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ABSTRACT

We measured the effects of the addition of tannic
acid on chemical composition and crude protein (CP)
ruminal degradability of bermudagrass, cv. coast cross
(Cynodon dactylon L.) and alfalfa (Medicago sativa L.)
silages with nylon bags incubated in the rumen of two
fistulated lactating cows. Silage pH was greater for al-
falfa than for bermudagrass. The addition of tannic acid
had no effect on silage pH. Ammonia N was greater in
alfalfa than in bermudagrass silage. Treated and con-
trol silages had similar ammonia N concentrations. The
percentage of CP that was solubilized at time 0 was
lower for alfalfa than for bermudagrass silage. The ad-
dition of tannic acid decreased the portion of CP solubi-
lized at time 0 and increased the potentially degradable
fraction of CP. The potentially degradable fraction of
CP was greater for alfalfa than for bermudagrass. There
was an interaction of species and treatment; the disap-
pearance rate of CP increased with tannic acid treat-
ment of alfalfa but decreased with acid treatment of
bermudagrass. The effective degradability of CP was
similar for control and treated alfalfa but lower for
treated than for control bermudagrass. Tannic acid
treatment is effective in decreasing the rapidly soluble
fraction of alfalfa and bermudagrass silages, which
could be beneficial to the animal because it would de-
crease the excess of N in the rumen after feeding. Tan-
nic acid treatment decreased CP degradability of ber-
mudagrass silage but had no effect on alfalfa silage,
suggesting that tannic acid concentration required to
effectively decrease CP degradability differs among
forages.
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Abbreviation key: EDCP = effective degradability
of CP.

The rate of degradability of protein during ensiling
is high as a result of extensive proteolysis, which occurs
during wilting and ensiling (9). However, greater tan-
nin concentration in trefoil (Lotus corniculutus L.) than
in alfalfa (Medicago sativa L.) silage is related to less
intense hydrolyzation of proteins into soluble NPN (4).
Tannins decrease protein deamination (3) and are nega-
tively correlated with concentration of NPN in legume
silage (1). Birdsfoot trefoil cultivars with greater tannin
concentrations have lower proteolysis during ensiling,
which results in greater proportions of protein N after
silage fermentation (16). Decreases in the soluble and
the potentially soluble fractions of CP were also ob-
served for cultivars that have greater rather than lower
tannin concentrations (16).

Many plant species have naturally low tannin concen-
trations, suggesting that tannin addition could be a
strategy to decrease protein degradability of forages.
The negative relationship between NPN and tannic acid
concentrations (1) suggests that tannic acid inhibits
several animal and plant enzymes. Mühlbach et al. (11)
used tannins to inhibit ruminal proteolysis of soybean
meal; complex reversion was carried out with pepsin
and pancreatic-pepsin with a significant decrease in
ruminal ammonia production after incubating soybean
meal treated with tannins. Our objectives were to deter-
mine the effects of adding tannic acid at ensiling on
ruminal degradability and fermentation characteristics
of bermudagrass and alfalfa.

Bermudagrass (Cynodon dactylon L.) and alfalfa
(Medicago sativa L.) were obtained from the experimen-
tal field of the Iguatemi Experimental Farm, Maringa
State University, Brazil. Bermudagrass was cut in No-
vember, 1999, 30 d after the first growth, and alfalfa
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was cut in December at 10% flower stage. Both forages
had similar maturities. They were cut at 5-cm height,
grossly chopped into 2.5-cm pieces with a forage crusher
(model EN-10, Nogueira Itapira sp. S.A.), and scattered
over a plastic cover for partial wilting and drying. All
the material was mixed with acetic acid at the ratio of
4 ml/kg of green ensiled matter to help silage conserva-
tion (10). Later, each forage was divided in two parts,
one was used as control, and the other was treated with
21% (vol/wt) tannic acid solution (Labsynth Productos
para Laboratorio Ltda, Sao Paulo, S.P., Brazil). The
tannic acid solution was sprayed over the chopped for-
age in a 5-cm layer with a final tannic acid solution to
protein ratio of 1:10. The material was homogenized,
allotted to six replicates, and ensiled in PVC experimen-
tal silos with a 4-kg capacity. The same homogenization
and ensiling procedures were carried out with the non-
treated forage. We used four different treatments: ber-
mudagrass with tannic acid (TB), control bermu-
dagrass (CB), alfalfa with tannic acid (TA), and control
alfalfa (CA) silages. Silos were kept at room tempera-
ture (21°C) for 180 d; thereafter they were emptied.
Juice was squeezed from a portion of the silages, fil-
tered, and used for determination of pH and ammonia
N. Subsequently, silage from each silo was frozen
(−20°C) in plastic bags until analyzed.

