
Translational Animal Science, 2022, 6, 1–11
https://doi.org/10.1093/tas/txac049
Advance access publication 18 April 2022
Feeds

Received December 31, 2021; Accepted April 13, 2022.

Effect of feeding mid- or zero-tannin faba bean cultivars 
differing in vicine and covicine content on diet nutrient 
digestibility and growth performance of weaned pigs
Protus W. Nyende, Li Fang Wang, Ruurd T. Zijlstra and Eduardo Beltranena1

Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, Alberta T6G 2P5, Canada
1Corresponding author: eduardo.beltranena@ualberta.ca

ABSTRACT 
To prioritize what cultivars to grow to feed pigs, five faba bean cultivars including three zero-tannin, high vicine and covicine cultivars (Snowbird, 
Snowdrop, Tabasco), and two medium-tannin, lower vicine and covicine cultivars (Fabelle and Malik) were fed to compare effects on diet nutrient 
digestibility and growth performance of weaned pigs. A total of 260 pigs (8 ± 1.2 kg), weaned at 20 ± 1 d of age housed 2 barrows and 2 gilts/pen 
were fed 1 of 5 dietary regimens starting 1-week post-weaning for 4 weeks in a randomized complete block design. Diets including each cultivar 
at 20% or 30% provided 10.2 and 10.1 MJ net energy (NE)/kg and 1.3 and 1.2 g standardized ileal digestible (SID) lysine (Lys)/MJ NE in phases 
1 and 2, respectively. Digestibility data were analyzed using PROC GLIMMIX and growth performance data were analyzed using PROC MIXED 
with pen as experimental unit. Fabelle contained the most condensed tannins (CT; 0.53%) but the least vicine (0.04%) and covicine (0.01%). 
Zero-tannin cultivars contained little CT (<0.2%) but had the greatest vicine (0.5%) and covicine content (0.4%). For phase 1, diet apparent total 
tract digestibility (ATTD) of dry mater (DM), gross energy (GE), crude protein (CP), digestible energy (DE), and NE values did not differ among 
cultivars. For phase 2, diet ATTD of DM and GE were greatest (P < 0.05) for Snowdrop and Tabasco, intermediate for Fabelle, and lowest for 
Malik; Snowbird was not different from Fabelle or Malik. Diet ATTD of CP was greatest (P < 0.05) for Tabasco, intermediate for Snowbird, and 
lowest for Malik; Snowdrop was not different from Tabasco or Snowbird, and Fabelle was not different from Snowbird or Malik. Diet DE and 
NE values were greatest (P < 0.05) for Tabasco, intermediate for Fabelle and Snowdrop, and lowest for Snowbird; Malik was not different from 
Fabelle or Snowbird. For the entire trial (d 0–28), daily feed disappearance and weight gain for pigs fed Fabelle were 10% greater (P < 0.05) than 
those fed Malik; pigs fed zero-tannin cultivar diets were intermediate. Pigs fed Fabelle were 1.6 kg heavier (P < 0.05) than those fed Malik at the 
end of the trial; pigs fed zero-tannin cultivar diets were intermediate. In conclusion, growth performance of pigs fed faba bean cultivar diets was 
more related to feed disappearance than diet nutrient digestibility. Vicine and covicine instead of condensed tannin content of faba bean cultivars 
seemed more relevant to growth performance in weaned pigs.
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INTRODUCTION
Worldwide corn grain and soybean meal are the most common 
feedstuffs supplying starch and supplemental protein, respec-
tively, in swine diets. However, in northern latitudes where 
heat units limit corn and soybean production, locally grown 
alternative ingredients like pulses can provide both starch 
and protein and present an opportunity to reduce feed cost 
(Woyengo et al., 2014). Faba bean (Vicia faba L.) contains 
30%–42% starch (dry matter basis; Cerning et al., 1975) and 
25%–37% crude protein (Duc et al., 1999). In contrast to 
field pea, lentil, and chickpea, faba bean fixes the most atmos-
pheric nitrogen beyond blooming until the plant dries (López-
Bellido et al., 2006); thus, it is an excellent rotational pulse 
crop to grow alternating with cereals and oilseeds.

White-flowered or zero-tannin faba bean cultivars contain 
less condensed tannin at 0.06%–0.75% than color-flowered 
cultivars containing 0.40%–2.15% (Cabrera and Martin, 
1989). Condensed tannins form insoluble complexes with 
proline-rich proteins such as collagen, gelatin, salivary proteins, 
casein, and digestive enzymes that reduce diet nutrient digest-
ibility (Hagerman and Butler, 1980). The astringent sensation 

of this complexation causing drying and puckering suppressed 
palatability (Butler et al., 1984). Other relevant antinutritional 
factors in faba bean are vicine and convicine that cause hemo-
lytic anemia in humans (favism) with an erythrocyte genetic 
deficiency of glucose-6-phosphate dehydrogenase (Arese et 
al., 2012). Their aglycones, divicine and isouramil, react with 
blood oxygen forming reactive oxygen species that increase 
lipid peroxidation. Decreased liver function may result in in-
sufficient bile acid production for micelle formation affecting 
lipid digestion thus reducing energy digestibility (Cho et al., 
2019). Both white- and color-flowered faba bean cultivars can 
be included at up to 40% in diets fed to weaned and growing 
pigs without reducing growth performance (Beltranena et 
al., 2009; Ivarsson and Neil, 2018). Feeding low vicine and 
covicine and mid-tannin faba bean cultivars did not reduce nu-
trient digestibility or growth performance in broiler chickens 
(Cho et al., 2019). However, variation in content of nutrients, 
condensed tannins, vicine and convicine in faba bean cultivars 
and their effect on diet nutrient digestibility and growth per-
formance of weaned pigs needs to be clarified to prioritize 
what cultivar to grow to feed pigs.
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The null hypothesis of the present study was that feeding 
diets including faba bean cultivars differing in nutrients, con-
densed tannins, and vicine and covicine content would not af-
fect nutrient digestibility and growth performance of weaned 
pigs. The objectives were to compare the apparent total tract 
digestibility of dry matter, gross energy, crude protein, digest-
ible energy and net energy values, growth performance, and 
feces consistency of weaned pigs fed diets including five faba 
bean cultivars differing in nutrient, condensed tannins, and 
vicine and covicine content.

