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ABSTRACT

The effect of tannic acid on the degradation kinetics of protein and organic
matter (OM) of alfalfa hay was studied using four ruminally-cannulated sheep under
feeding oats hay as a sole diet. Alfalfa hay was treated with tannic acid (TA) at four
different levels, which were alfalfa hay +0% of TA (control; T0), alfalfa hay +TA at
1.5% of DM (T1.5), alfalfa hay +TA at 3.0 % of DM (T3.0) and alfalfa hay +TA at 4.5%
of DM (T4.5).

Inhibition effect of TA on the disappearance of protein was significant
(P<0.05) up to 12 h of incubation for T4.5, however this effect was noticed up to 6 h
for T1.5 and T3. Tannic acid through the first 3h of incubation did not affect
disappearance of OM in alfalfa hay.

The highest level of TA (T 4.5) had significantly reduced (P<0.05) OM
disappearances at incubation times of 6 and 12h. No significant effect was found for
TA on the disappearance of OM at the incubation times 24 and 48h.

The amount of protein which was slowly degraded in the rumen was significantly
increased (P<0.05) in treated hay. The increasing of TA consistently decreased the
degradation rate (c) of protein.

Tannic acid did not affect rapidly (a) and slowly (b) degraded fractions of
OM, however, the ¢ of OM was significantly decreased (P<0.05) at T3.0 and T4.5.
These results suggested that lower level of TA (i.e. T1.5) appears to have a desirable
reduction effect on protein disappearance without shortening energy release from
OM.
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INTRODUCTION

Soluble protein intake is the portion of dietary intake protein that is
immediately available for bacterial metabolism in the rumen. The rate at which
dietary intake protein is degraded in the rumen can affect the amount of
ammonia-N (NHi;-N) that escapes microbial capture, depending on the
availability of readily fermentable carbohydrate sources to provide ATP in
support of microbial protein (Hoover and Stokes, 1991). If there is insufficient
rumen-available energy or the degradation rate of nitrogen (N) and energy are
not synchronized, the excess NHs-N will be absorbed into portal blood and
transported to the liver where it is converted to urea (Hoover and Stokes,
1991). Depending on the prevailing dietary condition, 40-60% of liver urea
output is excreted in urine (Huntington, 1989), which represents an
irretrievable loss of N to the animal and is considered a sources of pollution.
Legume forage has a higher protein concentration with a fast degradation rate
and higher portion of soluble protein (Kamel et al., 1995 and El-Waziry et al.,
2000). In addition, NH3-N concentration of rumen liquor was raised up to 8.28
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mM when sheep were fed berseem hay as a sole diet (Kamel et al., 2000), is
3 folds higher than the minimum level-recommended by Satter and Slyter
(1974) for microbial protein synthesis. Sinclair et al.,, {(1995) concluded that
optimum microbial protein synthesis was achieved when the ratio between
hourly release of nitrogen and organic (OM) matter was 25 g N/ kg of OM
ruminally degraded. However, in a pervious study this ratio was found to be
345 g N/ kg OM, when sheep were fed berseem hay as a sole diet
(unpublished data).

It should be pointed out that optimum NHi-N concentration for
maximal rate of fermentation was found to be much higher than that required
for maximum microbial protein synthesis/unit of energy, being dependent on
roughage: concentrate ratio in the basal diet (Mehrez, 1992).

Tannins are complex phenol-rich polymers found in many foods. The
anti-nutritive effects of tannins are associated with their ability to combine with
dietary protein thus reducing its digestion. The objective of the current study
was to evaluate the effect of different levels of tannic acid on the degradation
kinetics of alfalfa protein and OM in the rumen.

MATERIAL AND METHODS

Animals and feed

Four ruminally cannulated Suffolk sheep (77.5£1.7 kg, BW) were
used in a 4X4 Latin square design experiment. Sheep were offered oats hay
ad lib., and they had free access to fresh water. Animals were kept in
individual cages at the Experiment Station of Tottori University, Japan. Tested
alfalfa hay was treated with tannic acid (TA, Wako Pure Chemical Industries,
Ltd., Japan) at four different levels. Treatments were alfalfa hay +0% of TA
(control; TO), alfalfa hay + TA at 1.5% of DM (T1.5), alfalfa hay + TA at 3.0 %
of DM (T3.0) and alfalfa hay + TA at 4.5% of DM (T4.5). Tannic acid was
dissolved in water (20%, v/w) and applied as an aqueous spray to the hay,
then thoroughly mixed. Treated alfalfa hay was dried in an oven for 24h at 50
e

Organic matter (OM) and crude protein (CP) in oats hay and alfalfa
hay was determined according to the AOAC (1990). Neutral detergent fiber
(NDF) was determined as described by Goering and Van Socest (1970).
Chemical composition of given hay was 91.6, 9.7 and 63.5 for OM, CP and
NDF, respectively.
In situ degradation kinetics of OM and protein of alfalfa hay

In situ technique was done as outlined by Meherz and @rskov (1977).

