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ABSTRACT

This study was conducted to determine the effect of dietary tannin on growth performance,
rumen fluid characteristics, and apparent total-tract digestibility in growing Holstein-Friesian
x Sahiwal bulls fed low and high energy rations. Eighteen growing bulls with initial body weight
(BW) of 162.8+12.7 kg at 15+0.80 months were used in an unbalanced randomized complete block
design set-up in a 2x2 factorial arrangement. The experimental animals were blocked by their respec-
tive BW. Animals were fed with concentrates containing metabolizable energy (ME) at 2.47 and 2.72
Mcal/kg without or with 20g/kg tannin in dry matter basis. At the final week of the trial, rumen fluid
and fecal samples were collected for the rumen fluid characteristics and apparent total-tract digest-
ibility analyses. No differences (p>0.05) were observed between the growth performance, rumen gas
production, volatile fatty acids as well as organic matter, crude protein, and energy digestibility. High
energy concentrates had higher (p<0.05) dry matter and neutral detergent fiber digestibility than low
energy concentrates. Low energy concentrates without tannin had cheaper (p<0.001) total feed cost
but feed cost per kilogram BW gain was similar (p>0.05) across treatments. Feed savings costs of US$
17.58 per animal were attained in feeding low energy concentrates without tannin. Therefore, feeding
concentrates containing 2.47 Mcal/kg ME without additional tannin can still be fed economically to
growing cattle without any adverse effect on growth, ruminal fermentation characteristics, and appar-

ent total-tract digestibility.
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INTRODUCTION

The cattle industry is currently being threatened by
the decline in pasture and forage availability, climate
change, and economic disadvantages among the other
factors. The conversion of pasture and agricultural lands
to residential and industrial areas and the increasing
demand for meat and milk are directly related to the
growth of the human population. Furthermore, cattle
production also significantly contributes to greenhouse
gases that warm the atmosphere. According to FAO
(2017), cattle accounted for 62 percent of the total live-
stock emissions which was equal to 5.0 gigatonnes CO,-
eq of greenhouse gases. Therefore, it is integral to apply
the proper agricultural methods to cater to the demands
and needs in the cattle industry while minimizing
their potential negative environmental and economic
consequences.

Two interventions had been proposed by various
researchers in solving this predicament. These included
dietary supplementation with tannin and manipulat-

50  March 2020

ing feed energy density. Several studies suggest that
supplementation of an optimum amount of tannin could
result to reduce fiber digestion, decrease in ruminal gas
production, increased intestinal protein, and improved
growth (Naumann et al., 2017; Barajas et al., 2010).
Meanwhile, manipulation of feed energy was also an
effective method which also could lead to better perfor-
mance, fermentation efficiency, growth performance,
milk production, and lower ruminal gas emission rate
for cattle (Chaokaur et al., 2015; Tangjitwattanachai
& Sommart, 2012; Alves et al., 2017b). Due to these
potential advantages, the hypothesis was that tannin
supplementation and appropriate energy levels could
improve nutrition, growth performance, reduce ruminal
gas production, and conserve resources in raising cattle,
which could potentially benefit farmers. This aimed
to determine the effects of tannin in the growth perfor-
mance, rumen fluid characteristics, and apparent total-
tract digestibility in growing Holstein-Friesian x Sahiwal
bulls fed low and high energy rations.
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MATERIALS AND METHODS
Experimental Animals, Design, and Treatments

A total of eighteen (18) healthy, Holstein x
Sahiwal crossbred growing bulls (initial body weight
of 162.8+12.7 kg at 15+0.80 months) from the Dairy
Training and Research Institute, University of the
Philippines-Los Bafios were used in this study. The
experimental animals were arranged in a 2x2 factorial
set-up using unbalanced Randomized Complete Block
Design with four to five replicate animals per treat-
ment. The bodyweight of the experimental animal was
used as the blocking factor. The four treatments were
low energy concentrate without tannin (LENT), low
energy concentrate with tannin (LEWT), high energy
concentrate without tannin (HENT), and high energy
concentrate with tannin (HEWT). Commercial tannin
(Seta Sun®. Seta S.A., Estancia Velha, RS, Brazil) was
extracted from Acacia mearnsii bark reported to contain
72.5% total tannins (15% condensed and 57.5% hydro-
lyzable tannins). The level of tannin and metabolizable
energy of the concentrate used in this study was based
on the optimum recommended amount by Alves et al.
(2017a) and Philippine Society of Animal Nutritionists
(PHILSAN, 2010), respectively.