MATERIALS AND METHODS
Animal use and experimental procedure were reviewed by 
the University of Alberta Animal Care and Use Committee 
for Livestock and followed principles established by the 
Canadian Council on Animal Care (CCAC, 2009). The study 
was conducted in nursery rooms located at the Swine Research 
and Technology Centre, University of Alberta (Edmonton, 
Alberta, Canada).

In total, 260 pigs (Duroc × Large White/Landrace F1; 
Alliance Genetics Canada, Sand Ridge Farm Ltd., Barrhead, 
Alberta, Canada) weaned at 20  ±  1 day [d] of age, were 
selected based on post-weaning average daily weight gain 
(ADG) to day 5 after weaning. Pigs within sex were divided 
into heavy or light body weight (BW). One light- and one 
heavy-gilt and one light- and one heavy-barrow were ran-
domly allocated to each pen within area block. Pigs were 
fed a common creep diet until 2 days after weaning and then 
a commercial starter diet for 5 days. Pigs were then fed the 
phase 1 diets for 2 weeks (d 0–14) and subsequently the phase 
2 diets for 2 more weeks (d 14–28).

The three zero-tannin faba bean cultivars Snowbird, 
Snowdrop, and Tabasco were sourced from Galloway Seeds 
(Fort Saskatchewan, Alberta, Canada), Shewchuk Seeds 
(Blaine Lake, Saskatchewan, Canada), and Riddell Seed 
Company (Warren, Manitoba, Canada), respectively. The two 
mid-tannin faba bean cultivars Fabelle and Malik were both 
sourced from Stamp Seeds (Enchant, Alberta, Canada). Faba 
bean cultivars were ground through a 2.8-mm screen using 
a hammermill (model Jacobson 5550-113-01, Carter Day 
International, Minneapolis, MN).

Diets and Experimental Design
Five experimental diets were formulated including 20% of 
1 of the 5 faba bean cultivars in phase 1 (Table 1) and 30% 
in phase 2 (Table 2). Diets provided 10.2 and 10.1 MJ net 
energy (NE)/kg and 1.3 and 1.2 g standardized ileal digest-
ible (SID) lysine (Lys) per MJ NE for phase 1 and phase 2 
diets, respectively. Canola oil and l-lysine HCl were added 
to equalize NE value and SID Lys content, respectively. Other 
amino acids (AA) were formulated as an ideal ratio to Lys 
(NRC, 2012). The NE value for each faba bean cultivar was 
calculated using equation 5 of Noblet et al. (1994) including 
analyzed starch, crude fat, crude protein (CP), and acid deter-
gent fiber (ADF) content for the same cultivars from a recent 
study (Cho et al., 2019). Tabulated NRC (2012) data were 
used to calculate the SID AA content for faba bean cultivars 
and main ingredients. Celite was included in diets as indigest-
ible marker. Phase 1 diets were mixed in a 300-kg horizontal 
paddle mixer (model SPC2748, Marion Mixers Inc., Marion, 
IA) and cold-pelleted (model PM1230, Buskirk Engineering, 
Ossian, IN). Phase 2 diets were mixed in a 1000-kg vertical 

mixer (model MFP-2100, Weigh-Tronix, Fairmont, MN) and 
steam-pelleted (model 1112-4, California Pellet Mill Co., San 
Francisco, CA).

The study was conducted as a randomized complete block 
design with 13 blocks. Pens of pigs within area block were 
randomly fed 1 of the 5 dietary regimens. Pens (1.1 × 1.5 m) 
were equipped with plastic slatted flooring, a concrete back 
wall, and pen partitions and front gate made of polyvinyl 
chloride. Pens were also equipped with a single 4-place ad-
justable self-feeder (model N4; Crystal Spring, Manitoba, 
Canada) and an adjustable-height nipple drinker. Rooms 
were ventilated using negative pressure and heated by con-
vection from hot water pipes. Light tubes provided a 12-h 
light (0700–1900 h) and 12-h dark cycle. Pigs had free access 
to feed and water throughout the trial. Individual pigs, pen 
feed added, and remaining orts were weighed weekly to calcu-
late pen ADG, average daily feed disappearance (ADFD), and 
gain-to-feed ratio (G:F). Freshly voided feces were scored for 
consistency twice daily (at approximately 0800 h and 1600 h) 
and collected hourly by grab-sampling from pen floors on 
days 12 and 13 for phase 1, and days 26 and 27 for phase 2. 
Fresh feces were pooled by pen and frozen at approximately 
−20 °C. Upon completion of the trial, feces were thawed, 
homogenized, subsampled, and freeze-dried.

