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Tannins reduce protein but not phosphorus
utilization of diet with added phytase in pigs®
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ABSTRACT

To evaluate the possible interaction between tannins and the activity of exogenous feed enzymes,
the effect of tannin supplementation on added phytase efficiency in pigs was studied. An extract of sweet
chestnut (Castanea sativa Mill.) wood was used as the source of tannins. Thirty-six pigs were divided into
five groups: control (no supplement), Phy (550 PU/kg, 0 g tannins), Phy+T1 (550 PU/kg, 1.1 g tannins/
kg), Phy+T2 (550 PU/kg, 2.2 g tannins’kg) and Phy+T3 (550 PU/kg, 4.5 g tannins/kg). The results proved
that phytase supplementation in the Phy group significantly increased apparent P digestibility and balance,
Ca balance, serum inorganic P concentration, significantly reduced serum Ca concentration, numerically
improved apparent nitrogen digestibility and significantly increased the N balance. Compared with the
Phy group, the addition of tannins significantly reduced apparent protein digestibility. The apparent crude
ash digestibility in the Phy+T3 group was also reduced (P<0.08). The utilization of phosphorus and
calcium was unaffected by tannin supplementation. In conclusion, the applied concentrations of tannins
did not reduce the phosphorus-related efficiency of phytase action in growing pigs.
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INTRODUCTION

Various exogenous feed enzymes have proved their efficiency in animal
nutrition. However, information is lacking about the effect of various feed
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constituents and supplements on the activity of exogenous enzymes in the
digestive tract.

In animal nutrition, tannins are usually regarded as antinutritive substances,
but in appropriate concentrations they can also exhibit beneficial effects that are
based on their antimicrobial, anthelminthic, and antioxidative properties. Tannins
in various plant extracts act to prevent or dissociate the colonization of intestinal
parasites, bacteria, protozoa, and viruses and are widely used in traditional
medicine to counter diarrhoea and dysentery (Lewis, 2003). Several authors
have reported reduced incidence of diarrhoea and mortality in farm animals as
consequences of the use of tannins from various plant extracts as feed supplements
(Essl and Huber, 1998; Ishihara et al., 2001).

Tannins form complexes with proteins, thereby reducing protein and amino
acid digestibility. This negative effect also occurs due to binding to, and
consequent inhibition of, endogenous enzymes (Jansman, 1993). In this context
the question whether tannins also influence the activity of exogenous enzymes
seems to be important as well.

The aim of the present study was to evaluate the effect of different tannin
concentrations on the efficiency of exogenous phytase action by measuring
mineral and protein utilization and some relevant blood parameters in pigs. The
source of tannins was a wood extract of hydrolysable and mainly condensed form
of sweet chestnut tannins (Castanea sativa Mill.).

MATERIAL AND METHODS

Thirty-six castrated male fattening pigs (65 kg liveweight) were penned singly
in metabolism cages that allowed separate collection of faeces and urine. The
adaptation and total excreta collection period lasted 10 and 7 days, respectively. At
the end of the experiment blood samples were drawn for serum mineral analysis.

The animals were fed 2.5 times the maintenance requirement and received daily
2005 g of a barley-maize-soyabean meal-based diet without inorganic phosphorus
supplementation. The feed was composed of, %: maize 35, barley 50.1, soyabean
meal 12.3, salt 0.3, limestone 1.6, lysine 0.2, and vitamin-mineral premix 0.5.
According to chemical analysis the feed contained, g/kg: dry matter 898, crude
protein 144, crude ash 43.7, Ca 7.3, and total P 3.7. The feed was calculated to contain
11.9 MJ metabolizable energy and 1.1 g digestible P per kg.

At the beginning of the experiment the animals were randomly assigned to
five groups. All of the groups received the same diet, which was supplemented
or unsupplemented with phytase and tannins. Phytase (measured in phytaseunits,
PU) was provided as the Natuphos preparation (BASF, Germany). Tannins
were provided as sweet chestnut tannin (Castanea sativa Mill.), a wood extract
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preparation containing 55% tannins (Farmatan, Tanin-Sevnica, Slovenia). The
following dietary treatments were provided: (Table 1): negative control group (0
PU/kg, 0 g tannins), positive control group Phy (550 PU/kg, 0 g tannins), and three
groups supplemented with phytase and different tannin concentrations: Phy+T1
(550 PU/kg, 1.1 g tannins/kg), Phy+T2 (550 PU/kg, 2.2 g tannins/kg) and Phy+T3
(550 PU/kg, 4.5 g tannins/kg).

