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ABSTRACT 
In experiment 1, 150 calf-fed Holstein steers (119 ± 6 kg) were used to evaluate the effects of level of supplemental condensed tannin (0, 14, 
and 28 g/kg diet DM) in a conventional steam-flaked corn-based growing-finishing diet on feedlot growth performance. There were no treatment 
effects on growth performance during the initial 56-d period. However, during the subsequent 56-d period, supplemental condensed tannin 
tended to increase average daily gain (ADG; linear effect, P = 0.09). The increase in ADG was consistent with the tendency for increased dry 
matter intake (DMI; linear effect, P = 0.08). Hence, differences in gain efficiency during the second 56-d period were not appreciably affected 
(P = 0.80). Supplemental condensed tannin did not affect overall (112-d) ADG, DMI, gain efficiency, or dietary NE. In a second experiment, six 
Holstein steers (179.4 ± 7.9 kg) with cannulas in the rumen and proximal duodenum were used in a replicated 3 × 3 Latin square design to 
evaluate treatment effects on characteristics of ruminal and total tract digestion. Treatments were the same as in Trial 1. Tannin supplementation 
decreased (linear effect, P = 0.03) ruminal OM digestion and tended to decrease (linear effect, P = 0.06) ruminal feed N degradation. Tannin 
supplementation decreased (linear effect, P = 0.03) ruminal pH, but did not affect (P > 0.20) ruminal molar proportions of volatile fatty acids and 
estimated methane production. In current study, supplemental tannin had marginal effects on overall growth performance of calf-fed Holstein 
steers, but reduced ruminal, postruminal, and total tract nitrogen digestion.
Key words: digestion, feedlot, Holstein steers, tannin

INTRODUCTION
Calf-fed Holstein steers comprise the majority of cattle fed in 
the desert southwest. Conventionally, calves are fed a steam-
flaked corn-based diets growing-finishing diet containing 
12% to 13% of crude protein (Zinn et al., 2005; Vasconcelos 
and Galyean, 2007). Although these corn-based diets often 
meet average metabolizable protein requirements for the en-
tire (over 300 d) feedlot growing-finishing period (NASEM, 
2000), it may not meet the metabolizable protein require-
ments of calf-fed Holstein steers during the first 112 d that 
cattle are on feed (Zinn and Shen, 1998; Zinn et al., 2007).

Tannins are a complex group of polyphenolic compounds 
found in a wide range of plant species commonly consumed 
by ruminants. They are conventionally classified into two 
major groups: hydrolyzable and condensed tannins. When fed 
in greater concentrations, tannins may be toxic to cattle, re-
ducing voluntary feed intake and nutrient digestibility of the 
diet. However, when fed at moderate concentrations, tannin 
supplementation may shift the site of protein degradation, po-
tentially increasing metabolizable amino acid flow to the small 
intestine of cattle (Min et al., 2003). The effect on ruminal 

protein degradation is due to the capacity of tannins to bind 
protein through hydrogen bonds forming tannin-protein 
complex which is stable in the rumen (pH 5.0–7.0), resistant 
to microbial degradation, and is dissociated in the abomasum 
due to the difference in pH (Mezzomo et al., 2011). Therefore, 
the shift in site of protein degradation promoted by tannin 
supplementation may explain improvements observed in the 
performance of feedlot calves during the initial growing phase 
where limitations in metabolizable protein supply are par-
ticularly manifested (Barajas et al., 2010; Zinn et al., 2007). 
Therefore, the objective of the present study was to further 
evaluate the effects of supplemental condensed tannin on 
feedlot cattle growth performance, energetics, and digestive 
function in light-weight calf-fed Holstein steers during the ini-
tial 112-d growing phase.

