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The effects of condensed tannins in hulls of faba beans (Vicia faba L.) on the activities of trypsin
(EC3.4.21.4) and chymotrypsin (EC 3.4.21.1) in digesta obtained from the small intestine of
pigs were studied. Using four castrated male pigs (mean body weight 83 kg) fitted with both a simple
T-cannula in the duodenurmn and a post-valvular T-cannula at the terminal ileum, two experimental diets
were tested in a Latin square design. The low-tannin diet (LT} contained 200 g faba bean hulls (cv.
Blandine)/kg with a low content of condensed tannins (< 0-1% catechin equivalents). The high-tannin
diet (HT) contained 200 g faba bean hulls (cv. Alfred)/kg with a content of condensed tannins of 3-5%
catechin equivalents. Spot samples of fresh duodenal digesta were taken daily at fifteen time points
between 08.00 and 20.00 hours on four consecutive days. Ileal digesta were collected nearly quantitatively
on the same days between 08.00 and 20.00 hours over periods of 2 h. Trypsin and chymotrypsin activities
in duodenal digesta did not differ between treatments at any time point (P > 0-05). In ileal digesta of pigs
given diet HT the mean activity of trypsin was reduced (P < 0-05). The activity of chymotrypsin in ileal
digesta did not differ between treatments. Trypsin activity :chymotrypsin activity was somewhat lower
in ileal digesta of pigs receiving the HT diet (P < 0-10). The apparent ileal digestibility of crude protein
(N x 6:25) was lower for the HT than for the LT diet (0-614 v. 0-728; P < 0-05). Condensed tannins are
probably responsible for the lower activity of trypsin in ileal digesta of pigs fed on high-tannin faba bean
hulls. Various explanations for the absence of effects of condensed tannins on enzyme activity in duodenal
digesta are discussed.

Condensed tannins: Trypsin: Chymotrypsin: Pigs

Faba beans (Vicia faba 1..) are of interest as a protein supplement for pig diets {Thacker
& Bowland, 1985). However, the nutritive value of faba beans is lower than predicted on
the basis of their chemical composition (Fowler, 1980). This is thought to be due to the
presence of several antinutritional factors. Protease inhibitors (Abbey et al. 1979; Griffiths,
1981, 1984), haemagglutinins (lectins; Marquardt ez al. 1974), vicine, convicine (Marquardt,
1989) and condensed tannins (Marquardt et al. 1977) have been found in faba beans.
Among these, condensed tannins appear to be particularly important in relation to the
nutritive value of faba beans (Griffiths, 1981; Marquardt & Bell, 1988). In faba beans these
polyphenolic compounds are found in the hulls of coloured-flowering varieties (Griffiths &
Jones, 1977; Ward et al. 1977; Newton & Hill, 1983).

* Present address: CLO-Institute for Animal Nutrition ‘De Schothorst’, P.O. Box 533, 8200 AM Lelystad, The
Netherlands.
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Dietary inclusion of significant levels of high-tanning faba beans or their hulls reduced
body weight gain, impaired feed conversion efficiency and reduced the apparent digestibility
of crude protein in rats (Moseley & Griffiths, 1979; Griffiths & Moseley, 1980), chickens
(Marquardt et al. 1977; Longstaff & McNab, 1991) and pigs (Jansman et al. 1993). The
negative effects of condensed tannins are thought to arise from their interactions with
dietary and endogenous proteins such as digestive enzymes (Leinmiiller & Menke, 1990;
Salunkhe er al. 1990). Condensed tannins can inhibit the activity of digestive enzymes both
in vitro (Geriffiths, 1981; Oh & Hoff, 1986; Horigome er al. 1988) and in vivo (Griffiths &
Moseley, 1980; Horigome et al. 1988; Longstaff & McNab, 1991). However, Mole &
Waterman (1987), Blytt et al. (1988) and Butler (1989) indicated that antinutritional effects
of dietary condensed tannins are not due to binding and inhibition of digestive enzymes.