TABLE 1
Dietary treatments and analysed total tannin content of the diets
Indices Control Phy Phy+T1 Phy+T2  Phy+T3
No of animals 7 8 7 7 7
Chestnut tannins', g/kg 0 0 1.1 2.2 4.5
Total tannins content, g/kg 0.63 0.63 1.57 2.61 5.33
Phytase?, U/kg 0 550 550 550 550

' provided as a sweet chestnut tannin extract preparation containing 55% tannins (Farmatan,
Tanin-Sevnica, Slovenia)
? calculated content; Natuphos (BASF, Germany)

During collection urine was pre-acidified to a pH lower than 3.0 using 18%
HCL. Faeces and urine were quantitatively collected twice daily and stored at
-20°C. The contents of crude nutrients, phosphorus, and tannin in diets and excreta
were determined by standard procedures (Naumann and Bassler, 1999).

The data were analysed by the General Linear Models (GLM) procedure from
SAS® software (2000). Comparisons between treatments were made by contrasts
provided by the GLM procedure. The data are expressed as least square means +
pooled standard error of mean (SEM).

RESULTS AND DISCUSSION

The animals adapted well to the experimental conditions and had no health or
other problems, consumed feed without refusals, and normal body weight gain
(533+66 g per day) for this level of feeding was observed.

In order to measure the effect of tannins on phytase efficiency, the positive
effect of phytase on mineral and nitrogen utilization had to be confirmed.
Indeed, comparison of the control and Phy groups proved that phytase
supplementation significantly improved nitrogen, calcium and phosphorus
utilization. In the case of nitrogen utilization (Table 2), this was shown by
the significantly reduced nitrogen excretion with faeces, somewhat improved
apparent nitrogen digestibility, and significantly increased N balance. The
comparison also showed that adding phytase significantly reduced faecal P
excretion, increased P digestibility, reduced urinary Ca excretion, increased
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P and Ca balance, and improved P and Ca utilization (Table 3). Phytase
supplementation also significantly increased serum P and tended (P<0.06) to
decrease the serum Ca concentration. These results were expected and are
similar to those of other studies, which also reported improved phosphorus and

TABLE 2
The influence of chestnut tannins and phytase on nitrogen utilization
Indices Control Phy Phy+T1  Phy+T2 Phy+T3 SEM
Nitrogen
intake, g/day 46.2 46.2 46.2 46.2 46.2 +0.0
faeces, g/day R.7° 7.6" 9.0 9.5 10.1¢ +0.7
urine, g/day 222 20,9 20.9 209 205 +1.8
apparent digestibility, % gl.2:0 83.6" 80.62 79.4° 78.1¢ +0.9
balance!, g/day 15,2 177" 16,2 15,7 15.5° +0.2
*»means without the same superscripts in the same line differ significantly; P<0.05
'Phy vs Phy+T3 (P<0.10)
TABLE 3

The influence of chestnut tannins and phytasc on some minerals utilization and on serum mineral
and alkaline phosphatase concentrations

Indices Control Phy Phy+Tl Phy+T2 Phy+T3 SEM

Crude ash

intake, g/day 87.7 87.7 87.7 87.7 87.7 =0.0

faeces, g/day 53.4 43.2 47.9 472 50.0 +2.9

apparent digestibility', % 39,00 50.8" 45 4 46.1" 43.07 34
Phaosphorus

intake, g/day 7.54 7.54 7.54 7.54 7.54 +0.00

faeces, g/day 5.36° 4.69° 4.64% 4.62° 4,92+ +0.17

urine, g/day 0.093 0.081 0.108 0.061 0.204 +0.073

apparent digestibility, % 28.8° 37.8" 38.4° 38.6° 348 £2.32

balance, g/day 2.08 277" 2,790 2.86" 2.42® +0.19
Calcium

imake, g/day 14.57 14.57 14.57 14.57 14.57 +0.00

fasces, g/day 10.85 10.31 9.99 10.49 10.93 +0.43

urine, g/day 2.49° 1.140 118" 0.91" 1.06° +0.14

apparent digestibility, % 257 294 313 28.2 24.8 +£3.0

balance, g/day 1.22 3010 3.400 3.16° 2,58 +0.47
Serum

inorganic P, mmol/L 2.12¢ 2330 2420 2,320 2.27% +0.05

Ca?, mmol/L 2.84 2.71 2.81 2.83 2,78 +0.05

*»means without the same superscripis in the same line differ significantly; P<0.05
‘control vs Phy (P=0.08) and Phy vs Phy+T3 (P=0.08)
*control vs Phy (P<0.06), Phy vs Phy+T1 (P<(.07), Phy vs Phy+T2 (P<0.10)
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calcium utilization after phytasc supplementation (Y1 et al., 1996). The increased
calcium retention was probably not the consequence of an improved calcium supply
but of an improved phosphorus availability, which was also indicated by the results
of blood serum analysis. High urinary calcium excretion, decreased phosphorus and
increased calcium blood levels are indicators of phosphorus deficiency and of a high
level of phosphorus mobilization from the bones (Rose, 1994).