MATERIALS AND METHODS
Animal care and handling techniques were approved by the 
University of California Animal Care and Use Committee 
(#22271, 22362).
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Experiment 1. Effect of condensed tannin 
supplementation on growth performance of feedlot 
calves
Cattle management and treatments. One hundred fifty 
Holstein steers (119 ± 6 kg) were used to evaluate the effects 
of the level of condensed tannin supplementation on feedlot 
growth performance during the initial 112 d of the feedlot 
growing phase of calf-fed Holstein steers. Cattle were vaccin-
ated for IBR, BVD, PI3, and BRSV (Bovishield Gold 5, Zoetis 
Animal Health, Florham Park, NJ), clostridials (Ultrabac 8, 
Zoetis Animal Health, Florham Park, NJ), treated for para-
sites (Dectomax Injectable, Zoetis Animal Health, Florham 
Park, NJ), injected with 5-mL SC Vital E-AD (300 IU vitamin 
E, 100,000 IU vitamin A and 10,000 IU vitamin D3/mL, 
Stuart Products, Bedford, TX), and 3-mL SC tuluthromycin 
(Draxxin, Zoetis Animal Health, Florham Park, NJ), and 
grouped by weight and assigned within weight groupings to 
30 pens (5 steers per pen). Pens were 50 m2 with 26.7 m2 
overhead shade, equipped with automatic drinkers, and 4.3 m 
fence-line feed bunks. Treatments consisted of a steam-flaked 
corn-based diet supplemented with ByPRO (70% condensed 
tannin; Silvateam USA, Tontitown, AR) at the rate of 0, 20, 
or 40  g/kg diet DM (0, 14, or 28  g/kg condensed tannin). 
Composition of experimental diets is shown in Table 1. Diets 
were prepared weekly and stored in plywood boxes in front 
of each pen. Calves were provided ad libitum access to the 
diet. Fresh feed was added to the feed bunk twice daily.

Estimation of dietary NE.  Daily energy gain (EG; 
Mcal/d) was calculated by the equation: EG =ADG1.097 × 
0.0557W0.75, where W is the mean shrunk BW (kg; NASEM, 
1984). Maintenance energy (EM) was calculated by the equa-
tion: EM = 0.086W0.75 (this has a 10% increase adjustment 
used for Holstein steers). Dietary NEg was derived from NEm 
by the equation: NEg = 0.877 NEm − 0.41 (Zinn, 1987). Dry 
matter intake is related to energy requirements and dietary 
NEm according to the equation: DMI = (EM/NEm) + (EG/
(0.877NEm − 0.41). From this relationship, dietary NE can 
be resolved by means of the quadratic formula: x = (−b − √ 
b2 − 4ac)/ =2c, where x = NEm, a = −0.42 EM, b = 0.887 EM + 
0.41 DMI + EG, and c = −0.877 DMI (Zinn and Shen, 1998).

Statistical design and analysis. The trial was analyzed 
as a randomized complete block design, using pens as experi-
mental units. Linear and quadratic effects of tannin level were 
separated by means orthogonal polynomials (Stastistix 10, 
Analytical Software, Tallahassee, FL).

Experiment 2. Influence of supplemental tannin on 
characteristics of ruminal and total tract digestion
Animals, sampling, and treatments. Six Holstein steers 
(179.4 ± 7.9 kg) with cannulas in the rumen and proximal 
duodenum were used in a replicated 3 × 3 Latin square design 
to evaluate treatment effects on characteristics of ruminal and 
total tract digestion. Treatments were the same as in Trial 1, 
with the incorporation of 0.4% chromic oxide as an inert 
digesta marker. Dry matter intake was restricted to 2.2% of 
live weight. Steers were housed in a temperature controlled fa-
cility (≈ 25 C) with continuous lighting, and maintained in in-
dividual pens (3.9 m2 with neoprene flooring) equipped with 
feed bunks and automatic waterers. Diets were fed at 0800 
and 2000 h daily. The three experimental periods consisted 
of a 10-d diet adjustment period followed by a 4-d collection 