In most studies dealing with the antinutritional effects of tannins, rats and chickens are
used. In the present experiment the effect of condensed tannins in faba beans on the
activities of trypsin (EC 3.4.21.4) and chymotrypsin (EC 3.4.21.1) was studied in digesta
of pigs obtained from two sites in the small intestine.

MATERIALS AND METHODS
Animals and housing
Four castrated male pigs (Dutch Landrace x Dutch Yorkshire) with a mean body weight
of 83-0 kg were housed individually in metabolism cages at an ambient temperature of 24°
and a relative humidity of 60%. At a body weight of about 40 kg the pigs had been
surgically fitted with a post-valvular T-caecum (PVTC) cannula (van Leeuwen et af. 1991).
In addition, a simple T-cannula was positioned approximately 100 mm caudal of the
stomach pylorus, opposite the bile and pancreatic ducts.

Experimental diets
Two diets containing hulls of two different varieties of faba beans were formulated. The
basis of the diets consisted of barley, maize and dried skimmed milk. The low-tannin (LT)
diet contained 200 g of hulls of faba beans of the white-flowering cv. Blandine/kg with a
low content of condensed tannins. The high-tannin (HT} diet contained the same level of
hulls of cv. Alfred with a high tannin content. The hulls were prepared as described by
Jansman er al. (1993).

The composition of the diets and some analytical data are given in Table 1. The diets
were balanced with regard to net energy, total content of lysine, methionine and cystine,
threonine, tryptophan, isoleucine, vitamins and minerals. Crude protein (N x 6-25) content
was slightly higher in the HT diet (166 g/kg) than in the LT diet (158 g/kg). The level of
crude fibre was lower in the HT diet than in the LT diet (104 v. 126 g/kg). The content
of condensed tannins, analysed according to the method of Kuhla & Ebmeier (1981), was
below the lowest detection limit (< 0:10%) for the LT diet and was 0-68 % catechin
equivalents for the HT diet. The activity of trypsin inhibitors in the diets, as determined by
the method of van Qort et al. (1989), appeared to be similarly low for both diets. Cr,0O,
(2'5 g/kg) was added to the diets as a digestibility marker.

The pigs were fed two equal portions daily, 1050 g per feeding time, at 08.00 and 20.00
hours. The unpelleted feed was mixed with water (1:2, w/v) just before feeding.

Digesta caollection procedures
The pigs were adapted to the experimental diets during a period of 10 d. Two pigs were
randomly assigned to the LT diet, and the other two pigs received the HT diet. In the first
collection period of 4 d (P1) about 50 g fresh duodenal digesta was obtained at each time
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Table 1. Composition (g/kg) of the low-tannin (LT) and high-tannin (HT) experimental

diets
Diet... LT HT
Barley 3000 3000
Maize 2068 2068
Maize gluten meal (590 g crude 380 380
protein/kg)
Dried skimmed milk 100-0 100-0
Meat meal 40-0 400
Vicia faba hulls (cv. Blandine) 200-0
Vicia faba hulls (cv. Alfred) 200-0
Soya-bean o1l 520 520
Vitamin/mineral mix* 10-0 100
Cane molasses 200 20-0
Limestone 12:0 12:0
CaHPOQ,.2H,0 55 55
NacCl 30 30
KHCO, 30 30
NaHCO, 40 40
DL-Methionine 07 07
L-Lysine HCI 35 35
L-Threonine 08 08
L-Tryptophan 05 0-5
L-Isoleucine 02 02
Calculated and analysed contents
Net energy?t (kJ/kg) 9012 9012
Dry matter? 947-8 9380
Crude protein} 1582 1659
Ether extractt 74-5 74-5
Crude fibre} 1258 1043
Asht 604 60-4
Cat 99 99
Pt 62 62
Condensed tannins§ <010 0-68
Trypsin inhibitor activityl| 0-32 0-27

* The vitamin/mineral mix supplied (per kg diet): vitamin A 3-10 mg; cholecalciferol 45 ug; vitamin E
40 mg; riboflavin 5mg; nicotinamide 30 mg; d-pantothenic acid 12mg; choline chloride 150 mg;
cyanocobalamin 40 xg; menadione 3 mg; ascorbic acid 50 mg; pteroymonoglutamic acid 0-3 mg; CuSO,.5H,0
100 mg; ZnSO,.H,0 200 mg; MnO, 70 mg; FeSO,.7H,0 400 mg; CoSO,.7H,0 2-5mg; Na,Se0,.5H,0
0-2 mg; KI 0-5 mg; tylosin 20 mg.