The animals were subjected to 14 weeks (98 days)
of feeding including the 14-days adaptation period.
After 14 days, the animals were weighed again when
their feed intakes were stable. The forage was offered ad
libitum daily with the concentrate supplemented twice a
day (0800 and 1600h) at 3% of their BW on a DM basis
and 75:25 forage to concentrate ratio. The forage was
composed of available improved grasses and legumes.
The growing bulls were kept in individual cages (0.75
m x 1.2 m) with separate feed bunk where clean water
was made available at all times. The individual cages
were regularly cleaned and maintained throughout the
experiment.

Growth Performance

Daily feed offered and refused were recorded.
Voluntary intake was estimated by the difference
between the feed offered and refused. Changes in the
weight of experimental bulls were monitored every 14
days. Sub-samples from forage and concentrate offered
and refusal was collected and subjected to oven-drying
at 70°C until constant weight. The sub-samples were
then ground using a Wiley mill to pass through a 1 mm
screen and stored for proximate and Van Soest fiber
fraction analyses following methods of AOAC (2012)
and Van Soest et al. (1991), respectively.

Rumen Fluid Collection

Approximately 200 mL of rumen fluid, 3 hours
after morning feeding was collected from each animal
using an oral rubber tube connected to a vacuum pump.
The collected rumen fluid was screened using 3 layers of
cheesecloth into a beaker and immediately transferred
into sealed zip lock polyethylene bags. The bags were

kept inside a styro-box with an internal temperature of
38-41°C maintained by adding warm water. After the
collection and sieving, a portion of rumen fluid was
preserved with 2-3 drops of toluene to prevent fermen-
tation then it was stored at -20°C temperature for the
volatile fatty acid analyses.

Rumen Fluid Characteristics

Collected rumen fluid was immediately transferred
to a 50 ml syringe (Terumo®) primarily containing 120
mg of cellulose microcrystalline (Avicel®. Merck) as the
substrate, 5 mL 0.05 M PO, buffer pH 6.9, and 1 mL
0.154 M MgSO, to attain a final volume of 15 mL. The
plunger was pushed to make sure that no air space was
present in the syringe then the mixture was sealed with
para-film tapes to avoid errors. Duplicates of each sam-
ple, together with the blanks (mixture without samples)
were incubated immediately in an oven at 39°C.

Space in the syringe after the incubation period
corresponds to the amount of gas produced through
fermentation by rumen microbes. The gas produced
was measured using the graduation of the syringe and
readings were done at 3, 6, 12, 24, 48, and 72 h of incu-
bation. Data were also fitted to the model of Orskov &
McDonald (1977) (Eq. 1) except that the parameters a,
b, and c were associated with gas production instead of
DM degradation: Y =a + b (1 —e*) wherein Y was gas
produced (mL) at the time t, 2 was gas production from
the immediately soluble fraction (mL), b was gas pro-
duction from the slowly degradable fraction (mL), a + b
= potential gas production (mL), c was the gas produc-
tion rate constant, e= 2.71828 (base of natural logarithm)
and t was the time of incubation. The fermentation
kinetics was estimated using the non-linear procedure
of GraphPad Prism 7.0 computer software (GraphPad
Software, Inc., 2016).

For the rumen fluid volatile fatty acid analysis, the
samples were prepared in the following way: 200 ul of
25% ortho-phosphoric acid was added to 1 mL of rumen
liquid (Cottyn & Boucque, 1968). The samples were
subjected to 30 minutes of centrifugation at 3000 rpm to
separate the precipitated protein. The clear supernatant
was collected then concentrated methanol (3:1) was add-
ed then centrifuge again for five minutes. The solution
was injected to the gas chromatography (Shimadzu GC-
2010 Plus) equipped with SPL-2010 Plus split/splitless
injection unit, with injection volume of 1 uL, operated in
split mode (split ratio 50:1) fitted to a flame ionization
detector, using a capillary column (SH-Stabilwax-DA,
30m x 0.32 mmlID x 0.25 um, Shimadzu) with N, as the
carrier gas. As adapted from Luo et al. (2015), the flow
rate was set at 1.0 mL/min., column temperature at 100
°C for 1 min, increasing at a rate of 20 °C/min to 190,
then maintained for 3 min. The temperatures for injector
and detector were maintained at 220 and 250 °C, respec-
tively. Each analysis was done for 7.5 min.