period. During collection periods duodenal and fecal sam-
ples were taken from all steers, twice daily as follows: day 1, 
0750 and 1350 h; day 2, 0900 and 1500 h; day 3, 1050 and 
1650 h; and day 4, 1200 and 1800 h. Individual samples con-
sisted of approximately 700-mL duodenal chyme and 200 g 
(wet basis) fecal material. On the final day of each collection 
period (day 4), ruminal fluid (100 mL) was obtained via the 
ruminal cannula from each steer 4 h after the morning feeding 
(1200 h). Ruminal pH was determined on freshly collected 
samples. Ruminal fluid was then strained through four layers 
of cheesecloth. Freshly prepared 25% (wt/vol) m-phosphoric 
acid (2 mL) was added to 8 mL of the strained ruminal fluid. 
Samples were centrifuged (17,000 × g for 10 min) and super-
natant fluid stored at −20 °C for analysis of volatile fatty acids 
(VFA) concentrations (gas chromatography). Feed, duodenal, 
and fecal samples from each steer and within each collec-
tion period were composited for analysis. Upon completion 
of the trial, ruminal fluid was obtained from all steers and 
composited for isolation of ruminal bacteria via differential 
centrifugation (Bergen et al., 1968). Samples were subjected 
to the following analysis: DM (oven drying at 105 °C until 
no further weight loss); ash, Kjeldahl N, ammonia N (AOAC, 
1975); aNDFom (Van Soest, 1991), corrected for NDF-ash, 
incorporating heat stable α-amylase (Ankom FAA, Ankom 

Table 1. Composition of experimental diets (DM basis)

Item Condensed tannin, g/kg 
DM

0 14 28 

Ingredient composition, % DM

  Corn grain flaked 45.70 45.50 45.30

  Distillers dried grains plus solubles 20.00 20.00 20.00

  Soybean meal-49 10.00 10.00 10.00

  Alfalfa hay early bloom 8.00 8.00 8.00

  Cane molasses 8.00 8.00 8.00

  Sorghum Sudan hay 4.00 4.00 4.00

  Yellow grease 2.00 2.00 2.00

  Limestone 1.90 1.90 1.90

  Trace mineral salta 0.30 0.30 0.30

  Magnesium oxide 0.10 0.10 0.10

  ByPRO (70% condensed tannin)b 0.00 0.20 0.40

Nutrient composition, (DM basis)

  Dry matter, % 87.8 87.8 87.8

  NEm, Mcal/kg 2.15 2.14 2.14

  NEg, Mcal/kg 1.48 1.48 1.48

  Crude protein, % 18.1 18.1 18.1

  Ether extract, % 6.50 6.49 6.49

  Ash, % 6.98 6.99 7.01

  NDF, % 20.0 20.2 20.3

  Calcium, % 0.98 0.98 0.98

  Phosphorus, % 0.41 0.41 0.41

  Potassium, % 1.21 1.21 1.22

  Magnesium, % 0.31 0.31 0.31

  Sulfur, % 0.28 0.28 0.28

aTrace mineral salt contained: CoSO4, 0.068%; CuSO4, 1.04%; FeSO4, 
3.57%; ZnO, 0.75%; MnSO4, 1.07%; KI, 0.052%; and NaCl, 93.4%.
bByPRO, 70% condensed tannin; Silvateam USA, Tontitown, AR.
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Technology, Macedon, NY) at 1 mL per 100 mL of NDF solu-
tion], chromic oxide (Hill and Anderson, 1958), and starch. 
Microbial organic matter (MOM) and N (MN) leaving the 
abomasum was calculated using purines as a microbial marker 
(Zinn and Owens, 1986). Organic matter fermented in the 
rumen (OMF) is considered equal to organic matter (OM) 
intake minus the difference between the amount of total OM 
reaching the duodenum and MOM reaching the duodenum. 
Feed N escape to the small intestine was considered equal to 
total N leaving the abomasum minus ammonia-N, MN, and 
endogenous N (0.195 × BW0.75; Orskov et al., 1986). Methane 
production was calculated based on the theoretical fermenta-
tion balance for observed molar distribution of VFA and OM 
fermented in the rumen (Wolin, 1960).

Statistical design and analysis. The trial was analyzed 
as a replicated 3 × 3 Latin squares according to the model: 
Yijkl = m + Bi + Aj(i) + Pk + Tl + eijkl, where Bi is block, Aj(i) is steer 
within block, Pk is period, Tl is condensed tannin level, and 
eijkl is residual error. Linear and quadratic effects of tannin 
level were separated by means orthogonal polynomials.