1 Calculated content

1 Analysed content.

§ % Catechin equivalents (analysed).

| mg Trypsin inhibited/g diet (analysed).

(08.00, 08.30, 09.00, 10.00 hours and subsequently every hour up to 20.00 hours) by
collecting outflow from the duodenal cannula. Each time the cannula was opened for a
maximum of 5 min. Fresh digesta samples were weighed and their pH was measured. They
were pooled per time point per animal over 4 d and stored at —20°.

Ileal digesta were collected on the same days between 08.00 and 20.00 hours over periods
of 2 h. A PVC tube connected the cannula with a container in which digesta were collected.
The container was cooled with ice. Ileal digesta were pooled immediately per animal per
2 h period over 4 d. Samples were then stored at —20°. The pH of the pooled samples was
measured afterwards.
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After the first collection period the animals were given the other diet (change-over).
During the next period of 10 d the pigs were adapted to the diets, then a second collection
period followed. This period (P2) also lasted 4 d. The procedures for digesta collection and
sampling were as in P1l. Afterwards, representative parts of the ileal digesta and all
duodenal digesta samples were freeze-dried.

For the determination of the apparent ileal digestibility of dry matter (DM) and crude
protein (CP) of the diets, freeze-dried ileal digesta per 2 h collection period were pooled per
animal for each of the collection periods.

Samples of feed and freeze-dried digesta were ground in a laboratory mill with a 1 mm
screen. Digesta samples were stored under N, in small air-tight plastic flasks at —20° until
analysis.

Chemical analyses

The diets were analysed for DM and N contents by standard procedures and for Cr,O,
using atomic absorption spectroscopy. The DM content of duodenal digesta was
determined from the weight loss during freeze-drying. The N content of duodenal digesta
was analysed in the freeze-dried samples. Fresh ileal digesta were analysed for dry matter
and N content. In the pooled samples of freeze-dried ileal digesta per animal for each of
the collection periods, DM, N and Cr,0, contents were determined. The CP content of
samples was calculated as N x 6-25.

Trypsin and chymotrypsin activities in freeze-dried duodenal and ileal digesta were
determined spectrophotometrically according to Bergmeyer (1974). Trypsin activity was
determined using a-N-toluene-p-sulphonyl-L-arginine methyl ester (10 mM) as substrate in
Tris-HCl buffer (46 mm, pH 81, 11-5 mMm-CaCl,) at 25°. Chymotrypsin activity was
measured using N-benzoyl-L-tyrosine ethyl ester (096 mMm) as substrate in Tris-HCI buffer
(80 mm, pH 7:8, 0-1 M-CaCl,), also at 25°. Activity is defined as gmol substrate converted
by the enzyme/min. The activity is expressed as units (U)/g freeze-dried sample.

Statistical analyses
The results for digesta for each individual time point or collection period and the overall
mean values per animal over 4 d were analysed statistically according to the following
model (SAS-GLM procedure; Statistical Analysis System, 1990):

Vi = p+period, + diet; +animal, +-e,;,,

where y,.,, is the dependent variable, x is the overall mean, period, is the collection period
(1 or 2), diet, is the diet (1 or 2), animal, is the effect of the k™ animal (1-4), and ¢, is
the residual error.

The factor ‘period’ had no significant effect on either of the variables analysed. The
results in Tables 2 and 3 are presented as least-square means for diets with the standard
errors of models, which did not include ‘period” as a factor. Results in Figs. 1-8 are shown
as means with their standard deviations.