Six (6) external standard solutions were prepared
before the actual analyses. These standards contained
predetermined concentration of acetic acid (Univar
2789), propionic acid (Sigma-Aldrich P1386), and
butyric acid (Sigma-Aldrich 555154-179). In order to
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indicate a good relationship between the measured
response (area of the peak) and the acid concentrations,
correlation factors (R%>0.99) of each of the corresponding
regression lines for calibration were attained first.

Apparent Total-Tract digestibility

The total fecal collection was conducted for five
days. Fecal samples were frozen at —20°C and stored
until the end of the study. The frozen samples were
thawed before drying at 60°C for 48 h and subsequently
milled through a 1-mm screen. Following milling, the
daily fecal samples were composited by cow within the
measurement period. Fecal samples were analyzed for
the dry matter (DM), organic matter (OM), gross energy
(GE), crude protein (CP), and neutral detergent fiber
(NDF) according to the procedures of AOAC (2012) and
Van Soest et al. (1991). Apparent total tract DM, OM,
GE, CP, and NDF digestibility were calculated using the
formulas below:

Apparent total-tract digestibility=
[(Nutrient Intake - Nutrient Output) / (DMI x %
Nutrient in diet)] x 100%

Economics
The economic analysis was based on the “feed cost

per kilogram body weight gained”. This was calculated
in “as-fed basis” according to this formula:

Feed cost per kg BW gain= Total feed cost / Average
daily gain

Statistical Analysis

All data from the growth performance parameters,
nutrient intake, rumen fluid characteristics, apparent
total-tract digestibility, and economics were subjected
to a two-way ANOVA using PROC MIXED procedure
of SAS v. 9.1 (SAS Institute, 2012). Statistical significance
and tendencies were set at p<0.05. Data with declared
significant differences were subjected to mean compari-
son using Tukey’s HSD test.

RESULTS

High energy (HE) concentrates have greater organ-
ic matter (OM), and lower ash, neutral, and acid deter-
gent fiber which can be attributed to the greater amount
of soybean meal and rice bran (Table 1). Nonetheless,
low energy (LE) concentrates had greater ether extract
(EE) which could be due to the inclusion of copra meal.
Furthermore, concentrates with and without tannin has
a relatively similar chemical composition.

No significant effect (p>0.05) of tannin and
energy was observed on the growth performance
parameters of the animals (Table 2). Treatments only
had significant interaction effect (p=0.007) on the CP
intake. Moreover, no significant differences (p>0.05) of

Table 1. Ingredients and percent nutrient composition of the concentrates and forage in dry matter basis

Concentrates
Items Forage
LENT LEWT HENT HEWT
Ingredients, %
Wheat pollard hard - 39.62 38.83 20.62 20.21
Copra meal expeller - 35.66 34.95 - -
Rice bran - 15.58 15.27 36.95 36.21
Wheat grain - - - 13.71 13.44
Soybean meal - - - 10.00 9.80
Molasses - 5.00 4.90 5.00 4.90
Corn grain dry rolled - 3.64 3.57 13.22 12.96
Salt - 0.30 0.29 0.30 0.29
Mineral premix - 0.10 0.10 0.10 0.10
Vitamin premix - 0.10 0.10 0.10 0.10
Tannin - - 2.00 - 2.00
Total - 100.00 100.00 100.00 100.00
Nutrient Composition, %

Dry matter 21.08 90.14 89.73 89.62 89.53
Organic matter 81.55 89.42 89.67 92.75 92.65
Metabolizable energy, Mcal/kg! 1.75 2.46 2.50 2.73 2.69
Total digestible nutrients 38.63 77.29 76.99 81.65 82.71
Crude protein 6.67 15.13 14.13 15.01 14.54
Ether extract? 4.54 6.90 7.38 4.35 6.18
Neutral detergent fiber 66.67 38.46 40.73 31.81 28.79
Acid detergent fiber 50.19 16.58 16.84 12.79 11.86
Ash 18.45 10.58 10.32 7.25 7.35

Note: LE=low energy; HE=high energy; NT=no tannin; WT=with tannin.

IMetabolizable energy= 1.01 x Digestible Energy — 0.45 (NRC, 2001). 2Also termed as crude fat.

52 March 2020



POBLETE ET AL. / Tropical Animal Science Journal 43(1):50-56

tannin and energy were observed in the amount of total
ruminal gas throughout the increasing incubation time.
Nevertheless, tannin supplementation had a significant
effect (p<0.01) on gas production from insoluble frac-
tion and potential gas production (Table 3). The effect
of tannin and energy in the molar proportion of acetic,
propionic, butyric acid, and acetic to propionic acid ratio
was statistically similar (p>0.05).

