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The digestibility in piglets of faba bean (Vicia faba L.) as
affected by breeding towards the absence of condensed tannins
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Seed samples from two near-isogenic faba bean (Vicia faba L.) lines were examined for the levels of so-
called anti-nutritional factors (ANF). From the ANF known to be present in faba beans, trypsin inhibitor
activity, functional lectins, condensed tannins and pyrimidine glycosides were analysed. It was concluded
that the lines differed only in the content of condensed tannins being < 0-5 g/kg and 52 (sp 0-2) g/kg
for the low (LT)- and high (HT)-tannin lines respectively. In addition, the level of pyrimidine glycosides
in the LT line was slightly higher than that in the HT line. The LT line showed a reduced proportion of
the seed coat (105 v. 119 g/kg) and a lower seed weight (0-85 v. 1-01 g). The apparent ileal and faecal
digestibility values of dry matter and nitrogen from the HT and LT line were determined for piglets which
were fed on diets containing chromium oxide as a marker. The mean apparent ileal and faecal
digestibility values for dry matter for the LT line were 0-694 and 0-889 and for N 0-828 and 0-879
respectively. For the HT line, these values were approximately 0-05 and 0-10 lower (P > 0-05). A multi-
enzyme technique was used to predict the in vitro protein digestibility (IVPD) of the two lines. The IVPD
of the LT line was 0-965 and about 0-05 higher than the HT line, confirming the difference in digestibility
as measured in vivo. The present study shows the positive effects on digestibility of removal of condensed
tannins in faba beans which was achieved by plant breeding.

Faba bean: Digestibility: Condensed tannins: Breeding: Piglets

Faba beans (Vicia faba L.} are considered a potential component of diets for single-
stomached animals. It has been reported that the growth of pigs given diets containing faba
beans is less than expected from their chemical composition (Aherne et al. 1977). This
discrepancy becomes apparent with inclusion rates of more than 15% in the diet while at
40% severe reduction in performance was observed (Fowler, 1980).

The presence in diets of raw legumes may alter the physiological and metabolic functions
due to several anti-nutritional factors (ANF) present in the seeds of Vicia faba L.
(Marquardt, 1989). The polyphenolic compounds, particularly the condensed tannins,
seem to have a special relevance because of their impact on protein metabolism (Marquardt
et al. 1977; Ward et al. 1977; Sobrini et al. 1983). Condensed tannins usually constitute a
substantial proportion in faba beans (up to 35 g/kg, air-dry basis; Cabrera & Martin,
1986). Nutritional studies have shown that the presence of condensed tannins in the diet of
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non-ruminants may cause adverse biological effects (for review, see Marquardt, 1989).
These effects are associated with an astringent taste as well as with the ability of condensed
tannins to form complexes with digestible dietary protein or enzymes or with both
(Wiseman & Cole, 1988). The digestibility of crude protein (nitrogen x 6:25) of a tannin-free
cultivar was reported to be higher than that of a tannin-containing cultivar (Liebert &
Gebhardt, 1983). It is likely that the removal of condensed tannins may improve the
nutritional value of faba beans. These compounds are mostly confined to the seed coat and
removal, therefore, can be achieved by dehulling (Van der Poel er al. 19915) but the
financial consequences of processing costs will have to be accounted for. Furthermore, the
disposal of hulls may become a problem (Wiseman & Cole, 1988).

As an alternative to technological methods, breeding for low-tannin content can be
considered. Since low tannin content and white flowers are probably controlled by the same
gene (Bond & Smith, 1989), selection of white flowering genotypes may yield low-tannin
(LT) faba bean lines.

In the present study near-isogenic lines of Vicia faba L., differing in the absence or
presence of condensed tannins, were evaluated. Analytical aspects of other anti-nutritional
factors were investigated as well. The effects of inclusion of these two lines in pig diets on
the ileal and faecal digestibility of dry matter (DM) and N were examined. Finally, 2 multi-
enzyme in vitro technique was used as a more rapid technique to predict bean digestibility.

EXPERIMENTAL
Breeding

Near-isogenic lines of Vicia faba L. were derived from a cross between the parental
genotypes SVP-78999 x Staygreen as described previously (Van Loon et al. 1989). The
latter genotype produces a tannin-free seed coat. The genotypes differed in anthocyanin-
based pigmentation of the petals, one genotype having pigmented flowers and seeds with
high level of tannins (HT), the other having white flowers with seeds in which tannins are
virtually absent (LT). After continued selfing for six generations a line was isolated which
was still heterozygous for flower pigmentation. By selfing and selection during another four
successive generations two homozygous near-isogenic lines were produced which differed
in the absence or presence of flower pigmentation.