Chemical Analyses and Calculations
Faba bean cultivars, diets, and lyophilized feces samples were 
ground through a 1-mm screen in a centrifugal mill (Model 
ZM200, Retch GmbH, Haan, Germany) and were analyzed 
for dry matter (DM; method 930.15; AOAC, 2006), CP by 
Leco (nitrogen [N] × 6.25; method 990.03), and GE using 
an adiabatic bomb calorimeter (model 5003; Ika-Werke, 
Staufen, Germany) at the University of Alberta. Cultivar and 
diet samples were also analyzed for total (method 996.11) 
and resistant starch (method 2002.02) using Megazyme assay 
kits and crude fat using a Goldfisch fat extraction apparatus 
(method 945.16). Cultivars and diets were analyzed for neu-
tral detergent fiber (NDF) without a heat-stable amylase 
and expressed inclusive of residual ash (Holst, 1973), ADF 
inclusive of residual ash (method 973.18), and ash (method 
942.05) at the Agricultural Experiment Station Chemical 
Laboratories (ESCL), University of Missouri (Columbia, MO, 
USA). Faba bean cultivar samples were also analyzed for total 
dietary fiber (method 985.29), calcium (method 968.08), 
phosphorus (method 946.06), and AA [method 982.30E 
(a–c)] at ESCL. Vicine and covicine of faba bean cultivars were 
analyzed using a slight modification of the extraction proce-
dure (Purves et al., 2018) at the Organic Residue Laboratory 
of Alberta Agriculture and Forestry (Edmonton, Alberta, 
Canada). Condensed tannins (CT) analysis was conducted 
at the Natural Resources Institute Finland using high per-
formance liquid chromatography after thiolytic degradation 
as described by Ivarsson and Neil (2018). Diets and feces 
samples were analyzed for acid insoluble ash (Vogtmann et al., 
1975 as modified by Newkirk et al., 2003) at the University 
of Alberta. Particle size of faba bean cultivars was established 
using a mechanical sieve shaker (Model RX-29, W.S. Tyler, 
ON, Canada) following the method of the American Society 
of Agricultural and Biological Engineers (2008).

Based on results of chemical analyses, the apparent total 
tract digestibility (ATTD) of DM, GE, and CP were calcu-
lated for each diet using the indicator method according to 
Adeola (2001):
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Table 1. Ingredient composition and analyzed nutrient content (as fed) of diets including 5 faba bean cultivars fed to weaned pigs during phase 1 (days 
0–14)1

 Snowbird Snowdrop Tabasco Fabelle Malik 

Ingredient, %

  Wheat, Hard Red Spring 40.86 40.73 39.68 40.28 39.75

  Snowbird faba bean 20.00 – – – –

  Snowdrop faba bean – 20.00 – – –

  Tabasco faba bean – – 20.00 – –

  Fabelle faba bean – – – 20.00 –

  Malik faba bean – – – – 20.00

  Soybean meal 15.00 15.00 15.00 15.00 15.00

  Lactose 10.00 10.00 10.00 10.00 10.00

  Menhaden fish meal 5.00 5.00 5.00 5.00 5.00

  Soy protein concentrate2 2.50 2.50 2.50 2.50 2.50

  Canola oil 1.50 1.60 2.70 2.10 2.60

  Limestone 1.25 1.25 1.25 1.25 1.25

  Salt 0.85 0.85 0.85 0.85 0.85

  Celite3 0.80 0.80 0.80 0.80 0.80

  Vitamin premix4 0.50 0.50 0.50 0.50 0.50

  Trace mineral premix5 0.50 0.50 0.50 0.50 0.50

  l-Lysine HCl 0.40 0.43 0.37 0.37 0.40

  l-Threonine 0.25 0.25 0.25 0.25 0.25

  Mono-/di-calcium phosphate 0.20 0.20 0.20 0.20 0.20

  dl-Methionine 0.15 0.15 0.15 0.15 0.15

  Choline chloride, 60% 0.10 0.10 0.10 0.10 0.10

  l-Valine 0.07 0.07 0.07 0.07 0.07

  l-Tryptophan 0.06 0.06 0.06 0.06 0.06

  Phytase6 0.02 0.02 0.02 0.02 0.02

Analyzed nutrient content, %

  Dry matter 88.13 88.18 88.24 88.63 88.74

  Starch 31.13 31.36 29.56 30.98 29.40

  Crude protein 26.76 25.72 26.38 26.36 26.26

  Neutral detergent fiber 8.66 10.66 10.34 15.06 10.80

  Acid detergent fiber 5.32 4.95 5.13 4.95 5.20

  Crude fiber 3.07 3.13 3.42 3.49 3.45

  Crude fat 3.12 3.19 3.96 3.81 4.09

  Crude ash 7.10 6.81 7.12 6.63 7.04

  Calcium 0.91 0.85 0.81 1.02 0.96

  Phosphorus 0.64 0.59 0.67 0.62 0.68

Indispensable amino acid

  Arginine 1.44 1.43 1.54 1.47 1.42

  Histidine 0.54 0.54 0.55 0.53 0.52

  Isoleucine 0.98 0.96 0.96 0.94 0.91

  Leucine 1.62 1.61 1.61 1.59 1.54

  Lysine 1.52 1.52 1.51 1.45 1.48

  Methionine 0.41 0.43 0.42 0.41 0.42

  Phenylalanine 1.08 1.06 1.02 1.05 1.03

  Threonine 0.97 0.97 1.11 1.10 1.11

  Tryptophan 0.26 0.30 0.29 0.28 0.28

  Valine 1.19 1.16 1.11 1.10 1.11

Dispensable amino acid

  Alanine 0.94 0.94 0.95 0.92 0.92

  Aspartic acid 2.03 2.01 2.04 1.98 1.98

  Cysteine 0.33 0.33 0.32 0.33 0.33

  Glutamic acid 4.48 4.47 4.53 4.43 4.30
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ATTD =

Å
1− Indigestible marker in feed × content of component in feces

Indigestible marker in feces × content of component in feed

ã
× 100

The DE value of diets was calculated by multiplying GE by its 
digestibility coefficient (Adeola, 2001). The NE value of diets 
was calculated using equation (5) in Noblet et al. (1994) with 
the determined diet DE value and analyzed content of ADF, 
CP, crude fat, and starch.

Statistical Analyses
Nutrient digestibility data were analyzed using PROC 
GLIMMIX and growth performance data were analyzed 
using PROC MIXED (version 9.4; SAS Inst. Inc., Cary, NC) 
with diet, week or phase, and interactions as fixed effects, 
block as a random term, and pen as the experimental unit. 
Normality and homogeneity of residuals for each item were 
confirmed first using PROC UNIVARIATE with ‘Normal’ op-
tion and PROC GLM with ‘Hovtest = Levene’ option, respec-
tively. Growth performance data were analyzed as repeated 
measures using weekly pen data with the best covariance 
structure based on fit statistics and initial BW as a covariate 
if significant. The P values were adjusted with the Tukey op-
tion for multiple comparisons among treatments. Feces con-
sistency scores were averaged weekly from the daily greatest 
score of pen observations and were analyzed using PROC 
GLIMMIX with a Gaussian distribution and Identity link 
function options.