The supplementation of 20g/kg DM tannin did not
affect (p>0.05) the apparent total-tract digestibility of
the growing bulls (Table 4). The level of dietary energy
significantly affected (p<0.05) only the DM and NDF
digestibility. Tannin and energy had a highly sig-

nificant effect (p<0.001) on the total feed costs (Table 5).
However, the treatments had no observed significant ef-
fect (p>0.05) on the feed cost per kilogram body weight
gained of the growing bulls.

DISCUSSION

The level of condensed tannin (CT) used in this
study was only 15% of total tannins which was equiva-
lent to only 0.3% DM of the concentrates offered. The
low level of CT might be a factor in the similarity of the
growth performances among NT and WT fed animals.
Rivera-Mendez et al. (2017) suggested that increasing

Table 2. Growth performance and daily nutrient intake of growing Holstein-Friesian x Sahiwal bulls fed with low and high energy

rations with or without dietary tannin

. Treatments p-value
Variables SEM

LENT LEWT HENT HEWT T E TxE
Initial wt., kg 157.38 166.50 163.60 162.75 6.49 0.30 0.93 0.44
Final wt., kg 189.50 204.30 202.80 207.63 9.05 0.15 0.22 0.79
Total body wt. gain, kg 32.13 37.80 39.20 44.88 4.61 0.21 0.12 1.00
Average daily gain, kg/d 0.33 0.39 0.40 0.46 0.05 0.21 0.12 0.97
Feed conversion ratio 19.23 16.28 16.04 13.84 1.93 0.18 0.15 0.84
Total DM intake, kg/d 6.00 6.01 6.08 6.17 0.08 0.45 0.14 0.57
Forage intake 4.50 4.51 4.56 4.63 0.06 0.52 0.13 0.58
Concentrate intake 1.50 1.50 1.52 1.54 0.02 0.57 0.13 0.64
OM intake, kg/d 5.13 5.26 5.24 5.40 0.07 0.05 0.08 0.81
ME intake, Mcal/d 16.17 16.36 16.59 17.12 0.41 0.36 0.15 0.67
CP intake, kg/d 0.69 0.70°° 0.722 0.68° 0.01 0.14 0.35 0.007
NDF intake, kg/d 3.58 3.62 3.52 3.51 0.05 0.73 0.10 0.61

Note: Means in the same row with different superscripts differ significantly (p<0.05); SEM= standard error of mean; LE=low energy; HE= high energy;

NT= no tannin; WT=w ith tannin; T= tannin; E= energy.

Table 3. Rumen fluid characteristics of growing Holstein-Friesian x Sahiwal bulls fed with low and high energy rations with or with-

out dietary tannin

Variables Treatments SEM p-value
LENT LEWT HENT HEWT T E TxE

Gas production, mL

3h 0.38 0.42 0.43 0.38 0.19 0.92 0.91 0.73

6h 0.42 0.46 0.77 0.71 0.20 0.97 0.16 0.80

12h 0.54 0.46 1.17 121 0.35 0.93 0.11 0.87

24h 1.58 1.54 3.93 2.33 0.87 0.34 0.10 0.36

48h 3.54 2.54 6.30 3.54 121 0.13 0.14 0.47

72h 4.13 2.79 7.23 3.83 1.22 0.07 0.10 0.39
Fermentation kinetics!

a, mL -0.25 -0.23 -0.59 -0.66 0.36 0.66 0.31 0.79

b, mL 7.21a 3.97v 12.952 5.76v 1.86 0.01 0.06 0.29

¢, mL/h 0.01 0.03 0.02 0.04 0.16 0.13 0.96 0.99

a+b, mL 6.952 3.74° 12.362 5.10° 1.84 0.01 0.10 0.24
Volatile fatty acids, mmol/L