Disappearances of OM and N were determined by incubating 6 g (ground to 2
mm) of air-dry alfalfa hay in nylon bags, then bags were placed in the rumen.
The bags measured 200 X 100 mm and made from polyester cloth (Swiss
Nylon Monofilament, Switzerland) with pore size of 50 um. Ten bags were
inserted into the rumen of each animal through the cannula, then 2 bags were
withdrawn at each incubation time (3, 6, 12, 24 and 48h). After withdrawal
from the rumen, bags were washed under running tap water until the water
became clear, then they were squeezed gently. Microorganisms attached to
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the residual samples were eliminated by freezing-rethawing technique as
descried by Kamel et al., (1995a). The washing loss of N or OM was
determined by washing 2 bags at each treatment in running water for 30 min.
Bags were dried in oven for 48 h at 80°C. The degradation kinetics of OM and
protein were estimated by fitting the disappearance values to the following
exponential equation P = a +b (1-exp™) as proposed by @rskov and
McDonald (1979), where P represents the disappearance at time t. The a, b
and ¢ are constants in the exponential equation, and are defined as the
rapidly degraded fraction, slowly degraded fraction and rate of degradation,
respectively. The lag time (L;) was estimated according to McDonald (1981).
Statistical analysis

Data were analyzed by ANOVA for a 4x4 Latin square design using
the JMP procedure of SAS Institute, Inc. (1994). Respective mean values
were compared using Tukey/ Kramer test.

RESULTS

Chemical composition (%, on dry matter basis) of alfalfa hay was
89.05, 21.9 and 36.8 for OM, CP and NDF, respectively.

Disappearance of N as influenced by TA is presented in Figure 1.
Washing loss of N was significantly reduced (P<0.05) when alfalfa hay was
treated with TA at the level of T. 3.0 and T 4.5, meanwhile T 1.5 had no effect.
Values of N disappearance at time 0 h of incubation were 0.39, 0.37, 0.34 and
0.31 for T O, T1.5, T 3.0 and T 4.5, respectively. Alfalfa hay treated with TA
had lower (P<0.05) N disappearance compared to the control at incubation
time of 3 and 6 h (Figure 2). Reduction of N disappearance was significantly
lower (P<0.05) at T1.5 and T3.0 than T4.5 at both incubation times 3 and 6h.
The inhibition effect of TA on the N disappearance was noticed up to 12 h of
incubation for level T4.5, however that in levels T1.5 and T3.0 had no
significant effect. Nitrogen disappeared from nylon bags tended to be lower at
incubation time 24h for T1.5, T3.0 and T4.5 compared with the control. The
values of N disappearance at 48h were 0.93, 0.94, 0.93 and 0.92 for TO, T1.5,
T3.0 and T4.5, respectively, with no significant difference among the
treatments (Figure 1).

Figure 2 illustrates the effect of different levels of TA on the
disappearance of OM in alfalfa hay, using in situ technique. No significant
differences were found due to TA during incubation times 0 and 3h, however,
TA has numerically reduced OM disappearances compare to the control. At
the incubation time of 6 and 12h, TA at the level of 1.5 and 3.0% of DM did
not affect disappearance of OM. Meanwhile, the highest level of TA (T 4.5)
had significantly reduced (P<0.05) OM disappearances at both incubation
times (6 and 12h). Also, the inhibition effect of TA was observed at incubation
time of 24h, however, no significant differences were detected among tested
levels. Extent of OM disappearance in alfalfa hay was not affected by TA and
the values were 0.77, 0.78, 0.79 and 0.77 in TO, T1.5, T3.0 and T4.5,
respectively.

Degradation kinetics of protein and OM in alfalfa hay is presented in
Table 1. Rapidly degraded fraction (a) of protein had similar trend as
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obtained in N washing-loss, the levels T3.0 and T4.5 had significantly
decreased (P<0.05) a fraction compared to control. However, this value in
T1.5 had an intermediate value (Table 1). The b fraction of protein was
significantly increased (P<0.05) in response to TA, meanwhile, no significant
difference was found among TA treatments.

The suppression effect of TA on degradation rate (c) of protein was
significant (P<0.05) at all levels of TA. The increasing of TA consistently
decreased the ¢ of protein, and the values were 0.208, 0.168, 0.138 and
0.101/h, for TO, T1.5, T3.0 and T 4.5, respectively. The lag time (time spent till
protein started to disappear, L) of protein tended to be increased and this
increment was significant at the level of T4.5 (P<0.05) compared with T0, no
significant difference was found ameng treated alfalfa hay (Table 1).

Table 1. Effect of different levels of tannic acid (TA) on the degradation
kinetics of protein and organic matter of alfalfa hay

Levels of tannic acid*
TO T1.5 T3.0 T4.5 SEM

Protein

a 2791 25727 2421 23.417 0.83

b 65.89° 68.717 7077 71.05" 0.61

c 0.208° 0.168" 0.138” 0.101* 0.009

Lt 0.80° (% 1397 1.25" 0.10
Organic matter

a 18.35 16.39 16.41 15.45 1.81

b 58.60 61.61 62.81 61.1 1.34

c 0.137° 0.128° 0.099” | 0.0935" 0.005

It 0.84 0.95 1.05 0.91 0.30

*Alfalfa hay +0% of TA (control; T0), alfalfa hay +TA at 1.5% of DM (T1.5), alfalfa hay +TA at
3.0 % of DM (T3.0) and alfalfa hay +TA at 4.5% of DM (T4.5)

The a, b and ¢ are constants predicted by the exponential equation P=a + b (1-exp™) as
proposed by @rskov and McDonald (1979).

