect digesta viscosity or feed intake.

The FBP diets had a higher ANiD compared to SBM possibly 
due to the finer particle size of the FBP fraction. Corroborating 
this, broilers fed finely milled pea seeds exhibited higher ANiD 
compared to those fed coarsely ground peas (Crévieu et al. 
1997). In addition, micronisation of faba beans was found to 
improve nitrogen retention compared to coarser grinding 
(Mcnab and Wilson 1974). However, Valencia et al. (2009) 
and Pacheco et al. (2013) did not detect any improvement in 
protein digestibility by decreasing SBM particle size. Moreover, 
intestinal nutrient digestibility may be affected by the amount of 
substrate flowing into the small intestine, which is dependent on 
feed intake (Péron et al. 2005; Svihus et al. 2010). Accordingly, 
a significant increase in ileal ANiD coincided with a lower feed 
intake in broilers as a result of feeding a mash compared to 
pelleted diets (Abdollahi et al. 2011, 2013; Naderinejad et al. 
2016).

The higher expression of nutrient transporters in the SBM 
group was counterintuitive, because FBP had higher ANiD 
and an upregulation of nutrient transporters would be 
expected with higher amount of available substrates 
(Cowieson et al. 2019). However, the higher volume of 
digesta in the small intestine of birds fed SBM may have 
provided more luminal stimulation, thereby causing this 
upregulation of nutrient transporters (Chen et al. 2005; 
Mott et al. 2008; Gilbert et al. 2010).

In conclusion, substituting SBM for FBP in pelleted or 
extruded broiler diets resulted in reduced feed consumption, 
lower weight gain and poorer FCR. The high nutrient digest-
ibility of FBP diets indicated that the slower growth rate was due 
to the lower feed intake in the FBP group. Differences in pellet 
durability or hardness did not explain the lower feed intake, 
however, reduced palatability of the FBP and the longer 

retention of the FBP diets in the upper gut were likely to have 
caused such effect.
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