RESULTS AND DISCUSSION
Treatment effects on feedlot growth performance are pre-
sented in Table 2. There were no treatment effects (P ≥ 0.26) 
on cattle growth performance during the initial 56-d period. 
However, during the subsequent 56-d period, cattle fed sup-
plemental condensed tannin tended (linear effect, P ≤ 0.09) 

Table 2. Influence of supplemental tannin on 112-d feedlot growth performance of Holstein steers (Trial 1)

Item Condensed tannin, g/kg DM SEM P-value

0 14 28 L Q 

Days on test 112 112 112

Pen replicated 10 10 10

Live weight (kg)a

  Initial 119.6 119.6 119.5 0.14 0.79 0.92

  56 d 201.7 202.0 202.4 1.15 0.66 0.99

  Final 280.3 282.8 284.3 1.97 0.17 0.84

ADG (kg)

  1–56 d 1.47 1.47 1.48 0.02 0.65 0.98

  56–112 d 1.40 1.44 1.46 0.02 0.09 0.76

  1–112 d 1.43 1.46 1.47 0.02 0.16 0.84

DMI (kg/d)

  1–56 d 5.01 4.98 5.09 0.07 0.42 0.38

  56–112 d 6.22 6.37 6.45 0.09 0.08 0.80

  1–112 d 5.62 5.67 5.77 0.07 0.12 0.79

ADG/DMI (kg/kg)

  1–56 d 0.293 0.296 0.291 0.003 0.68 0.31

  56–112 d 0.226 0.227 0.227 0.004 0.85 0.89

  1–112 d 0.256 0.257 0.255 0.002 0.81 0.44

Dietary ME (Mcal/kg)b

  Maintenance

   1–56 d 1.93 1.94 1.91 0.01 0.54 0.26

   56–112 d 2.02 2.02 2.02 0.02 0.90 0.96

   1–112 d 1.98 1.99 1.98 0.01 0.72 0.45

  Gain

   1–56 d 1.28 1.29 1.27 0.01 0.54 0.26

   56–112 d 1.37 1.36 1.36 0.02 0.90 0.96

   1–112 d 1.33 1.34 1.32 0.01 0.72 0.45

Observed/ expected dietary NE

  Maintenance

   1–56 d 0.904 0.911 0.898 0.006 0.54 0.26

   56–112 d 0.950 0.950 0.948 0.010 0.91 0.96

   1–112 d 0.931 0.935 0.928 0.005 0.72 0.45

  Gain

   1–56 d 0.876 0.884 0.868 0.009 0.54 0.26

   56–112 d 0.935 0.935 0.933 0.01 0.90 0.96

   1–112 d 0.911 0.916 0.907 0.007 0.72 0.45

aLive weight reduced 4% to account for gut fill.
bCalculated based cattle performance according to Zinn and Shen (1998).
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to increase both average daily gain (ADG) and dry matter 
intake (DMI). Hence, differences in gain efficiency during the 
second 56-d period were not appreciably affected (P = 0.80). 
Supplementing condensed tannin did not affect overall (112 
d) ADG, DMI, gain efficiency, or dietary NE. Daily weight 
gain during this period (112 d) averaged 1.45 kg/d, which is 
consistent with expected ADG (1.44 kg/d), based on previous 
studies evaluating feedlot performance of calf-fed Holstein 
steers during the initial 4 mo of the feedlot phase (Carrasco et 
al., 2013; Torrentera, 2016).

Evaluations of supplemental tannin on growth-performance 
of calf-fed Holstein steers are limited. Rivera-Mendez et al. 
(2017) observed an increased ADG and feed efficiency, but 
no effect in DMI when Holstein steers were fed a steam-
flaked corn-based diet similar to that of the current experi-
ment and supplemented with condensed tannin (0.2%, 0.4%, 
0.6%, DM basis) during late finishing phase (last 84 d on 
feed). Barajas et al. (2012) reported that tannin supplementa-
tion (0.33%, DM basis) increased ADG and gain efficiency of 
yearling bulls fed a ground-corn-based diet. However, Krueger 

Table 3. Influence of supplemental tannin on characteristics of ruminal and total tract digestion of Holstein steers (Trial 2)