Comparison of the tannin-supplemented groups with the Phy group showed that
sweet chestnut tannin extract, like tannic acid and the tannins from various beans
and sorghum {(Jansman, 1993), also increase faccal protein excretion and reduce
protein digestibility. The effect of tannins was related to their concentration: the
strongest effect was observed in the group receiving the highest concentration of
tannins, in which significantly lower digestibility and utilization of proteins were
noticed. The observed mitrogen excretion in the Phy +T3 group was even higher than
in the control group. The results indicate that tannins reduce protein digestibility to
an extent that can be higher than the improvement achieved by phytase.

In contrast to apparent crude protein utilization, supplementation at all three
tannin concentrations did not prove to have a significant effect on crude ash, P and
Ca utilization or on the concentration of minerals in the bloed. So the improvement
of mineral utilization achieved by exogenous phytase was not significantly affected.
But it cannot be overlooked that in the group with the highest tannin supplementation
(Phy+T3) the phosphorus excretion rate in faeces, apparent digestibility and
balance, calcium balance and serum inorganic phosphate level were not significantly
different from the values in the control group. This observation indicates that tannin
supplementation at this level (4.5 g/kg) might already affect phytasc activity and,
consequently, phosphorus utilization.

The results of this study proved that tannin supplementation at the applied
levels reduced protein but not phosphorus utilization of feed with added phytase.
Since tannins supplemented at rates up to at least 2.2 g/kg feed had no effect on
exogenous phytase, they might also have no effect on exogenous proteinases in
the phytase preparation. It might be speculated that tannin supplementation, at
least to a certain level, atfects only the endogenous digestive enzymes and has no
effect on exogenous enzymes.

CONCLUSIONS

On the basis of this study it can be concluded that, under the experimental
conditions applied, the sweet chestnut tannin extract did not significantly
reduce the phosphorus-related etficiency of phytase action in growing pigs. In
contrast, the positive effect of phytase on protein digestibility was sigmficantly
reduced. The question whether reduced protein digestibility was due to reduced
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activity of proteinases in the phytase preparation or of endogenous enzymes
remains unanswered. Because of the variable response of different proteins to
various tannins the question whether other forms of tannins (for instance those
encountered in various feedstuffs) have any particular influence on phytase and
other exogenous enzymes remains to be answered.
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STRESZCZENIE

Dodatek tanin do dawek pokarmowych zawierajacych fitaz¢ obniza wykorzystanie bialka, ale
nie fosforu przez Swinie

Celem oceny czy istnieja interakcje migdzy dziataniem tanin a egzogennymi enzymami paszy,
badano wplyw dodatku tanin na efektywnos¢ dodanej fitazy do diet dla $win. Zrédto tanin stanowit
ekstrakt z drzewa stodkiego kasztanowca (Castanea sativa Mill.). Trzydziesci szes¢ §win podzielono
na 5 grup: kontrolng (bez dodatku), Phy (550 PU/kg, 0 g tanin), Phy+T1 (550 PU/kg; 1,1 g tanin/kg),
Phy+T2 (550 PU/kg; 2,2 g tanin/kg) i Phy+T3 (550 PU/kg; 4,5 g tanin/kg).

Dodatek fitazy w grupie Phy istotnie zwigkszyl pozorna strawno$¢ i bilans P, bilans Ca oraz stgzenie
nieorganicznego P w surowicy krwi, a istotnie obnizyl stgzenie Ca w surowicy, liczbowo nieistotnie
pozorna strawnos¢ azotu, a istotnie bilans N. Dodatek tanin istotnie obnizyl pozorna strawnos¢ azotu
w poréwnaniu z grupa Phy. Pozorna strawno$¢ popiotu byla takze mniejsza w grupie Phy+T3. Dodatek
tanin nie wplynat na wykorzystanie P i Ca.

W podsumowaniu stwierdzono, ze zastosowany dodatek tanin nie obnizyt efektywnosci dziatania
fitazy u rosngcych swin.