Chemical analyses

Seeds of the two near-isogenic lines were characterized for the levels of anti-nutritional
factors, DM and N. In addition, the seeds were analysed for proportion of seed coat (by
manual dissection) and seed weight. For each chemical characteristic in Table 2, four
samples of five seeds each were analysed. These samples were taken from the batch that was
also used for the animal feeding experiment.

The DM content was determined by drying the samples to constant weight at 101° and
N was determined by the Kjeldahl method. Crude protein was calculated.

The anti-nutritional factors were analysed according to the following procedures.

Trypsin inhibitor activity (TIA) as described by Kakade ef al. (1974) and modified by
Helsper & Van Norel (1991).

Condensed tannins were determined by the vanillin—sulphuric acid assay according to
Kuhla & Ebmeier (1981).

Pyrimidine glycosides (vicine and convicine) were analysed by high-performance liquid
chromatography. Extraction with perchloric acid (50 ml/l) and chromatography were
carried out according to Marquardt & Frohlich (1981) with uridine as an internal standard
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Table 1. Formulation of the basal diet*

Ingredients (g/kg)

Maize starch 456 CaCoO, 19
Wheat middlings 50 CaHPO,.2H,0 286
Casein 131 NaCl 30
Herring meal 50 DL-methionine 11
Cellulose 21 L-threonine 0-6
Soya-bean oil 29 L-tryptophan 02
Dextrose 160 NaHCO, 122
Cane molasses 40 KHCO, 64
VTM 10 Marker Cr,0, 10

VTM, Vitamin and trace mineral premix (for detailed composition, see Van der Poel et al. 1990a).
* Chemical analysis (g/kg): nitrogen 29-7, fibre 22, diethyl ether extract 36, ash 65.

(S.J. M. van Zevenhuizen, personal communication). Briefly, a spherisorb ODS 2 column
(3 pm; 125 x4 mm) was used with 0-05 M-sodium citrate as the mobile phase (pH 6:95, at
1-0 ml/min); u.v. absorption at 280 nm was applied for detection.

Functional lectins of faba beans were analysed by a functional lectin immunoassay
(FLIA) using thyroglobulin as a coating in the ELISA. (Hamer et al. 1989).

In vitro protein digestibility (IVPD) was determined according to a modified procedure
of Babinszky er al. (1990). In this procedure, samples are incubated with pepsin—
hydrochloric acid solution at 40° for 1-5 h. After neutralization with sodium bicarbonate,
incubation is continued (40°; 1h) with potassium phosphate buffer containing hog
pancreatine, «-amylase (EC 3.2.1.1), lipase (EC3.1.1.3) and bile salts. Following
incubation, sodium carbonate is added to stop the reaction. The undissolved material is
then filtered on a scintered-glass filter crucible, which was fitted with a layer of N-free
ashless floc. The undigested residue and the ashless floc are brought into a Kjeldahl flask for
the determination of the N content by the Kjeldahl method. The digestibility coefficient is
calculated by difference from the N content of the bean sample before digestion.

Animals and procedures

The apparent ileal and faecal digestibilitics of beans were measured by difference from a
control diet using five castrated male piglets (crossbred) per treatment. The initial weights
at the beginning of the experiments were approximately 22-5 (ileal experiment; fifteen
animals) and 24-5 kg (faecal experiment; fifteen animals). For ileal measurements the
animals had been fitted with a post-valvular T-caecum cannula (Van Leeuwen et al. 1988)
atalive weight of 10 kg. All animals were housed individually in cages (900 x 800 x 600 mm)
at an ambient temperature of 21°.

Both the experiments, carried out simultaneously, consisted of the following three
treatments: (1) basal diet {control), (2) 800 g basal diet +200 g faba beans (HT)/kg, (3)
800 g basal diet+200 g faba beans (LT)/kg.

A basal diet (for composition, see Table 1) was formulated in which dietary protein was
supplied mainly by casein and herring meal; chromium oxide was added to each diet for
the determination of ileal digesta flow. Ileal chyme was collected throughout 12 h/d for 5 d.
Faeces were collected continuously for 5d. The apparent faecal and ileal digestibility
coefficients of DM and N of the diets and of the two bean cultivars were calculated by
difference. Adaptation to diets, feeding level, feed administration, digestibility methodology
and statistical analyses were as described previously in detail (Van der Poel er al. 1991a).