Small-scale experiment with pigs with pancreatic duct cannulas
A small-scale experiment with a change-over design was conducted in three pigs fitted with
pancreatic duct cannulas (body weight about 40 kg; cannulation according to Hee et al.
1985) and fed on diets containing (g/kg diet): skimmed milk powder 180, faba bean
cotyledons 300, maize starch 327 and faba bean hulls with either a low or a high content
of condensed tannins 100, as the major ingredients (1100 g/day). After 10 d adaptation to
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Table 2. Mean values for dry matter and crude protein contents, pH and enzyme activity of
duodenal digesta of pigs fed on a diet containing hulls of faba beans (Vicia faba L.; 200 g/kg)
with either a low (LT) or high (HT) content of condensed tanninst

(Values are means for sixty determinations)

Statistical

Diet... LT HT SE significance
Dry matter (g/kg) 93-7 92:4 29 NS
Crude protein (g/kg FDM) 1673 1781 23 ok
pH 494 506 0-06 NS
Trypsin activity (U/g FDM) 1567 1426 202 NS
Chymotrypsin activity (U/g FDM) 383 380 66 NS
Trypsin:chymotrypsin activity ratio 4-20 418 0-31 NS

FDM, freeze-dried matter; NS, not significant.
** P <00l
T For details of diets and procedures, see Table 1 and pp. 628-630.

the diets, pancreatic secretion was measured quantitatively on four consecutive days for
12h/d (08.00-20.00 hours). Activities of trypsin and chymotrypsin were measured in
representative samples of pancreatic juice using the methods of Bergmeyer (1974).

RESULTS

General remarks
Statistical analysis of the experimental data (DM content and pH of digesta, trypsin and
chymotrypsin activities and their activity ratio in freeze-dried digesta, and CP content of
digesta) for each time point of collection of duodenal digesta revealed a significant animal
effect in nine of the ninety cases (six variables x fifteen time points). For data on ileal digesta
per 2 h collection period, a significant animal effect was found in five of the thirty cases (five
variables x six collection periods of 2 h). For the mean values per animal over 4d, a
significant animal effect was found only for the DM content of fresh duodenal and ileal
digesta.

Duodenal digesta

Mean size of the samples of duodenal digesta at each time point of sampling was 49-1 and
47-7 g for treatments LT and HT respectively. DM content of the duodenal digesta did not
differ (Table 2). Between 08.00 and 20.00 hours, 69 and 6:7% of total DM of one meal
(1050 g) was sampled via the duodenal cannula for the LT and the HT treatments
respectively. Mean values for CP content, pH and activity of trypsin and chymotrypsin in
duodenal digesta are given in Table 2. Mean CP content of freeze-dried duodenal digesta
was higher for the HT treatment (P < 0-01). Mean pH of duodenal digesta was similar for
treatments LT and HT. The course of the pH over the 12 h period of sampling was similar
for both diets (Fig. 1). Values were highest just after and before feeding (pH 5-5-6-0).
Lowest values were measured 2-3 h after feeding (pH 4-4-5).

For both treatments, trypsin and chymotrypsin activities in freeze-dried duodenal
digesta varied considerably over the 12 h of sampling. Neither overall mean values (Table
2) nor individual values per time point (Figs. 2 and 3) differed significantly between
treatments. Standard deviations for the measurements on enzyme activities were relatively
high, particularly for samples collected between 12.00 and 20.00 hours.
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Fig. 1. pH of duodenal digesta of pigs fed on a diet containing 200 g/kg of low-tannin (Z3) or high-tannin
(7) faba-bean (Vicia faba L.) hulls. Values are means and standard deviations for four pigs.
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Fig. 2. Trypsin activity (U/g) in freeze-dried duodenal digesta of pigs fed on a diet containing 200 g/kg of low-
tannin ({7) or high-tannin (@) faba-bean (Vicia faba L.) hulls. Values are means and standard deviations for
four pigs.