RESULTS
For phase 1 diets, analyzed starch content ranged from 
29.4% to 31.4%, and CP from 25.7% to 26.8% (Table 
1). The Snowbird diet had the lowest NDF content (8.7%) 
whereas the Fabelle diet had the greatest (15.1%); ADF con-
tent ranged from 5.0% to 5.3%. Gross energy values ranged 
from 16.5 to 16.8 MJ/kg. Lysine content ranged from 1.45% 
to 1.52%.

For phase 2 diets, analyzed starch content ranged from 
37.2% to 41.2%, CP from 25.9% to 27.5%, NDF from 
10.4% to 15.1%, and ADF from 6.1% to 6.7% (Table 2). 
Gross energy values ranged from 16.5 to 17.0 MJ/kg. Lysine 
content ranged from 1.40% to 1.53%.

For faba bean cultivars, starch content ranged from 30.7% 
to 36.1% with about 48% as resistant starch (Table 3). 
Crude protein content ranged from 29.4% to 31.9%, NDF 

from 13.1% to 17.1%, ADF from 10.4% to 12.9%. Gross 
energy values ranged from 16.3 to 17.0 MJ/kg. Lysine con-
tent ranged from 1.87% to 2.05%. Between color-flowered 
cultivars, Fabelle contained twice as much CT as Malik, 
and both contained more CT than white-flowered cultivars 
(Snowbird, Snowdrop and Tabasco; < 0.2%). Between color-
flowered cultivars, Fabelle contained less vicine and covicine 
than Malik, whereas white-flowered cultivars averaged 
0.53% vicine and 0.40% covicine.

For phase 1 diets, ATTD of DM, GE, CP, and DE and NE 
values did not differ among cultivars (Table 4). For phase 
2 diets, ATTD of DM and GE were greatest (P < 0.05) for 
Snowdrop and Tabasco, intermediate for Fabelle, and lowest 
for Malik; Snowbird was not different from Fabelle or Malik. 
Diet ATTD of CP was greatest (P < 0.05) for Tabasco, inter-
mediate for Snowbird, and lowest for Malik; Snowdrop was 
not different from Tabasco or Snowbird, and Fabelle was not 
different from Snowbird or Malik. Diet DE and NE values 
were greatest (P < 0.05) for Tabasco, intermediate for Fabelle 
and Snowdrop, and lowest for Snowbird; Malik was not dif-
ferent from Fabelle or Snowbird.

For the entire trial (d 0–28), ADFD and ADG for pigs fed 
Fabelle were 10% greater (P < 0.05) than those fed Malik; 
pigs fed zero-tannin cultivar diets were intermediate (Table 
5). Gain-to-feed did not differ among pigs fed the five cultivar 
diets. Pigs fed Fabelle were 1.6  kg heavier (P < 0.05) than 
those fed Malik at the end of the trial; pigs fed zero-tannin 
cultivar diets were intermediate. Feces scores did not differ 
among pigs fed the five faba bean cultivar diets for the entire 
trial or each week (Table 6).

DISCUSSION
Chemical Characteristics of Faba Bean Cultivars
Level of nutrients and antinutritional factors can differ among 
faba bean cultivars (Ivarsson and Neil, 2018). Therefore, it is 
of importance to screen for these compounds and evaluate 
their effect on nutrient digestibility and growth performance 
to prioritize cultivars that are best suited for swine production. 
Generally, chemical composition of faba bean cultivars in the 
present study was similar to previous reports (Duc et al., 1999; 
Sauvant et al., 2004). As expected, color-flowered cultivars 
(Fabelle and Malik) contained more condensed tannin than 
white-flowered cultivars (Snowbird, Snowdrop, and Tabasco; 
Cho et al., 2019). Variation in vicine and covicine content 

 Snowbird Snowdrop Tabasco Fabelle Malik 

  Glycine 1.02 1.01 1.03 1.00 1.00

  Proline 1.30 1.34 1.28 1.29 1.30

  Serine 0.85 0.86 0.99 0.86 0.84

  Tyrosine 0.72 0.71 0.69 0.69 0.67

Gross energy, MJ/kg 16.47 16.63 16.68 16.59 16.77

1Diets were formulated to provide 10.2 MJ NE/kg, and 1.3 g SID Lys/MJ NE.
2HP300 (Hamlet Protein Inc., Findlay, OH).
3Celite 281 (World Minerals Inc., Santa Barbara, CA).
4Supplied per kilogram of diet: 7,500 IU of vitamin A, 750 IU of vitamin D, 76 IU of vitamin E, 60 mg of niacin, 21 mg of pantothenic acid, 2.8 mg of 
folacin, 6 mg of riboflavin, 4.8 mg of thiamine, 1,000 mg of choline, 4 mg of vitamin K, 0.33 mg of biotin, and 3 mg of vitamin B12.
5Supplied per kilogram of diet: 149 mg of Zn as ZnSO4, 53.9 mg of Cu as CuSO4, 199 mg of Fe as FeSO4, 49 mg of Mn as MnSO4, 0.5 mg of I as Ca (IO3)2, 
and 0.3 mg of Se as Na2SeO3.
6Ronozyme HiPhos 2500 (DSM Ronozyme Hyphos–GT; North Dumfries, Ontario, Canada).