796 A. F. B. VAN DER POEL AND QOTHERS

Table 2. Average levels of anti-nutritional factors, physical characteristics, protein content
and in vitro protein digestibility (IVPD) of two near-isogenic lines of Vicia faba L.*

(Mean values and standard deviations; unless mentioned otherwise, the results are expressed as g/kg
fresh weight of the total seed)

Near-isogenic lines... Low tannin High tannin

Mean SD Mean SD

Anti-nutritional factors

Condensed tannins <05 — 52 02
Trypsin inhibitory activityt
Porcine 1-61 027 1-47 024
Bovine 2:59 0-46 2:34 0-34
Vicine plus convicine 10-4 0-7 84 05
Functional lectins 23 0-1 1-9 13
Physical characteristics
Seed coat 105 S 119 S
Seed weight (g) 0-85 0-07 1-01 0-05
Dry matter 853 1 842 1
Protein
Crude protein (nitrogen x 6-25) 325 2 306 I
IVPD 0965 0002 0909  0-003

* For details of procedures, see pp. 794-796.
t Trypsin inhibited (mg).

The apparent digestibilities of the faba beans alone (inclusion level of 200 g/kg) were
calculated from the difference in digestibility between the control and experimental diets
(800 g basal diet + 200 g faba beans/kg), respectively. For the calculation of digestible DM
the following equation was used:

ADDM—fubu beans (100 X ADDM~exp| diet 80 X AD]’)M*basal (liet)/zo’

where AD is the apparent ileal or faecal digestibility of the nutrient under investigation. It
can be calculated, however, that the beans contribute 30-4 % (LT) and 29-2% (HT) to the
N content of the experimental diets. For calculating digestible N, therefore, extrapolation
was based on a mean value of 30% using the equation:

ADN—faba beans — (100 X AD\ =70 x ADN*basal diet)/30'

The statistical analyses of data were performed with the ANOVA procedure of the
Statistical Analysis System (SAS, 1985), followed by the Student’s ¢ test.

—expt diet

RESULTS
Characterization of near-isogenic lines
The results of the physical and chemical characterization of the faba bean lines are
presented in Table 2. The LT line showed a reduced proportion of seed coat as well as a
lower seed weight. Tannin analyses demonstrated that the LT line contained negligible
levels of condensed tannins in contrast to the HT line. The two lines did not differ in
TIA with porcine as well as bovine trypsin. The level of vicine plus convicine was about
2 g/kg higher in the LT line, while functional lectins were 0-4 g/kg higher in the LT line.
IVPD was distinctly different for the two bean lines where, in general, the range of IVPD
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Table 3. Ileal and faecal digestibility values for dry matter (DM) and nitrogen for faba
bean (Vicia faba L.) diets containing two near-isogenic lines (low tannin and high tannin)
studied in piglets*

(Mean values with their standard errors for five animals per treatment)

Tleal Faecal
DM N DM
Diet Mean SE Mean SE Mean SE Mean SE
Control 0-862* 0018 0-818* 0021 0927 0013 0935* 0014
Experimental
Low tannin 0-828> 0013 0-820* 0015 0919*  0-009 0932 0008
High tannin 0-816° 0011 0-799* 0012 0-908*  0-009 0920 0020

&> Values with different superscript letters within the same column differed significantly (P < 0-05).
* For details of procedures, see pp. 794-796.

Table 4. lleal and faecal digestibility values for dry matter (DM) and nitrogen for two
near-isogenic lines (low tannin and high tannin) of faba bean (Vicia faba L.) studied in
piglets*
(Mean values with their standard errors for five animals per treatment; the digestibility coefficients of
the faba bean lines were calculated by difference from the control diet)

Neal Faecal
DM N DM N
Mean SE Mean SE Mean SE Mean SE
Low tannin 0694 0030 0-829 0034 0-889 0021 0-879 0017
High tannin 0634  0-024 0724 0026 0834 0021 0-820 0023

* For details of procedures, see pp. 794-796.

values of feedstuffs is rather small. The highest in vitro digestibility was observed for the
LT line.
Digestibility of near-isogenic lines

The effects of addition of both faba bean lines, LT and HT, to a control diet on apparent
digestibility coefficients are presented in Tables 3 and 4. The faba bean diets (Table 3)
showed an ileal digestibility of DM which was 0-034 (LT) and 0046 (HT) lower in
comparison with the control diet (P < 0-05). When the control diet and the faba bean lines
alone (calculated by difference from the control diet; Table 4) are compared, the decreases
in ileal digestibility of DM were 0-168 (LT) and 0-228 (HT), respectively. N digestibilities
of the experimental and control diets were similar. Calculation of faba bean digestibility
revealed that the ileal N digestibility of the HT line was lower compared with the LT line
(P > 0-05). Values were 0-829 for LT and 0-724 for HT beans respectively.