Acetic acid 48.84 53.77 43.37 52.34 5.16 0.19 0.51 0.70

Propionic acid 23.97 25.44 21.64 25.33 1.97 0.18 0.46 0.57

Butyric acid 16.37 17.84 15.04 17.46 1.10 0.09 0.44 0.66

Acetic: propionic acid ratio 2.01 2.11 2.00 2.05 0.10 0.49 0.70 0.80

Note: Means in the same row with different superscripts differ significantly (p<0.05); SEM= standard error of mean; LE=low energy; HE= high energy;
NT= no tannin; WT=w ith tannin; T= tannin; E= energy; 'a= gas production from the immediately soluble fraction (mL); b= gas production from
the insoluble but slowly fermentable/degradable fraction (mL); c= gas production rate constant (mL/h); a+b= potential gas production (mL).
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Table 4. Apparent total-tract digestibility of growing Holstein-Friesian x Sahiwal bulls fed low and high energy rations with or with-

out dietary tannin

. s Treatments p-value
% Digestibility SEM

LENT LEWT HENT HEWT T E TxE

Dry matter 77.342 76.932 81.05° 79.77° 1.54 0.40 0.01 0.65
Organic matter 71.42 72.03 75.26 72.29 1.32 0.39 0.13 0.17
Crude protein 72.25 75.58 76.76 72.94 1.81 0.89 0.60 0.06
Gross energy 72.61 73.43 75.68 73.10 1.21 0.47 0.26 0.15
Neutral detergent fiber 75.26° 75.342 77.10° 77.69° 1.31 0.59 0.02 0.90

Note: Means in the same row with different superscripts differ significantly (p<0.05); SEM= standard error of mean; LE= low energy; HE=high energy;

NT= no tannin; WT=w ith tannin; T= tannin; E= energy.

Table 5. Economic analyses of growing Holstein-Friesian x Sahiwal bulls fed low and high energy rations with or without dietary

tannin (as-fed basis)

Costs, US$/kg Treatments SEM p-value
LENT LEWT HENT HEWT T E TxE
Concentrate cost 0.26 0.31 0.30 0.35 - - - -
Total feed cost 64.70¢ 74.11° 71.61° 82.242 1.08 <0.001 <0.001 0.16
Feed cost/kg gain in wt. 2.12 2.03 1.94 1.90 0.23 0.76 0.50 0.93

Note: Means in the same row with different superscripts differ significantly (p<0.05); SEM= standard error of mean; LE= low energy; HE=high energy;

NT=no tannin; WT=w ith tannin; T= tannin; E= energy.

CT level up to 0.6% could increase the performance of
cattle. It was known that tannin supplementation in
copious amounts could negatively affect the palatability
of the feeds due to its astringent taste thereby reducing
DMI (Waghorn, 2008). In the current study, supplemen-
tation of 20g/kg tannin had no negative impact on the
DMI and performance of cattle which corresponded to
the recommendation of Alves et al. (2017a). Huang et al.
(2018) suggested that the potential of tannin in improv-
ing growth performance depends on its source, chemical
compositions, and structure.

The similarity in the growth performance of LE
and HE fed animals could be ascribed to their non-sig-
nificant differences in the metabolizable energy intake
(MEI) (Table 2). The similarity in the MEI ascertained
that LE fed animals tried to compensate their energy
requirements by increasing and leveling their DMI with
the HE fed animals. Another factor could be that high
energy feeds could increase internal body temperature
(Cho et al., 2014) which was aggravated by the fact that
the current study was conducted during the hot tropical
season. These factors may have resulted in the limiting
of DMI and growth of HE-fed animals in order to avoid
heat-stress.

Tannin supplementation tended to increase the OM
intake. This finding was not in agreement with studies
which mentioned that tannin at relatively low amount
either have no effect (Dallastra et al., 2018) or could re-
duce OM intake (Kozloski et al., 2012). The mechanism
that resulted to the enhanced OM intake of tannin
supplemented animals was uncertain due to the absence
of study utilizing particularly Seta-Sun tannin and its
effect on cattle performance.

The significant interaction between tannin and
energy were only observed in the crude protein intake
(CPI) of the growing bulls. The addition of dietary tan-
nin in the HE concentrates resulted in the reduction of
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CPI compared to animals fed with HENT. Meanwhile,
CPI of animals fed with LENT and LEWT were the
same. The differences in the ingredients of the LE and
HE concentrates might have affected the size, struc-
ture, and the other attributes of protein present in the
concentrates. Jeronimo et al. (2016) mentioned that size
and structure of protein might affect its protein-binding
capacity with tannins.

Koenig et al. (2018) stated that adding 25g/kg DM
tannin in the diet of beef feedlot cattle fed with distiller’s
grain had no effect on the total VFA concentration, ace-
tate, propionate, and acetate to propionate ratio. Koenig
et al. (2018) also utilized tannin from Black wattle (Acacia
mearnsii); however, the tannin extract used in their
study has 38% greater amount of condensed tannin. The
source and concentration of tannin may have a vary-
ing effect on its effectivity in altering VFA production.
Furthermore, the level of energy did not affect the ru-
men volatile fatty acid production of the growing bulls.
This was in good agreement with studies that stated that
low and high energy diets had no effect on the ruminal
VFA content of finishing steers (Navarette et al., 2017)
and (Cho et al., 2014) in Hanwoo steers.