Mean values for trypsin activity :chymotrypsin activity in freeze-dried duodenal digesta
did not differ significantly between diets. Values tended to increase during the first hours
after feeding and to decrease later until a subsequent feeding (Fig. 4).

lleal digesta
The total amount of fresh digesta collected at the terminal ileum per 12 h did not differ
between treatments (2119 and 2037 g for diets LT and HT respectively). The quantity of
fresh digesta collected per 2 h varied between 265 and 432 g for diet LT and between 268
and 391 g for diet HT. DM content of ileal digesta was slightly lower for treatment HT
(P < 0-05; Table 3). The CP content in ileal digesta (on a DM basis) was relatively constant
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Fig. 3. Chymotrypsin activity (U/g) in freeze-dried duodenal digesta of pigs fed on a diet containing 200 g/kg of
low-tannin (2) or high-tannin (ig) faba-bean (Vicia faba L.) hulls. Values are means and standard deviations
for four pigs.
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Fig. 4. Ratio of the activity between trypsin and chymotrypsin in freeze-dried duodenal digesta of pigs fed on a
diet containing 200 g/kg of low-tannin (§7) or high-tannin (Zg) faba-bean (Vicia faba L.) hulls. Values are means
and standard deviations for four pigs.

over the day (Fig. 5). Overall, and during each of the 2 h periods, the CP content was higher
for pigs receiving the HT diet (P < 0-05; Table 3 and Fig. 5). The pH of ileal digesta for
both treatments was similar (Table 3). Overall, and between 12.00 and 20.00 hours, the
trypsin activity in ileal digesta was significantly lower for the HT treatment (Table 3 and
Fig. 6). Chymotrypsin activity in freeze-dried ileal digesta did not differ between the diets,
except for a lower activity found 6-8 h postprandially for the HT diet (P < 0-05; Table 3
and Fig. 7). Between 14.00 and 18.00 hours the trypsin:chymotrypsin activity ratio was
significantly lower in ileal digesta for the HT treatment (P < 0-05; Fig. 8). Overall, and in
digesta collected over most of the other 2 h periods, the ratio tended to be lower for the HT
diet.
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Table 3. Mean values for dry matter and crude protein contents, pH and enzyme activity in
ileal digesta and apparent ileal digestibility values (DC) for dry matter (DM) and crude
protein (CP) in pigs fed on a diet containing hulls of faba beans (Vicia faba L; 200 g/kg) with
either a low (LT) or high (HT) content of condensed tanninst

(Values are means for twenty-four determinations)

Statistical
Diet... LT HT SE significance
Dry matter (g/kg) 122-8 1099 36 *
Crude protein (g/kg DM) 1183 1760 36 rokk
pH 7-18 715 0-05 NS
Trypsin activity (U/g FDM) 1102 767 57 **
Chymotrypsin activity (U/g FDM) 279 258 60 NS
Trypsin:chymotrypsin activity ratio 422 311 0-65 NS
DC, 0-571 0-570 0-014 NS
DCp 0-728 0614 0-013 *

FDM, freeze-dried matter; NS, not significant.
* P <005;*P < 001; *** P < 0001.
t For details of diets and procedures, see Table 1 and pp. 628-630.
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Fig. 5. Crude protein content of ileal digesta of pigs fed on a diet containing 200 g/kg of low-tannin (£2) or high-
tannin () faba-bean (Vicia faba L.) hulls. Differences between treatments * P < 0-05; ** P < 0-01; *** P < 0-001.
Values are means and standard deviations for four pigs.

The apparent ileal digestibility of DM, calculated using the marker (Cr,0,) ratio, was
similar for both diets. For CP the ileal digestibility value was 11 units lower for the HT
treatment (P < 0-05; Table 3).

Pancreatic enzyme secretion in pigs with pancreatic duct cannulas
Total pancreatic secretion did not differ between treatments (1363 and 1317 g per 12 h
respectively). Mean output of enzymes (U/12 h), measured in only one of the two
experimental periods, was 126925 and 115265 for trypsin and 60686 and 53210 for
chymotrypsin in pigs given the low- and high-tannin faba-bean hulls respectively.
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Fig. 6. Trypsin activity (U/g) in freeze-dried ileal digesta of pigs fed on a diet containing 200 g/kg of low-tannin
() or high-tannin (7) faba-bean (Vicia faba L.) hulls. Differences between treatments * P < 0-05; ** P < 0-01;
*** P < (0-001. Values are means and standard deviations for four pigs.
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Fig. 7. Chymotrypsin activity (U/g) in freeze-dried ileal digesta of pigs fed on a diet containing 200 g/kg of low-
tannin (E4) or high-tannin (24) faba-bean (Vicia faba L.) hulls. Difference between treatments * P < (-05. Values
are means and standard deviations for four pigs.