Table 1. Continued
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Table 2. Ingredient composition and analyzed nutrient content (as fed) of diets including five faba bean cultivars fed to weaned pigs during phase 2 
(days 14–28)1

 Snowbird Snowdrop Tabasco Fabelle Malik 

Ingredient, %

  Wheat, Hard Red Spring 49.63 49.48 47.96 48.86 48.12

  Snowbird faba bean 30.00 – – – –

  Snowdrop faba bean – 30.00 – – –

  Tabasco faba bean – – 30.00 – –

  Fabelle faba bean – – – 30.00 –

  Malik faba bean – – – – 30.00

  Soybean meal 10.00 10.00 10.00 10.00 10.00

  Menhaden fish meal 2.50 2.50 2.50 2.50 2.50

  Soy protein concentrate2 2.50 2.50 2.50 2.50 2.50

  Canola oil 0.90 1.00 2.60 1.70 2.40

  Limestone 1.30 1.30 1.30 1.30 1.30

  Celite3 0.80 0.80 0.80 0.80 0.80

  Salt 0.70 0.70 0.70 0.70 0.70

  Vitamin premix4 0.40 0.40 0.40 0.40 0.40

  Trace mineral premix5 0.40 0.40 0.40 0.40 0.40

  l-Lysine HCl 0.36 0.40 0.32 0.32 0.36

   l -Threonine 0.16 0.16 0.16 0.16 0.16

  Mono-/di-calcium phosphate 0.15 0.15 0.15 0.15 0.15

  dl-Methionine 0.11 0.11 0.11 0.11 0.11

  Choline chloride, 60% 0.05 0.05 0.05 0.05 0.05

   l -Tryptophan 0.03 0.03 0.03 0.03 0.03

  Phytase6 0.02 0.02 0.02 0.02 0.02

Analyzed nutrient content, %

  Dry matter 89.19 88.83 89.22 89.01 89.31

  Starch 38.30 40.46 37.87 41.22 37.20

  Crude protein 26.63 26.33 27.46 26.98 25.92

  Neutral detergent fiber 10.41 12.05 13.53 15.07 11.65

  Acid detergent fiber 6.08 6.72 6.48 6.14 6.61

  Crude fiber 3.98 4.30 4.09 4.19 4.34

  Crude fat 3.10 4.04 3.81 2.81 3.97

  Crude ash 6.33 6.40 6.50 6.33 6.22

  Calcium 0.72 0.68 0.73 0.69 0.71

  Phosphorus 0.57 0.58 0.63 0.59 0.64

Indispensable amino acid

  Arginine 1.52 1.47 1.58 1.58 1.54

  Histidine 0.55 0.54 0.54 0.55 0.55

  Isoleucine 0.95 0.94 0.95 0.95 0.95

  Leucine 1.64 1.60 1.64 1.63 1.61

  Lysine 1.53 1.49 1.43 1.40 1.45

  Methionine 0.35 0.36 0.36 0.33 0.36

  Phenylalanine 1.10 1.07 1.11 1.08 1.09

  Threonine 0.89 0.88 0.86 0.86 0.88

  Tryptophan 0.27 0.26 0.29 0.25 0.26

  Valine 1.05 1.04 1.02 1.06 1.04

Dispensable amino acid

  Alanine 0.92 0.91 0.89 0.91 0.90

  Aspartic acid 2.03 1.95 1.97 1.98 2.01

  Cysteine 0.36 0.34 0.36 0.34 0.35

  Glutamic acid 4.85 4.66 4.62 4.76 4.75

  Glycine 1.01 1.00 1.00 1.01 0.97

  Proline 1.43 1.39 1.33 1.40 1.39
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among cultivars is likely because of varying concentration or 
activity of guanosine triphosphate cyclohydrase II, a key en-
zyme modulating their synthesis (Björnsdotter et al., 2021).

Among macronutrients, starch was the major constituent 
that differed among faba bean cultivars irrespective of being 
color- or white-flowered. Starch content was slightly lower 
than 37%–44% DM previously reported (Duc et al., 1999; 
Ivarsson and Neil, 2018). Variation in starch content may be 
attributed in part to laboratory assay variability despite sim-
ilar analytical methods. Similar to other pulses, nearly half of 
total starch in faba bean grain fed in the present study was 
resistant starch. Greater resistant starch (46.7%) as compared 
with slower digestible starch (34.5%) and smaller amount of 
rapid digestible starch (15.3%) content in faba bean (Bello-
Pérez et al., 2007) indicate that a large portion of starch is 
resistant to enzymatic hydrolysis in the small intestine.

Crude protein and lysine content were more consistent 
among faba bean cultivars. Crude protein content of cultivars 
in the present study was 3%-units greater than the 27% re-
ported for the same cultivars previously (Cho et al., 2019) 
and was within the 24%–37% range reported by Duc et al. 
(1999). In comparison with cereal grains, faba bean cultivars 
fed in the present study contained more lysine but less sulfur-
containing amino acids (methionine + cystine) and trypto-
phan than soybean meal (Duc et al., 1999). Consequently, 
diets fed in the present study were supplemented with crys-
talline amino acids and included soybean meal, fish meal, and 
soy protein concentrate to complement their profile. Amino 
acid composition generally varies among faba bean cultivars 
(Jezierny et al., 2010).

The third constituent by mass in faba bean was fiber. 
Neutral detergent fiber was greater than 10.9%–12.6% 
DM reported by Ivarsson and Neil (2018), but similar to 
12.6%–16.5% reported by Jezierny et al. (2010). On an av-
erage, color-flowered cultivars (Fabelle and Malik) contained 
slightly more total dietary fiber than white-flowered cultivars 
(23.3% vs. 19.1%), matching their greater soluble fiber con-
tent, suggesting slightly greater fermentation potential (Tan 
et al., 2018).

Diet Nutrient and Energy Digestibility
Condensed tannins in faba bean are considered major 
antinutritional factors for monogastric species (Jezierny, 
2009). In vitro digestibility of dry matter was 4.7% greater 
for white- than color-flowered faba bean cultivars presum-
ably because lower grain tannin content (Bond, 1976). 
We fed diets including the same phase level of white- and 
color- flowered faba bean cultivars to weaned pigs so that 

effects of variation in tannin, vicine and covicine content, 
if contributing to differences in nutrient and energy digest-
ibility, could be detected. Lack of extreme differences in 
condensed tannin content between zero- and mid-tannin 
cultivars in this study was not likely a large factor affecting 
total tract digestibility of nutrients or energy (Ivarsson and 
Neil, 2018).