The volume of gas production increased with the
increasing time of incubation suggesting the continuous
fermentation process in the syringes. It is speculated
that the potential of rumen microbes to produce gases
from cellulose was reduced by 46% and 58% in LEWT
and HEWT, respectively. This scenario could be attrib-
uted to the lower population and reduced fermenting
ability of the rumen microbes. Gemeda & Hassen (2015)
cited that tannin has bactericidal and bacteriostatic ef-
fects on the rumen microbes and could inhibit their en-
zymatic actions, which eventually results in suppressed
fermentation. Tannins form complexes with protein
and polysaccharides that decrease the digestibility of
dry and organic matter thus reducing metabolic H, pro-
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duction. The decline of H, means a lesser substrate for
methanogens to reduce CO, to CH, thus, reducing gas
production (Pineiro-Vasquez et al., 2015).

Supplementation of tannin could reduce ruminal
degradation of OM, DM, NDF, and protein (Avila et al.,
2015; Kozloski et al., 2012) thereby, increasing nutrient
availability in the duodenum. It was well known that
tannin could form complexes with protein, but it can
also interfere with DM, OM, and NDF digestions. High
doses of tannin are reported to decrease digestibility
(Frutos et al., 2004) and it could also negatively affect the
action of digestive enzymes such as amylase, lipase, and
glucosidase (Ikarashi et al., 2010). Nevertheless, tannin
did not affect (p>0.05) the apparent total-tract digest-
ibility. This suggested that supplementing of tannin at a
dose of 20g/kg DM was not enough to cause any altera-
tion in the apparent total-tract digestibility. Therefore,
supplementing of tannin at a dose of 20g/kg DM could
be set as an optimum amount to prevent any adverse
effect on the apparent total-tract digestibility.

Growing dairy bulls fed with HE had greater DM
and NDF digestibility than bulls fed with LE. This
finding contradicts the claim by Tangjitwattanachai
& Sommart (2012) that increasing ME level cannot
improve apparent total-tract digestibility. The increase
in the DM digestibility of animals fed with HE was cor-
roborated by Navarette ef al. (2017). The DMI was simi-
lar across growing bulls fed with LE and HE (Table 2).
This confirms that the differences in the DM digestibility
were not affected by the intake but rather by the ability
of the rumen microorganisms to digest DM.

The greater NDF digestibility of growing bulls fed
with HE could be attributed to the lower NDF content
of the HE concentrates (Table 1). Smaller fiber fraction
of the feed provides a faster turnover rate and can be
digested faster in the rumen thus. These fiber fractions
can be converted more easily into a soluble form and
be absorbed in the gastrointestinal tract. This finding
agreed to the study of Navarette ef al. (2017), wherein
they found out that NDF digestibility was also greater
with finishing steer fed with high energy diets.

The addition of an external source of tannin in
the concentrates increased the total feed cost due to its
US$ 3.38/kg additional cost. Furthermore, addition of
soybean meal and higher amount of rice bran D, in the
concentrates also increased the total feed costs. The for-
mer is known for commanding a higher price (US$ 0.48/
kg), as being imported and because of its high energy
and protein contents. Meanwhile, the latter was added
in the formulation twice as much compared to the low
energy concentrates on achieving the high energy level
of the concentrates. Feeding low energy without tan-
nin to growing bulls incurred feed savings costs up
to US$ 17.59. Therefore, increasing feed energy and
supplementing tannin at dose of 20g/kg DM augmented
the total feed cost without improving the growth
performance.

CONCLUSION

Dietary tannin and feed energy levels have no effect
in improving growth performance and rumen volatile

fatty acids. Tannin and energy only had interaction
effect on the CP intake. Moreover, tannin supplementa-
tion had a tendency to reduce rumen gas production.
Increasing the energy of the diet improved only DM
and NDF digestibilities. Increasing energy of the feed
and inclusion of 20g/kg tannin would only incur addi-
tional feed cost without improving growth performance.
Further researches must emphasize assessing the opti-
mum concentration of tannin and appropriate energy
levels that would improve productivity and increase the
economic viability of raising growing cattle.
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