DISCUSSION
General
Composition and enzyme activity of digesta in the small intestine of pigs vary widely over
the day (Braude et al. 1976; Low et al. 1978; Low, 1979). Therefore, single-spot sampling
of digesta or digesta collection over a short period of time will not provide representative
samples. The use of re-entrant cannulas allows quantitative collection of digesta at various
sites of the digestive tract in pigs. However, re-entrant cannulation has some drawbacks in
terms of practical application and maintenance of a normal physiological status of the
intestines. This was shown by Kohler er al. (1992) in pigs fitted with a re-entrant cannula
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Fig. 8. Trypsin:chymotrypsin activity ratio in freeze-dried ileal digesta of pigs fed on a diet containing 200 g/kg
of low-tannin (E2) or high-tannin (73) faba-bean (Vicia faba L.) hulls. Difference between treatments * P < 0-05;
*k P < 0-01. Values are means and standard deviations for four pigs.

in the terminal ileum. Therefore, in the present study frequent spot sampling of duodenal
digesta via a T-cannula has been used to study composition and enzyme activity of digesta
in the proximal part of the duodenum of pigs. Both DM content (results not shown) and
pH of duodenal digesta in our study followed the same pattern over the day as found by
Braude et al. (1976) with quantitative collection. Therefore, we assumed that our samples
of duodenal digesta were representative. The PVTC cannula at the terminal ileum of pigs
allows almost complete collection of ileal digesta (van Leeuwen et al. 1991). Therefore,
digesta collected via this cannula over 12 h is assumed to be representative of the digesta
reaching the terminal ileum.

To study the effects of condensed tannins in faba beans, hulls of faba beans with a
different tannin content were included in the diets. In faba beans condensed tannins are
found in the hulls of the seeds (Bos & Jetten, 1989). Furthermore, hulls of faba beans have
a low CP content and consist mainly of non-starch polysaccharides, cellulose in particular
(Cerning et al. 1975). The slightly higher content of crude fibre and the lower level of CP
in the LT diet (Table 1) are associated with small differences in the levels of fibre and
protein between the two hull fractions. The content of condensed tannins can be considered
as the major difference between the diets.

Digesta composition and pancreatic enzyme secretion

The fall in pH of duodenal digesta in the first hours after feeding (Fig. 1) is associated with
the high rate of gastric emptying shortly after feeding as found by Braude et al. (1976).
Mean pH values of duodenal digesta in our study were similar to those found by Braude
et al. (1976) for duodenal digesta collected quantitatively over 24 h. The relatively low DM
content of duodenal digesta for both treatments is related to endogenous secretions in the
proximal part of the digestive tract in the form of saliva, gastric juice, bile and pancreatic
juice (Braude et al. 1976). In our study the DM content of duodenal digesta was not
influenced by the type of faba-bean hulls included in the diets.

The mean CP content of duodenal digesta (on a DM basis; Table 2) was almost equal
to the level in the diets (Table 1). Some authors have found an increase in protein flow at
the duodenal level in pigs compared with protein intake, as a result of endogenous protein
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secretion in the proximal digestive tract. This phenomenon has been reviewed by Low
(1979). N absorption before the proximal duodenum was not observed in pigs (Zebrowska
et al. 1983).

In our study activities of digestive enzymes in duodenal digesta fluctuated markedly over
the day. Similar observations were made by Low (1982). This is probably related to within-
day fluctuations in the secretion of pancreatic juice and/or the concentration of digestive
enzymes in the juice and the dilution of enzymes by digesta flow. Corring & Saucier (1972)
and Partridge er al. (1982) showed that both secretion of pancreatic juice and its
composition vary widely over the day and that both are affected by the composition of the
diet.