Tannins interact with carbohydrates, particularly starch, 
thereby reducing energy digestibility (Jansman, 1993). 
However, their affinity for starch seems to be less than that 
for protein. Tannins may not only reduce energy digestibility 
by interacting with starch but also bind α-amylase and li-
pase thus reducing starch and fat hydrolysis, respectively 
(Griffiths, 1979). Pigs fed the color-flowered Malik diet in 
phase 2 had the lowest dry matter and energy digestibility but 
not different from zero-tannin Snowbird. Moreover, Malik 
contained less tannins than Fabelle, indicating that reasons 
other than tannin content in Malik should explain its low en-
ergy digestibility. Instead, the presence of vicine and covicine, 
greater total dietary fiber, and the greatest resistant starch 
content in Malik could have collectively reduced its energy 
digestibility. Following ingestion by pigs, vicine and covicine 
can be hydrolyzed by a ß-glycosidase-like enzyme produced 
by anaerobic bacteria in the colon (Hegazy and Marquardt, 
1984). Vicine is converted into divicine and covicine into 
isouramil that are both absorbed and subsequently react 
with blood oxygen, thereby generating reactive oxygen spe-
cies such as hydrogen peroxide (Chevion et al., 1982). Lipid 
peroxidation that may reduce energy digestibility due to in-
sufficient bile acid production for lipid digestion (Losowsky 
and Walker, 1969).

Similar to other legume grains, carbohydrates in faba bean 
may pose digestibility concerns in young pigs. Faba bean starch 
is mainly type C with greater amylose content, which is more 
resistant than amylopectin to porcine pancreatic α-amylase 
hydrolysis (Hoover and Zhou, 2003). Greater inclusion 
rate of faba bean in phase 2 diets thus likely contributed to 
higher dietary resistant starch and nonfermentable nonstarch 
polysaccharides that collectively reduced total tract digesti-
bility of energy more than in Phase 1 diets. Furthermore, faba 
bean as legume grain contains more soluble oligosaccharides 
(α-galactosides) than cereal grains (Jezierny et al., 2010). 
Excessive consumption of α-galactosides may increase rate of 
passage and loosen feces or even stimulate diarrhea and flat-
ulence in pigs due to excessive fermentation (Fleming et al., 
1988). Still, dietary changes, presence of oligosaccharides, and 
variation in fiber content among faba bean cultivars in this 
experiment did not result in differences in fecal consistency 

 Snowbird Snowdrop Tabasco Fabelle Malik 

  Serine 0.95 0.90 0.87 0.87 0.88

  Tyrosine 0.73 0.68 0.79 0.70 0.71

Gross energy, MJ/kg 16.66 16.54 16.87 16.78 17.03

1Diets were formulated to provide 10.1 MJ NE/kg, and 1.2 g SID Lys/MJ NE.
2HP300 (Hamlet Protein Inc., Findlay, OH).
3Celite 281 (World Minerals Inc., Santa Barbara, CA).
4Supplied per kilogram of diet: 6,000 IU of vitamin A, 600 IU of vitamin D, 46 IU of vitamin E, 56 mg of niacin, 21 mg of pantothenic acid, 2.8 mg of 
folacin, 6 mg of riboflavin, 4.8 mg of thiamine, 1,000 mg of choline, 3.2 mg of vitamin K, 0.28 mg of biotin, and 3 mg of vitamin B12.
5Supplied per kilogram of diet: 122 mg of Zn as ZnSO4, 43.2 mg of Cu as CuSO4, 173 mg of Fe as FeSO4, 44 mg of Mn as MnSO4, 0.4 mg of I as Ca (IO3)2, 
and 0.24 mg of Se as Na2SeO3.
6Ronozyme HiPhos 2500 (DSM Ronozyme Hyphos –GT; North Dumfries, Ontario, Canada).

Table 2. Continued
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scores. The greatest total tract digestibility of gross energy 
and digestible energy values in the Tabasco phase 2 diet might 
be because of its greater dietary starch and hemicellulose con-
tent (NDF − ADF) (Noblet and Perez, 1993). Conversely, 
Malik phase 2 diet had the lowest total tract digestibility of 
gross energy, matching its greatest fiber content. Likewise, the 
greatest fiber content of the Malik diet likely contributed to 
increased nonfermentable fiber thereby reducing its energy 
digestibility. The greatest calculated net energy value in the 

Tabasco phase 2 diet was likely due to its digestible energy 
value (Noblet et al., 1994). Conversely, the lowest net energy 
value in Snowbird phase 2 diet was consistent with its lowest 
digestible energy value.

Feeding diets containing high tannin faba bean to broiler 
chickens and pigs may decrease digestibility of crude protein 
(Jansman et al., 1993). Tannins can bind both dietary protein 
and digestive enzymes, thereby reducing activity of trypsin 
and chymotrypsin (Griffiths, 1979), thus increase endogenous 