Ruminal CP degradabilities were estimated for the
four silages. Equal portions of each of the six silos
within treatment were mixed together to determine
degradability. Two lactating Holstein multiparous
cows, fitted with a ruminal cannula, were fed a TMR
containing 30 kg of corn silage, and 8 kg of concentrate,
and mineralized salt to meet NRC requirements (12).
Rations were fed three times daily (0800, 1300, and
1630 h), and cows had access to pasture (Cynodon sp.)
between 0900 and 1300 and between 1800 and 0600 h.
The four silages were incubated in the rumen of each
of the two cows in a complete randomized design, and
cows served as the replicates. Ankom rumen in situ
nylon bags (Ankom Technology Corporation, Fairport,
NY) was used for incubation. Bags were 10 × 20 cm
with a pore size of 53 ± 15 µm. Seven-gram silage sam-
ples were placed in nylon bags and anchored with a 30-
cm length of braided fishing line. All bags were clamped
to a 540-g weight, which was tied to a 60-cm long main-
line tied outside the fistula. Duplicate bags were intro-
duced over time to have incubation periods of 6, 9, 24,
28, 72, and 96 h. All bags were removed at once and
washed in cold water until the rinse water was clear.
Time 0 disappearances were obtained by washing unin-
cubated bags as described. All washed bags were dried
in a forced-air oven at 55°C until constant weight was
reached. The percentages of disappearance of CP at
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each incubation time were calculated from the propor-
tions remaining after incubation in the rumen.

Degradation of CP was calculated using the following
equation of Ørskov and McDonald (14):

p = a + b(1 − e−ct)

where p = percentage disappearance at time t, a = the
intercept representing the portion of CP solubilized at
time 0, b = the fraction of CP that potentially is degrad-
able in the rumen, c = the constant rate of disappear-
ance of fraction b, and t = time of incubation. The nonlin-
ear parameters a, b, and c were estimated by an itera-
tive least-squares procedure (17), and best-fit values
were chosen with the Secant method (DUD) using the
convergence criterion (10−8) of SAS (17). The effective
degradability of CP (EDCP) is the amount that actually
will be degraded in the rumen and was calculated with
the following equation (14):

EDCP = a + [(b − c)/(c + k)],

where k is the estimated rate of solid outflow from the
rumen and the others are the same as described above.
Effective degradability of CP was estimated for each
ingredient assuming rumen solid outflow rates of 5%/h.

Silage DM was determined by toluene distillation
(5). Liquid was squeezed from samples of silage at the
opening of the silos and used to determine pH and am-
monia N. Silage pH was measured with a potentiometer
(model HI 931000, Hanna Instruments, Mauritius) and
ammonia N was determined in silage juice by distilla-
tion over MgO (2). Total N in silage was measured
by the Kjeldahl method (2). Acid detergent fiber was
determined according to Goering and Van Soest (6).

Data on silage composition were subjected to ANOVA
using the general linear models procedure of SAS (17)
according to a two-way analysis of variance with treat-
ment and type of silage as effects; there were six repeti-
tions (silos) per treatment. Degradability data for pre-
dicted a, b, c, and t0 values, and for the effective degrad-
abilities of CP were analyzed by the general linear
models procedure of SAS (17) as a two-way analysis of
variance with treatment and type of silage as effects
with cows as the replicates. Significant was declared
at P < 0.05 unless otherwise noted.

The percentage of DM was significantly greater for
tannic acid-treated bermudagrass silage than for the
other silages, which resulted in an interaction between
species and treatment (Table 1). Silage DM content
was similar for control alfalfa silage, tannic acid alfalfa
silage, and control bermudagrass silage. In earlier stud-
ies (8), direct acidifiers increased silage DM in third-
but not in second-cut alfalfa, while biological additives
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