Item Condensed tannin, g/kg DM SEM P-value

0 14 28 L Q 

Steer replication 4 4 4

Intake, g/d

  DM 3977 3986 3995

  OM 3602 3609 3617

  NDF 805.7 807.5 809.2

  N 106.5 106.7 106.9

  Starch 1299 1299 1299

Flow to the duodenum, g/d

  OM 1754 1809 1797 29.1 0.34 0.38

  NDF 349.7 369.2 367.1 15.40 0.45 0.58

  N 103.6 101.6 104.5 1.91 0.76 0.34

  Starch 148.0 166.4 159.7 10.99 0.47 0.38

  Microbial N 58.1 51.1 53.9 1.6 0.12 0.04

  Nonammonia N 97.7 95.8 99.1 1.96 0.62 0.30

  Feed N 29.9 35.1 35.6 1.66 0.05 0.31

Ruminal, %

  OM 67.4 64.0 65.2 0.72 0.07 0.03

  NDF 56.6 54.3 54.6 2.70 0.48 0.58

  Starch 88.6 87.2 87.7 0.85 0.47 0.38

  Feed N 71.8 67.0 66.8 1.66 0.06 0.31

Microbial efficiencya 23.8 22.2 22.9 0.73 0.39 0.21

Protein efficiencyb 91.73 89.7 82.6 2.58 0.73 0.30

Fecal excretion, g/d

  DM 840.9 836.0 850.7 15.28 0.67 0.61

  OM 639.5 654.2 645.4 8.72 0.65 0.30

  NDF 288.9 300.7 270.4 7.93 0.14 0.06

  Starch 10.4 10.7 12.8 1.43 0.28 0.61

  N 21.2 22.0 23.5 0.51 0.01 0.60

Postruminal digestion, % of flow to duodenum

  OM 63.6 63.8 64.0 0.83 0.71 0.99

  NDF 15.9 17.7 24.2 3.32 0.12 0.57

  Starch 92.9 93.5 91.7 0.97 0.37 0.34

  N 79.4 78.3 77.4 0.64 0.05 0.89

Total tract digestion, %

  DM 78.9 79.0 78.7 0.38 0.78 0.62

  OM 82.2 81.9 82.2 0.01 0.81 0.30

  NDF 64.1 62.7 66.5 0.01 0.12 0.06

  Starch 99.2 99.2 99.0 0.01 0.29 0.62

  N 80.1 79.4 77.9 0.01 0.02 0.60

aDuodenal microbial N (MN; g/kg of OM fermented in the rumen).
bDuodenal nonammonia N (g/g of N intake).
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et al. (2010) did not observe an influence of tannin supple-
mentation (1.5%, DM basis) on cattle ADG, feed efficiency, 
and DMI of crossbred beef steers fed a corn-based diet during 
42-d finishing study. These authors noted that cattle receiving 
10.5  g tannins/kg diet DM (approximately four-fold of the 
higher dosage level of the present study) had decreased car-
cass weight (Krueger et al., 2010). Ebert et al. (2017) did not 
observe effects of supplemental condensed tannin (0, 3.5, and 
7.0 g/kg DM) on the growth performance of beef steers. In 
a meta-analysis performed by of Orzuna-Orzuna (2021), the 
authors observed that the influence of supplemental tannin 
on feedlot cattle growth performance was not appreciable. 
Variation in observed growth-performance responses to sup-
plemental tannin may be attributable to initial weight, type 
of cattle, and level of dietary CP, which are all factors that 
can influence growth response in feedlot cattle. In the present 
study, we evaluated supplemental tannin response in calf-fed 
Holstein steers (119 kg on average) fed diets with a relatively 
high level of CP (18.1%).

Effects of supplemental condensed tannin on charac-
teristics of digestion, ruminal pH, and molar proportions 
of VFA are presented in Tables 3 and 4. Diets fed to cattle 
supplemented with tannin had decreased (linear effect, P = 
0.03) ruminal OM digestion and ruminal feed N degrad-
ation (linear effect, P = 0.06). Based on prior studies (Min 
et al., 2001; Jolazedeh et al., 2015), the observed decrease 
in dietary ruminal nitrogen degradation with tannin supple-
mentation was expected due to supplemental tannin effects 
on protein solubilization, inhibiting ruminal proteolytic ac-
tivity. According to our results, the magnitude of the response 
to tannin supplementation is dose-dependent. Beauchemin et 
al. (2007) observed that supplementation of a high-protein 
barley-based finishing diet with condensed tannins at the rate 
of 10 and 20 g/kg DM decreased ruminal feed N degradation 
by 5% and 15%, respectively.