Faecal digestibility of LT and HT faba bean diets (DM) differed slightly, but not
significantly, from the control diet by 0-008 and 0-019 respectively (Table 3). Faecal
digestibility of DM differed by about 0-055 (P > 0-05) for the two faba bean lines. For N
the faecal digestibility of LT and HT diets differed by 0-003 and 0-015 respectively from the

28 ' NUT 68
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control diet. Calculation of the faecal digestibility of the faba bean lines alone resulted in
digestibility values for N which were 0056 (LT line; P > 0-05) and 0-115 (HT line;
P > 0-05) lower than that of the control diet.

DISCUSSION

The digestibility of legumes as feed ingredients will be influenced by the presence of a
number of ANF such as condensed tannins, lectins, trypsin inhibitor activity and
pyrimidine glycosides (Bond & Smith, 1989; Liener, 1989). The objective of the present
study was to evaluate the effect of condensed tannins on digestion of faba beans in piglets.
For this purpose a pair of near-isogenic lines of Vicia faba L. was produced by classical
breeding which differed in the presence (HT line) or absence (LT line) of condensed tannins.
The higher digestibility values of DM (0-05) and N (0-10) of the LT line observed in the
present study (P > 0-05) can be attributed mainly to the lack of condensed tannins,
although a minor effect of the lower proportion of fibrous seed-coat material (105 v.
199 g/kg, 1-4%) has also to be taken into account.

The multi-enzyme technique used to determine the IVPD also showed a higher value for
the LT line in comparison with the HT line. The absolute IVPD values are higher than the
in vivo values. The latter observation is inherent with in vitro procedures (Babinszky et al.
1990).

The conclusion that the difference in digestibility is due to the difference in tannins is only
valid when the near-isogenic lines do not differ in constituents other than condensed
tannins. Analysis of the main anti-nutritional or toxic factors, or both, revealed, besides the
difference in condensed tannins, only minor differences between the near-isogenic lines.

It is unlikely that the higher levels of lectins and pyrimidine glycosides in the LT line will
result in a higher digestibility.

The tannin content of the HT line is of the same order of magnitude as that of
commercially available genotypes of Vicia faba L. The levels of functional lectin and of TIA
found are considered relatively high for both lines. This high level might be a cause for the
relatively low absolute level of DM digestibility. However, the relative contribution of these
ANF to the overall effects on digestibility has not yet been established.

In removing the condensed tannins genetically, one has to consider the possible
simultaneous consequences on agronomic characteristics like resistance to disease and
tolerance for adverse weather conditions. It was shown that the plant resistance to root
rot damage of the white-flowering (LT) line was equal to that of the HT line with
pigmented flowers (Van Loon et al. 1989; Helsper & Van Norel, 1991). However, the
seedling emergence under conditions of cold stress was significantly lower for the LT line.

The standard method for measuring apparent digestibility in pigs (difference method)
may be criticized due to the methodology of replacing a part of the basal diet by the
feedstuff which has to be examined. In this way, a possible interaction of components (e.g.
ANF) in the feedstuff with the basal diet is not taken into account. It is notable that if an
interaction is present this may lead to an under- or overestimation of the digestibility
coefficients. The presence of tannins in the gastrointestinal tract may induce complexes with
dietary protein or digestive enzymes, or both, thereby reducing the digestibility of the
protein (Marquardt, 1989). Also, possible interactions between tannins and proteins in the
basal diet or between tannins and the mucosa of the intestinal wall (M. J. L. Kik,
unpublished results) may lead to an increased secretion of endogenous protein. These
phenomena may explain the observed reduction in DM and N digestibility of the HT line
in the present experiment.

For a further comparison of the nutritional value of both lines the investigation has to
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include the effect on digestibility of starch and non-starch polysaccharides, because an
interaction was reported for the digestibility of nutrients of faba bean for chicken
(Lacassagne et al. 1988).

Finally, a technological and more practical implication is the ease with which dry beans
from the LT cultivar could be ground by comparison with the HT line. This is probably
due to a more fragile seed coat of the LT line.

The authors thank S.J. M.van Zevenhuizen (Agrotechnological Research Institute,
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