Information on the possible effects of dietary tannins on the secretory activity of the
pancreas is scarce. Marquardt et al. (1977), Longstaff & McNab (1991) and Jansman et al.
(1993) did not observe a change in pancreas weight in chickens and pigs, after feeding diets
with tannin-rich hulls from faba beans.

It was concluded from the small-scale experiment with pigs with pancreatic duct
cannulas that condensed tannins of faba beans do not affect the volume of pancreatic
secretion and the pancreatic output of trypsin and chymotrypsin in pigs.

The small difference in crude fibre content between the diets (Table 1) probably does not
affect digestive enzyme secretion by the pancreas. Mosenthin & Sauer (1991) found that
inclusion of Alphafloc or straw at a level of 100 g/kg diet did not affect pancreatic enzyme
output in pigs.

Enzyme activity in small intestinal digesta

Enzyme activity in digesta is influenced by physico—chemical conditions in digesta, dietary
components, and denaturation and autodigestion of enzymes (Low, 1982). The latter two,
however, do not seem to be very important in the proximal duodenum. Low (1982)
reported that total enzyme activity (U) in duodenal digesta of pigs was similar to the total
activity found in the jejunum. Among the dietary components, fibre may reduce the activity
of digestive enzymes due to adsorption of enzymes to the fibre matrix, as shown in vitro by
Schneeman (1978), and due to the effect of fibre-associated components (pectins, gums) on
viscosity and pH (Isaksson er al. 1982). The pH of duodenal digesta in our study differed
only slightly between treatments.

Corring et al. (1972), who measured total pancreatic output, and Low (1982), who
measured enzyme activity in total duodenal digesta (U), found an increased activity of both
trypsin and chymotrypsin in the first hours after feeding. The low activity of both enzymes,
expressed as U/g freeze-dried matter (U/g FDM), in duodenal digesta in the first hours
after feeding in our study may be the result of a dilution of pancreatic enzymes due to an
increased flow of digesta during this period. However, duodenal digesta flow itself could
not be measured in our study. At the ileal level the enzyme activities (U/g FDM) (Figs. 6
and 7) were more steady over the day. The same was observed by Low (1982).

In several studies condensed tannins in diets have reduced the activities of digestive
enzymes in digesta obtained from various sites of the intestinal tract of rats and chickens.
Horigome et al. (1988) found reduced activities of trypsin and «-amylase (EC 3.2.1.1) in
the upper, middle and lower small intestine of rats after feeding tannin-rich extracts from
various fodder plants. Similar results were obtained by Griffiths & Moseley (1980) after
feeding rats tannin-rich faba-bean hulls. Longstaff & McNab (1991) found reduced
activities of trypsin and lipase (EC 3.1.1.3) in small intestinal digesta of chickens given
high-tannin faba-bean hulls compared with low-tannin faba-bean hulls. Yuste e al. (1992)
found reduced activities of trypsin, a-amylase and lipase in jejunal digesta of young
chickens after feeding tannin-containing faba-bean hulls or tannin-rich extracts from the
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same hulls. Formation of tannin-enzyme complexes may explain the effects of dietary
tannins on enzyme activity. Addition of polyvinylpyrrolidone (PVP), a potent tannin
binder, to digesta extracts of tannin-fed rats restored trypsin activity to values of the
control group. This indicates that the enzyme-tannin complex formation is reversible
(Griffiths, 1980). In our study no differences between treatments were found with regard to
the activities of trypsin and chymotrypsin in duodenal digesta.

Trypsin activity in ileal digesta (U/g FDM) was 70 and 54 % of the level measured in
duodenal digesta for the LT and HT diets respectively. For chymotrypsin activity the
corresponding values were 73 and 68 %. Using apparent ileal DM digestibility values from
Table 3 for estimating ileal DM flow, the total activity of trypsin (U/24 h) was 30 and 23 %
of the estimated activity in the duodenum for the LT and HT treatments respectively.
Corresponding values for chymotrypsin activity were 31 and 29% respectively. These
values are in agreement with estimates made by Low (1982) using the re-entrant
cannulation technique for quantitative digesta collection at different sites of the small
intestine.