As mentioned previously, one of the goals of supplementing 
tannin to cattle is to reduce protein solubilization and degrad-
ation in the rumen (Min et al., 2001; Jolazedeh et al., 2015). 
Within the rumen, the binding of tannin with protein af-
fords protection from microbial fermentation. However, the 

tannin-protein binding affinity is pH dependent and largely dis-
sociates under the acid conditions of the abomasum. Therefore, 
cattle-fed diets supplemented with tannin may enhance protein 
flow to the small intestine. However, tannins may reassociate 
with protein in the upper small intestine due to alkalizing ef-
fects of bile secretions, leading to a potential decrease in total 
tract nitrogen digestion, as observed in the present study (linear 
effect, P = 0.02; Table 3). The greater feed nitrogen flow to 
the small intestine (g/d) might potentially explain a tendency 
for greater ADG from cattle supplemented with tannin during 
the second 56-d period. However, tannin supplementation did 
not result in increased metabolizable protein supply as post-
ruminal and total tract digestion of N decreased.

Tannin supplementation decreased (linear effect, P = 0.03) 
ruminal pH (Table 4). This result was unexpected. In pre-
vious studies (Krueger et al., 2010; Mezzomo et al., 2011; 
Jolazadeh et al., 2015), condensed tannin supplementation 
did not appreciably affect ruminal pH.

There were no treatment effects (P > 0.20) of tannin sup-
plementation on ruminal VFA molar concentration and esti-
mated methane production. Likewise, Krueger et al. (2010) 
did not observe any effect of supplemental condensed tannins 
on VFA molar proportions, methane production, or ruminal 
pH. Moreover, Beauchemin et al. (2007) did not observe the 
effect of tannin supplementation on methane production, but 
reported that with increasing level of tannin supplementation, 
the ruminal acetate:propionate molar ratio linearly decreased. 
In contrast, Min et al. (2006) observed that tannin supple-
mentation decreased in vitro ruminal methane production. 
Likewise, Tavendale et al. (2005) also observed that tannin 
supplementation (12.5g/kg DM) decreased in vitro methane 
production. These authors proposed two possible mechan-
isms whereby condensed tannins can reduce methane emis-
sions from ruminants: 1) inhibition of methanogen bacteria 
growth and 2) decrease of H2 production due to a reduction 
in fiber digestion. Lack of response to tannin supplementa-
tion on ruminal VFA and estimated methane production in 
the present study may be due, in part, to the moderate level of 
condensed tannin supplementation and the high diet energy 
density and level of dietary fat.

Table 4. Influence of supplemental tannin on ruminal pH and VFA molar proportions of Holstein steers (Trial 2)a

Item Condensed tannin, g/kg DM SEM P-value

0 14 28 L Q 

Ruminal pHb 6.06 5.99 5.83 0.06 0.03 0.51

Total VFA, mM 132.8 131.9 135.3 5.43 0.76 0.75

Ruminal VFA, mol/100 mol

  Acetate 52.7 53.2 49.7 1.34 0.15 0.25

  Propionate 28.1 25.6 30.9 1.91 0.32 0.13

  Isobutyrate 1.35 1.26 1.26 0.13 0.65 0.80

  Butyrate 14.5 16.4 14.3 0.78 0.91 0.07

  Isovalerate 1.43 1.56 1.56 0.13 0.48 0.71

  Valerate 1.95 1.97 2.18 0.12 0.19 0.55

Acetate/propionate 1.91 2.09 1.68 0.14 0.27 0.12

Methane/mol glucosec 0.48 0.51 0.44 0.02 0.26 0.16

aDMI was restricted to 2.0% of BW.
bRuminal pH was taken 4 h post-feeding.
cMethane, mol/mol glucose equivalent fermented.
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CONCLUSIONS
Supplementation of condensed tannin (14 and 28 g/kg DM) 
to a steam-flaked corn-based growing-finishing diet fed 
to calf-fed Holstein steers during the initial 112 d on feed 
tended to increase ADG and DMI during the second half 
of the experiment (56–112 d). However, it did not affect 
overall cattle growth performance (1–112 d). Tannin sup-
plementation increased protein flow to the small intestine, 
but this effect was minimized by decreased postruminal N 
digestion.
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