Table 3. Analyzed chemical composition (as is) of five faba bean cultivars

Item, % Snowbird Snowdrop Tabasco Fabelle Malik 

Dry matter 89.50 87.80 89.38 90.40 89.72

Starch 30.70 36.09 33.29 33.36 31.83

Resistant Starch 12.77 16.64 16.05 17.50 16.92

Crude protein 31.84 28.97 30.95 31.86 29.39

Total dietary fiber 19.67 21.35 16.10 22.01 24.50

Soluble dietary fiber 1.22 1.53 0.33 1.82 1.71

Neutral detergent fiber 15.12 13.10 17.10 15.89 14.34

Acid detergent fiber 11.85 10.55 11.52 10.36 12.91

Crude fiber 10.64 8.01 9.59 9.91 10.55

Crude fat 1.03 0.75 0.71 0.57 0.47

Crude ash 3.96 3.34 3.47 3.39 4.04

Calcium 0.13 0.11 0.07 0.10 0.12

Phosphorus 0.56 0.46 0.57 0.46 0.65

Indispensable amino acids

  Arginine 2.48 2.49 3.05 3.06 2.61

  Histidine 0.75 0.73 0.76 0.81 0.73

  Isoleucine 1.33 1.28 1.32 1.40 1.23

  Leucine 2.27 2.13 2.23 2.39 2.07

  Lysine 2.00 1.87 1.90 2.05 1.90

  Methionine 0.20 0.19 0.19 0.20 0.19

  Phenylalanine 1.38 1.26 1.28 1.39 1.23

  Threonine 1.02 0.99 0.99 1.08 0.97

  Tryptophan 0.22 0.21 0.23 0.18 0.16

  Valine 1.41 1.37 1.41 1.53 1.36

Dispensable amino acids

  Alanine 1.20 1.18 1.20 1.31 1.17

  Aspartic acid 3.26 3.06 3.13 3.47 3.07

  Cysteine 0.38 0.38 0.37 0.39 0.36

  Glutamic acid 4.89 4.63 4.83 5.31 4.58

  Glycine 1.29 1.25 1.27 1.34 1.21

  Proline 1.16 1.16 1.23 1.23 1.13

  Serine 1.20 1.14 1.17 1.30 1.11

  Tyrosine 1.02 0.89 0.97 1.01 0.84

Total amino acids 27.86 26.51 27.83 29.76 26.21

Anti-nutritional factors

  Vicine 0.60 0.58 0.42 0.04 0.43

  Covicine 0.39 0.40 0.42 0.01 0.42

  Condensed tannins1 ND2 ND ND 0.53 0.27

Average particle size, µm 596 447 594 519 625

Standard deviation, µm 2.49 2.54 2.19 2.38 2.37

Gross energy, MJ/kg 16.34 16.62 16.85 16.97 16.83

1Detection limit for condensed tannins was 0.20%.
2ND, not detected.
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nitrogen losses. Despite lower tannin content than Fabelle, 
Malik phase 2 diet had the lowest digestibility of dietary pro-
tein. On the other hand, digestibility of protein of phase 2 

diets did not differ between Fabelle with the greatest tannin 
content and zero-tannin Snowbird, indicating that tannin level 
in color-flowered faba bean did not affect protein digestibility 

Table 4. Apparent total tract digestibility (ATTD) of dry matter (DM), gross energy (GE) and crude protein (CP), and digestible energy (DE), and net 
energy (NE) values of diets including five faba bean cultivars fed to weaned pigs in phase 1 (days 0–14) and phase 2 (days 14–28)1

Variable Diet SEM2 P-value 

Snowbird Snowdrop Tabasco Fabelle Malik 

ATTD of DM, %

  Phase 1 84.6 84.9 84.3 84.2 84.1 0.36 0.168

  Phase 2 83.1bc 84.3a 84.3a 83.3b 82.1c 0.34 <0.001

ATTD of GE, %

  Phase 1 85.5 85.6 85.4 85.2 85.1 0.41 0.155

  Phase 2 83.5bc 84.7a 85.0a 83.7b 82.6c 0.34 <0.001

ATTD of CP, %

  Phase 1 81.7 81.3 81.7 80.9 80.1 0.69 0.636

  Phase 2 83.7bc 84.5ab 85.3a 82.5cd 81.3d 0.55 <0.001

DE, MJ/kg, DM

  Phase 1 16.15 16.15 16.28 16.11 16.19 0.079 0.412

  Phase 2 15.65c 15.86b 16.11a 15.86b 15.73bc 0.063 <0.001

NE2, MJ/kg, DM

  Phase 1 10.92 10.96 11.04 10.97 11.00 0.056 0.289

  Phase 2 10.73d 10.97ab 11.04a 10.90bc 10.81cd 0.045 <0.001

a to dMeans within a row without a common superscript differ (P < 0.05).
1Least-squares means based on 13 pen observations per diet.
2Diet NE values calculated using Eq. (5) from Noblet et al. (1994).

Table 5. Average daily feed disappearance (ADFD), average daily weight gain (ADG), gain-to-feed (G:F), and final body weight (BW) of weaned pigs fed 
diets including five faba bean cultivars starting one-week post-weaning1