Trypsin activity was significantly reduced in ileal digesta of pigs fed on the high-tannin
hulls. There may thus be a difference in response to trypsin activity with regard to tannins
at different sites of the digestive tract in pigs. These can be related to several factors, such
as differences in solubility of tannins at various sites, the nature and quantity of dietary or
other endogenous components in digesta which may bind to tannins, the length of the
interval between enzyme activation and encounter of tannins available for interaction, and
differences in physico-chemical circumstances. With respect to the latter, Hagerman &
Butler (1978), found in in vitro studies that maximum precipitation of tannin-protein
complexes occurred at a pH close to the isoelectric point (pI) of the proteins involved. Jones
& Mangan (1977) observed that the major part of the fraction 1 leaf protein of lucerne
{(Medicago sativa L.) that was complexed with condensed tannins from sainfoin (Onobrychis
viciifofia Scop.) in the rumen of sheep was released in the proximal duodenum at a pH of
2:5. Therefore, condensed tannins may be available for enzyme binding in the proximal
duodenum. However, the pH as measured in duodenal digesta of pigs could still be
relatively low for maximum protein binding since pl values for the porcine zymogens,
trypsinogen (E£C 3.4.21.4) and chymotrypsinogen A (EC3.4.21.1) are 7-5 and 7-2,
respectively (Walsh & Wilcox, 1970). The pH of ileal digesta in pigs was shown to be
slightly higher than 7. This may be favourable for tannin-enzyme interactions.

Tannins have a different binding affinity for various proteins (Asquith & Butler, 1986).
Thus, they may affect the activity of various enzymes to a different extent. From our study
it may be concluded that condensed tannins in faba-bean hulls have a higher affinity for
trypsin than for chymotrypsin in ileal digesta of pigs. This can be inferred from the
tendency towards a reduction in the trypsin:chymotrypsin activity ratio in ileal digesta of
pigs fed on the HT diet. A low affinity of tannins for lipase relative to trypsin and «-amylase
was suggested by Horigome et al. (1988) to explain the difference in effects of condensed
tannins in digesta of rats on these enzymes.

The mean digestibility of DM and CP of the diets was low. This may be due to the
indicator method used. The relatively low recovery of the marker as found in the present
study may be related to the double cannulation of the pigs, the method of sample collection
and sample treatments. The apparent ileal digestibility of CP was significantly reduced in
the pigs receiving the high-tannin diet. A decrease in digestibility of CP was also found in
other studies with chickens and pigs fed on diets containing faba-bean tannins (Martin-
Tanguy ef al. 1977; Lacassagne et al. 1988; Longstaff & McNab, 1991; Jansman et al.
1993).

Both trypsin and chymotrypsin are important for the breakdown of both dietary and
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endogenous proteins into peptides, and also for the activation of various digestive enzymes
(Rinderknecht, 1986). Therefore, the reduced apparent ileal digestibility of protein in high-
tannin diets in non-ruminant animals may be related to a reduced activity of important
digestive enzymes. However, various authors (Low, 1982; Zebrowska et al. 1983) have
suggested that the total amount of protease secreted by the pancreas of pigs exceeds by far
the amount required for complete hydrolysis of dietary proteins. This indicates that a
reduction in activity of proteolytic enzymes in digesta obtained from a particular site of the
digestive tract may have limited consequences for the animal’s capacity to degrade dietary
proteins through the whole digestive tract. Binding of tannins to dietary proteins or an
increased excretion of endogenous proteins therefore seems a more logical explanation for
the reduced apparent digestibility of protein in high-tannin diets. Moreover, Partridge et al.
(1982) determined that the amount of N secreted by the pancreas of pigs (body weight
50 kg) represents only 3—-6 % of total daily N throughput in the duodenum. The low enzyme
protein: total protein ratio in digesta in vivo led Blytt et al. (1988) to suggest that the main
antinutritional effects of dietary tannins are not due to inhibition of digestive enzymes.
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