Lt= lag time, calculated as reported by McDonald (1981).

X Means within a row with no common superscripts differ (P<0.05).

Rapidly degraded fraction (a) of OM in treated hay tended to be
lower than control hay, however, no significant differences were found among
the levels of TA.

Fraction b of OM has slightly increased (P>0.05) by treated hay with
TA. Tannic acid at the level 1.5% of DM had no effect on the ¢ of OM, but T
3.0 and T4.5 had significantly reduced (P<0.05) degradation rate of OM. The
¢ values of OM were 0.137, 0.128, 0.099 and 0.0935/h for TO, T 1 .5, T3.0
and T4.5, receptively (Table 1). Tannic acid did not affect the L.

DISCUSSION

Although the degradation kinetics of alfalfa hay was done under
feeding of oats hay, the potential extent of protein degradation (a+b) in T 0 %
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was found to be 0.94, which resembled that obtained by Kamel et al., (1995b),
when sheep were fed alfalfa hay. Moreover, Kamel et al., (1995c) reported
that the protein degradation kinetics of alfalfa hay was not affected by feeding
of either ltalian ryegrass hay or Sudangrass hay as sole diet. Therefore, in the
present study the degradation value of protein in alfalfa hay appears to be
reliable when it was determined under feeding different hays as sole diets.

The amount of ammonia nitrogen produced as a measure of the
proteolytic activity of rumen microorganisms was depressed when soybean
meal protein was treated with tannic acid (Driedger and Hatfied, 1972).
Forming hydrogen bonds between the phenolic sub-units of the polymer and
carbonyle group of peptides of the protein result in a tannin-protein complexes
which may protect protein from ruminal but not abomasal digestion because
their stability can be pH-dependent (Barry and Manley, 1984). The complexing
ability of tannins means that polyphenolics are reactive with the cell wall of
bacteria and the extracellular enzymes secreted (McSweeney et al., 2001).
Results of N disappearance in this study support the general hypothesis that
the low and moderate levels of tannins reduce the ruminal degradation of
protein and hence reducing NH3-N production.

Recently, Singh et al., (2001) found that the gallic acid and pyrogallol
(as a biodegraded products for tannic acid) were detected in the samples
collected at 24 h of incubation with rumen liquor, and either of gallic acid or
residual tannic acid could not be detected at 48 and 72 h. Odenyo and Osuji
(1998) have cited three strains of a tannin-tolerating bacterium (Selenomonas
sp.) from the rumen microflora of sheep and goats that had either been fed or
had browsed tanniniferous forages. One of the strains (EAT2) of this ruminal
bacterium could hydrolyse tannic acid to gallic acid and subsequently to
pyrogallol. The previous reports could illustrate the removal of inhibitory effect
of tannic acid on N disappearance at time 24 and 48h. The values of N
disappearance were 0.93, 0.91, 0.91 and 0.91 for 24h of incubation and 0.93,
0.94, 0.93 and 0.92 for 48h of incubation in TO, T1.5, T3.0 and T4.5,
respectively.

Therefore, the reduction of N disappearance in treated alfalfa hay in
the current study apoears to be due to forming indigestible complexes with
protein which leads to protect alfalfa protein from microbial degradation up to
12h of incubation and thus reducing the degradation rate (c) of protein.

In the present study the NDF in alfalfa hay presented about 40% of
OM. Further effect of tannins was reported by McSweeney et al., (2001) that
tannins could reduce fiber digestion by complexing with lignocellulose and
preventing microbial digestion or by directly inhibiting cellulolytic
microorganisms or both. Therefore, the lower disappearance of OM could be
attributed to effect of TA in the fiber digestion. The inverse correlation
between the level of TA and ¢ of OM in treated hay is in agreement with
Makkar et al., (1997). They also reported that addition of TA to hay reduced
the production of short chain fatty acids. Reduction of ¢ of OM would reduce
the microbial protein synthesis as a result of lower energy supply in the form
of fatty acid.
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The results of the present study, would lead to the conclusion that TA
decreased the solubilized N at tme O and increased the potentially
degradable fraction of protein, which could be beneficial to animal as it would
decrease the excess of N in the rumen after feeding and contribute to
maintain a more uniform availability of nitrogen over time. However, TA at
levels of T3.0 and T4.5 may be inhibitory for VFA production as a subsequent
effect for low degradation rate of OM.

Therefore, the level of TA at 1.5% of DM might achieve the objective
of this study by enhancing the amount and extent of ruminal degradable
fraction (b) of protein, meanwhile, this level of TA had insignificant effect on
releasing of energy from OM.
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