Variable Snowbird Snowdrop Tabasco Fabelle Malik SEM3 P-value 

ADFD2, g

  d 0–7 422 409 429 435 407 16.8 0.393

  d 7–14 702 703 727 779 697 30.9 0.057

  d 14–21 926 938 933 990 916 33.9 0.226

  d 21–28 1254 1254 1251 1307 1182 40.3 0.058

  d 0–28 826ab 826ab 835ab 878a 801b 22.2 0.020

ADG2, g

  d 0–7 362 350 370 377 336 20.9 0.328

  d 7–14 533 527 538 584 526 31.9 0.351

  d 14–21 630 652 663 681 623 27.6 0.218

  d 21–28 823ab 789ab 781ab 835a 753b 27.8 0.033

  d 0–28 587ab 579b 588ab 619a 559b 14.1 0.002

G:F2, g:g

  d 0–7 0.849 0.851 0.866 0.864 0.822 0.035 0.723

  d 7–14 0.763 0.748 0.738 0.749 0.756 0.027 0.911

  d 14–21 0.678 0.697 0.712 0.687 0.677 0.022 0.484

  d 21–28 0.661 0.632 0.623 0.639 0.640 0.021 0.458

  d 0–28 0.706 0.704 0.705 0.704 0.697 0.008 0.817

Final BW, kg

  d 28 24.96ab 24.77ab 24.92ab 25.60a 24.01b 0.48 0.038

a to cMeans within a row without a common superscript differ (P < 0.05).
1Least-squares means based on 13 pen observations per diet.
2Week effect for ADFD, ADG, and G:F (P < 0.05).
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greatly. Previously, a diet containing up to 3.3% of condensed 
tannins in faba bean hulls reduced apparent total tract digest-
ibility of protein and amino acids (Jansman et al., 1993). In 
another study (Myrie et al., 2008), 1.5% condensed tannins 
in diets fed to weaned pigs did not reduce nitrogen retention 
despite reduced apparent ileal digestibility of threonine. The 
greatest fiber content in Malik phase 2 diet and total dietary 
fiber in Malik faba bean was likely associated with increased 
dietary fermentable fiber thereby reducing protein digesti-
bility. Fermentation of resistant starch and fiber in the hindgut 
may shift nitrogen excretion from urine to feces (Younes et 
al., 1995) thereby reducing the digestibility of dietary protein 
and energy (Bach Knudsen et al., 1993). Lower digestibility of 
protein in phase 1 than phase 2 could be due to less developed 
proteolytic capacity of the digestive tract in pigs soon after 
weaning (Randy et al., 1982).

Growth Performance
One concern with tannin content in color-flowered faba bean 
cultivars is that voluntary feed intake might be reduced due 
to bitter or astringent taste that affects palatability (Jansman, 
1993). In the present study, however, feed disappearance was 
greatest for pigs fed Fabelle diets despite its greater tannin 
content than Malik or zero-tannin faba bean cultivars. 
Similarly, the lowest feed disappearance for pigs fed the Malik 
diet in phase 2 was not likely due to tannin content. In addi-
tion, because diets were balanced to equal net energy value, 
greater feed disappearance of diets containing Fabelle to com-
pensate for its low energy value was not likely the reason. 
Nonetheless, low dietary tannin content increased feed intake 
and thereby increased performance in monogastric animals 
(Huang et al., 2018). Given the astringent nature of tannins 
thereby reducing palatability, increased feed disappearance 
associated with low concentration of dietary tannins is not 
clear. Furthermore, pigs are more resistant to toxic effects 
of dietary tannins than chickens (Hassan et al., 2020). This 
ability to resist toxic effects of dietary tannins is likely due to 
parotid gland hypertrophy and salivary secretion of proline-
rich proteins that bind and neutralize tannins (Cappai et al., 
2010). Lowest feed disappearance for the Malik phase 2 diet 
might be explained by its greater fiber content. High dietary 
fermentable fiber and resistant starch can depress voluntary 
feed intake in pigs by stimulating satiety due to increased gas-
tric retention time (Kyriazakis and Emmans, 1995). Between 
color-flowered cultivars, feed disappearance was greater for 
Fabelle (low vicine and covicine) than the Malik (high vicine 
and covicine) diet. Effects of vicine and covicine on feed intake 

of pigs are not clearly understood but might be linked to oxi-
dative stress caused by divicine in red blood cells (Jollow and 
McMillan, 2001).

Tannins can reduce nitrogen retention due to increased en-
dogenous losses (Mansoori and Acamovic, 2007) that would 
reduce whole-body protein retention thereby lowering weight 
gain. In the present study, pigs fed Fabelle diets that contained 
the most tannins had the greatest weight gain, indicating that 
tannin content did not affect weight gain. Instead, the greatest 
weight gain observed for Fabelle diets could be attributed to 
sustained greater feed disappearance (Zijlstra et al., 2009) de-
spite lower nutrient digestibility than Snowbird, Snowdrop, 
and Tabasco diets. Furthermore, beneficial effects of tannins 
inhibiting pathogenic bacteria in weaned pigs might be asso-
ciated with greater growth performance in pigs fed the Fabelle 
diet (Hassan et al., 2020). Lowest pig weight gain for Malik 
could be attributed to both low energy and protein digesti-
bility and feed disappearance. Digestibility of essential amino 
acid, particularly lysine might be a concern for growth perfor-
mance. However, we formulated diets to be equal in digestible 
amino acid content; thus, variations in feed disappearance 
and growth performance due to varying dietary amino acid 
content did not likely happen (Schiavon et al., 2018).

In conclusion, the level of condensed tannins in color-
flowered faba bean cultivars fed in the present study did 
not prominently affect diet nutrient and energy digestibility 
nor growth performance. Pigs fed Fabelle had greater feed 
disappearance and weight gain than those fed Malik likely 
associated with its lowest vicine and covicine. Therefore, be-
tween mid-tannin cultivars, Fabelle should be prioritized to 
be grown to feed to pigs. Furthermore, vicine and covicine, 
and not tannin content should be of greater consideration in 
prioritizing modern faba bean cultivars to grow to feed to 
pigs. Across cultivars, variations in dietary fiber and starch 
content among faba bean cultivars contributed to differences 
in dry matter and energy digestibility and growth perfor-
mance of pigs. Inclusion of up to 30% of either white- or 
color-flowered faba bean in nutritionally balanced weaned 
pig diets may reduce dry matter and energy digestibility but 
it is unlikely to affect overall growth performance and feces 
consistency.
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d 0–7 3.91 3.97 3.88 3.92 3.88 0.103 0.908

d 7–14 3.86 3.85 3.88 3.91 3.78 0.103 0.778

d 14–21 3.39 3.43 3.42 3.38 3.45 0.103 0.956

d 21–28 3.12 3.16 3.12 3.16 3.12 0.103 0.989

d 0–28 3.57 3.60 3.57 3.59 3.56 0.052 0.912

1Score 1 = hard, dry, and pellet-like; 2 = firm but not hard, segmented appearance; 3 = log-like, moist surface; 4 = moist/soggy, distinct log shape; 5 = moist, 
distinct shape, present in piles rather than logs; 6 = has texture, but not defined shape; 7 = watery, no texture, flat, occurs as puddles; 8 = liquid, with a 
slight brown or yellow tinge.
2Least-squares means based on 13 pen observations per diet.
3Week effect (P < 0.05).
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